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Monetary policy comprises the rules and actions adopted by
the central bank to achieve its objectives. In most countries the
primary goal of monetary policy is price stability. However, the
mandate of many central banks also encompasses other objectives,
including attainment of full employment, domestic financial sta-
bility, and normal operation of foreign payments. The priority of
price stability over other policy goals tends to be politically ac-
cepted in most countries, if not actually enshrined in the laws
governing the central bank.

Changes in monetary policy are triggered by domestic and ex-
ternal shocks that can imperil the attainment of policy objectives.
Central banks implement policy changes by resetting their policy
instrument, usually a short-term interest rate or a monetary or
bank credit aggregate. These instruments affect the economy through
various mechanisms of transmission to the ultimate policy goals.

Hence a useful way to understand monetary policy is to focus
separately on central bank policy actions and the transmission
mechanisms through which those actions work their effect. The cen-
tral bank’s policy rule or reaction function embodies its response to
deviations in macroeconomic variables in order to achieve its ulti-
mate policy objectives. Beyond the simple description of these policy
rules, it is important to assess their efficiency (in the sense of achiev-
ing the desired combination of goals, subject to the structure of the
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economy and prevailing economic conditions) and their optimality
(in the sense of maximizing a given social welfare function).

The transmission mechanisms of monetary policy work through
various channels, affecting different variables and different mar-
kets, and at various speeds and intensities. Identifying these trans-
mission channels is important because they determine the most
effective set of policy instruments, the timing of policy changes,
and hence the main restrictions that central banks face in making
their decisions.

Figure 1 depicts the relationship between monetary policy rules
and transmission mechanisms. Policy actions (both current and
expected) taken on the basis of the central bank’s policy rules are
directly transmitted to money and asset markets. Changes in these
markets in turn affect goods and labor markets, and ultimately
aggregate output and prices. Finally, changes in current and pro-
jected output and inflation feed back into the monetary policy rules.
This reflects the central bank’s aim and strategy to attain its policy

Figure 1. Monetary Policy Rule and Transmission Mechanisms
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objectives, given policymakers’ understanding of the economy’s struc-
ture and its response to policy actions.!

The papers in this volume present and discuss some recent ad-
vances in theoretical and empirical research on monetary transmis-
sion mechanisms and monetary policy rules. Most are substantially
revised versions of papers presented at the Third Annual Conference
of the Central Bank of Chile, on “Monetary Policy: Rules and Trans-
mission Mechanisms,” held in Santiago in September 1999. Some of
the papers analyze the properties of different types of central bank
reaction functions. They link the objectives of the monetary author-
ity to its reaction rules for different categories of shocks affecting the
economy. These papers not only describe actual rules that central
banks use or have used in the past, but also evaluate their efficiency
and, in some cases, their optimality. Implicitly—and sometimes ex-
plicitly—these papers adopt a normative perspective, discussing how
central banks should react to various shocks in order to achieve their
goals, given the specific features of the economy in question. Other
papers, mostly country studies, relate policy reaction functions to
monetary transmission channels, emphasizing their interdependence
in the actual conduct of monetary policy. These papers report on the
transmission mechanisms in place in the various countries, allowing
a comparison of their relative importance for economies that differ
significantly in their structure.

1. TRANSMISSION MECHANISMS

The literature identifies five channels of monetary policy trans-
mission.?John Taylor, in his paper in this volume, provides a sum-
mary review of these channels, and the authors of the case studies
analyze in depth the transmission mechanisms most relevant to their

1. The arrows in figure 1 depict causality as running from monetary policy to
money and asset markets, labor and goods markets, and sectoral as well as aggre-
gate prices and output. For simplicity, feedback effects from prices and output to
goods markets and ultimately to asset and money markets are not depicted. More-
over, the sequence of causality does not suggest precedence in time.

2. Mishkin (1995) provides an exposition of the main channels of transmission
and the role of each in the context of the U.S. experience. A recent Bank of
England (2001) document provides a qualitative analysis of monetary transmis-
sion in the United Kingdom. A similar document by the Central Bank of Chile
(2000) describes monetary transmission in Chile.
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respective countries. The description of the monetary transmission
channels that follows here assumes that the central bank pursues an
expansionary monetary policy by resetting its policy instrument, ei-
ther increasing a monetary aggregate under its control or reducing its
policy interest rate.?

The first transmission channel is the interest rate channel, the
traditional mechanism and the one often regarded as the main
channel of monetary policy transmission.? An expansionary policy
leads to a reduction in longer-term real interest rates, which in
turn affects business investment, investment in residential hous-
ing, and consumer expenditure on durable goods. The correspond-
ing shift in aggregate demand is eventually reflected in aggregate
output and prices.

This transmission mechanism depends on several links, all of
which are supported by various strands of the macroeconomic lit-
erature. Thus the relationship between nominal and real interest
rates is explained by theories based on price and wage rigidities, the
link between short- and long-term real rates follows from the
expectational hypothesis of the term structure of interest rates, and
the relationship between aggregate demand, on the one hand, and
output and prices, on the other, is explained by combining a Phillips
curve with temporary nominal price rigidities. The interest rate
channel lies at the core of the current understanding of the “science
of monetary policy [from] a new Keynesian perspective” (Clarida,
Gali, and Gertler, 2000). This approach models the dynamic effects
of monetary policy—temporary output effects and permanent price
effects—in a framework based on optimizing dynamic behavior, ra-
tional expectations, and temporary price rigidities.’

3. The basic equivalence between an increase in money supply and a reduction in
the policy interest rate—or the notion that the former leads to the latter (the liquidity
effect)—has been empirically reconfirmed by Bernanke and Mihov (1998) for the
United States. For welfare comparisons of money growth rules and interest rate
rules, see Carlstrom and Fuerst (1995) and Végh (2002). Svensson (1999) compares
inflation targeting with money growth targeting and nominal GDP targeting.

4. For example, this is the position taken by Taylor (1995), but strongly disputed
by Bernanke and Gertler (1995).

5. The New Keynesian story as told by Clarida, Gali, and Gertler (2000)
hinges on the existence of temporary price rigidities. Benhabib and Farmer (2000)
provide an alternative model in which monetary policy also has temporary real
effects but markets clear continuously. In their model, money enters the produc-
tion function, and the possibility of multiple rational expectations equilibria arises.
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In principle, there is no reason to focus on only one asset price—
the interest rate—as a channel of monetary transmission. Monetary
policy can also have important effects on the prices of equity, bonds,
real estate, and foreign exchange. Considering these asset prices can
lead to the identification of alternative channels of transmission. Given
the special features of the transmission of monetary policy through
the exchange rate, it is convenient to group equity, bonds, and real
estate into a single, asset price channel and to consider the exchange
rate mechanism separately.

According to the theory of the asset price channel, an expan-
sionary monetary policy leads to higher equity prices, which make
investment more attractive (through Tobin’s q), thus raising ag-
gregate demand. Higher equity prices also entail increased wealth,
which raises consumption and thus also raises aggregate demand.
The link between an increased money supply and higher equity
prices can be argued from either a monetarist or a Keynesian per-
spective. In the former, an increase in money raises consumer
wealth and asset prices, and hence spending on household and
enterprise assets (as discussed by Meltzer, 1995), whereas in the
latter, the increase in money lowers interest rates and makes eq-
uity markets more attractive.

The exchange rate channel works through both aggregate de-
mand and aggregate supply effects. On the demand side, a mon-
etary expansion lowers the domestic real interest rate, which,
through the foreign interest parity condition, brings about a real
depreciation of the domestic currency. This in turn leads to higher
net exports and stronger aggregate demand.® On the supply side,
the real depreciation that results from a monetary expansion raises
the domestic prices of imported goods, raising inflation directly.
Moreover, the higher price of imported inputs contracts aggre-
gate supply, reducing output and increasing inflation.

A fourth channel of policy transmission focuses on monetary
and credit aggregates. The classical monetarist view emphasizes
the role of narrow or broad monetary aggregates in determining
asset, goods, and factor prices; this is still a relevant theory for
long-run inflation. A different approach, and one that has received
considerable attention in recent years, emphasizes the credit chan-
nel (Bernanke and Gertler, 1995). Its basic notion is that mon-
etary policy can have price and output effects through the credit

6. Obstfeld and Rogoff (1995) emphasize this form of the exchange rate channel.
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rationing that arises from information asymmetries between finan-
cial institutions and the firms and consumers to which they lend.
This occurs because monetary policy affects the extent of adverse
selection and moral hazard that constrain credit provision. It is ar-
gued that a monetary expansion alleviates adverse selection and moral
hazard by increasing firms’ net worth (through higher equity prices),
reducing perceived loan risks (through lower real interest rates),
improving firms’ cash flow (through lower nominal interest rates),
and decreasing the burden of nominal debt contracts (by raising infla-
tion). All these considerations tend to make banks willing to supply
more credit—pari passu with the monetary expansion—thus financ-
ing a rise in aggregate demand.”

Up to now we have considered four main transmission mecha-
nisms, all of which focus on money and asset markets (second col-
umn of figure 1). The literature identifies a separate, fifth channel,
based on private sector expectations about the future stance of
monetary policy and, more generally, about all future-related vari-
ables. According to this “expectations” channel, all variables that
have intertemporal implications, and are therefore determined in
a forward-looking way, are affected by agents’ beliefs about future
shocks to the economy and how the central bank will react to them.
The specific mechanisms for the expectations channel are
intertemporal versions of the static interest rate, asset price, ex-
change rate, and monetary and credit mechanisms. For example,
consider an announcement of future central bank policy that is
not supported by a change in current policy. Such an “open-mouth
operation” exerts real effects by modifying market expectations,
which in turn trigger current changes in money and asset markets
and lead ultimately to changes in output and inflation. Announce-
ments of future policies may have the desired effect, however,
only if the monetary authorities are perceived as committed to

7. Much work has been done recently on the credit channel. Li (2000) uses a
general-equilibrium model to show that a monetary expansion can generate a
liquidity effect that increases credit to households and increases aggregate activ-
ity. Repullo and Suarez (2000) develop a model of heterogeneous firms and banks
in which the latter engage in monitoring to alleviate the moral hazard problem.
These authors show that monetary expansion increases bank lending and aggre-
gate investment, narrows the spreads between rates charged to borrowers and
the risk-free rate, and causes a shift in the extension of credit toward more risky
firms. The credit channel is empirically confirmed for the United States by Kashyap
and Stein (2000), who find that the impact of monetary expansion on bank lending
is stronger for banks with less liquid balance sheets.
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their policies. Hence, as the political economy literature emphasizes,
the credibility of monetary policy becomes relevant.?

Various issues related to transmission mechanisms are worth
discussing in more detail. For example, are different transmission
channels functionally equivalent in terms of their effects on the
economy? And what structural features of particular economies
influence the relative importance of the various transmission
mechanisms, and how do they do so?

(1) Equivalence of transmission channels. In the textbook ex-
ample of a classical, fully flexible economy, a monetary shock trans-
lates into an equiproportionate and instantaneous increase in all
nominal aggregates (including money and credit), asset prices, the
exchange rate, factor prices, and goods prices. Hence aggregate
demand expands but aggregate supply remains unchanged, pre-
cluding any real effects. Under such conditions it makes no sense
to identify separate transmission mechanisms, much less attempt
to measure their relative importance. All such mechanisms are
observationally equivalent, reflecting the same transmission of
money to prices in a fully flexible economy. Similar arguments can
be made when moving away from a fully flexible economy, pointing
out observational equivalence among transmission channels in a
real-world economy characterized by temporary price rigidities.
Discussing different transmission mechanisms makes sense only
if it provides a better understanding of the relative dominance,
speed, and intensity of the different channels, that is, if it helps to
clarify how the dynamic response of output and prices is condi-
tioned by the workings of specific asset, goods, and factor mar-
kets. But this requires an all-encompassing econometric model in
order to engage in precise differentiation among competing trans-
mission mechanisms, and such a model is not typically found in
the empirical literature on transmission channels.

(1) Structural features and transmission mechanisms. Not all
economies react in the same way to changes in monetary policy.
The choice of transmission mechanisms and their effectiveness in
the conduct of monetary policy depend on the specific features of
the economy in question. For purposes of illustration, we can di-
vide monetary transmission into two steps (figure 2): first, the

8. See Persson and Tabellini (1997) for a survey of the credibility literature.
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Figure 2. Factors that Influence the Transmission of
Monetary Policy
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policy instrument affects various asset markets and prices, and sec-
ond, these changes affect spending decisions by firms and households.
Each step is affected by the economy’s specific features, and in par-
ticular its stage of financial development and openness to interna-
tional trade and capital. The effect that changes in market prices can
have on aggregate demand is also determined by the solvency and
liquidity of firms and households.

(111) Depth and structure of the financial system. Several char-
acteristics of the financial system—whether it is based primarily
on banks or comprises a variety of financial institutions, whether
it is run publicly or privately, and whether it offers a large range
of financial products—affect the effectiveness of monetary policy.
First, monetary policy changes are more quickly and closely trans-
lated into changes in market interest rates and other financial
prices if the financial system is well diversified in terms of its
institutions and products. Conversely, when a few financial insti-
tutions have effective monopoly power and the supply of financial
alternatives is poor, these institutions can to some extent deter-
mine market rates and prices independent of the actions of the
central bank. Second, consumption and investment decisions by
households and firms are more responsive to market rates and prices
when those households and firms are not financially constrained
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but can exercise their choices both intertemporally and across goods
and services. The depth and structure of the financial system also
determine which transmission mechanisms are the most relevant.
When the financial system is shallow and poorly diversified (that
is, dependent on a few banks), the asset price channel is of little
importance (because of the low capitalization of the stock market)
and the interest rate channel is weak (because of banks’ monopoly
power). The credit channel instead dominates, given the moral
hazard and adverse selection problems that characterize shallow
financial systems. The exchange rate channel is usually not very
relevant in financially underdeveloped economies, because such
economies tend to impose controls on foreign exchange transac-
tions, whether related to international trade or capital flows. As
the financial system develops and becomes deeper and more di-
versified, however, the asset price, interest rate, and exchange
rate channels become more important.

(iv) Size and openness of the economy. The size of an economy
and its openness to external transactions determine the impor-
tance of the exchange rate channel and the ability of monetary
policy to determine domestic interest rates. The exchange rate
channel receives much attention in this volume because the case
studies focus on open and mostly small economies. In some of the
studies, estimation of the pass-through from exchange rate changes
to domestic inflation under different regimes takes center stage.

We turn now to a review of the findings on transmission mecha-
nisms presented by the country case studies included in this vol-
ume. (Subsequent sections of this introduction discuss their findings
on monetary reaction functions.) The economies studied—Austra-
lia, Canada, Chile, Israel, South Africa, and the United Kingdom—
share several features: all are open, all except the United Kingdom
are relatively small, and all follow a monetary regime based on
inflation targeting with largely flexible exchange rates.

All the case studies develop models of varying complexity to
analyze the interaction between the central bank and the economy.
They apply various empirical techniques to identify the main trans-
mission channels. Janine Aron and John Muellbauer (South Africa)
and Leonardo Leiderman and Hadas Bar-Or (Israel) estimate sim-
ple structural equations. Alastair Cunningham and Andrew Haldane
(United Kingdom) and Adam Cagliarini and Guy Debelle (Australia)
rely on the calibration of simulated economies. Angel Cabrera and
Luis Felipe Lagos (Chile) estimate vector autoregression (VAR)
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models. David Longworth and Brian O’Reilly (Canada) combine some
of these techniques.

Table 1 summarizes the importance of each of the transmission
channels in these six case studies.’ Most relevant are the traditional
interest rate and exchange rate channels. In Chile and Israel, where
financial market imperfections are likely to be prevalent, the credit
channel is also important. In Canada and the United Kingdom, two
seasoned practitioners of inflation targeting, expectations about fu-
ture monetary policy are found to be a relevant transmission mecha-
nism. The asset price channel appears to be unimportant in the
economies considered here. However, in some of the studies the con-
ditions used to identify the transmission mechanisms were unable to
differentiate among the interest rate, credit, and asset price mecha-
nisms. Hence the variables used to estimate the interest rate chan-
nel may be proxying for the other two channels as well. This is a
limitation shared not only by some of the other country studies in
this volume but indeed by most papers on transmission mechanisms,
as discussed above.

Some of the country studies pay special attention to the effect
of nominal currency devaluations on inflation. This is only natural
given the importance of the exchange rate mechanism in these econo-
mies. Table 2 shows that, in the United Kingdom and Israel, the
pass-through from a depreciation to inflation is incomplete: the av-
erage pass-through is estimated at 70 percent and 40 percent, re-
spectively. Both studies also find evidence that the pass-through effect

Table 1. Main Monetary Policy Transmission Mechanisms
in Six Countries

Country Interest rate Credit  Assetprices  Exchangerate  Expectations
Australia Yes No No Yes No
Canada Yes No No Yes Yes
Chile Yes Yes No Yes No
United Kingdom Yes No No Yes Yes
Israel Yes Yes No Yes No
South Africa Yes No No Yes No

Source: Papers in this volume by Cagliarini and Debelle, Longworth and O'Reilly, Cabrera and Lagos, Cunningham
and Haldane, Leiderman and Bar-Or, and Aron and Muellbauer.

9. For a review of the importance of different transmission mechanisms in a
broader sample of emerging economies, see Bank for International Settlements (1998).
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Table 2. Estimated Pass-Through of a One Percentage Point
Nominal Depreciation to Inflation

Average impact on inflation

Country (percentage points) Cyclical adjustment

United Kingdom +0.7 If output is 1% below (above) potential,
pass-through falls (rises) by 0.2
percentage points

Israel +0.4 If unemployment is 1% above (below)

its average, pass-through falls (rises)
by 0.1 percentage points

Source: Cunningham and Haldane, and Leiderman and Bar-Or, this volume.

is influenced by the economy’s cyclical position: it is smaller in reces-
sions, and larger in a boom, than in normal times.

2. MONETARY PoLicYy RULES: POSITIVE ANALYSIS

Monetary policy rules or reaction functions describe the re-
sponse of policy instruments to deviations in key macroeconomic
variables from levels the monetary authorities deem optimal. The
study of monetary policy rules made a qualitative leap with the
path-breaking work of Taylor (1993); in fact, the policy rules by
which interest rates respond to output and inflation gaps are now
known as “Taylor rules.” Actually, many central banks throughout
the world use a short-term interest rate as their policy instru-
ment, and this is also true in most of the cases considered in this
volume. Some exceptions are noted in the papers by Laurence Ball
(New Zealand uses a monetary conditions index) and by Longworth
and O’Reilly (Canada uses the difference between short- and long-
term rates as its instrument).

Central banks typically respond to deviations, or gaps, in infla-
tion and output from desired levels—these gaps are the two stan-
dard arguments in monetary reaction functions. Some central banks
also react to a key open-economy variable, such as the exchange rate
or the current account deficit, in setting policy. Another argument
often included in policy rules is the lagged value of the interest rate
itself, reflecting some degree of inertia in central bank behavior.

The time dimension of the variables included in the reaction
function varies from central bank to central bank. In some cases
only the current values of the gaps are included; in others their
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lags or future projected levels, or both, are also considered.!® The
variables included in the reaction function do not necessarily corre-
spond to the ultimate policy objectives. Depending on its economic
model, the central bank may react to changes in other variables that
affect its objectives. For example, even when the authorities’ only
objective is price stability, they may have to respond not only to infla-
tion gaps but also to output gaps.!!

Table 3 summarizes the estimates from the studies included
here of the reaction coefficients associated with inflation gaps.
The paper by Vittorio Corbo in this volume describes the mon-
etary reaction functions in five Latin American countries and ar-
rives at several findings. First, the difference between actual inflation
and its policy target is a significant variable in the policy rules of all
five countries; output gaps are also important arguments in the policy
rules of most. Second, only in Chile does the central bank react “ag-
gressively” to inflation deviations; that is, in Chile the implied nomi-
nal interest rate is adjusted more than proportionately to a change in
inflation, whereas in other countries nominal interest rates rise less
than proportionately with inflation gaps.'? Third, there is mixed evi-
dence regarding whether structural changes occur in central banks’
reaction functions when they become independent. Finally, Latin
American central banks exhibit considerable inertia in their policy
instruments.

Among the other papers in this volume, Leiderman and Bar-
Or show that the Bank of Israel follows a rule by which the policy
interest rate responds to inflation gap projections and the lag in

10. Clark, Laxton, and Rose (2001) compare an interest rate policy rule that
responds to contemporaneous inflation with an alternative rule that responds to
the forecast of future inflation. They show, in the context of an empirical model
for the United States that allows for asymmetries, that the forward-looking rule
yields lower output volatility and a higher equilibrium output.

11. Most models of monetary transmission and policy rules assume that eco-
nomic agents have full information about the central bank’s policy rules. Tetlow and
von zur Muehlen (2001) develop an empirically plausible model in which agents must
learn the policy rule, and show that the real costs of learning may be substantial.

12. Benhabib, Schmitt-Grohé, and Uribe (2001a) dispute the notion that policy
rules that respond to increases in inflation with a more than one-for-one increase in
the nominal interest rate are stabilizing. They show that once the zero bound on
nominal interest rates is taken into account, “the peril of (a stabilizing) Taylor rule”
is that there exist an infinite number of equilibrium trajectories that converge to a
liquidity trap, that is, a steady state in which the nominal interest rate is close to zero
and inflation is possibly negative. In a separate paper, Benhabib, Schmitt-Grohé,
and Uribe (2001b) show that Taylor-type policy rules induce aggregate instability by
generating multiple equilibria. Moreover, active monetary policy can give rise to
multiple equilibria, whereas passive monetary policy renders the equilibrium unique.
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Table 3. Estimates of the Inflation Coefficient in Nominal
Interest Rate Reaction Functions, Selected Countries
and Periods

Estimation Estimated

Country Study period coefficient
Canada Longworth and O'Reilly Calibrated model 1.65
Chile Cabrera and Lagos 1986-96 1.10-1.14
Corbo 1985-90 1.20
1990-99 1.21
Colombia Corbo 1985-90 0.41
1991-98 0.50
Costa Rica Corbo 1990-98 0.69
1990-95 0.67
El Salvador Corbo 1992-98 0.40
1994-98 0.46
Israel Leiderman and Bar-Or 1994-99 0.90
Peru Corbo 1993-98 0.80
South Africa Aron and Muellbauer 1986-97 0.20
United Kingdom Cunningham and Haldane Calibrated model 1.00
United States Taylor (1993) 1987-92 1.50

Source: Papers in this volume; Taylor (1993).

output. The central bank appears to adjust to, rather than oppose,
inflation increases; that is, the Bank of Israel raises the policy rate
less than proportionately in reaction to inflation shocks. Aron and
Muellbauer apply the framework of basic reaction functions to South
Africa. They also control for elements of importance to open econo-
mies, including the world interest rate and a measure of interna-
tional financial liberalization, and find that these factors are relevant
to the South African central bank’s reaction function.

The high degree of inertia in policy rules that characterizes most
central banks’ reaction functions is addressed in several of the pa-
pers. Ball suggests that policy inertia is the result of political economy
considerations: central banks wish to maximize their credibility by
keeping policies stable and systematic. Debelle and Cagliarini show
that in Australia’s case the inertia in the policy instrument is due to
uncertainty about the economy’s reaction to changes in the interest
rate. When central banks are unsure of the impact of their policies,
they tend to resist changes in their current policy stance. More
generally, Juan Pablo Medina and Rodrigo Valdés, in the first of
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their two papers in this volume, rationalize policy inertia in their theo-
retical model by including interest rate volatility as a negative argu-
ment in the central bank’s objective function.

In their cross-country study in this volume, Stephen Cecchetti
and Michael Ehrmann find that central banks that have adopted ex-
plicit inflation targets have evolved from being less averse to infla-
tion before adopting the target to more averse than otherwise similar
countries without inflation targets.!® In fact, these authors estimate
that eight of the nine inflation-targeting countries they study have
become more hawkish: that is, their reaction functions feature sig-
nificantly larger coefficients on the inflation gap.'* Cecchetti and
Ehrmann also conclude that countries that use this monetary policy
framework have been able to reduce significantly both the level and
the volatility of inflation compared with a control group of countries.
On the other hand, these authors also find that output volatility is
greater in countries with inflation targets than in countries without
them. This raises the question as to whether policy actions can some-
how soften the trade-off between output variability and inflation vari-
ability. Using Canada as an example, Longworth and O’'Reilly make
the case that credibility gained by the central bank in the pursuit of
its objectives can result in a less pronounced sacrifice in terms of
output volatility for a given reduction in inflation volatility.

According to Cecchetti and Ehrmann, Chile is one of the infla-
tion-targeting countries with a stronger reaction to inflation surges,
having become gradually more averse to inflation throughout the
past decade. This finding for Chile is consistent with Corbo’s re-
sults, which show that the relative coefficient on inflation variabil-
ity in the monetary reaction function has become larger since the
central bank became independent in 1990.

3. MONETARY PoLicYy RULES: NORMATIVE ANALYSIS

The conceptual framework guiding the debate on normative as-
pects of monetary policy rules has been established by the “new

13. Increasing aversion toward inflation is not a unique feature of inflation-
targeting central banks. For example, as Clarida, Gali, and Gertler (2000) show, U.S.
interest rate policy in the Volcker-Greenspan period appears to have been much
more sensitive to changes in expected inflation than in the pre-Volcker period.

14. The nine countries are Australia, Canada, Chile, Finland, Israel, New
Zealand, Spain, Sweden, and the United Kingdom.
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normative macroeconomics,” as discussed in the paper by Taylor in
this volume. According to this framework, policy rules are analyzed
in reference to a process of objective optimization carried out by the
monetary authorities. Following this approach, some of the papers
included in this volume address, first, which monetary rules are most
efficient at achieving the monetary authority’s objectives and,
second, what is the optimal policy response from a social welfare
perspective.

Taylor compares the performance, in terms of macroeconomic
stability, of model-specific optimal rules with that of simple rules
under a variety of models and transmission mechanisms. He con-
cludes that simple rules in which the policy instrument responds
solely to deviations in output and inflation (Taylor rules) perform
well under several different transmission mechanisms. For ex-
ample, even when the transmission channel via the exchange rate
is strong, simple rules perform very similarly to model-specific
optimal rules that include reactions to deviations in the exchange
rate. Taylor warns that, unlike simple rules, complex rules—those
that include reactions to economic variables over and above infla-
tion and output, or establish dynamic specifications within their
reactions—can have disappointing results, depending on the
economy’s transmission channel. Since these optimal complex rules
are model specific, a different characterization of the economy
can render the complex rules far inferior to simple rules.

Using a theoretical model, the paper by Charles Carlstrom and
Timothy Fuerst in this volume arrives at a conclusion similar to
Taylor’s. These authors also conclude that when central banks use
rules based on future expectations of inflation, prices and mon-
etary aggregates may become indeterminate (that is, the nominal
anchor is lost); this does not occur when rules are based on cur-
rent and past inflation gaps with respect to the target rate.

Another group of issues that can be analyzed from a norma-
tive viewpoint deals with rules for open economies. In their case
study of the United Kingdom, Cunningham and Haldane quantify
the optimal horizon for the central bank’s future planning, that
is, how far into the future inflation rates are noticeably affected
by the monetary authorities’ reaction. They argue that, in an
economy where the pass-through from currency depreciation to
domestic inflation is complete, the optimal planning horizon
ranges between two and four quarters. In addition, in economies
where the amount of pass-through varies with the business cycle,
the optimal reaction should consider even shorter periods.
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Working in a small, open economy setting, Medina and Valdés, in
their paper described previously, derive optimal rules for various pref-
erences on the part of the monetary authorities. They conclude that,
if the current account balance is one of the objectives of monetary
policy—as seems to have been the case for the Central Bank of Chile
in the early 1990s—the optimal reaction function is similar even
among central banks with varying degrees of inflation aversion. In
addition, if the central bank is averse to current account deficits and
not (or is averse to a lesser degree) to surpluses, it will respond more
aggressively to inflation gaps than in the previous case.

Also focusing on open economies, Ball analyzes the case where
the central bank prefers to fix its policy instrument for long periods.
In particular, Ball compares rules that fix the interest rate with those
that set a monetary conditions index (that is, a combination of the
interest rate and exchange rate depreciation). His main conclusion is
that setting the interest rate is optimal when the economy suffers
mainly from real shocks to demand for its exports, whereas the mon-
etary conditions index is superior when the economy is affected by
international financial shocks.

In their second paper in this volume, Medina and Valdés study
optimal monetary policy rules under inflation range targeting (some-
times called zone targeting). They compare the reaction rules that
result when the central bank targets a single point, when it estab-
lishes a zone with “hard edges” (that is, when the central bank’s loss
function gives a large weight to inflation deviations beyond the range),
and when the zone has “soft edges.” They find that inflation range
targeting produces a less aggressive optimal monetary policy than point
targeting. However, optimal policy under range targeting is virtually
never inactive and depends on how “hard” the edges are. Monetary
policy behaves in a preemptive way: given that the probability of keep-
ing inflation within the range is maximum when inflation is at the
middle of the range, policy interest rates would always react when
inflation is not at the center of the range.

Finally, this volume presents some findings regarding the rela-
tionship between fiscal and monetary policies. The paper by Herman
Bennett and Norman Loayza argues that when monetary and fiscal
authorities have different preferences for output and inflation gaps
and conduct their policies without coordination, the policy reactions of
each can become more radical. Combining a game-theoretical model
with empirical evidence for industrialized countries, Bennett and Loayza
find that if the central bank has a greater preference for inflation
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control while the government cares more about unemployment re-
duction, public sector deficits (the government’s instrument) and in-
terest rates (the central bank’s instrument) will both be biased
upward. They conclude that, without prejudice to the gains associ-
ated with central bank independence, there are potential benefits to
generating institutional incentives that permit coordination between
monetary and fiscal authorities. They stress, however, that this pro-
cess should not involve reducing the priority attached to inflation in
the central bank’s objective function.

4. CoNCLUSIONS AND PoLicY IMPLICATIONS

This volume presents original research on monetary policy rules
and transmission mechanisms. The contributing authors take a
variety of approaches in addressing these issues, from country
studies to cross-country empirical analysis, and from theoretical
models to historical narrative. Although the papers do not provide
definitive answers to the questions of optimality and efficiency of
monetary policy, they do produce relevant results that have policy
implications.

Little is yet known about the empirical importance of different
monetary policy transmission mechanisms. This is generally due
to the lack of an all-encompassing macroeconomic model as well as
to complexities derived from uncertainty, structural change, asym-
metries, and nonlinearities in the response of an economy to
changes in policy instruments. Nonetheless, this volume provides
some evidence that the traditional mechanism, based on the di-
rect impact of interest rates on aggregate demand, output, and
inflation, remains the most relevant. The exchange rate channel is
also found to be important—although not dominant—in open econo-
mies. Depreciations are not passed through fully to domestic in-
flation; rather, pass-through coefficients are found to range between
40 and 70 percent and are lower during recessions than during ex-
pansions. Finally, in countries with credible inflation targeting re-
gimes, the expectations channel may be important in reinforcing the
monetary authorities’ intended policies, because economic agents know
that the central bank’s commitment to its target strongly influences
the current and future policy stance.

Simple Taylor rules—rules consisting of the reaction of the mon-
etary policy instrument to deviations from target inflation and potential
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output—generally describe central bankers’ behavior well. From a
normative perspective, these rules perform robustly—and in many
cases adequately—under different transmission mechanisms. That
is, Taylor rules generate a similar level of macroeconomic stability
under different monetary policy transmission scenarios. Moreover,
simple rules seem to provide results similar to those of more model-
specific complex rules, particularly when the exchange rate channel
is important.

Finally, regarding the general framework of monetary policy,
there is evidence that countries with explicit inflation targets have
achieved inflation rates that are lower and less volatile than in
countries without them; however, output in these inflation-tar-
geting countries is somewhat more volatile than in nontargeting
countries. In countries where the central bank becomes more cred-
ible in the pursuit of its objectives over time, a reduction in the
volatility of inflation may be achieved at a lower cost in terms of
output volatility.
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THE MONETARY TRANSMISSION
MECHANISM AND
THE EVALUATION OF MONETARY
Poricy RULES

John B. Taylor
Treasury Department, USA and Stanford University

This paper explores the connection between the monetary trans-
mission mechanism—the channel through which a change in mon-
etary policy affects the economy—and the choice of monetary policy
rules to guide central bank decisions. Different views of the mon-
etary transmission mechanism are readily apparent in the many dif-
ferent models that monetary economists use to evaluate monetary
policy. For example, a symposium on “The Monetary Transmission
Mechanism” in the Journal of Economic Perspectives in the fall of
1995 contains five papers representing alternative views. The ques-
tion is: Do these different views lead to substantial differences in the
optimal rules for monetary policy? To answer this question, I draw
on evidence obtained in recent and ongoing research on the quantita-
tive evaluation of monetary policy rules. In fact, there has been an
explosion of this type of normative macroeconomic research in recent
years, reflecting both an increase in supply by researchers and an
increase in demand by policymakers. Most of the new normative mac-
roeconomics takes as given that the central bank has an explicit or
implicit inflation target, and this assumption immediately makes the
research useful to many central bankers. The purpose of this research
is then to find policy rules to guide policymakers in setting the policy
instruments so as to bring the inflation rate close to the target and
keep it there, while taking account of the short-run trade-offs that
impinge on output, employment, and exchange rate variability.
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By an inflation target I simply mean a numerical value (usually
near zero) for the inflation rate in the objective function used for
policy evaluation; the “target rate of inflation is therefore given”
(Taylor, 1979, p. 1276). Having an inflation target, however, does
not necessarily mean a particular operating procedure for the cen-
tral bank, such as setting the instruments of policy so as to bring a
forecast of inflation into equality with the target, or so that the
instruments react in a certain way to real output or the exchange
rate. The choice of an operating procedure (a policy rule) is an out-
come of the normative macroeconomic research, not an input into
it. Although having an inflation target does not necessarily mean
that the central bank is explicit rather than implicit in announcing
the target, there is wide agreement about the benefits of a more
transparent policy.

This new normative macroeconomics is ideally suited for an-
swering questions about the connection between the monetary
transmission mechanism and the policy rule. First, the recommen-
dations for policy rules that emerge from this research are highly
specific and usually expressible in the form of precise algebraic
equations. Second, the recommendations are derived from explicit
structural models of the economy in which the researchers have
taken clear positions on the monetary transmission mechanism.
Hence it is possible to trace the connection between views of the
monetary transmission mechanism and policy choices in a way that
was not possible before. The results are therefore new and in some
cases quite surprising. One possible disadvantage of this approach
should be mentioned at the start. By focusing on quantitative re-
search, the approach does not deal with less formal or “verbal”
descriptions of the monetary transmission mechanism, or with
more basic theoretical models that have not yet been specified
quantitatively for empirical work.

The paper proceeds as follows. I first briefly summarize differ-
ent views of the monetary transmission mechanism. Because un-
derstanding the results of this paper requires an appreciation of
the novel nature of the new normative macroeconomics, I next
describe the methodology of the policy research in some detail. I
then endeavor to classify eighteen policy models according to the
approach they take to the monetary transmission mechanism, dis-
tinguishing between aggregate demand and price adjustment ef-
fects. In the remainder of the paper, I examine how these different
views affect the estimated performance of different policy rules.
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Ilook at a simple benchmark rule, at policy rules with inertia, and at
policy rules designed for small, open economies. In cases where the
results seem surprising or paradoxical, I examine and compare the
different monetary transmission mechanisms in more detail. One by-
product of this approach might therefore be a better understanding of
how the different views compare. I summarize and discuss the re-
sults in the last section of the paper.

1. TERMINOLOGY AND A SUMMARY OF THE
DI1FFERENT VIEWS

Some terminology is needed to distinguish among the differ-
ent views of the monetary transmission mechanism. One view,
very common in new normative macroeconomic research, is the
financial market price view (see Taylor, 1995, for details). This view
stresses the impact of monetary policy on the prices of and rates of
return on financial assets—including bond prices, interest rates,
and exchange rates—and thereby on the spending decisions of firms
and households. There are different versions of the financial mar-
ket view. For example, different degrees of emphasis are placed
on the exchange rate versus other asset prices; these differences
are partly a matter of the degree of openness of the economy being
studied. In smaller, more open economies the exchange rate is, of
course, quantitatively more important than in larger economies.
How does a greater influence of the exchange rate affect the opti-
mal policy rule?

Another view of the monetary transmission mechanism, fre-
quently put forth as an alternative to the financial market price
view, 1s the credit view (see Bernanke and Gertler, 1995, for de-
tails). The credit view emphasizes changes in lending by banks and
other financial intermediaries as an alternative to internal finance.
Quantitative measures of credit and corporate cash flows are there-
fore an important input to this view. Does it matter for the choice of
a monetary policy rule whether one thinks the financial market
price view or the credit view dominates?

There are also different views about what rigidities are needed
to explain why a change in a nominal quantity like the money sup-
ply affects real variables. Most of the research evaluating policy
rules uses some variant of a staggered price or wage setting theory
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to generate the impact of policy. A distinguishing feature of these
models is that expectations of future inflation affect price setting.
They differ in the degree of backward looking that is mixed in with
the forward looking, and whether or not it is the expected inflation
rate or the expected price level that affects decisions.

Another, completely different type of rigidity that has been used
in normative macroeconomic research is that of the limited partici-
pation model (see Christiano, Eichenbaum, and Evans, 1997, for a
review). In these models investors are limited in the amount of funds
they can transfer from one financial account to another each period.
How much difference do these different models make for the choice
of an optimal policy rule?

Finally, despite broad agreement that expectations are very im-
portant in financial markets, and therefore in the monetary trans-
mission mechanism, there is disagreement about the best way to
model expectations. How different is the performance of policy rules
in models that assume rational expectations from that of policy rules
in models that do not?

2. THE NATURE OF THE MODELS AND THE
PoLicy RESEARCH

The approach of this paper is to first classify different models
used for policy evaluation into structural types based on the ap-
proach they take to the monetary transmission mechanism, and
then to see whether these different structures affect the evalua-
tion of policy rules in systematic ways. All the quantitative models
of the monetary transmission mechanism examined in this paper
are stochastic, dynamic, and economy-wide. The models are also
used in the same way for analysis and policy evaluation. Hence
the differences are not in the methodology, but rather in the eco-
nomic structure. It is helpful to discuss these methodological simi-
larities and review their rationale before examining the structural
differences.

The models must be stochastic if one is to predict how effective
policy rules are at cushioning the economy from unanticipated shocks.
The stochastic shocks are added to equations of the model, and their
stochastic properties (variances and covariances) are matched with
historical experience just as other parameters of the models are.
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The models must be dynamic for two reasons: first, because there
are lags in the monetary transmission mechanism, and second, be-
cause expectations of the future are important in financial markets.
The most common—although not universal—expectations assumption
used in these models is the rational expectations assumption, in which
people’s expectations of the future are equal to the model’s math-
ematical conditional expectations.

The models are economy-wide or general-equilibrium models be-
cause monetary policy has impacts on the whole economy. Moreover,
the rational expectations assumption requires a complete model of
the economy in order to explain how expectations are formed. Some
researchers prefer to use the term “model consistent” rather than
“rational expectations,” to emphasize that expectations depend on a
complete model of the economy (see Brayton and others, 1997a and
b, for example).

Stochastic, dynamic, economy-wide macroeconomic models with
rational expectations give rise to mathematical structures that in-
volve systems of difference equations in which both past and expected
future values of variables appear. A typical model of the transmission
mechanism used for policy evaluation can be written in the form

fi (yt’yt—l"“’yt—p’Etyt+17“‘7Etyt+q7ai’xt ):uit ’ €y

for i = 1, ..., n, where y, is an n-dimensional vector of endogenous
variables at time ¢, x, is a vector of exogenous variables at time ¢, u,,
is a vector of stochastic shocks at time ¢, and a, is a parameter vector.

The simplest rational expectations model of the monetary trans-
mission mechanism is the case where the model in equation (1) is a
single linear equation (1 = 1) with one lead (¢ = 1) and no lags (p = 0).
This is the well-known rational expectations version of the Cagan
model (see Sargent, 1987, for example) in which the endogenous vari-
able (y,) is the current price level, the expected future variable (E,y, )
is the one-period-ahead price level, and the exogenous variable (x,) is
the money supply (the instrument of policy). Of course, models used
to evaluate policy in realistic situations (other than hyperinflations)
need to be more complex than the Cagan model, and indeed all the
models examined in this paper have more than one equation and
values of p or q greater than one. In many applications the system of
equation (1) is linear, although nonlinear versions of equation (1) are
not uncommon.
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A solution to equation (1) is a stochastic process for yt.l Obtaining
such a solution in a rational expectations difference equation system is
much more difficult than doing so in a simple backward-looking differ-
ence equation with no expectations variables. This difficulty makes
the new normative macroeconomics difficult to teach and requires more
expertise than is needed for conventional policy evaluation methods.
This complexity is one reason why the methods are not explained in
detail in textbooks in macroeconomics.

How do researchers use the model in equation (1) for policy evalu-
ation? Alternative monetary policies are characterized by rules that
stipulate how the instruments of policy (usually the short-term inter-
est rate) react to observed variables in the economy. The rules may be
simple or complex, but in general they contain some feature that one
is interested in investigating, such as how reactive policy should be to
the exchange rate or to real output. In particular, one might want to
know the optimal response of the policy instrument to these variables.

The method used to answer the question can be described in
the following series of steps:

* Place the candidate policy rule into model f; (.).

+ Solve the model using one of the solution algorithms.

+ Look at the properties of the stochastic steady-state (stationary)
distribution of the variables (inflation, real output, and unemployment).

1. Many papers have been written on algorithms for obtaining solutions to
systems like equation (1). In the case where f,() is linear, Blanchard and Kahn
(1980) showed how to get the solution to the deterministic part of equation (1) by
finding the eigenvalues and eigenvectors of the system. Under certain conditions
the model has a unique solution. Many macroeconomists have proposed algo-
rithms to solve equation (1) in the nonlinear case (see Taylor and Uhlig, 1990, for
a review). The simple iterative method of Fair and Taylor (1983) has the advan-
tage of being very easy to use even in the linear case but is less efficient than other
methods. Brian Madigan at the Federal Reserve Board has developed a very fast
algorithm to solve such models. I have found that the iterative methods work very
well in teaching advanced undergraduates and beginning graduate students. The
algorithms are easy to program within existing user-friendly computer programs
such as Eviews. I use such iterative methods to solve my multicountry rational
expectations model (Taylor, 1993b). I think more emphasis on solving and apply-
ing expectational difference equations should be placed in the economics curricu-
lum, especially at the graduate level but also at the undergraduate level. Many
graduate students come to economics knowing how to solve difference and differ-
ential equations, but expectational difference equations such as equation (1) are
not yet standard and require time and effort to learn well. It is difficult to under-
stand, let alone do, modern macroeconomic policy research without a basic knowl-
edge of how these expectational stochastic difference equations work.
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+ Choose the rule that gives the most satisfactory performance (a
loss function may by useful here to help compare points on the trade-
off between the variance of one target variable and another).

* Check the results for robustness using other models.

The use of policy rules in this way is the most noticeable characteris-
tic of policy evaluation research in macroeconomics today, especially
when compared with the days before the rational expectations revo-
lution.2 The introduction of the rational expectations assumption into
macroeconomics significantly increased the advantages of using policy
rules in this way to evaluate policy. With rational expectations,
people’s expectations of policy matter greatly for the impact of changes
in the instruments of policy, as demonstrated forcefully by Lucas
(1976). Hence, in order to evaluate the impact of a policy, one must
state what that future policy will be under different contingencies.
Such a contingency plan is nothing more than a policy rule.

Woodford (1999b) emphasizes the importance of the “timeless-
ness” aspect of the above approach to policy evaluation. By focusing
on a stationary policy rule and the stationary distribution, one is en-
suring that the policy rule is no different than the one that the
policymaker would follow under the same conditions at any other
time. This timelessness, or stationarity, feature makes the evalua-
tion of the policy rule much more accurate and less subject to serious
errors. In effect, it assumes away any credibility problems that plague
the evaluation of policy rules when people are forward-looking, as
discussed in McCallum (1999).

3. DIFFERENT VIEWS OF THE MONETARY TRANSMISSION
MEecHANISM AS SEEN FroM THE Poricy MODELS

Several of the quantitative models that I examine in this study
consist of only two structural equations. The first is an aggregate
demand or IS equation showing how real GDP (aggregate demand)
depends on the interest rate and the exchange rate, and the second is

2. Of course, there are examples of policy rules research that predate the
rational expectations assumption (see Phillips, 1954, for example). Policy rules
have always had considerable appeal for researchers interested in applying engi-
neering control methods to macroeconomics; rules have also had the advantage of
less uncertainty and greater accountability, as stressed by Milton Friedman.



28 John B. Taylor

a price adjustment equation showing how inflation evolves over time
in response to changes in capacity utilization or in exchange rates.
When combined with a policy rule, these simple models make up a
three-equation system. These systems include such models as the
Fuhrer and Moore (1995) rational expectations model, the Rudebusch
and Svensson (1999) time-series model, the Ball (1997, 1999) models
of closed or open economies, and the Woodford (1999b) or Clarida,
Gali, and Gertler (1999) simplified “new Keynesian” models.? Other
models used for policy evaluation (for example, Taylor, 1993a, or the
Federal Reserve’s FRB/US model) involve many more than three
equations. These models have either a more detailed description of
aggregate demand (with consumption, investment, net exports, and
government purchases modeled separately, for example) or a more
detailed description of price adjustment (with both wages and prices
being modeled separately, for example). However, even these larger
models can be described conceptually as “three relationship” systems
(one relationship being the policy rule). Equations relating consump-
tion, investment, and net exports to interest rates and the exchange
rate combine to form an IS block of equations; wage and price setting
equations with exchange rate pass-through combine to form a price
adjustment block of equations. Hence, for both small models and large
models, it is possible to classify differences in the monetary trans-
mission mechanism according to whether they pertain to aggregate
demand or price adjustment, and such a distinction is useful for the
purposes of this paper.

Tables 1 and 2 use this framework to classify eighteen differ-
ent models that have been used for policy evaluation in the last
few years. The tables show several ways in which the models differ
in their treatment of the monetary transmission mechanism as
defined above. Table 1 focuses on differences relating to aggregate
demand, and table 2 focuses on differences relating to price
adjustment.

3. The use of the term “new Keynesian” is not universal and may be confus-
ing because it has been associated with particular microeconomic foundations of
price and wage adjustment such as menu costs. These types of models are also
called “dynamic new Keynesian” models by Bernanke, Gertler, and Gilchrist (1999)
and “new neoclassical synthesis” models by Goodfriend and King (1997). In my
view the key characteristic of the models is that they are dynamic, stochastic,
economy-wide models with forward-looking behavior and some rigidities that
make them useful for policy evaluation along the lines defined in this paper.



Table 1. Classification of Selected Models according to
the Approach Taken to the Aggregate Demand Component
of the Monetary Transmission Mechanism

Priceor
credit Interest Partial  Exchange
Model Size view? rate®  adjustment® rated
Ball 1997) Small Price  Short-term Yes No
Ball 1999) Small Price  Short-term Yes Yes
Bernanke, Gertler, and Gilchrist (1999) Medium Credit Long-term No No
Batini and Haldane (1999) Medium Price  Short-term Yes Yes
FRB/US: Brayton and others (1997aandb) Large Price® Long-term Yes Yes
Chari, Kehoe, and McGrattan (2000) Medium Price Long-term No No
Christiano and Gust (1999) Medium Price Long-term Yes No
Clarida, Gali, and Gertler (1999) Small Price  Long-term No No
Fuhrer and Moore (1995) Small Price  Long-term Yes No
King and Wolman (1999) Small Price  Long-term No No
McCallum and Nelson (1999a) Small Price  Long-term No No
McCallum and Nelson (1999b) Small Price  Long-term No Yes
MSR: Levin, Wieland, and Williams (1999) Medium Price  Long-term No No
Rotemberg and Woodford (1999) Medium Price Long-term No No
Rudebusch and Svensson (1999) Small Price  Short-term Yes No
Svensson (1999a) Medium Price Long-term Yes Yes
TaylorMCM: Taylor (1993b) Large Price  Long-term Yes Yes
Woodford (1999a) Small Price  Long-term No No

a. “Price” indicates that the model incorporates a financial market price view, and “credit” a credit view, of the
transmission mechanism.

b. The measure of the interest rate that, through a rational expectations model of the term structure, influences
demand.

c. “Yes” indicates that there is some type of delayed or partial adjustment in response to changes in interest rates.
d. “Yes” indicates that the exchange rate affects aggregate demand.

e. The presence of corporate cash flow in the investment equations of this model may suggest that a “credit” view
coexists with a “financial market price” view, but the latter is a much more powerful channel of monetary policy
in this model.



Table 2. Classification of Models according to the Staggered
Price Adjustment Component of the Monetary
Transmission Mechanism

Exchange ratea
Backward- or Typeof factor in price

Model forward-looking® staggering® determination
Ball (1997) Backward No
Ball 1999) Backward Yes
Bernanke, Gertler, and Gilchrist (1999b) Forward Price level No
Batini and Haldane (1999) Forward Inflation rate Yes
FRB/US: Brayton and others (1997aandb)  Forward Price level Yes
Chari, Kehoe, and McGrattan (2000) Forward Price level No
Christiano and Gust (1999) Neither® Price level No
Clarida, Gali, and Gertler (1999) Forward Price level No
Fuhrer and Moore (1995) Forward Inflation rate No
King and Wolman (1999) Forward Price level No
McCallum and Nelson (1999a) Forward Price level No
McCallum and Nelson (1999b) Forward Price level Yes
MSR: Levin, Wieland, and Williams (1999)  Forward Price level No
Rotemberg and Woodford (1999) Forward Price level No
Rudebusch and Svensson (1999) Backward No
Svensson (1999a) Forward Price level Yes
TaylorMCM: Taylor (1993b) Forward Price level Yes
Woodford (1999a) Forward Price level No

a. “Backward” indicates that the staggered price adjustment mechanism is purely backward-looking, and “forward”
that it is at least partly forward-looking.

b. “Price level” indicates that price setting and forward-lookingness are in terms of levels of prices, as in the
staggered contract model in Taylor (1979) or the random geometric version of Calvo (1983); “inflation rate” indicates
that it is in terms of the inflation rate, as in Fuhrer and Moore (1995).

¢. The model is a limited participation model.
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It is not possible to consider all the models that have been devel-
oped to date, but I think the eighteen models in tables 1 and 2 are
representative. Because research at central banks is ongoing at this
time, only two models actually in use at central banks (the Federal
Reserve Board models FRB/US and MSR) are included in tables 1 and
2. It would be useful to consider models used at the Bank of Canada
(Black, Macklem, and Rose, 1998), the Reserve Bank of New Zealand
(Drew and Hunt, 1998), the Swedish Riksbank (Dillen and Nilsson,
1998), the Bank of England (King, 1999), and other central banks
where research is under way.

I realize that it is difficult to evaluate my classification method
without a direct knowledge of all these models. For each model I
give a reference to a paper that describes the model and/or uses it
for the purpose of evaluating monetary policy rules. It is through
the model listings and descriptions in these references—descriptions
in the form of equation (1)—that I have classified each model ac-
cording to several characteristics, such as whether the credit view
is used or whether the exchange rate is a channel for monetary
policy. (The exact characteristics are defined in the notes to each
table and are repeated in the text.) Of course, tables 1 and 2 do not
include all the differences among the models. For example, some
models use more explicit optimization methods to derive their equa-
tions than do other models, some models fit the data better than
others, and some models describe exchange rate behavior differ-
ently from others (for example, Ball, 1999, and Svensson, 1999, dif-
fer in this regard). However, I think the two tables capture the key
differences in the monetary transmission mechanism that might
affect the evaluation of monetary policy rules. In any case, it seems
clear from tables 1 and 2 that a variety of approaches have been
taken to modeling the monetary transmissions mechanism. Now
the question is whether the differences identified in tables 1 and 2
make a difference for the evaluation of policy rules.

4. A CrLass oF PoLicy RULES

To answer the question just posed, I consider policy rules of the
form

L, =€, T, + 8,9, * 8wl 8y TPl @
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where i, 1s the interest rate, «, is the inflation rate (usually smoothed
over four quarters for quarterly models), y, is the deviation of output
from potential, and e, is the exchange rate (defined such that an in-
crease represents an appreciation of the local currency).

The g parameters and p are policy choices. The interest rate is
the instrument of monetary policy for all values of the policy param-
eters in this equation.* The form of this simple policy rule allows for
several of the major differences of opinion about policy rules. For
example, the question of whether there should be interest rate smooth-
ing (or inertia) in interest rate setting is captured by whether p is
zero or not. I have suggested (Taylor, 1993a) that p should be zero,
but others (Woodford, 1999a, for example) have recently argued that
it should be greater than zero and even close to one. How much of
this difference of opinion about policy is explained by differences of
opinion about the monetary transmission mechanism? Similarly, the
question about whether monetary policy—especially in a small, open
economy—should react to the exchange rate is captured by whether
8.0 OF g,, should be zero or not.

Of course, focusing on the functional form in equation (2) does not
capture all differences in policy. In fact, fully optimal policy rules will
be much more complex than equation (2). However, policy rule re-
search has suggested that the simpler rules are close approximations
to fully optimal policy rules in many cases. One might also wonder
whether the forecast of inflation should be in the policy rule, rather
than the four-quarter smoothed inflation rate. In my view (supported
by simulations reported in Taylor, 1999b) there does not appear to be
much difference between the impacts of policy rules that use fore-
casts of inflation in equation (2) rather than smoothed values of infla-
tion over a few quarters. At least if the forecast is not too far out in
the future, such forecast-based rules are in the spirit of equation (2).
Moreover, it is difficult to compare different monetary transmission
mechanisms for forecast-based rules because the forecasts themselves
depend on the monetary transmission mechanism.

4. I could also have considered the impact of the monetary transmission
mechanism on the choice of the policy instrument in the policy rule, for example,
whether the instrument should be the monetary base or the overnight interest
rate. That the interest rate is, in fact, the instrument in most of the policy evalu-
ation research is an obvious indication that the monetary transmission mecha-
nism in these models does not focus on the money supply, largely because of
uncertainty about velocity. Hence one of the biggest differences in monetary
transmission mechanisms (money versus interest rates) has already had a big
impact on policy rules.
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5. EFFECTS OF THE MONETARY TRANSMISSION
MEcHANISM ON A BENCHMARK RULE

Consider a version of the simple rule in equation (2) for which
there is no reaction to the lagged interest rate and no reaction to the
exchange rate. This is the type of rule I suggested in Taylor (1993a)
as a guideline for the Federal Reserve, and I refer to it here as a
benchmark rule, because many researchers have examined this rule
in comparison with other possible rules or with actual policy perfor-
mance. A natural question to ask is whether the performance of the
benchmark rule is affected by the different views of the monetary
transmission mechanism.

5.1 Effects of Different Views on Financial
Market Prices

Simulations of the benchmark rule with a coefficient on inflation
of 1.5 and a coefficient on output of 0.5 (Taylor, 1993a) show reason-
ably good performance—or at least no great depression or great infla-
tion—across the range of models that use a financial market price
and a sticky or staggered price adjustment view of the monetary trans-
mission mechanism. Evidence for this comes from simulations of nine
of the models in tables 1 and 2 (see Taylor, 1999a). These simulations
indicate that when this simple rule is used, the variance of inflation
and the variance of real output are small for the models that incorpo-
rate a financial market price view of the monetary transmission mecha-
nism. To be sure, there is some preference for a weight on output
above 0.5 in the policy rule if the objective function places more weight
on output. However, there is no dominance—in terms of both output
and price stability—of a rule with a weight on output of 1.0 rather
than 0.5. In fact, a rule with a coefficient on output of 1.0 is just as
reasonable as a rule with 0.5; the results say more about the use of
rules of this general type than about specific coefficients.

The result—that the form of the monetary transmission mecha-
nism does not have much effect on the performance of the bench-
mark rule—does not mean that no other policy rules will work better
in some of the models. Indeed, as I discuss below, a policy rule
with a reaction to the exchange rate may work better in models of
small, open economies. Rather, the result is more like a robust-
ness property that says the benchmark rule works pretty well; it
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does not lead to poor performance across a range of models that in-
corporate a financial market price view of the monetary transmis-
sion mechanism. Evidently, the range of different approaches to the
financial market price view—a short-term rate focus, a long-term
rate focus, complete forward-looking behavior, complete backward-
looking behavior, more or less disaggregation—generate a similar
policy-relevant relationship among interest rates, inflation, and out-
put. Hence the same benchmark rule works well for this range of
models. But does this robustness result carry over to other models of
the monetary transmission mechanism?

5.2 Effect of the Limited Participation View versus
the Staggered Price Setting View

Consider the radically different theory of the transmission mecha-
nism based on limited participation. Surprisingly, a stability analysis
of the limited participation model of Christiano and Gust (1999) indi-
cates that replacing sticky prices with limited participation does not
lead to deterioration in the performance of the benchmark rule. As
long as the weight on output is not too high, this simple rule also
performs well in keeping the inflation rate and real output stable. (A
weight on output of 0.5 works very well, but for some model param-
eters a weight of 1.0 is too large.)

Again, this is a robustness result. The benchmark rule is robust
to a very different view of the monetary transmission mechanism.
The result appears paradoxical simply because the limited participa-
tion view is so different structurally from the sticky-prices view. The
explanation for the paradox comes from looking at how a change in
monetary policy affects the economy. Most important is that a change
in monetary policy can temporarily affect the real rate of interest—
just as in the sticky-prices models. This change in the real interest
rate then affects spending and employment for the same reasons it
does so in other models of monetary transmission. As described by
Christiano and Gust (1999), “The household’s date ¢ decision about @,
[the amount spent on goods] must be made before the date ¢ realiza-
tion of the shocks, while all other decisions are made afterwards.
This assumption is what guarantees that... the equilibrium rate of
interest falls, and output and employment rise.” Thus the paradox
is explained by the fact that a monetary policy-induced decline in
the real interest rate affects aggregate demand, much as in the
sticky-prices models.
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5.3 Effects of the Credit (Financial Accelerator) View
versus the Traditional Market Price View

Now consider the model of Bernanke, Gertler, and Gilchrist
(1999), which is the one model in table 1 incorporating an explicit
credit view. This credit view is embodied in what the authors call a
financial accelerator: “The idea that fluctuations in borrowers’ net
worth lead to fluctuations in real activity is what we mean by the
financial accelerator” (Bernanke, Gertler, and Gilchrist, 1996, p. 3).
The key assumption—the one that gives the financial accelerator
its credit view flavor—is that internal borrowing is cheaper than
external borrowing. Hence an increase in net worth, which would
accompany a reduction in the interest rate, increases firms’ ability
to finance investment internally, and thus stimulates investment
much as with the typical interest rate channel. As stated by
Bernanke, Gertler, and Gilchrist (1999, p. 1369), “The unanticipated
increase in asset prices raises net worth, forcing down the external
finance premium, which in turn further stimulates investment.” The
financial accelerator amplifies the impact of the interest rate. “With
the financial accelerator mechanism present ...smaller counter-cy-
clical movements in interest rates are required to dampen output
fluctuations” (Bernanke, Gertler, and Gilchrist, 1999, p. 1364).

Bernanke and Gertler (1999) report simulations of a policy rule
like that in equation (2) in an estimated model with a financial ac-
celerator. The rule they simulate is not exactly the one obtained by
setting the coefficients on the exchange rate terms and the coeffi-
cient on the lagged dependent variable to zero, because they also
set the coefficient on output to zero and use a forecast of the infla-
tion rate rather than a smoothed value of the exchange rate. They
find that this rule, which is similar to the benchmark rule, works
reasonably well in their model. The variances of both inflation and
output are small. Hence it appears that if one held a credit view of
the monetary transmission mechanism—at least as embodied in the
financial accelerator—it would have little effect on one’s assessment
of the usefulness of a simple benchmark rule for policy.

As in the case of the limited participation model, this robust-
ness may appear paradoxical.? However, the explanation for the

5. Because Bernanke and Gertler (1999) report simulations of a rule without
a weight on output and with a forecast of inflation, the results are not strictly
comparable with the other simulation results reported here. In my view the rule
is close enough to warrant the conclusions stated here, but until additional simu-
lations are done, one cannot know for sure.
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paradox is already contained in the above explanation of the financial
accelerator. The change in the interest rate and its effect on spend-
ing is still the main story of how monetary policy works. The one
change that could make a difference—that the financial accelerator
increases the sensitivity to the interest rate—either is not large enough
to damage the performance of the benchmark rule, or in the process
of estimation the parameters are chosen so that the net effect of an
interest rate change on spending is similar to other models of the
monetary transmission mechanism.

5.4 Robustness to the Exchange Rate Channel in a
Small, Open Economy

An important question about the benchmark rule is how the
exchange rate channel affects its performance. Svensson’s (1999)
simulations of a small, open economy model are directly relevant
to this question. He reports that the benchmark rule (without the
exchange rate terms) performs well in reducing the variability of
inflation around the inflation target and the variability of output
around its potential. In assessing these results with the bench-
mark rule, Svensson (1999) concludes that the rule “appears some-
what robust; perhaps surprisingly robust.” Again, this robustness
finding does not mean that no better rule exists for Svensson’s
model; in fact, the benchmark rule leaves the variability of the
real exchange rate higher than do other rules.® The main point is
that even a small, open economy view of the monetary transmis-
sion mechanism does not change the assessment that the simple
benchmark rule—responding systematically only to inflation and
output—works well and is robust.

As with the other views of the monetary transmission mecha-
nism, the explanation of this finding is that the exchange rate
channel effectively makes a connection from the interest rate to
aggregate spending. Rather than simply changing the real inter-
est rate, a change in monetary policy changes the real exchange
rate as well. The exchange rate change magnifies the real inter-
est rate effect but does not affect its direction. Hence a reaction
of the policy rule only to inflation and output works just fine in
stabilizing output and inflation.

6. In a small, open economy the exchange rate has direct effects on the
inflation rate, so that choosing the correct measure of the target inflation rate is
important.
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5.5 Toward Improved Monetary Policy Rules

Thus far I have focused on the benchmark policy rule in equation
(2) for which there is no inertia (p = 0) and no response to the ex-
change rate (g, = g,; = 0). The conclusion is that this rule is robust
across the range of views of the monetary transmission mechanism
that are represented in current policy evaluation models. Stated dif-
ferently, none of the current alternative views of the monetary trans-
mission mechanism have a significant negative effect on the
performance of this rule.

As I have emphasized, however, one cannot conclude from these
findings that there are no better monetary policy rules. Moreover,
from a very practical perspective, although there were successes in
monetary policy in the 1990s, various kinds of monetary crises did
occur, suggesting that there is a lot of room for improvement. Many
suggestions for improving on the benchmark rule have been made.
For example, several researchers (Woodford, 1999a; Williams, 1999)
have suggested introducing inertia. Others have considered incorpo-
rating a response to the exchange rate (Ball, 1999; Svensson, 1999) in
order to improve on the benchmark rule. In the next two sections I
consider these two suggestions for improvement from the perspec-
tive of different views of the monetary transmission mechanism.

6. How THE MONETARY TRANSMISSION MECHANISM
AFFECTS PoLicy RULES WiITH INERTIA

Simulation results for policy rules with inertia for nine of the
models in tables 1 and 2 (Taylor, 1999a) indicate that the monetary
transmission mechanism has a big effect on the performance of such
rules. For example, consider the case where p =1, g = 1.2, and
g, = 1.0. The simulation results show that whether this inertial rule
improves performance (in terms of the variability of inflation and
output) over the benchmark rule (p = 0, g_ = 1.5, and g, = 0.5) de-
pends on the monetary transmission mechanism used in the model.
The inertial rule leads to improved performance in five of the nine
models in tables 1 and 2 for which results are available: McCallum
and Nelson (1999a), Rotemberg and Woodford (1999), the MSR model
(Levin, Wieland, and Williams, 1999), the FRB/US model (Brayton
and others, 1997a and b), and the TaylorMCM model (Taylor, 1993b).
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The same rule leads to poorer performance in two of the models (Ball,
1999, and Rudebusch and Svensson, 1999), with the inertial rule be-
coming completely unstable for the latter. The two rules cannot be
ranked for the other two of the nine models (Batini and Haldane,
1999, and Fuhrer and Moore, 1995).

There is a systematic difference between the monetary trans-
mission mechanism in models for which inertia enhances perfor-
mance and that in models for which it detracts from performance. A
glance at table 1 shows that the difference is not whether the model
assumes an open versus a closed economy. Inertia makes things
better for both some closed- and some open-economy models, and it
makes things worse for some other closed- and some other open-
economy models. Nor is the difference in whether the model takes
the financial market price view versus the credit view. The key
difference, rather, is in the degree of forward-looking behavior. The
two models for which performance deteriorates are not rational
expectations models, whereas the five models for which performance
improves are rational expectations models. Moreover, in the ratio-
nal expectations models the long-term interest rate affects spend-
ing (through an expectations theory of the term structure; see table
1); they also assume forward-looking behavior in staggered price
setting. One might worry that these rational expectations models
are too forward-looking, with insufficient rigidities. However, some
of the rational expectations models have many backward-looking
terms as well. Indeed, the Taylor multicountry model, for which
the inertial rule dominates the benchmark rule, has a considerable
number of rigidities in wage setting and in the pass-through of ex-
change rate changes.

That rational expectations are the essential difference explaining
the effects of inertial policy rules is bolstered by the fact that things
get worse with inertia for all the non-rational expectations models.
To be sure, things do not get better with inertia for all the rational
expectations models. Both of the models that do not allow a ranking
between the two rules (because inflation and output variances move
in opposite directions) are rational expectations models. However,
both employ a staggered price setting theory in which the rate of
inflation rather than the price level is the effective decision variable
(see table 2). Although it would be useful to look into this alterna-
tive explanation, the comparative results are at least consistent
with rational expectations being a necessary, if not sufficient, con-
dition for an inertial rule to improve performance.
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There are good theoretical reasons why an inertial rule requires
rational expectations to generate an improvement over the benchmark
rule. The lagged interest rate in the rule means that interest rates will
rise for many periods in the future if inflation does not come back to
target. Expectations of such rising interest rates raise long-term intexr-
est rates today in a rational expectations model and have an anti-infla-
tionary spending effect, thereby mitigating the need for a rise in future
interest rates. In a non-rational expectations model there is no way for
these expectations to have a dampening effect, and it is quite possible
for the model to become unstable.

Even though the improvement in performance that can come
from inertial rules is not robust to the expectations component of
the monetary transmission mechanism, it is worthwhile pursuing
ways in which using forward-looking expectations can improve
monetary policy. If the gains from such inertial policies are great
enough, they might even provide more incentives to institutional-
ize the rules. Moreover, as hinted at in the next series of results,
the payoffs may be even greater when the exchange rate is consid-
ered in addition to the interest rate.

7. THE TRANSMISSION MECHANISM AND THE USE OF THE
ExcHANGE RATE IN PoLicy RULES

Open-economy issues have not been ignored in the research on
policy evaluation. The exchange rate is part of the transmission mecha-
nism in six of the models listed in tables 1 and 2. The exchange rate
enters both in the determination of net exports and in the determina-
tion of inflation, as changes in the prices of foreign goods are passed
through in part to domestic prices. Moreover, there is a link between
the exchange rate and the interest rate through the capital markets.
In general, the models used for policy evaluation assume perfect capi-
tal mobility, by specifying either an ex ante interest rate parity con-
dition or a reduced-form relationship between the real interest rate
and the real exchange rate.

Before discussing the implications of the monetary transmission
mechanism for the use of the exchange rate in policy rules, it is
important to point out that the policy evaluation research that
informed my (1993a) proposal for a policy rule did consider the
role of the exchange rate. Simulations of my multicountry model
and other models (see Bryant, Hooper, and Mann, 1993) led me to
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believe that if the Federal Reserve reacted strongly to the exchange
rate, inflation-output performance in the United States would deterio-
rate. It was for that reason that I omitted the exchange rate in the rule
I proposed in Taylor (1993a) as a guideline for the United States. How-
ever, it is clear that the same conclusion would not necessarily be
reached for other countries, especially small, open economies. A
country’s size, openness, capital mobility, market completeness, and
elasticities would matter greatly.

Work by Ball (1999) and Svensson (1999) on small, open economy
models is therefore most welcome. Ball (1999) proposed a policy rule of
the form of equation (2), without inertia but with the exchange rate
included, for small, open economies. For his (1999) open-economy model,
Ball found that such a rule would improve on the benchmark rule. For
example, for the same standard deviation of output (1.4 percent), the
interest rate rule that reacts to the exchange rate (with g,, negative
and g, positive) as well as to output and inflation reduces the standard
deviation of the inflation rate around its target from 2.0 percent to 1.9
percent (Ball, 1999, p. 134). However, although this illustrates the ef-
fect that an open-economy view of the transmission mechanism has on
the policy rule, it is not a very big improvement.

Svensson (1999) considers a rule very similar to that of Ball (1999)
in a more forward-looking open-economy model. Although the moti-
vation for this rule is not optimality (the rule is not optimal in his
model), Svensson (1999) finds that this rule reduces the standard de-
viation of CPI inflation from 2.1 to 1.8. However, it increases slightly
the variance of output, from 1.7 to 1.8, and therefore does not even
dominate the benchmark rule. Again it seems that the open-economy
aspect of the monetary transmission mechanism is not finding major
improvements in the policy rule.

In another study (Taylor, 1999b) I considered the use of such a rule
for the European Central Bank (ECB). I simulated my multicountry
model to try it out. The exchange rate (e) relevant to the ECB is the
dollar-euro exchange rate. I found that, compared with the benchmark
rule, the rule with the exchange rate rule led to better performance for
France and Italy, but had countervailing effects in Germany. Because
the ECB does not have the freedom to set different interest rates in the
different member countries, the policy rule cannot, of course, be aimed
at different countries. However, the bloc of countries participating in
European Monetary Union is similar in size to the United States, and
findings for this group of countries might not be relevant for smaller
open economies.



The Evaluation of Monetary Policy Rules 41

For comparison I list the policy parameters in equation (2) for
these three studies:

geO gel
Ball (1999) ~0.37 0.17
Svensson (1999) —0.45 0.45
Taylor (1999b) -0.25 0.15

Each parameter has the same sign in all three studies. An ap-
preciation of the domestic currency leads to a cut in the interest
rate, followed in the next period by an offsetting increase in the
interest rate. In the Ball (1999) model, the negative response is
called for because the appreciation is contractionary, and a cut in
interest rates offsets this contraction. The positive offset in the
next period occurs because the favorable effects of the apprecia-
tion on inflation will be followed by unfavorable effects, which will
raise inflation and require an increase in the interest rate.

The implication of these simulations is that although an open-
economy emphasis on the monetary transmission mechanism
makes a difference for policy rules, in practice it does not seem to
have a big effect. At least this is so with respect to the current
models and the focus on the variability of inflation and output.
Taken at face value, the results imply that simple policy rules that
focus on a smoothed inflation measure and real output and do not
try to react to the exchange rate might actually work well. How-
ever, in my view it is likely that the current models probably un-
derstate the exchange rate effects in small, open economies and
therefore tend to underestimate the costs of exchange rate fluc-
tuations. This suggests the need for future research to look at the
effects of exchange rate variability. The costs of such fluctuations
may be very high for countries where there is a mismatch of as-
sets by currency or duration (see Eichengreen and Hausmann,
1999) or where there may be large swings in the current account.
Moreover, the forward-looking nature of the exchange rate sug-
gests that there may be significant gains from policies that utilize
rational expectations in the same way that inertial rules for the
interest rate do in the closed-economy models discussed in the
previous section.



42 John B. Taylor
8. CONCLUSION

The results of this paper can be summarized with three major
conclusions. First, some of the biggest and most widely discussed
differences in views of the monetary transmission mechanism seem
to have only a small effect on the evaluation of simple policy rules.
More specifically, within the range of views now represented in quan-
titative models used for policy evaluation—and that includes finan-
cial market price views, credit views, staggered price setting, limited
participation, and exchange rate channels—the monetary transmis-
sion mechanism seems to lead to very similar choices about simple
monetary policy rules. In particular, a simple benchmark rule seems
to be robust to all these views about how monetary policy works.

Second, more-complex policy rules that incorporate inertial fac-
tors are more dependent on the particular form of the monetary trans-
mission mechanism; in particular, they depend on a rational
expectations assumption to improve economic performance. Although
this suggests a lack of robustness, the estimated gains in rational
expectations models may be large enough to motivate further re-
search on the performance of such rules. Such rules may be particu-
larly useful in small, open economies.

Third, although monetary transmission mechanisms with strong
exchange rate channels do affect the choice of policy rule—and sug-
gest the need for the central bank to adjust the interest rate in re-
sponse to the exchange rate, as well as to inflation and real
output—the gains from such rules over simple rules that react
only to smoothed inflation and output seem surprisingly small.
This result suggests the need for more research on the effect
of exchange rate fluctuations on small, open economies, and for
policy rules that take account of the forward-looking feature of
exchange rates.
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PoLicy RULES
AND EXTERNAL SHOCKS

Laurence Ball
The Johns Hopkins University

The decade since 1990 has been a period of innovation in mon-
etary policy. Around the world, many countries have adopted infla-
tion targeting as their basic policy framework. Different countries
have tried different techniques for achieving inflation targets, such
as different choices of policy instruments. Most central banks use a
short-term interest rate as their instrument, but some have experi-
mented with monetary conditions indexes, which are based on both
interest rates and exchange rates. A rapidly growing literature dis-
cusses the merits of these different approaches to policy.

Most recent research on monetary policy rules uses models of
closed economies. In the real world, however, open-economy issues
such as the behavior of exchange rates are central to monetary policy.
The experience of the world economy since 1997 has reminded us of
this fact. The major macroeconomic shocks hitting many countries
have been external, originating in the Asian and Russian financial
crises. Industrial countries such as Australia and New Zealand as
well as developing countries such as Brazil and Chile have been buf-
feted by shifts in exchange rates, exports, and world commodity prices.
Policy rules developed for closed economies are inadequate for re-
sponding to such shocks.

This paper discusses policy rules for open economies, and espe-
cially the appropriate responses to large external shocks. The start-
ing point for my analysis is my previous theoretical work on open-
economy policy rules (Ball, 1999). But I conclude that some of the
analysis in that paper must be modified in light of recent events.
I address several specific questions about policy rules. First, what

The author is grateful for suggestions from Francisco Gallego, David Gruen,
Norman Loayza, Christopher Smith, and conference participants at the Third
Annual Conference of the Central Bank of Chile.

Monetary Policy: Rules and Transmission Mechanisms, edited by Norman Loayza
and Klaus Schmidt-Hebbel, Santiago, Chile. ©2002 Central Bank of Chile.

47



48 Laurence Ball

variable should policymakers target? Closed-economy models support
the practice of inflation targeting, but I argue that the target variable
should be modified for open economies. Specifically, the inflation
measure that is targeted should be adjusted to remove the transitory
effects of exchange rate movements.

Second, what kind of reaction function should policymakers use
to set policy instruments? Closed-economy models support the use of
Taylor rules relating interest rates to inflation and output. In open
economies such rules must be modified to give a role to the exchange
rate.

Finally, what should policymakers use as their instrument? In
other words, what variable should be on the left-hand side of the
policy rule? I focus on the choice between an interest rate and a mon-
etary conditions index. I examine this choice theoretically and use
the results to interpret the recent experiences of countries that have
used different instruments.

1. A SiMmPLE MODEL

I base the analysis on my 1999 model and extensions of it. I there-
fore begin by summarizing the model, which is intended to capture
the key interactions of macroeconomic variables. There are three
equations:

y=Ay, —BU, -0H, +¢, @
m=T1, +dy, _V(Hl _H2)+ n, ()
e=0r+v, 3)

where y is output, 7 is inflation, r is the real interest rate, e is the
real exchange rate (defined such that a higher e means an apprecia-
tion), and g, 1, and v are shocks. All variables are defined as devia-
tions from equilibrium levels, and all coefficients are positive.
Equation (1) is an open-economy IS curve. Output is decreasing
in the real interest rate and the real exchange rate and depends on
lagged output and a demand shock. Equation (2) is an open-economy,
accelerationist Phillips curve. The change in inflation depends on out-
put and the change in the real exchange rate, which affects inflation
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through import prices. Equations (1) and (2) include time lags: it takes
one period for interest rates and exchange rates to affect output, and
it takes output and exchange rate changes one period to affect inflation.

Finally, equation (3) posits a positive relation between interest
rates and exchange rates. The idea behind this equation is that higher
interest rates encourage capital inflows, which lead to an apprecia-
tion. Other determinants of exchange rates, such as investor confi-
dence and expectations, are captured by the error term v. Obviously
equation (3) is at best a simple reduced form. Later I derive this equa-
tion from somewhat deeper foundations; this proves important for
comparing alternative policy instruments.

2. WHAT VARIABLE SHOULD PoLICYMAKERS TARGET?

There is a growing consensus worldwide that monetary
policymakers should target inflation. More and more countries are
adopting inflation targets, and recent theoretical research suggests
that this policy is effective at stabilizing both inflation and output.
However, many of the arguments for inflation targeting assume a
closed economy either explicitly or implicitly. In open economies, in-
flation targeting is suboptimal unless it is modified in an important
way.

My 1999 paper argues that policymakers should target “long-run
inflation,” a measure of inflation that filters out the transitory effects
of exchange rate fluctuations. In the notation of my model, this vari-
able is defined as

T =T+ vye, , @

where again e is the real exchange rate and y is the coefficient on the
change in the real exchange rate in the Phillips curve. Using the
model in equations (1) through (3), I show that targeting n" leads to
stable output and stable inflation. In contrast, targeting ordinary in-
flation, m, keeps inflation stable but produces much more output vari-
ability than is necessary.

Rather than repeat the formal derivation of these results, I will
discuss the intuition of what the variable n1° measures and why it is a
good target for policy. This variable can be interpreted as the level
of inflation adjusted for the temporary effects of exchange rates. In
the definition of n', e is the deviation of the exchange rate from its
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equilibrium level. If e_; is positive, for example, the exchange rate has
risen above its long-run level in the previous period. From the Phillips
curve, this appreciation has directly reduced inflation by ye_;. Thus n" is
what inflation would be now if there had not been this direct ex-
change rate effect.

The variable n” also tells us about the future path of inflation. Ife_; is
above its equilibrium level, then at some point, either in the current
period or in the future, it must fall by an amount e_;. At this point the
disinflationary effects of the appreciation will be reversed, and infla-
tion will rise by ye_;. Thus 7" tells us where inflation will go in the
long run. (More precisely, 7" is the level that inflation will approach if
the output gap is held at zero. Inflation can go anywhere, of course, if
there are large enough rises or falls in output.)

There are two reasons why it is better to target long-run infla-
tion, 7', than ordinary inflation, n. First, targeting n~ means that
policy does not induce output contractions unless they are essential
for long-run inflation stability. Increases in inflation often leave
policymakers with a nasty job to do. Given the inertia in inflation,
increases that arise when the economy overheats or there is an ad-
verse supply shock will persist indefinitely if policy is accommoda-
tive. To prevent inflation from wandering away from its target,
policymakers must tighten policy and slow down the economy. In an
open economy, however, there is an exception to this rule: policy
need not tighten to offset inflation rises to the extent they are caused
by temporary exchange rate depreciation. Tightening is then not nec-
essary because, as discussed above, the inflationary effects of exchange
rate movements will eventually reverse themselves. Targeting ©°
rather than n means that policymakers tighten only when there is an
inflation increase that would otherwise be permanent. This approach
allows some short-run volatility in inflation, but it keeps inflation
stable over the longer run and greatly reduces output variability.

There is a second reason for targeting long-run inflation rather
than current inflation. In open economies, a danger with pure infla-
tion targeting is that policymakers will move exchange rates too ag-
gressively to control inflation. The effect of exchange rates on import
prices is the fastest channel from monetary policy to inflation, faster
than the channel through speedups or slowdowns in output. As a
result, if policymakers are given a mandate to keep inflation as close
as possible to its target, they may respond by moving exchange rates
aggressively to offset inflation movements. This in turn requires large
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shifts in interest rates. The problem with large interest rate and ex-
change rate movements is that they cause large fluctuations in out-
put. Targeting n" rather than n avoids this problem and therefore
keeps output more stable. By construction, n" is unaffected by tempo-
rary exchange rate movements, so n targeters have no incentive to
move exchange rates aggressively.

Targeting n° means that it is important for policymakers to dis-
tinguish temporary from permanent shifts in exchange rates. So far
my discussion has focused on deviations of the exchange rate from its
long-run equilibrium—that is, on temporary changes. Policymakers
can safely ignore the direct inflationary effects of these fluctuations.
Exchange rates can also change, however, because fundamentals shift,
changing the long-run equilibrium. Recall that the variable e is de-
fined as the deviation of the exchange rate from its long-run level. If
the actual exchange rate falls but the long-run equilibrium exchange
rate falls by the same amount, e does not change. This implies that
long-run inflation n" rises by as much as actual inflation n. In this
case policymakers cannot accommodate any of the increase in infla-
tion; instead they must tighten policy and reduce output. Since the
fall in the exchange rate reflects a change in fundamentals, it is not
likely to be reversed in the future. There will be no disinflationary
appreciation to take the place of a policy tightening.

Of course, it is not easy in practice to tell whether a change in
exchange rates is permanent or temporary. To put it differently, it is
not easy to measure the long-run equilibrium exchange rate. A disad-
vantage of n targeting is that it requires policymakers to estimate
this unknown parameter. It also requires an estimate of the param-
eter y in the Phillips curve. In contrast, pure inflation targeting is
relatively easy to carry out, because measuring ordinary inflation
does not require knowledge of equilibrium exchange rates or Phillips
curve parameters. Defenders of pure inflation targeting can argue
that moving to n’ targeting would reduce the simplicity and transpar-
ency of policy.

An important question for future research is whether the prac-
tice of 1" targeting can be simplified. Perhaps there is some target
variable that is easier to measure than n° but still avoids the prob-
lems with pure inflation targeting. One such variable mentioned by
a number of authors is the inflation rate for prices of domestically
produced goods. Targeting this inflation rate is not identical to tar-
geting n', but it may be a good approximation: temporary exchange
rate fluctuations have little direct effect on domestic price inflation.
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And one can compute inflation in domestic goods prices without esti-
mating the parameters in the " formula.

3. WHAT PoLicy RuLg?

Once policymakers have chosen a variable to target, they must
also choose a strategy for meeting the target. Many economists advo-
cate the use of a Taylor rule for adjusting short-term interest rates.
Under this approach, a central bank raises interest rates when infla-
tion rises above its target, or when output rises above its long-run
level, and reduces interest rates in the opposite cases. The idea is
that “leaning against the wind” in this way will keep output and infla-
tion as stable as possible. So far no central bank has adopted a Taylor
rule as a formal policy, but the data suggest that many move interest
rates in a way that mimics such a rule.

The case for Taylor rules, like the case for inflation targets, is
strong if one assumes a closed economy. But once again, the rule
must be modified to account for openness. In particular, the Taylor
rule must be extended to give a role to the exchange rate—a variable
of central importance to policymakers that the basic Taylor rule
ignores.

The model in equations (1) to (3) implies that a specific modifica-
tion of the Taylor rule is desirable. Formally, the modified rule mini-
mizes a weighted sum of the variances of output and inflation. The
new rule is

wr+(1-w)e=ay+bi . ®)

This equation differs from the usual Taylor rule in two ways. First,
on the right-hand side, inflation (n) is replaced by long-run inflation
(n). This result is unsurprising given the earlier result that n is a
better target variable than n.

Second, the variable on the left-hand side is no longer the inter-
est rate, as in the basic Taylor rule. Instead, it is a weighted average
of the interest rate and the exchange rate. Such an average is known
as a monetary conditions index (MCI). The weights ® and 1 — © are
roughly proportional to the effects of r and e, respectively, on aggre-
gate spending—the coefficients  and & in the IS equation. For a
number of small, open economies, this means weights in the neigh-
borhood of 0.75 on the interest rate and 0.25 on the exchange rate.
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The intuition for putting an MCI in the policy rule is straightfor-
ward. In the underlying macro model, monetary policy affects spend-
ing through both the interest rate and the exchange rate. The overall
stimulus to spending depends on the average of these two variables,
with weights given by the IS coefficients. Since this average mea-
sures the overall stance of policy, it is the variable that should be
adjusted when inflation or output goes off track.

There has been much debate recently about whether MCIs should
appear in policy rules. To some degree, this issue is merely semantic.
Trivial algebra allows us to move the exchange rate from the left to
the right side of equation (5), yielding

=2 b fr o), ©

gold fwQ@

Here the interest rate is on the left-hand side, as in the basic Taylor
rule. The modification of the rule is that e is on the right-hand side:
policymakers adjust interest rates in response to exchange rates as
well as in response to output and inflation. Equation (6) may look like
a less radical departure from the basic Taylor rule than equation (5),
which introduces the concept of an MCI. But in substance, equations
(5) and (6) are identical.

Later I discuss why, in the real world, the choice between rule (5)
and rule (6) may be more than semantic. Here the point is just that e
should appear somewhere in the rule—either on the left or on the
right. If the rule simply ignores the exchange rate, policymakers will
miss opportunities to adjust interest rates to offset the effects of ex-
change rates on spending. The result is unnecessarily large fluctua-
tions in output and inflation.

4, TaE CHOICE oF PoLicy INSTRUMENT: WHY DOES
IT MATTER?

There has been much recent debate about the choice of an instru-
ment for monetary policy, that is, the variable that central banks
should adjust to influence output and inflation. In the model I have
described, we can interpret the instrument as the variable on the
left-hand side of the policy rule. Most central banks use an interest
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rate as their instrument, but Canada and New Zealand have experi-
mented with an MCI like the one in equation (5). Which instrument
is best?

As discussed above, my simple model suggests that this question
lacks substance. Policymakers who follow rule (5) use an MCI as their
instrument, and those who follow (6) use an interest rate. But rules
(5) and (6) imply identical responses to any event. Suppose, for ex-
ample, that there is a shock to the exchange rate equation (3): e falls
for a given r. If y and n” are constant, both rule (5) and rule (6) imply
that r should be raised. Policymakers using rule (5) will say they are
keeping the policy stance constant: they are adjusting the e/r mix to
maintain the same MCI. Policymakers using rule (6) will say they are
tightening policy in response to the expansionary effects of deprecia-
tion. But these are just two ways of saying the same thing.

Despite this theoretical point, the choice of policy instrument does
matter in practice. The difference between theory and reality is in
policymakers’ degree of flexibility in adjusting their instruments. My
theoretical argument assumes that the instrument, whatever it is,
moves instantly to the optimal level when a shock occurs. In prac-
tice, policymakers adjust their instruments slowly over time. As we
will see, this fact breaks the equivalence of interest rate and MCI
targets.

Why don’t instruments adjust instantly? There are at least two
reasons. One is the fact that central bankers reevaluate their policy
stances periodically rather than continuously. In some countries, for
example, the procedure for analyzing recent data and choosing a policy
setting occurs once per quarter. That policy setting is then held con-
stant between policy reviews. Thus, within a quarter, an interest
rate target means the interest rate is constant, and an MCI target
means the interest rate is adjusted to offset exchange rate move-
ments. Therefore the rules produce different outcomes when there
are shocks to the exchange rate.

Many discussions of instrument choice emphasize the intervals
between policy resettings. But these intervals are not the most im-
portant reason why the choice matters. The intervals are fairly short:
sometimes they last a quarter, as in New Zealand, and sometimes
less, as in the United States, where the Federal Open Market Com-
mittee meets every six weeks. Given the relatively slow evolution
of output and inflation, delaying the optimal instrument adjustment
for such short periods is unlikely to add substantially to macroeco-
nomic volatility. (And if it did, the frequency of adjustments could be
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increased. If the Federal Reserve hired additional staff, it could redo
its policy analysis every four weeks rather than every six.)

The most important reason why the choice of an instrument
matters is that it affects policy for periods much longer than the in-
terval between instrument adjustments. In principle, these adjust-
ments are an opportunity to adjust policy flexibly in response to all
new information. If this were truly the case, my earlier argument
would apply, and the labeling of one variable as the instrument would
be semantic. But the labeling matters in reality because, whatever
the “instrument” is, policymakers are reluctant to change it by large
amounts. This is true even for reviews when in theory the entire
stance of policy is on the table.

In countries with interest rate targets, policymakers’ aversion to
large instrument shifts has a common name: “interest rate smooth-
ing.” According to most theories, optimal interest rate rules imply
that news about output and inflation produces large, one-time adjust-
ments in rates. But empirical work on many countries shows that
such adjustments seldom occur. If the economy overheats, for ex-
ample, policymakers usually respond slowly: they raise interest rates
by a quarter of a percentage point at a time at a series of meetings,
even if it appears likely from the beginning that a large change is
needed. It can take a long time before the interest rate reaches its
optimal level.

There is no consensus about the reasons for interest rate smooth-
ing. I am sympathetic to the view that there are political incentives
for smoothing, even though its economic effects are undesirable. For
example, Lowe and Ellis (1997) suggest that policymakers are embar-
rassed by reversals in the direction of interest rate movements, be-
cause the public interprets these reversals as repudiations of previ-
ous actions. In contrast, a series of interest rate changes in the same
direction looks like a well-planned program. If policymakers respond
to a shock with the full interest rate adjustment they think is opti-
mal, their next move is equally likely to be in the same direction or
the opposite direction. A concern for appearances may lead
policymakers to underreact to shocks initially, to make it more likely
that future interest rate changes are in the same direction.

Whatever the explanation for interest rate smoothing, it is a fact
of life. And I suspect that it is a special case of a more general phe-
nomenon of instrument smoothing. Just as central banks with inter-
est rate targets smooth interest rates, so do those with MCI targets
smooth MClIs. This is less clear-cut empirically, because we have
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observed fewer experiences with MCI targets. But as discussed be-
low, the recent experience of New Zealand is consistent with the idea
of MCI smoothing. And Lowe and Ellis’s logic carries over to this
case. A policymaker who announces a big instrument shift is going out
on a limb regardless of whether he or she is announcing a large inter-
est rate change or a large MCI change. Either way, the policymaker
may be embarrassed if he or she later has to take back some of the
adjustment.

With instrument smoothing, interest rate targeters and MCI
targeters react differently to shocks. Recall my example of a shock
that reduces the exchange rate for a given interest rate. This leads to
a higher interest rate under either the MCI rule (5) or the interest
rate rule (6). But instrument smoothing dampens the interest rate
rise of the interest rate targeter. The behavior of the MCI targeter is
not affected, because the full interest rate adjustment does not re-
quire a change in the MCI. Both policymakers may consider them-
selves “cautious” or “conservative,” because they avoid large shifts in
their instruments. But caution has different implications in the two
cases. In this example, policy is tighter with an MCI target.!

5. A MobpEL oF THE OPTIMAL INSTRUMENT

I now consider the choice of a policy instrument in a variation on
my 1999 model. To focus on this issue, I simplify the model in two
ways. First, I consider a static setting, thereby ignoring time lags in
the effects of policy. Dynamics are crucial for some of the issues dis-
cussed earlier, but not for the issue of instrument choice. Second, I
model only the real side of the economy and define the optimal in-
strument as the one that minimizes the variance of output; I do not
explicitly consider inflation. This shortcut is possible because one can
show that the instrument choice that minimizes output variability
also minimizes inflation variability. Intuitively, the wrong choice
causes unnecessary output fluctuations, which cause inflation fluc-
tuations through the Phillips curve.

Having simplified the model along some dimensions, I now en-
rich the specification of how exchange rates are determined. Many
commentators argue that the appropriate role of exchange rates in

1. David Gruen has made a similar argument about instrument smoothing
with MCI and interest rate targets (personal communication with the author).
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policy rules depends on the sources of exchange rate fluctuations. My
1999 model has a single exchange rate shock, v in equation (3). In the
new model, two shocks affect exchange rates: a shock to exports and
a shock to financial markets. The shock to exports also affects aggre-
gate spending, so I modify the IS equation as well.

The new model starts with two accounting identities:

Y=D+X, )
X=F, ®
where Y is output, D is domestic spending, X is net exports, and F'is

net foreign investment (that is, net capital outflows).
I assume the variables in equations (7) and (8) are determined by

D=-BU+tu, , ()
X =-0H+u, , 10)
F =-oU+pHtu, . 11)

Domestic spending thus depends on the real interest rate and on
shocks such as shifts in fiscal policy or consumer confidence (ui). Net
exports depend on the real exchange rate and on shocks such as shifts
in trade policy or the strength of foreign economies (ug). Finally, net
foreign investment falls when the interest rate rises (because domes-
tic assets become more attractive) and rises when the currency ap-
preciates (because this implies a future depreciation, raising the
return on foreign assets). The shock us arises in financial markets.
For example, if investors suddenly decide that a country’s assets are
risky, there is a capital outflow—a positive us.2

Substituting equations (10) and (11) into equation (8) yields a
reduced-form relation between the interest rate and the exchange
rate:

0e O 01 O 071 O
e=[ O + 0 Ouy — O— (g (12)
He+p)B8 HB+p)E B+ G

2. This model draws on the model of a “large open economy” in Mankiw’s
(1999) intermediate macroeconomics text.
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Like the exchange rate equation in my 1999 model, this equation
gives a positive relation between e and r. This version of the equation
makes it clear that the relation is shifted by two kinds of shocks.

I use the model in equations (7) through (12) to consider the choice
between an interest rate and an MCI as policy instrument. I assume
that the weights on e and r in the MCI are proportional to 6 and B,
which give the variables’ effects on aggregate spending. To capture
the idea of instrument smoothing, I assume that the central bank
must set its policy instrument in advance and can make no adjust-
ment in response to shocks. With this assumption, I ask which choice
of instrument keeps output more stable. This approach is similar to
Poole’s (1970) comparison of money and interest rate targets. The
results would be similar if I allowed instruments to adjust partially in
response to shocks.

Like Poole, I find that different instruments stabilize output de-
pending on which shock hits the model. Specifically, there are three
results:

Result 1: When there is a shock to domestic spending as in equa-
tion (9), output is the same under an interest rate or an MCI target.
That is, when consumer confidence or fiscal policy shifts, it does not
matter whether policy holds the interest rate or the MCI fixed. The
explanation is simple. A domestic spending shock does not change
the relation between the exchange rate and the interest rate: uj does
not enter equation (12). Thus a constant interest rate implies a con-
stant exchange rate and hence a constant MCI. Fixing the interest
rate and fixing the MCI are the same policy in this case.

Result 2: When there is a shock to net foreign investment as in
equation (11), an MCI target keeps output more stable than does an
interest rate target. To see this result, consider a rise in net foreign
investment—a case of capital flight. In this case, the shock uj is posi-
tive. A fixed-MCI policy fully insulates output from the shock, whereas
a fixed interest rate does not.

Consider first a fixed interest rate. Under this policy, equation
(12) implies that the positive ug lowers e: capital flight causes a de-
preciation. Equation (10) implies that the depreciation raises net ex-
ports. Domestic spending does not change, because the interest rate
is held fixed. Thus the rise in net exports implies a rise in aggregate
output.



Policy Rules and External Shocks 59

With a fixed MCI, by contrast, the interest rate is raised when
there is capital flight, to prevent the MCI from falling. In equilib-
rium, the shock produces a higher r, a lower e, and no change in a
weighted average of the two. Specifically, the assumed weights in the
MCI imply that the sum Br + e is unaffected by the shock. Equations
(7) through (10) imply that this sum determines aggregate output;
thus output is unaffected. Domestic spending falls because of the higher
r, but this is offset by higher net exports caused by the lower e.

Result 3: When there is a shock to net exports as in equation (10),
an interest rate target keeps output more stable than does an MCI
target. Here suppose that net exports fall because of recession in a
country’s trading partners. This is a negative ug. Output falls under
either an interest rate rule or an MCI rule, but the fall is larger
under the latter.

With a fixed interest rate, the negative ug reduces net exports. It
also reduces the real exchange rate, through equation (12), but the
resulting rise in net exports is outweighed by the direct negative
effect of the shock. Domestic spending does not change, so lower net
exports imply lower output.?

Once again, a fixed MCI means that policymakers raise r to offset
the fall in e. Thus r is higher than with a fixed interest rate, and e is
also higher through equation (12). The higher r and higher e mean
that both domestic spending and net exports are lower than with an
interest rate target. Thus fixing the MCI magnifies the output loss
from the negative net export shock.

To summarize, these results imply that the right choice of an
instrument depends on the relative importance of shocks to net
foreign investment and net exports. If different economies are sus-
ceptible to different kinds of shocks, different instruments may be
appropriate. To illustrate these points, I now examine some recent
country experiences.

6. SOME COUNTRY EXPERIENCES

In debating the choice of an instrument, many observers cite the
recent experiences of Australia and New Zealand. The Asian financial

3. To see that net exports go down despite the lower e, recall that net exports
equal net foreign investment. The combination of a lower e and a fixed r implies
that net foreign investment falls by equation (11).
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crisis of 1997 hit these two countries in broadly similar ways, yet in
the aftermath of the crisis, New Zealand experienced a recession
whereas Australia did not. At the time of the shock, New Zealand had
recently adopted an MCI as an instrument, whereas Australia used
an interest rate. Some commentators (such as The Economist, 1999)
draw a connection between these facts: they interpret the Australasian
experience as evidence that countries are better off with interest rate
targets.

It is, of course, an oversimplification to attribute the experiences
of Australia and New Zealand entirely to their choices of instruments.
Other factors contributed to the recession in New Zealand. For ex-
ample, policy in New Zealand was already tight when the Asian crisis
began, because of inflationary pressures. In addition, a drought in
1998 reduced output in the country’s large agricultural sector. On
the other hand, the use of an MCI probably did make the recession
deeper than it otherwise would have been. To explain why and to
illustrate my model, I will tell a story about New Zealand and Austra-
lia that focuses on instrument choices.

My model implies that interest rate targets are the right choice
in the presence of shocks to the net export function. This result is
relevant because both Australia and New Zealand experienced large
shifts in net exports during the Asian crisis. These countries trade
heavily with East Asia, and so exports fell sharply when the region
entered a recession.

This is not the whole story, however, because the East Asian
crisis affected the Australasian countries through more than one chan-
nel. At the time of the crisis, investors fled countries that they deemed
risky. Rightly or wrongly, these countries included New Zealand and
Australia. Capital flight meant that these countries experienced a
positive shock to net foreign investment as well as a negative shock
to net exports.

Given this particular combination of shocks, Australia’s policy of
interest rate targeting worked brilliantly. Recall that a negative shock
to net exports reduces output under interest rate targeting, although
not as much as under MCI targeting. In Australia, the contractionary
effects of the fall in net exports were offset by an additional deprecia-
tion resulting from the rise in net foreign investment. The stimulus
from this additional depreciation was enough to leave total spending
roughly constant. New Zealand suffered a recession after similar
shocks because its policy was tighter: to maintain a constant MCI, it
had to raise its interest rate.
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The Reserve Bank of New Zealand recognized the contractionary
effects of the Asian crisis and reduced its MCI target in late 1997 and
1998. However, the policy easing was not large or fast enough to
prevent a recession. This experience is consistent with the practice
of instrument smoothing: policy is adjusted slowly even though shocks
make a large change optimal. It is easy to imagine the New Zealand
central bank (like everyone else) being surprised by the Asian crisis
and uncertain of the ideal response, and therefore erring on the side
of adjusting its instrument “cautiously.” Australia was also cautious:
there was almost no change in its instrument. The nature of the
shocks determined which kind of caution was more successful.

Thus there was an element of luck behind the relative success
of interest rate targets after the Asian crisis. If the contractionary
shock to net exports had been smaller, or the expansionary shock
to net foreign investment larger, output would have been higher in
Australia. With a fixed interest rate, the economy might have over-
heated, causing inflation to rise. In such a scenario we would now
be celebrating New Zealand’s wisdom in targeting an MCI: the
higher interest rates implied by that policy would have prevented
overheating.

Policymakers would like to know what instrument keeps output
most stable on average, not just in particular episodes. Determining
this requires more research on the relative importance of shocks to
net exports and net foreign investment. The right choice of instru-
ment may be different in different countries. It appears likely that an
interest rate target is indeed best for Australia. Research by the Re-
serve Bank of Australia concludes that fluctuations in the Australian
dollar are driven mainly by terms-of-trade shocks, which are less
important in other countries. In my model, terms-of-trade shocks
should be interpreted as shocks to the net export equation, since
they change the value of exports for given physical quantities. These
shocks are best handled through an interest rate target.

Are there countries that should use MClIs as instruments? One
candidate is Canada, the country that pioneered their use. Research
at the Bank of Canada suggests that fluctuations in the Canadian
dollar—unlike the Australian dollar—are driven primarily by shocks
to financial markets. In the terms of my model, these are net foreign
investment shocks, which means they are best handled by an MCI
target.
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7. CONCLUSION

Monetary policy in open economies is different from that in closed
economies. Open-economy policymakers should target a measure of
inflation that filters out the transitory effects of exchange rate fluc-
tuations. They should also include the exchange rate in their policy
reaction function. Whether the exchange rate should appear on the
left- or the right-hand side of the rule—that is, whether the policy
instrument should be an interest rate or an MCI—is a question that
requires further research.

I will conclude by mentioning another topic for further research:
the benefits of stable exchange rates. In all the models I have dis-
cussed, optimal policy rules allow considerable variability in exchange
rates. Real-world policymakers, however, seem averse to such vari-
ability. Rigid exchange rate pegs are becoming less popular, but many
countries still seem to stabilize exchange rates more than is justified
by current models. Is there some cost of exchange rate fluctuations
that the models miss? One possibility is output fluctuations at the
sectoral level. Exchange rate fluctuations cause reallocations of re-
sources across the tradable and nontradable sectors, and these may
be inefficient. Current models cannot capture this idea because they
focus on aggregate variables. Progress might be made by evaluating
policy rules in models that disaggregate output into tradables and
nontradables.
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Policymakers and the academic community have reached an in-
creasing consensus during the last two decades: the primary objec-
tive of monetary policy should be to control inflation (see, for example,
King, 1999). A less settled issue is the appropriate role of the central
bank regarding other, secondary objectives. Some countries have ex-
plicitly included unemployment (or the output gap) among the cen-
tral bank’s objectives, whereas others make explicit reference to the
output gap when explaining policy to the public. For example, the
U.S. Federal Reserve has among its goals “to promote maximum em-
ployment,” and the Reserve Bank of Australia has “the maintenance
of full employment” as an explicit objective in addition to price stabil-
ity. The Sveriges Riksbank, the Bank of England, and even the Euro-
pean Central Bank have identified output gap volatility as a reason to
follow a gradualist approach to controlling inflation. For example, the
Bank of England has stated that, in choosing among various alterna-
tive paths to achieving the inflation target, the monetary authority
should be concerned about deviations of the level of output from ca-
pacity (see Svensson, 1999).
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But the output gap and inflation are not the only relevant objec-
tives of monetary policy from a practical point of view. The law that
establishes the Central Bank of Chile sets as a formal objective the
stability and proper functioning of the country’s external payments
system. Operationally, this objective has been interpreted as main-
taining a sustainable current account deficit. Specifically, there is an
operational objective of keeping this deficit, measured at trend terms
of trade, between 4 and 5 percent of GDP.! Behind this objective is
the idea that an excessive current account deficit can easily jeopar-
dize the normal functioning of the external payments system, in-
cluding access to external financing.

Including a target for the current account deficit in the objective
function of the central bank has potentially important consequences
for the formulation of monetary policy, particularly regarding the
optimal reaction to various shocks. Both the magnitude and the per-
sistence of appropriate movements in interest rates following a spe-
cific shock can change when this objective is considered. This paper
investigates this issue, deriving and comparing optimal policy rules
using a simple macroeconomic model of the Chilean economy. It
further analyzes what happens to optimal monetary policy when the
current account objective is asymmetric, that is, when it is consid-
ered that positive deviations are relatively more undesirable than
negative ones.?

The paper first studies the problem of a central bank that chooses
interest rates so as to minimize the expected discounted loss of a
guadratic loss function in an economy described by linear equations
and in which there are some forward-looking variables. Although it
makes use of standard dynamic programming, the paper departs from
previous work by explicitly incorporating the current account in the
objective function and by considering a macroeconomic model whose
structure and lags are chosen to realistically represent the Chilean

1. See Massad (1998) for a description of the central bank’s objectives and of
the way monetary policy is conducted in Chile based on an inflation target. One
important feature of the Chilean economy in this regard is the widespread prac-
tice of indexing for inflation, including indexing of financial assets. In addition,
before September 1999 the central bank used a target zone framework as the
basis of its exchange rate policy.

2. Of course, it is quite difficult to argue from first principles that the current
account should be an objective in its own right. Ultimately, its inclusion is a short
cut to avoid a very complex model in which inflation and output are severely
affected by highly nonlinear events such as balance of payments crises.
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economy. The model structure is similar to that of a simple central
bank macroeconomic projection model. It includes equations for the
output gap, the absorption-output gap, a Phillips curve, uncovered
interest rate parity, and a term structure. Using this model, we in-
vestigate how optimal policy reactions change when the current ac-
count matters, and the implications of incorporating the output gap
among the central bank’s objectives.

The paper then studies the consequences of having an asymmet-
ric objective for the current account. This is done within a consider-
ably simpler framework, as otherwise it would be difficult to solve
the central bank’s problem. The economy is described by a central
bank loss function that depends on inflation and the absorption-out-
put gap, with two linear equations describing their evolution. Again,
the central bank has to choose interest rates so as to minimize the
expected discounted loss, this time of a nonquadratic loss function.
The solution method we use in this case is based on standard dy-
namic programming using a convenient discretization of the economy.
We investigate how optimal policy reactions change both with the
asymmetry in objectives and with uncertainty about future shocks.*

It is important to clarify at the outset that by an optimal reaction
we mean the best possible policy rule in terms of maximizing the
objective function in the context of the model under analysis. Itis not
necessarily the best policy for day-to-day policymaking, because, by
definition, any model is an incomplete description of reality. Actual
policymaking might take into account these rules—indeed, they are
quite appealing as they give precise answers to a quite complex prob-
lem of combined lagged effects. However, policymakers should also
evaluate the implications of developments that are not considered in
the model. In other words, the optimality of the rules we study is
model-specific.

The main results of the paper yield relevant policy conclusions.
For example, we find that including the current account among the
objectives of the central bank has important consequences for opti-
mal policy reactions. Interest rates react vigorously (and without much
persistence) to shocks that affect the current account deficit, but are

3. Svensson (2000), Ryan and Thompson (1999), and many others study opti-
mal policy rules in inflation targeting frameworks for open economies. Among
other issues, these papers analyze the usefulness of monetary conditions indexes
and the merits of targeting inflation of nontraded goods.

4. Because with asymmetric objectives the problem is not linear-quadratic,
there is no certainty equivalence.
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less responsive to output gap and inflation shocks when the current
account is among the objectives. If the current account does not mat-
ter, optimal policy rules change considerably when the central bank
cares about the output gap. However, these changes are far less dra-
matic if the central bank already has the current account among its
objectives. An asymmetric current account objective does not greatly
change the optimal reactions to demand shocks, but it makes mon-
etary policy clearly more aggressive toward positive inflation shocks.
The change in this policy reaction is economically relevant. Finally,
when there is an asymmetric current account objective, a higher vola-
tility in current account shocks generates a more aggressive mon-
etary policy.

The paper is organized as follows. Section 1 describes the struc-
ture of the economy as modeled, as well as monetary policy objec-
tives in a standard linear-quadratic framework. Section 2 presents
the method for solving the central bank’s problem and compares op-
timal policy rules for alternative central bank preference parameters
using a realistic model estimate. Section 3 studies policy rules in a
simpler economy but one in which current account objectives are
asymmetric. Finally, section 4 presents some concluding remarks.

1. THE EcoNnomy

The economy is described by a series of state variables, some of
which are exogenous, while others are endogenous, predetermined,
and subject to stochastic shocks, and the rest are endogenous and
forward-looking. These variables evolve according to a simple linear
macroeconomic model in which monetary policy affects some vari-
ables instantaneously and others with a lag.® The exogenous vari-
ables represent the fundamentals for the economy and follow simple
stochastic processes. The economy is endowed with a central bank,
which has an explicit objective function. The frequency of the empiri-
cal counterpart of the model is quarterly, and we assume that vari-
ables are observed contemporaneously.®

5. The model we consider is not immune to the Lucas critique, although
expectations are completely rational and the public knows the central bank’s
objectives. However, the Lucas critique is not that relevant when policy shocks
are small (which is the case considered in this paper).

6. One way of interpreting this assumption is to consider that monetary policy
chooses end-of-period interest rates. An alternative is to consider that actual (off-
model observed) short-term projections are very good (within a quarter).
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All variables in the model are measured as deviations from their
(possibly stochastic) long-run trend and consequently are stationary.
For example, r, represents deviations of the interest rate with re-
spect to its long-run trend.”

1.1 Monetary Policy Objectives

The central bank has three objectives: to keep inflation close to
the target, to maintain the current account deficit close to a
preannounced value, and to keep the output gap close to zero. In
addition, the central bank dislikes large and sudden movements in
interest rates.® These objectives are summarized in the following qua-
dratic loss function of period t:

l, =myp? + meee? +my2 +m (r - .y ), @

where p, is the gap between actual and target inflation, cc,is the gap
between the actual and the target current account (as a proportion of
GDP), and y, is the gap between actual and potential output.® The term
(re— rt_l)2 captures the costs for the central bank of frequent and sud-
den changes in monetary policy. Lastly, m, M, N, and m are nonnega-
tive constants that together characterize the central bank type.

The central bank is forward looking and in each period t chooses
the level of the real (indexed) interest rate that minimizes the ex-
pected discounted sum of future losses:

oy 0
Lo=ESa dl. Wz, @
t=0 1)

where W, represents the information set available in period t. More-
over, because there are forward-looking variables, both the central

7. See note 13.

8. See Woodford (1999a) for a derivation from first principles of these prefer-
ences for smooth movements in the policy instrument. Massad (1998) makes the
case for instrument stability in Chile. The concern of the central bank regarding
the normal functioning of the domestic payments system gives another argument
for such an objective.

9. In this framework the authority recognizes that monetary policy can have only
temporary effects on output. Moreover, there are no intertemporal inconsistency
problems of the Barro-Gordon type. See note 13.
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bank and the public know that the former can reoptimize in each
period. Hence, the only possible solution is a discretionary one.?
Therefore, the optimal policy rule has the form r, = FX,, where X,
is the vector of predetermined variables and F is a vector of con-
stants to be endogenously determined (see Backus and Driffill,
1986, and Soderlind, 1999a, for further details).

1.2 State Variables

There are three fundamental exogenous variables in this
economy: the terms of trade (in logarithms) (tot), the country risk
premium (j ), and the international real interest rate (rt*). We
assume that these three variables are stationary (or that they are
transformed so as to eliminate any trend). Their law of motion is
given by the following equations:

£t =T g Ot ; + I Ty + X, ®)
r, =r.r,,+x{, and )
J o= eatx, ©)

respectively, where 0 <r; <1 and x{ are i.i.d. shocks (j = tot, r",
andj).11

Domestic inflation moves according to inflation in traded goods
and in nontraded goods. Traded goods inflation, in turn, depends on
international prices and the exchange rate, and nontraded goods
inflation depends (because of indexation) on previous inflation, on
inflation expectations in previous periods, and on the output gap

10. A solution involving a commitment would attain a better outcome (see
Woodford, 1999b). However, like Svensson (1999), we assume that a commitment
technology is not available. Thus, the only realistic solution is discretionary.

11. A more realistic approach would be to model the risk premium as an
endogenous variable that depends on domestic variables such as the current ac-
count. Then an increase in the current account deficit would cause a nominal
devaluation following a rise in the risk premium. However, considering this pos-
sibility would only add an additional, indirect concern of the central bank regard-
ing the current account, without substantially changing the main results.
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(according to a standard accelerationist Phillips curve). In particu-
lar, the (annualized) inflation gap evolves according to

p=(1- w)pl +wp! - p, ©)

where ptTis tradables inflation, ptNis nontradables inflation, p isthe
inflation target, and wis a constant parameter. Tradables inflation is
determined as follows:

p-tr =ar (L)(é\t-1+p1-l)+xr7 @

where a'(L) is a polynomial in the lag operator L . Is the nominal
devaluation, pt is international inflation, and x is an i.i.d. shock.
This specification assumes that the weak version of purchasing power
parity obtains for tradables (controlling for changes in value-added
taxation and tariffs) and that there is no instantaneous pass-through.
On the other hand, nontradables inflation evolves according to

¥ =a', (L)pes + Elan: (F)pes W, [+ a, (L)y, +x¥, ®)

where a' F(F) is a polynomial in the forward (lead) operator. This
means that E(pm W, ) is a predetermined variable in period t.?

Let us define the real exchange rate (RER) as ¢, =e,p;/p,
and assume, without loss of generality, that p = 0. Then the inflation
gap equation can be written as

p.=a- (L)dt-l +apL(L)pt-l +E[aPF (F)p“l I\Ntl]

+a, (L)y +x, ®

where a; (L) = (1-w)a'(L), a, (L)= Wa'p,_(L) +(1-wpa'(L), a e (F)
=wa' ((F), a (L) =wa' (L) and x? =wx +(1- w)x] . Furthermore,

12. This structure is based on one of the projection models used at the Central
Bank of Chile and is similar to the price equation derived from first principles in
Svensson (2000).
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in order to preserve homogeneity in prices we assume that
wla', (1)+a': (1)]+(2- w)a’; (1) =1. Notice that in this frame-
work monetary policy affects inflation through three different chan-
nels: the output gap, the exchange rate, and lagged expectations of
future monetary policy (and hence future inflation).

The RER is a forward-looking variable that is determined by the
uncovered interest parity condition:

qt:E(qt+1|VVt)+0'25(rt*' rt+jt)' (10)

Besides the short-term real interest rate controlled by the central
bank, there is a long-term interest rate determined as a forward-
looking variable in the bond market. According to the expectation
hypothesis of the term structure, the behavior of the long-term inter-
est rate R, can be approximated by

R =Ir +(1-1)E(Ruy W), (1)

where | is a constant that negatively depends on the bond duration.
The output gap has some persistence and reacts with lags to the
interest rates, the terms of trade, and the RER:

Yo =b, (L)yer +be (L)Ry +b, (L )r, +by (L )tot,

+b,(L)a,, +x!, 12

where xY is an i.i.d. shock. This equation represents a standard
dynamic IS curve.

To construct the ratio of the current account (proxied by the trade
balance) to GDP, we consider a linear approximation that depends on
the gap between absorption and output (denoted by y‘@'), the terms of
trade, the output gap, and the RER. A first-order (log) Taylor expan-
sion of the trade balance yields the following approximation:

CC; =- y? - koqt + koyt + kltOtt ) (13)

where kj is the ratio of the trade balance to GDP during the expan-
sion year (2 percent in 1997), and k; is the ratio of exports to GDP
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during that year (30 percent in 1997). The current account deficit
during the expansion year was 4.8 percent of GDP.

Finally, we assume that the absorption-output gap has some per-
sistence and depends on interest rates, the terms of trade, and the
RER. In particular, this gap is determined by the following equation:

ytd = gd (L )ytdl + gR (L )Rt-l +gr (L )rtl +gtot(L)tOtt-l

14
+gq(L)qt-1+X?’ ( )
where x! is an i.i.d. shock. In order to be consistent with our prior
definition of y,, we consider y¢ as the gap between, on one hand, the
difference between actual and trend absorption and, on the other, the
output gap.'3Of course, because both equations include output in the
left-hand side, and both represent cyclical movements of the economy,
equations (14) and (12) are closely related. Thus the shocks x) and x¢
need not be orthogonal. In the exercises below we consider both inde-
pendent and common shocks to both equations.

In sum, the economy is described by equations (3) to (5) and (9) to
(14). Appendix A presents the estimation and calibration results of
these equations using Chilean quarterly data. We choose a lag struc-
ture in each equation so as to maximize the realism and fit of the
model, even though this strategy generates several state variables.

2. SOLUTION

The solution of the model requires us to rewrite the model so as
to represent it in the state-space form. Once it is represented in this
way, one can apply directly the algorithms described in Backus and
Drifill (1986), Svensson (1994), and Sdderlind (1999b). As mentioned
before, we consider a discretionary solution.

2.1 State-Space Representation

Following the same notation as Svensson (2000), let X, be the (col-
umn) vector of predetermined variables, Y, the (column) vector of

13. In this framework, therefore, we study the effects of monetary policy on
the current account without considering secular trends in the expenditure-output
gap. This is consistent with the idea that the central bank is only capable of choosing
(temporary) deviations of the real interest rate with respect to its long-run trend.
The latter is actually endogenous and responds to the aforementioned secular trend.
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variables that enter as arguments in the central bank’s loss function,
X, the (column) vector of forward-looking variables, and x, the (col-
umn) vector of shocks. Considering the lag structure embedded in
the model estimation presented in appendix A, one has

zéaOtt'tOtt-l’tOtt-ert*’j t’qt-l’qt-Z’qt-SYpt'pt-17pt-2'pt-3’ yt'yt-l’g

* &r. . R, Y¢ p
1 R Yy a

Yt :(pﬂCCt’yt'rt - rt-l) )
Xy :[Rt’qt!E(le |Vvtl )!E(pt+2 |Vvtl )]" and

2, = (x,0,0,x{,%,0,0,0,%%,0,0,0,x!,0,0,0,x) .

Letn,, n, ng, and n = n +n, be the dimensions of X,, x,, Y,, and Z,
respectively. In the particular model we consider, n, =17,n, =4, and
n, = 4. Let Z = (X', x',) be the vector that describes the state of
the economy. Using these definitions, the model can be written in
the following way (in the state-space):

é X, U 2., 0
a ( i )Q:AZt+Brt+é”u, (15)
E (X1 | O 60§
Y, =C,Z, +C,r,, (16)
I, = Y,KY,, 17

where Aisa n’ nmatrix, Bisa n~ 1 column vector, C is a
n,” nmatrix,C isan,” 1columnvector,andKisan,  n,diagonal
matrix with (m;, m,, n, m) in the diagonal. Appendix B describes the
construction of these matrices in detail.

The solution to the central bank’s problem is characterized by a
policy function of the following form:
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r.= FX,, (18)

where Fisal” n, row vector to be endogenously determined.
The solution also characterizes the evolution of the forward-look-
ing variables according to the following linear function:

x, =HX, , 19)

where Hisan,” n, matrix to be endogenously determined.
Hence the dynamics of the economy are given by equations (18)
and (19) and the following pair of equations:

X =My X +?,,, and (20)
Yt = (CZl + CZZH + CFF )Xt ' (21)
whereM,;,C,;,C,,aren, " n, n,” n andn,” n, matrices, respec-

tively, corresponding to the partitions of

according to X, and X,
In order to find the matrices F and H we use the algorithm
mentioned above.

2.2 Optimal Reaction Functions

The optimal policy rule depends both on the structure of the
economy and on the preferences of the central bank. These prefer-
ences, in turn, are described by a discount rate and by a set of rela-
tive weights for the loss function in equation (1). We consider a
discount factor of 0.99 and four sets of weights for equation (1) and
thus define four types of central banks. The “hawk” type (H) has in-
flation as its almost unique objective; the “dove” type (D) has as its
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objectives both inflation and the output gap; the objectives of the
“strict condor” type (SC) are inflation and the current account deficit;
and those of the “flexible condor” type (FC) include inflation, the cur-
rent account deficit, and the output gap. We assume that all four
central bank types dislike large changes in interest rates and there-
fore have m> 0. Table 1 presents the weights (ns) of the loss function
for each of these central bank types.'*

Table 2 presents the optimal reaction functions for each of the
four types. Each column corresponds to the vector F', which, multi-
plied by the vector X,, yields the optimal interest rate deviation for
period (quarter) t. For example, if the central bank is of the hawk
type, it will increase the (indexed) interest rate by 0.45 percentage
point after a 1-percentage-point upward shock to inflation.®

Examining the dynamic reaction of the interest rate to alterna-
tive shocks is another way of analyzing optimal policy rules. These
reactions show the path of interest rates that would prevail if the
rule is followed and no other shocks occur, and thereby include reac-
tions to expected future movements in other endogenous variables.

Figure 1 presents the path of interest rates between quarter 0 (on
impact) and quarter 7 following different exogenous shocks. Besides
the six basic (structural) shocks of the model, we consider a combined
shock to output and the absorption-output gap, which can be thought
of as the case of an overheated economy. The figure presents the reac-
tions of the four central bank types to such a shock. The panels on the
left show the reactions of central bank types H and P, whereas those on
the right ones show the reactions of types SC and FC.

Table 1. Preference Parameters for the Four Central
Bank Types

Type of central bank m, m, m, m
Hawk 0.95 0.00 0.05 0.10
Dove 0.50 0.00 0.50 0.10
Strict condor 0.65 0.30 0.05 0.10
Flexible condor 0.35 0.30 0.35 0.10

Source: Authors’ definitions.

14. The central bank preferences are “deep” parameters unaffected by the
structure of the economy (for example, the degree of indexation). The structure
of the economy modifies the optimal reaction functions, not preferences.

15. Notice that the interest rate persistence depends on both the parameter
for r., and that for R ,.
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Table 2. Optimal Policy Functions by Central Bank Type

Central bank type

Strict Flexible
Variable Hawk Dove condor condor
tot, -0.02 -0.01 -0.11 -0.10
tot, 0.02 0.03 0.05 0.05
tot, , 0.01 0.02 0.01 0.01
ry 0.87 0.43 0.52 0.34
it 0.72 0.32 0.43 0.27
U¢q -0.13 -0.06 -0.09 -0.06
Ui -0.09 -0.04 -0.07 -0.04
U¢3 -0.11 -0.05 -0.06 -0.04
p; 0.45 0.28 0.24 0.17
P 0.32 0.19 0.17 0.11
Pio 0.19 0.11 0.10 0.07
Pis 0.09 0.05 0.04 0.03
Ye 0.57 0.60 0.31 0.33
Yia 0.12 0.07 0.06 0.04
Mea 0.28 0.12 -0.04 -0.07
R4 -0.27 -0.37 -0.15 -0.20
y¢ 0.00 0.00 0.13 0.12

Source: Authors’ calculations.

The results of table 2 and figure 1 have implications in at least
three dimensions (besides the numerical results, which may be use-
ful as a benchmark for policymaking). First, once the current ac-
count is part of the central bank’s objectives, optimal policy reactions
change in many respects, sometimes substantially. As expected, the
SC and FC types respond to shocks to the absorption-output gap and
to the terms of trade in a very different way than do types H and D.
These two shocks have direct effects on the current account, for which
the latter two central banks do not care. Interestingly, types SC and
FC are less responsive to shocks to the international interest rate
and the risk premium than types H and D, respectively. More impor-
tant, when there is a target for the current account, monetary policy
is clearly less aggressive in responding to shocks to inflation (com-
pare type H with type SC) and to the output gap. All these differences
are economically relevant.



Figure 1. Reaction Functions of Four Central Bank Types
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Figure 1. (Continued)
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Figure 1. (Continued)

Simultaneous 1 percent schock to the output gap and the absorption-output gap
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Second, the results show that, in general, reactions are less per-
sistent for shocks that directly and indirectly affect the current ac-
count when the current account matters. This is probably due to
the relatively lower persistence in the absorption-output gap in com-
parison to other variables. However, the reaction to inflation and
output shocks is more persistent in types SC and FC than in types
H and D.

Finally, the differences in optimal rules that arise when the cen-
tral bank incorporates the output gap among its objectives are far
less dramatic when the current account is already one of its objec-
tives. Indeed, the differences between the reactions of types H and
D are considerably more important than the differences between
those of types SC and FC. One case in which this difference appears
most clearly is in the dynamic central bank reaction to an inflation
shock—probably the key issue in monetary policymaking. In this
case type SC is only marginally more hawkish than type FC. Thus
one can conclude that incorporating the output gap into the central
bank’s objectives does not appear to be crucial when the current
account already matters. The intuition for this result is simple: the
current account also presents a trade-off for monetary policy, be-
cause a more aggressive response to an inflation shock generates a
larger current account deviation. However, for this result to hold, it
is necessary to have a symmetric current account objective. The
next section analyzes optimal policy reactions when this objective is
asymmetric.
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3. OpTIMAL MONETARY PoLicy wiTH AN ASYMMETRIC
CURRENT AccouNT OBJECTIVE

Ultimately, behind the objective of keeping the current account
under control is the notion that an “excessive” deficit usually brings
about a serious balance of payments crisis, in which voluntary financ-
ing disappears and the economy enters a deep recession. The con-
verse, however, is not true: too small a deficit is not considered to be
a threat to external stability. But the loss function described by equa-
tion (1) is symmetric, treating positive and negative deviations as
equally undesirable. Therefore the rules we have derived are, by con-
struction, symmetric. This section investigates the implications for
monetary policy of having an asymmetric loss function for the cur-
rent account.

We analyze two issues that arise with asymmetric objectives.
First, we investigate how much optimal reactions change, in response
to both price and demand (current account) shocks. Second, we ana-
lyze whether optimal monetary policy changes when the volatility of
shocks increases. We evaluate both how policy changes and the eco-
nomic relevance of these changes.

Departing from the linear-quadratic framework (that is, from a
symmetric current account objective) has the benefit of allowing for a
more realistic loss function, but at the same time, it seriously compli-
cates the problem. In the linear-quadratic problem we were able to
find closed-form solutions of the form r, = FX,, whereas in this case
we have to resort to numerical simulations. To be able to solve the
central bank’s problem, we have to simplify the model of the economy
substantially. In particular, we calibrate a simple stochastic, two-equa-
tion, backward-looking economy with two state variables, namely,
inflation and the absorption-output gap, and directly associate the
latter with the current account deficit. For simplicity, we assume
that a positive absorption-output gap has inflationary consequences. 6
Moreover, we do not consider any preferences over interest rate vari-
ability, nor do we consider bounds for possible interest rate values.
Thus the rules we derive will in general prescribe a more aggressive

16. It should be stressed that this is a simplification. There is no reason for this
gap to have direct inflationary consequences. What happens is that this gap is
usually highly correlated with the output gap, which does affect inflation.
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monetary policy than what a central bank would normally follow.
Accordingly, rather than taking the quantitative results we derive at
face value, they should be analyzed relative to the baseline scenario
of rules for a symmetric current account objective (derived from a
standard quadratic loss function).

3.1 A Simpler Economy

The economy is described by the following two equations:
P, =p., ta,yl, +e, and (22)

yf =b,yl, +br +e, (23)

where, as before, p, is the inflation gap in periodt, ytd is the absorp-
tion-output gap, r, is the real (or indexed) interest rate (again mea-
sured as a deviation from its long-run trend), and & and ¢’ are
serially uncorrelated mean-zero stochastic shocks. The quantities a,
b,, and b, are constant parameters.

As before, the central bank’s problem at time t is to choose a
sequence of interest rates {rt+t } {-o S0 as to minimize the intertem-
poral loss function in equation (2). Letx, be the vector with the state
variables, x, = (p o ¥¢). We seek to characterize the interest rate se-
quence through a time-invariant (and probably nonlinear) policy func-
tion for a loss function of the following type:

N 2 d |2 d?q _
I(xt)—tap‘ +bL(yt ) fory?1 (-¥,0)

_%apf +b, (yf" )2 fory? 1 (0, ¥ ) (24)

where a, b, and b, are positive constants. The asymmetric current
account objective is described by b, <b,,.

Therefore the central bank’s problem is to set interest rates in order
to minimize equation (2) with equation (24) subject to equations (22) and
(23). We consider three alternative central bank types: quadratic, asym-
metric, and one-sided. Table 3 presents the preference parameters
of each. The quadratic central bank has the standard symmetric loss
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Table 3. Loss Functions of Alternative Central Bank Types

Central bank type

Variable Quadratic Asymmetric One-sided
a 1.00 1.00 1.00
b 0.50 0.20 0.00
b, 0.50 0.80 1.00
d 0.95 0.95 0.95

Source: Authors’ definitions.

function, the asymmetric central bank cares considerably more about
positive deviations of the current account from its target than about
negative ones, and the one-sided central bank dislikes positive cur-
rent account deviations (and inflation) only. In all cases, on average,
there is a 2:1 weight relation between inflation and current account
gap deviations.

We calibrate the model using the following parameter values:
a, = 0.5, by =06, b, = -0.5, S.D.(¢') = 0.8 percent, S.D.(¢/) = 0.8
percent, and zero covariance between shocks (where S.D. represents
the standard deviation). These parameters are approximately in line
with the estimation of equations (22) and (23) with Chilean data, with
the caveat that we use the output gap in the former equation (see
note 16).17 The frequency of the real-world counterpart of the model
can be thought of as being either quarterly or semiannual.

3.2 Solution

To solve the problem we discretize the economy along the lines
followed by Medina and Valdés (2002) and apply standard dynamic
programming techniques. It should be mentioned that this approxi-
mation yields quite accurate solutions for the linear-quadratic case.

Figure 2 shows the optimal policy functions for the central bank’s
problem under alternative combinations of inflation and the absorp-
tion-output gap. In each panel the x-axis shows a gap deviation, and
the y-axis shows the optimal policy reaction (given by the interest
rate deviation) of each of the central bank types.

17. The estimation of equation (22) yields a considerably higher inflation
volatility. However, as shown by Magendzo (1998), in Chile there is close relation
between the level and the volatility of inflation. The estimation of the same equa-
tion using the difference between actual and long-run trend inflation yields a
standard deviation of 0.2 percent.



Figure 2. Optimal Policy Functions with an Asymmetric

Current Account Objective

Reaction to inflation
Absorption-output gap = 0

Intereul rute deminlion One-sided

(percentoge pointsk

2 -§ a1 &8 1 & &
Inftation gap (percendage pointe)

Reaction to inflation gap
absorption-output gap = 1

Intereat rate deviation Une-sithed
(erceniuge poinls)
i

Agymiasiria

-3 -2 -7 fl T 2z k)
Arfimion gup (Fercentoge poines]

Reaction to inflation
absorption-output gap = -1

Intdrest rofe devidlion 5 ;
{pareamtane pointg) Cihe-dke
(1R l

- B ST S A A
Feefladion gop (puerentunge polg)

Source: Authors’ calculations.

Reaction to absorption-output gap
inflation gap =0

Irtarast rate desotion :
fperrenbags puinty) Ore-sided

1

2 8 g nor 2 a
Abecrption-gap {percentage pointa}

Reaction to absorption-output gap
inflation gap =1

Irterest rale deialtan Ohe-wide!
[Per e togre prainta) l

i

=11

\

e I T B
Ahgorptinn-grn [Merceniege noines}

Reaction to absorption-output gap
inflation gap = -1

Intaraat rate daviazian

(percentape pointy)

m

o

BU R S | B 1 2 3
Absnrrlinn-gap [percendaze poinde}t



Optimal Rules when the Current Account Matters 85

The results show two interesting features. First, and more im-
portant, the asymmetric current account objective generates a more
aggressive response to positive inflation shocks. The intuition for this
is straightforward: there is no trade-off involved. The differences are
quite large. For example, if the current account gap is zero while the
inflation gap is 3 percent, a one-sided central bank will increase in-
terest rates by almost twice as much as the symmetric one, and an
asymmetric central bank will increase them by one-third more than
the symmetric one. In the case of negative inflation shocks, the asym-
metry generates a less aggressive monetary policy (higher interest
rates). Hence the two effects together imply that a central bank with
an asymmetric current account objective can end up having inflation,
on average, below its target.®

Second, at least for the case in which there is a negative or a zero
inflation gap, the asymmetric current account objective does not greatly
affect the optimal policy response to demand (current account) shocks.
The reason for this result is that even if an expenditure gap does not
matter directly, it can matter indirectly through its future impact on
inflation, especially when inflation has a unit root. This is not the case
if there is a positive absorption-output gap and a positive inflation gap.
In this case monetary policy is more aggressive because the no-trade-
off argument applies.

Figure 3 illustrates what happens to optimal policy reactions
when the standard deviation of current account shocks increases.
As one might expect, when the standard deviation rises from 0.8
percent (the baseline case) to 1.4 percent, the reactions of the
central bank are more aggressive against inflation. However, these
changes are not of great economic relevance. Only when the stan-
dard deviation rises to 2 percent do the differences start to be-
come important, although they still are less important than the
differences created by the asymmetry itself. In the case of nega-
tive inflation shocks, we find that a higher volatility of shocks also
makes monetary policy more aggressive. One possible explanation
is that when the inflation gap is very negative, a higher demand
volatility risks a movement toward an even more negative gap
(through a Phillips curve effect). Acting preemptively, when vola-
tility is higher, monetary policy tries to return inflation to its tar-
get faster. Again, however, the differences are not that relevant
from an economic perspective.

18. Of course, one can argue that the bias is for (not against) inflation if the
counterfactual is a central bank with no current account objective at all.
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4. CoNCLUDING REMARKS

This paper has presented two different models in order to analyze
the implications for monetary policy of having a target for the cur-
rent account deficit among the central bank’s objectives. The first
model is a simple linear-quadratic model estimated (or calibrated) for
the Chilean economy with several state variables, some of which are
forward-looking. The second model is a simple two-equation model in
which the monetary authority has an asymmetric objective for the
current account.

The analysis of this realistic linear-quadratic economy indicates
that including the current account in the central bank’s objectives
has important consequences for optimal policy reactions. Interest
rates become less reactive to shocks to inflation and the output gap
and, as expected, more reactive to shocks that directly affect the
current account. For example, the optimal reaction to a terms-of-
trade shock is completely different once the central bank cares about
the current account.

Furthermore, the results show that optimal monetary rules
change much less when the central bank incorporates the output gap
among its objectives if it already has a target for the current account
among those objectives. Therefore, although the discussion of incor-
porating unemployment in the central bank’s objectives is highly rel-
evant in Chile, it is considerably less so than in a country in which
the central bank has no current account objectives. Of course, this
result hinges on having a symmetric objective for something that
offers a trade-off to rapid inflation control.

The asymmetric nature of the current account objective has im-
portant consequences for optimal policy reactions against inflation
shocks. Compared with the case of a symmetric current account ob-
jective, monetary policy is considerably tighter when the objective is
asymmetric. When the volatility of current account shocks increases
and the central bank has an asymmetric current account objective,
monetary policy becomes more aggressive (that is, more reactive).
This last change, however, is quantitatively less important from
an economic perspective.
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APPENDIX A
Model Estimation and Calibration

This appendix describes the estimation results and calibration for
the Chilean economy of the model presented in the text. The data are
of quarterly frequency, and the sample size varies according to data
availability.

For the risk premium equation, we assume an AR(1) parameter
of 0.90, equal to that estimated for the international interest rate.
We calibrate the current account gap equation with a log Taylor ex-
pansion in 1997 (see text for details). We estimate the inflation equa-
tion using a specification in terms of levels, with international inflation
(which includes nominal depreciation, foreign inflation, and changes
in value added taxes and tariffs) among the explanatory variables,
and we impose homogeneity in prices. We then modify the equation
incorporating the inflation target and the RER. In the output equa-
tion we assume elasticities with respect to the RER and estimate the
rest of the parameters. Here and in appendix B we denote the condi-
tional expectation E(xt+t V\4) as X

t+t|t'
A.1 Terms of Trade

The estimated equation for the terms of trade is

B0t = 1 oy 1Oty + Pl 1y + X,
0.86 - 0.53
(21.4) (-3.7)

The method of estimation is ordinary least squares (OLS), the sample
period is 1977 Q2 to 1998 Q2, and robust Newey-West t tests are
used. The R?of the equation = 0.85, the F statistic = 237.4, and the
Durbin-h statistic =1.19.

A.2 International Real Interest Rate

The estimated equation for the international real interest rate is

* * r

ro=r,r,+xf.
0.90
(18.8)
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The estimation method is OLS, the sample period is 1977 Q2 to
1998 Q2, and robust Newey-West t tests are used. The R?of the
equation = 0.84, the F statistic = 443.0, and the Durbin-h statistic
= 2.30.

A.3 Country Risk Premium Calibration

The country risk premium is calibrated as follows:

io=r i j
Jt_rjjt-1+xt'

0.90

A.4 Inflation (Levels)

The estimated equation is

Pt - Pia ZYO[(pt-z T P t Py )/3 - pt-l]

0.41

(3.4)

Y. [(pt+1|t-1 + pt+2|t-1 )/2 - pt.l]

0.29

2.0)

+y 2[(p:-1 +€1- Pra- €y )/3 - pt-l]
0.15

2.3)

+yo( Vo1 +Vio)/2+y,D912 +y ,DTax +x° .
0.39 0.08 1.97
(2.1) (6.2) (2.1)

The method of estimation is two-stage least squares (TSLS), the sample
period is 1988 Q3 to 1998 Q4, and robust Newey-West t tests are used.
The R?of the equation = 0.59, and the F statistic =11.52. The inflation

target, wages, R, , and lags are used as instruments.
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A.5 Inflation Gap (Transformation)
The equation is as follows:

po=alp.i+al (Poo+Pes J2+85DPes + 8y (Pess +Pisjir )/2

0.20 0.37 0.14 0.29
+aq (qt-l - 0., )/3 + ay(yt-l * VYeo )/2 +ti .
0.60 0.39

A.6 Long-Term Real Interest Rate

The estimated equation is as follows:
Rt =1 I +(1_ I )Rt+1|t :
0.13 0.87
(2.1) (18.8)

The estimation method is TSLS, the sample period is 1987 Q3 to
1998 Q4, and robust Newey-West t tests are used. The RZ2of the
equation = 0.74, the F statistic = 110.1, and the Durbin-Watson
statistic = 1.64. Instruments used are p,, y¢, tot, and lags.

A.7 Output Gap

The estimated equation is as follows:

Yo =b,yes +be (Rey +R., )2+ b1, + by, (tot, +tot, 4 )/2
0.61 - 097 - 0.28 0.04
(11.1)  (-3.3) (-1.7) (4.2)
+0.005(,_ , +0.010q, , +0.0150, ,
+0.020q, , + X .

The method of estimation is OLS, the sample period is 1987 Q3 to
1998 Q4, and robust Newey-West t tests are used. The R?of the equa-
tion = 0.57, the F statistic = 16.1, and the Durbin-h=-0.72.
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A.8 Absorption-Output Gap
The estimated equation is as follows:
Vi =yl t g (rt-l thoe )/2 0101 ¥ 92002 + 94303+ Oga Gr-s
0.29 -0.91 - 0.02 - 0.02 - 0.03 - 0.02

(2.4) (-3.3) (- 0.05) (-0.08) (-2.0) (- 0.3)
+ gtottOtt-Z + X? .
0.08
(4.2)
The method of estimation is OLS-PDL for g, the sample period is
1986 Q2 to 1998 Q4, and robust Newey-West t tests are used. The R?
of the equation = 0.49, the F statistic = 11.1, and the Durbin-h = 0.85.
A.9 Current Account Gap Calibration
The calibration of the current account gap is as follows:

cC, =- ytd +k0qt - koyt + kltOtt :
0.02 0.02 0.30

The calibration is based on a log Taylor expansion with 1997 as the
base year.

A.10 Uncovered Interest Rate Parity

The equation is as follows:

d; :qt+1|t +O'25(rt* +j t - rt)'
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APPENDIX B
State-Space Representation

This appendix shows how to write the model in the state-space
form. As noted by Svensson (2000), given rational expectations, the
inflation gap has the following behavior:

e p
Pus = pt+1|t + Xisa -

Moreover, shifting the inflation equation one period forward and tak-
ing expectations based on information up to timet, one arrives at an
equation that can be solved for P3| as a function of known variables
and of Py, and P e . With these considerations one can write the
matrix A o# equation (15) in the following way:

r. E

tot—1

tr rtotE4
El

EZ
r.E,
rEsg

M mm M-
8 Y o o

Jn

m > m m
& & R

o

Es
A
[1/(1 - )]E18
E,, - 025E, - 0.25E,
Ea
Az

>
1
D: > D> (D> (D> (> (D> (D> (D> (D> (D> (D> (D> (D> (D> D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D> (D~
=
o
[l e e el el af el el ol af e ol ol el e el ol oy el el el ol el e el o el el o o o]
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where E. represents a 1 x n row vector with 1 in position jand zeros
otherwise, and Aj. is row j of matrix A. Furthermore,

A13- = byE13 + bR (E16 + E18 )/2 + brE15 + btot ( Ez + E3 )/2 + bqlE19
+b,,Es +bE; +b By,

Az =04Ei; + 9 Ejs 12 + Y ( Ee¢ + Eig )/2 + OBl + gqlE19 + ngEe
+ gq3E7 + gq4E8 )

and

2 gEzo - a(p))LEQ B a;l)L(Elo +Ep )/2' asLElz - apFE21/23
appé'aq(Elg' Eg)/3—ay(E13+E14)/2 9}

21

The B vector, in turn, is given by

[0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,g /2,- | (1- I ),0.25,0,0] .

The Cz matrix and the Cr vector of equation (16) are given by

é E, a é0u

e u e, u

C _é E,; - k0E19 +k0E13+k1E1 1] y C _éol]
ya PN . r = a ;o
& Eis u eou

e u e, u

é - By a elq

Finally, the K matrix of equation (17) is given by
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OpTIMAL MONETARY PoLicy RULES UNDER
INFLATION RANGE TARGETING
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Central banks resort to a variety of alternative arrangements in
formulating, conducting, and communicating monetary policy. One
increasingly popular type of arrangement is based on a target range
for inflation.! In this setup the conduct of monetary policy is oriented
to keeping inflation within preannounced boundaries. For example,
the central banks of Brazil, Canada, Israel, New Zealand, and Swe-
den all have target zones for inflation, whose width ranges from 2 to
3 percentage points. Chile recently announced an inflation target range
of 2 to 4 percent, to begin in 2001. One can further distinguish two
alternative arrangements for the target range, namely, soft-edged
and hard-edged ranges. Under the former, deviations from the edges
of the range are considered as adverse as a deviation from a point
target, whereas in the latter, deviations from the target range are
considered to be relatively more undesirable.? In other words, a soft-
edged regime could be understood as a “thick” point target regime.

This paper was written wile Medina and Valdés were affiliated with the Central
Bank of Chile.

The authors thank Pablo Garcia, Luis Oscar Herrera, and Felipe Morandé
and seminar participants at the Central Bank of Chile for useful comments and
accept responsibility for all remaining errors. This paper presents the views of the
authors and does not necessarily represent in any way the positions or views of
the Ministry of Finance, Chile.

1. This arrangement is part of a broader movement in monetary policy design
in which the anchor of monetary policy is a target for inflation. See, for example,
Bernanke and others (1999).

2. One reason for considering a deviation from a target range as being rela-
tively more costly is its impact on credibility.

Monetary Policy: Rules and Transmission Mechanisms, edited by Norman Loayza
and Klaus Schmidt-Hebbel, Santiago, Chile.© 2002 Central Bank of Chile.
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Other central banks (for example, that of the United Kingdom and
that of Chile until 2000) organize monetary policy around a point
target, and some implicitly regard upward deviations of inflation as
more costly than downward deviations. The latter is typically the
case of a country trying to disinflate (examples include Brazil, Colom-
bia, and Israel today and Chile during the 1990s).

In this paper we investigate how optimal monetary policy rules
change under these alternative formulations. In particular, we com-
pare optimal policy rules derived under alternative policy objectives
or loss functions for a simple, backward-looking, dynamic model of
the economy. We are interested in answering four related questions:
First, does range targeting yield optimal monetary policy reactions
that are less aggressive than otherwise?? Second, are there relevant
nonlinearities for monetary policy under range targeting (for example,
are there zones in which the optimal policy is inaction)? Third, what
happens to optimal monetary policy reactions if the range edges are
harder, that is, if deviations from the range are considered highly
undesirable events? Finally, what are the implications of having an
asymmetric objective, in which positive inflation deviations are rela-
tively more undesirable than negative ones? Our purpose is not only
to answer these questions but also to provide some quantitative mea-
sures so as to evaluate their economic relevance. For that purpose
we consider a simple but realistic model of the economy calibrated
with Chilean data.

The economy for which we calculate optimal policy rules is ex-
tremely simple, described by two linear equations: an accelerationist
Phillips curve and an output gap equation. Monetary policy directly
controls the real interest rate, which, in turn, affects output with a
lag, and output affects inflation with another lag. For simplicity we
consider neither any central bank preferences regarding interest rate
variability nor any bounds for possible interest rate values. In gen-
eral, the rules we derive will prescribe a more aggressive monetary
policy than what a central bank would normally follow. Accordingly,
rather than taking the quantitative results we derive at face value,
they should be analyzed relative to the baseline scenario of rules for
a symmetric point inflation target (derived from a standard quadratic
loss function).

3. Other ways to make monetary policy less aggressive include the incorpora-
tion of interest rate smoothness among the central bank’s objectives and the
measurement of inflation over longer horizons (see, for example, Nessén, 1999).



Optimal Rules under Inflation Range Targeting 97

This paper is closely related to the literature on optimal mon-
etary policy rules developed by Svensson (2000), Ball (1999), McCallum
(1998), and Woodford (1999), among many others. It departs from an
otherwise standard analysis by comparing the implications of alter-
native nonquadratic loss functions. It is closely related to Orphanides
and Wieland (1999), who also study the effects of range targets for
inflation. The key difference between that paper and this one is that
Orphanides and Wieland consider no lags in the effects of the output
gap on prices, whereas we model this effect as taking one period. In
their model, monetary policy has a one-period control lag (that is, it
affects inflation after one period), whereas in ours it has a two-period
lag. Although this extra lag makes the model more realistic, it poses
the difficulty of having a second state variable.*

The main results we find are the following: Compared with a qua-
dratic loss function, range targeting yields a less aggressive optimal
monetary policy. For example, after a 1-percentage-point inflation
shock, interest rates increase by approximately one-third less when
there is range targeting with soft edges than when there is point
targeting. Optimal monetary policy in this setup is always active,
however. That is, even if inflation is well inside the range, unless itis
squarely in the middle of the target, interest rates should not be at
their neutral level. Monetary policy moves in a preemptive way: be-
cause the likelihood that a shock will move the economy out of the
range increases when it is not in the middle of the range, it is optimal
to move back the economy toward the center of the range. If range
edges are relatively hard, range targeting implies a more aggressive
monetary policy than when they are soft.®

If the loss function is the same as with point targeting, but with a
discrete jump to zero in the inflation target range, optimal monetary
policy does not change in any important way. If the loss function is
asymmetric, penalizing positive inflation deviations more than nega-
tive ones, optimal monetary policy involves higher average interest
rates. This implies that this loss function generates (on average) a
negative output gap.t

4. Orphanides and Wieland (1999) also include in their analysis a nonlinear
Phillips curve and model uncertainty. We, in turn, focus our analysis on the impli-
cations of having alternative loss functions.

5. Thus, there is an apparent trade-off between the width of the range and
the form of its edges. The width generates less aggressive responses, whereas
harder edges generate more aggressive responses.

6. A negative output gap is defined as one in which potential output exceeds
actual output.
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The paper is organized as follows. Section 1 presents the basic
model of the economy, discusses the procedure we use to transform a
continuous economy into a discrete one, and reviews the dynamic
programming framework we use to solve for the optimal policy rules.
Section 2 compares the optimal policy rules derived under alterna-
tive loss functions. Section 3 concludes.

1. GENERAL FRAMEWORK

This section presents the framework we use to calculate and com-
pare optimal monetary policy rules under alternative loss functions.
It describes the economy, the central bank’s preferences, and the
method we use to find optimal monetary policy rules.

1.1 The Economy

We consider a simple, dynamic, backward-looking economy de-
scribed by the following two equations:

T
T =T, +0,Y &, and (@)

Y. = Byyt—l + Brrt—l + Sty ) (%)

where 7, is the gap between inflation in period t and its long-run tar-
get, y, is the output gap, r, is the real (or indexed) interest rate (mea-
sured as a deviation with respect to its long-run level), and 7 and ¢
are (possibly correlated) serially uncorrelated mean-zero stochastic
shocks. In the equations Qs B,, and By are constant parameters.

These two equations are similar to those presented in Ball (1999)
and Svensson (1997). Equation (1) is a standard accelerationist Phillips
curve, and equation (2) is a standard output gap equation (a dynamic
IS curve). Below we present an estimation of these equations using
data for the Chilean economy. Notice that in this setup monetary
policy has a two-period control lag over inflation.

At time t the central bank’s problem is to choose a sequence of
interest rates {r,,_ }”_, so as to minimize the following expected

t+1

intertemporal loss function:
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L,=E {26TI(Xt+I ):l , @)

where & is a discount factor, I(.) is an instantaneous loss function,
and x, is a vector of state variables x, = (m,, y,)".

We seek to characterize the interest rate sequence through a
time-invariant (and probably nonlinear) policy function for alterna-
tive instantaneous loss functions. In particular, we seek to charac-
terize and compare optimal policy (reaction) functions when the loss
function is of the following type:

@)

where b, c, a; and T (j =L, H) are constants.
This loss function includes the standard quadratic function with
weights g and b in inflation-and output gap variability, respectively.
a, (fh mi&chsé Vi — 7 10L o ﬁ{dcﬁf& .- It also includes less standard
1(x, )= byfsetéjps such i\s_ targ_ethaéqrfﬁgp%@}(a:mple, M, )<(_)I_ﬁl;i >1O, and ¢ = 1)
nd a etricwejghts example, a, <a ). Table 1 summarizes
A (?ﬁfe_fi(\:/e'b sérh[)r}@ caégg %e% “Hs‘ﬁi?i -

Figures 1 and 2 show the alternative loss functions described
in table 1. The quadratic case is meant to represent the standard
point-target framework, whereas those with a zero value in the
(-1, +1) range represent alternative range targeting setups. We also
include an asymmetric objective function to represent higher costs of
positive inflation deviations.®

In sum, the problem is to choose a sequence {rm}fzothat mini-
mizes equation (3) subject to equations (1) and (2). Under some regu-
larity conditions, this problem has a solution that can be represented
by a time-invariant policy function mapping the inflation and output
gaps onto the real interest rate, r, = h(x,), where X, is the vector of

7. Of course, one could also consider other parameters. Medina and Valdés
(2002) considers the case of a one-sided objective.

8. Other asymmetries that may in general arise include asymmetric shocks
and asymmetric responses of the economy.



Table 1.

Parameter Values in Alternative Loss Functions

Loss function

Range with Range with Range with Asymmetric
Parameter  Definition Quadratic soft edges hard edges discrete edges “hawk”
a_ Weight on downward inflation variability 1.0 1.0 1.250r 4.0 1.0 0.5
ay, Weight on upward inflation variability 1.0 1.0 1.250r 4.0 1.0 2.0
b Weight on output variability 0.5 0.5 0.5 0.5 0.5
c Weight on inflation variability inside the range 1.0 1.0 1.0 0.0 1.0
T, Distance of lower bound of range from center 0 1 1 1 0
(percentage points)
T, Distance of upper bound of range from center 0 +1 +1 +1 0
(percentage points)
3 Discount factor 0.95 0.95 0.95 0.95 0.95
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Figure 1. Loss Functions under Alternative Definitions of
Range-Targeting
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Figure 2. Asymmetric and Discontinuous Loss Functions
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state variables (see, for example, Sargent and Ljungqgvist, 1999). In
this case x, = (n,, y,)"

Unfortunately, for the class of loss functions we consider, it is not
possible to find a closed-form solution for the function h(.). Only in
the well-known case of a quadratic problem it is possible to find a
vector F such that r, = F x, yields the optimal solution. We there-
fore have to resort to numerical methods. In particular, we change
the original problem to one in which we constrain the states and
control variables to be a discrete and finite set of points. We then
apply standard dynamic programming techniques.®

9. Judd (1998) analyzes discrete-state space dynamic programming.
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1.2 Discretization of the Continuous-State Space

We proceed as follows to transform the continuous economy de-
scribed by equations (1) and (2) and the control variable r, into a dis-
crete-state space economy. We first assume that the economy can be
in any of m possible states collected in a setI' = {(n,, y,), (7, ¥,),...,
(m Yy} We further assume that the interest rate r, can take n
different values arranged inaset y = (r;, r,,..., ).

To preserve the dynamic and stochastic properties embedded in
equations (1) and (2), we calculate transition probabilities between
states that depend on the interest rate. In this way monetary policy
can be thought of as choosing alternative transition matrices of a
Markov chain of the economy.

Assume that the shocks  and g follow a bivariate normal dis-
tribution with variance-covariance matrix 2. It is then straightfor-
ward to calculate the conditional distribution of the vector x, = (=,
y,)' conditional on (m,,, Y, ;) and r,, as the bivariate normal distri-
bution with mean of

and the following variance-covariance matrix:
Var(xt | 1 yt—l'rt—l): 2.

To construct the transition matrix associated with each interest
rate in y, we divide a rectangle (a_, b_) x (ay, by) c R2into m equal-size
rectangles 6,, 0,,..., 0, and consider that the centers of each of these
rectangles form the set I'. For each feasible interest rate r, € y we
can define the transition probability p, ¥ as the likelihood of a move-
ment from state (r;, y;) at time t—1 to state (n;, y;) one period ahead,

. - T j
given that r,_, =r,. This probability is given be

pi‘; = Pr|:(nt’yt ). € ej|(nt—l’ytfl ): (“iin )’rt—l =r }

~ 1 (x—iik )|E(x—>?i")
= Jmexp - 5 dx

9;




Optimal Rules under Inflation Range Targeting 103

where

¢l )

Armed with this set of transition matrices, we next find a solution
of the original problem using standard dynamic programming. Clearly,
because we consider a subset of the possible states of the economy,
this discretization is only an approximation. Moreover, it should be
clear that in the neighborhood of the borders of the rectangle (a_, b,) x
(ay, by) the approximation is far from accurate, for two reasons. One is
that the probability of moving further away from the center of the
rectangle is assumed to be zero, and the other is that the centers of the
small rectangles ej at the borders do not properly represent the values
that the system can take outside the (large) rectangle. When we calcu-
late optimal policy rules, we use the complete rectangle, but we only
consider the neighborhood of its center when we analyze and compare
the implications of alternative loss functions.

M1 =T Yea = Yinlr =

1.3 Discrete-State Space Dynamic Programming

With the economy represented in a discrete-state space, the original
problem of the central bank becomes:

Min EY5%(r,.y, ),

(re)zo I
subject to:

(Tct+l’yt+l)er:[(nlvyl)""’(nm'ym)]'
rey =(r,..r.),
Pr[(nt'yt ):(nj’yj )|(nt—l’yt—l):(ni'yi )’rt—l =n ]: piI; )

m
k
where Z Pi =1 foralli=1,..,mandforallk=1,...n.
j=1
The Bellman equation associated with this problem is

V(moy)=min {1 (x,y )+ V (roye mon e [} @

rey
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which, given the transition probabilities, can be written as

V(”nYi):min I(ni1yi)+62pil;v (ﬂ:j’yj) , (6)
new j=1
foralli=1,..., mandforallk=1,..., n. Here V(xn, y,) is the optimal

value of the objective function starting from an inflation =, and
output gap y,. The solution of the central bank’s problem is charac-
terized by a value function V(.,.) that satisfies equation (6) and an
associated policy function r' = h(rn, y) mapping the state of the
economy (m, y) onto an optimal choice of interest rate. Since equa-
tion (6) satisfies Blackwell’s sufficient conditions for a contraction
(see Stockey and Lucas, 1989, p. 54), it has a unique solution V*(.,.).

In cases in which the discrete-state space is small, it is not diffi-
cult to solve the Bellman equation applying an iterative algorithm.
Define v to be a vector in and T[.] to be an operator that maps
vector v into a new vector T(v) = (tv,, tv,,..., tv,)"in which each ele-
ment tv; is given by

tv, =1(m,y, )+ min(z PV, D PV Y pgvj]. @
i=1 i=1 i=1

Thus the Bellman equation can be represented by
V= T(v ) ,

which can be solved by iterating until convergence the following
recursion:

Vor = T[]

If v'is the value function of the problem, then the optimal policy
function h satisfies

r'=h(ny) eargmln (Zpu JJ.



Optimal Rules under Inflation Range Targeting 105

That is, for each pair (n,, y,), the function h yields the optimal
interest rate r, such that the central bank’s discounted intertemporal
loss function is minimized.

2. CoMPARISON OF ALTERNATIVE Loss FUNCTIONS

This section calculates and compares optimal monetary policy rules
for different loss functions using the methodology described above. In
order to provide realistic results, it uses an estimation of the economy
described by equations (1) and (2) using Chilean data. We then use
the model presented above to calculate policy functions for alterna-
tive objective functions and compare them against the standard qua-
dratic loss function.

2.1 Estimation and Calibration

We estimate equations (1) and (2) using Chilean quarterly and
semiannual data on core inflation and the output gap (calculated with
a Hodrick-Prescott filter) from 1986 to 1998. Table 2 presents the
basic results.1C It also presents the values of the parameters that we
finally use in the simulations. The interest rate is the short-term
indexed rate that the Central Bank of Chile used for monetary policy
during the period (the rate on its own ninety-day indexed securities
in 1986-95 and the overnight interbank interest rate thereafter).

Although we broadly use the ordinary least-squares estimates for
elasticities, we consider a lower innovation volatility in our simula-
tions. In the case of inflation, the main reason for this assumption is
that this variable displays significant ARCH (autoregressive condi-
tional heteroskedasticity) effects. In fact, a standard ARCH-LM test
on the equations in table 2 yields a p value of 0.06. Furthermore, as
Magendzo (1998) has documented, this volatility has a positive and
stable relationship with the inflation level. To verify this effect, we
estimate the same equation (1) but use the ratio of actual to trend
inflation instead of the value of actual inflation. The estimate still
shows a significant effect of the output gap on changes in (relative)

10. We also considered in the estimation a one-period-lagged direct effect of
interest rates on inflation. This was meant to capture the standard open-economy
transmission mechanism from monetary policy to inflation through the exchange
rate. The results, however, cannot be considered different from zero.
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Table 2. Estimates of Parameters in Inflation and Output
Gap Equations for Chile, 1986-98, and Values Chosen for
Model Calibration?

Parameter estimates

Parameter Using quarterly data Using semiannual data Calibration

Inflation (Phillips curve)

o 0.49 0.54 0.50
(0.20) (0.16)

o(er) 0.030 0.011 0.008

R? 0.08 043

Output gap

By 0.61 0.32 0.60
(0.07) (0.11)

B, 043 -055 -0.50
(0.16) (0.32)

o ) 0.015 0.015 0.010

R? 0.46 0.23

Correlation( , €)) -0.05 0.21 0.00

Source: Authors’ calculations.
a. Estimation method is ordinary least-squares. Newey-West-consistent standard errors in parentheses.

inflation. More important, the standard error of the innovations in this
estimation is approximately 0.25. Considering this standard deviation
and an annual trend inflation of around 3 percent, we calibrate the model
using a quarterly standard deviation of 0.8 percent (for annualized infla-
tion). For output we consider a standard deviation of 1.0 percent, to
broadly take into account the effect of other known output determinants
in Chile, such as conditions in the mining sector and fiscal policy.

2.2 Quadratic Preferences

To evaluate the accuracy of our discretization of the economy,
we compare the optimal policy rules for a quadratic loss function
that results from using the algorithm presented in the previous
section with the results from a standard dynamic programming
procedure using the continous-state space economy. For the lat-
ter we use the standard linear regulator problem solution (see, for
example, Sargent and Ljungqvist, 1999).
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Notice that because output is not that persistent, monetary policy
has to be quite active in order to affect inflation. We construct grids for
inflation and output in the [-5, +5] range with increments of 0.25 and
0.5, respectively. We search for optimal interest rates in the [-17, +17]
range with increments of 33 basis points at each point of the grid.11

Figure 3 presents the results of this exercise. The top left and top
right panels show the optimal interest rate deviation for given devia-
tions of inflation and the output gap, respectively. Each panel assumes

Figure 3. Optimal Policy Functions with a Quadratic
Loss Function
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Source: Authors’ calculations.

11. These grids imply that there are more than 58 million pikj 's.
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that the other variable has a deviation equal to zero. The bottom pan-
els show the same functions but assume a positive (1 percent) devia-
tion of the other variable. As mentioned above, the accuracy of the
results is limited at the borders of the grid we consider. However, they
are surprisingly accurate once we move away from these borders. In-
deed, only in the policy response to extreme inflation deviations do the
two reaction functions diverge. In what follows we present results us-
ing deviations for the [-3, +3] range.

2.3 Range Targeting
Is monetary policy more or less aggressive with point or range

targets? The answer obviously depends on how hard are the edges of
the range under consideration. Figure 4 shows optimal policy reaction

Figure 4. Optimal Policy Functions under Soft-Edged
Range Targeting
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functions for a soft-edged target range with a 2-percentage-point width.
To facilitate comparisons, it also presents the optimal reaction func-
tions for a quadratic loss function. The soft-edged range is represented
by a loss function with quadratic losses in the edges with the same
parameters as in the quadratic case (see table 1 and figures 1 and 2 for
details). It can be thought of as a “thick” point target.

The results show that, indeed, monetary policy is less aggressive
with a range target with soft edges. For all practical purposes, the
reaction functions are piecewise linear:; when the inflation gap lies in
the [-1.5, +1.5] range, the policy rule is a line with a slope 30 percent
less steep than in the quadratic case. This means that monetary policy
is one-third less aggressive when there is a target range. Outside the
[-1.5, +1.5] range the monetary policy reaction function is still lin-
ear, with a similar slope, but it starts at a higher level (in absolute
value). The reaction function against output shocks is also piecewise
linear. It is almost equal to the policy function in the quadratic case
for gaps in the [-1.5, +1.5] range and less aggressive outside that
range (by approximately 80 basis points). The magnitude of these
differences is not large, but it is economically meaningful.

The results also show that monetary policy is always active. Even
when an inflation shock leaves the economy well inside the target
range, if it is not right at the middle of that range, interest rates
should not be equal to their neutral level. The intuition behind this
result is that monetary policy has to move in a preemptive way: be-
cause new shocks are coming in the future, being close to the borders
of the range is risky. Thus the central bank has to adjust interest
rates in such a way that the economy moves closer to the middle of
the target range.

Figure 5 shows the results for two alternative cases in which the
range edges are harder (a = 1.25 and a = 4). In these cases the opti-
mal policy functions have some nonlinearities, although these are
not substantial. When a = 1.25, that is, when a range deviation is
considered 25 percent worse than a point deviation, optimal policy is
still less aggressive with a target range than with a point target.
When range deviations are considered four times as bad as point de-
viations, policy is more aggressive. Numerically, following a 2-per-
centage-point inflation shock, interest rates respond by approximately
10 percent more than in the quadratic case. When shocks are in the
neighborhood of the target, differences are less important, and alter-
native loss functions using the relatively harder edges yield similar
outcomes.
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Figure 6 presents the case of a range with discontinuous edges, in
which the loss function is the standard quadratic function that col-
lapses (discontinuously) to zero inside the range (-1, +1). This could be
thought of as a range that permits some limited flexibility, although
outside the range, losses are the same as in the point target case. In
other words, small deviations are not considered undesirable, whereas
larger deviations are as costly as in the case of a quadratic loss func-
tion. The result shows that from an economic point of view this range

Figure 5. Optimal Policy Functions under Harder-Edged
Range Targeting

Reaction to inflation deviation Reaction to output deviation
output gap deviation =0 inflation gap deviation =0
Interest rate deviation Interest rate deviation a=4
8 a=1 6
6 4]
4 a=125
21 a=125 21
0 0
-2] 2]
4 4]
-6
-8 6
2 1 0 1 2 2 1 0 1 2
Inflation gap (percentage points) Output gap (percentage points)
Reaction to inflation deviation Reaction to output deviation
output gap deviation = 1 percent inflation gap deviation = 1 percent
Interest rate deviation Interest rate deviation
121 —y 10 a=4
104 @= 8
8 6
6 -
M o5 41 a=125
2] 2
0 0
2 21
4 4
2 -1 0 1 2 2 -1 0 1 2
Inflation gap (percentage points) Output gap (percentage points)

Source: Authors’ calculations.



Optimal Rules under Inflation Range Targeting 111

does not yield any room for a less aggressive monetary policy. Indeed,
the reaction functions in both cases are practically equal.

The intuition behind this result is simple. Because the economy is
subject to continuous shocks, it is very unlikely that the economy will
be very close to the middle of the range on a period-by-period basis.
Therefore it isimmaterial whether inflation deviations are considered
neutral inside the target range. As a way to prevent movements out of
this range, monetary policy has to be equally active.

Figure 6. Optimal Policy Functions with a Discrete
Loss Function

Reaction to inflation deviation
output gap deviation=0

Reaction to output deviation
inflation gap deviation =0

Interest rate deviation Interest rate deviation

j: Discrete edges j: Discrete edges
24 Quadratic 2 Quadratic
0 0
24 2]
4 4
61 6
‘ ‘ ’ ’ : T T T T T
-2 -1 0 1 2 .2 1 0 1 9

Inflation gap (percentage points) Output gap (percentage points)

Reaction to inflation deviation
output gap deviation = 1 percent

Interest rate deviation

6 Discrete edges

2 Quadratic

-2 -1 0 1 2
Inflation gap (percentage points)

Source: Authors’ calculations.

Reaction to output deviation
inflation gap deviation = 1 percent

Interest rate deviation

6 Discrete edges

2 Quadratic

-2 -1 0 1 2
Output gap (percentage points)



112 Juan Pablo Medina and Rodrigo O. Valdés
2.4 Asymmetric Losses

If positive inflation deviations are considered more costly than nega-
tive ones (for example, because of credibility problems or because the
authorities are following a disinflation strategy), the loss function will
be asymmetric, penalizing positive deviations more than negative ones.
Figure 7 plots the policy functions for the case in which there is a
point target but positive deviations are considered twice as costly as
negative deviations (thatis, a, =1, a,, = 2).

Figure 7. Optimal Policy Functions with an Asymmetric
Loss Function
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The result, as expected, is that monetary policy is, on average,
tighter than in the quadratic (symmetric) case. Even when inflation is
on target and the output gap is zero, interest rates have a positive bias.
In general, reaction functions are still linear with respect to output
deviations (although at a higher level), whereas they are clearly non-
linear with respect to inflation, especially for large positive inflation
deviations. When inflation is very low, the reaction function is parallel
to that in the quadratic case (in this case, because a, = 1, they are
practically equal). But when inflation is positive, interest rates are
increasingly higher in the former case.

Because interest rates are on average higher in the economy
with asymmetric preferences, it is also the case that the output
gap is, on average, smaller. That is, there is a bias against output.

3. ConNcLUDING REMARKS

This paper has investigated how optimal monetary policy rules
change when the central bank considers alternative loss functions.
In particular, it has evaluated the implications of considering a
range target for inflation in a simple model calibrated to the Chil-
ean economy.

The answers that this paper provides to the four questions
posed in the introduction are the following. First, inflation range
targeting indeed produces a less aggressive monetary policy re-
sponse only when the range edges are not hard. If these edges are
sufficiently hard, a range target involves more aggressive optimal
monetary policy reactions. Specifically, a soft-edged range implies
that interest rates move a third less than in the case of a point
target. If the loss function is the same as in the case of a point
target, but with losses equaling zero when inflation lies inside the
target range, then optimal monetary policy does not change.

Second, there are some nonlinearities, but their economic rel-
evance is not great. Interestingly, there are no inaction zones for
monetary policy when there is range targeting. That is, monetary
policy should always react to shocks, even if inflation is well inside
the target range.

Third, if inflation deviations from the target range are consid-
ered highly undesirable events—that is, if the target range has hard
edges—optimal monetary policy will be more aggressive than in the
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case of a point target, in which deviations are always undesirable, but
to a lesser extent. Therefore range targeting does not imply a less
active monetary policy. The optimal policy will be more or less aggres-
sive, depending on how hard the range edges are.

Finally, if positive inflation deviations are considered relatively
more undesirable than negative ones, optimal monetary policy will
be tighter than when the objective is symmetric. This means that in
this environment the average output gap will be negative.
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For decades until the early 1990s, Latin America was the region of
the world with the highest average level of inflation. High inflation was
the cumulative result of a long history of activist economic policies based
on a disregard for macroeconomic stability. These policies culminated in
large government deficits that ended up being monetized by the central
bank, or in balance of payments crises that resulted in sharp adjust-
ments in exchange rates. The period was one of fiscal dominance, in the
sense that monetary policy was primarily dictated by fiscal consider-
ations. Then, in a substantial departure from previous policies, the quest
for greater stability that had begun in the industrial countries in the
early 1980s reached Latin America by the end of that decade. As a result,
in the 1990s country after country put in place mechanisms aimed at
reducing inflation toward single-digit annual levels.

The results have been dramatic. In the 1980s four Latin American
countries experienced average rates of inflation over 200 percent per
year, and the average for the region had reached 145 percent. But by the
end of the 1990s the average inflation rate for the region was below 10
percent. Among the larger countries, only two, Mexico and Venezuela,
had inflation rates above 15 percent per year. And of these two, Mexico
is well on the way toward achieving single-digit annual inflation.
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Many factors lay behind the decision to make a frontal attack on
inflation. First, the poor inflation record of the 1980s entailed high
political and economic costs. Second, an overwhelming amount of
analytical and empirical evidence had shown that trying to achieve a
permanent reduction of unemployment through loose monetary policy
results, eventually, in an acceleration of inflation with little perma-
nent effect on the unemployment rate.! That is, the short-term Phillips
curve trade-off between inflation and unemployment, so popular in
the 1960s and early 1970s, tends to vanish in the long run. Third,
there was an increasing awareness that, with forward-looking expec-
tations and credible policies, the cost of reducing inflation is much
lower than previously thought (Sargent, 1982). Fourth, the consen-
sus became widespread among economists that sensible macroeco-
nomic policy contributes to sustainable growth, although it does not
ensure it. As a corollary, there is today widespread agreement that
the best contribution that monetary policy can make to long-term
growth is to make inflation low and predictable.? Fifth, it became
increasingly clear that inflation gives rise to a form of regressive
taxation and results in nonnegligible welfare effects. These mainly
affect the poorest groups in the population, who are less able to deal
with inflation and tend to hold an unusually high ratio of non-inter-
est-earning monetary assets to income (Bulir and Gulde, 1995). Sixth,
it was realized that the costs of inflation are highly nonlinear with
respect to the level of inflation, making the reduction of high infla-
tion a worthwhile undertaking (Bruno, 1991). Finally, a seventh fac-
tor was the emergence of a large group of well-trained Latin American
economists and their success in reaching high-level positions in the
governments of their countries.

Once the decision to reduce inflation to single-digit annual levels
has been made, the issue is how to go about getting the job done.
This question of anti-inflation strategy is directly related to the ques-
tion of the most appropriate monetary policy regime or framework.
Here there are three options to be considered: an exchange rate an-
chor, a money anchor, and an inflation target anchor. Section 1 of
this paper studies the elements to be considered in the choice of

1. For recent discussions of these developments, see Goodhart (1994) and Fischer
(1995, 1996).

2. Some of the same factors have also been behind policy changes in devel-
oped countries geared to achieving price stability. See Fischer (1996) and Bernanke
and others (1999).
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a monetary framework. Once a framework has been chosen, it has to
be decided how to conduct monetary policy within the chosen frame-
work. This is the subject of section 2. The section begins by analyzing
the institutional underpinnings of monetary policy in five countries:
Chile, Colombia, Costa Rica, El Salvador, and Peru, and then turns to
the practice of monetary policy in a wider group of nine countries:
the five just named plus Argentina, Bolivia, Brazil, and Mexico. Sec-
tion 3 then investigates empirically how the central banks of Chile,
Colombia, Costa Rica, El Salvador, and Peru have conducted mon-
etary policy in recent years, and in particular whether the central
bank’s behavior changed after it became independent. For this pur-
pose monetary policy reaction functions are estimated for the five
countries. Finally, section 4 presents the main conclusions.

1. THE CHOICE OF A MONETARY PoLicy REGIME

Three basic strategies can be envisaged for the choice of a mon-
etary policy regime to anchor inflation.? The first is fully orthodox:
monetary targeting relies on a precommitted path for the money supply
to anchor inflation. The second, exchange rate targeting, uses the
exchange rate as the nominal anchor. The third, increasingly popu-
lar strategy is inflation targeting, where the anchor for inflation is
the publicly announced inflation target and the commitment of the
central bank to gear monetary policy toward achieving this target.

In all three cases, but especially the first and the third, the at-
tempt at stabilization probably induces slower economic growth at
first. The exchange rate anchor, in contrast, is usually first accompa-
nied by an expansion, followed by a recession (Calvo and Végh, 1999).
In choosing among these three approaches, it is important to take
into account the degree of openness of the economy and the stability
of the relationship between monetary aggregates and inflation.

1.1 The Exchange Rate Anchor

Setting a value for the exchange rate in a small, open economy
provides an anchor for the price level by exerting a direct effect, through

3. On monetary anchors see Calvo and Végh (1999), Bernanke and Mishkin
(1997), and Bernanke and others (1999).
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arbitrage forces, on the prices of tradable goods.* That is, tradable
goods prices become the nominal anchor for the whole economy.? If
the exchange rate is fixed with respect to the currency of a low-infla-
tion country, and the peg is credible, it also serves to reduce inflation
expectations toward the level of inflation in the low-inflation country.
Another advantage of using an exchange rate anchor is that it is di-
rectly observable, and therefore the public at large can understand it
much more easily than a monetary rule.

However, an exchange rate anchor also has some disadvantages.
The first is that, if it has an open capital account, the pegging country
cannot run an independent monetary policy. It loses the ability to use
monetary policy to respond to domestic and external shocks, espe-
cially those that affect aggregate demand. This is not an insignificant
cost for large and medium-size countries that are exposed to frequent
aggregate demand shocks (mostly to the terms of trade) and that
have the technical and institutional capacity to carry out an indepen-
dent monetary policy. But the cost may be less important for coun-
tries that cannot practically carry out an independent monetary policy
in any case. This would include countries with extensive currency
substitution, and countries where a large proportion of the liabilities
of the financial system is denominated in foreign currency.® Second,
domestic interest rates (adjusted for country risk) become determined
by the interest rate of the anchor country, and therefore interest
rate shocks in the anchor country are transmitted directly to the
pegging country. In cases where the economic cycles in the two coun-
tries are far out of phase, such a monetary shock would have real
costs in the pegging country. Third, with perfect capital mobility the
use of an exchange rate anchor exposes the country to speculative
attacks. This has become increasingly clear in the recent crises in
emerging markets. The defense against these attacks involves the

4. Following the Mexican crisis of 1994-95 and the Asian crises of 1997-98, the
debate on the most appropriate exchange rate system has taken a new twist, with
the discussion today framed more in terms of feasibility than of optimality (see, in
particular, Obstfeld and Rogoff, 1995, and Eichengreen, 1999).

5. In this system, given a trajectory for the price of tradable goods (and assum-
ing that they obey the law of one price), the trajectory of domestic inflation is
obtained by dividing the nominal price of tradable goods (expressed in local cur-
rency) by the real exchange rate (a real variable).

6. In some countries the central bank may lack the technical capacity to carry
out an independent monetary policy other than one based on an exchange rate
anchor. This could be the result of a deliberate decision based on the advantages
expected from operating within an optimal currency area as described by Mundell
(1961).
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use of high interest rates for a protracted period, and this is costly in
terms of the resulting high unemployment and the deterioration of
bank portfolios. High interest rates also set the stage for the aban-
donment of the peg, as economic agents come to believe that the high
cost of defending the peg will eventually lead the pegging country to
abandon it. There are also, in most cases, high and highly nonlinear
costs when a peg is abandoned in favor of a large devaluation (Obstfeld
and Rogoff, 1995; Eichengreen, 1999).

But this is not all. The fixing of the exchange rate also requires
that other indexation mechanisms in the economy be discarded and
that an appropriate institutional structure be developed to prevent
the financial system from becoming too vulnerable to an eventual
exchange rate correction. Such a structure can be developed through
appropriate financial sector regulation. Potential problems along these
lines are best illustrated by the experience of Chile in the late 1970s
(Corbo and Fischer, 1994), Mexico in 1994-95 (Dornbusch and Werner,
1994), the Asian countries in 1997-98 (International Monetary Fund,
1997), and Russia in 1998. Brazil in 1999 is the exception that con-
firms the rule. In Brazil, the early-1999 devaluation corrected an ac-
cumulated real appreciation that had built up while the exchange
rate was being used as an anchor to reduce high inflation. Rather
than triggering a severe crisis, it set the stage for a recovery.

Another potential side effect of fixing the exchange rate in the
presence of an open capital account is undue risk taking and, as a
consequence, an unsustainable expansion of credit. This can result in
a financial bubble, increasing financial fragility in the process (Corbo
and Fischer, 1995; Edwards and Végh, 1997; Mishkin, 1997). This
problem is illustrated by the experience of Chile in the early 1980s
and of Mexico in the first half of the 1990s, and by the recent experi-
ence of Asia (especially Indonesia, Korea, Malaysia, and Thailand). In
all these cases, following the fixing of the exchange rate, the initial
spread between the domestic and the foreign interest rate—adjusted
for the expected rate of devaluation—rose sharply, providing substan-
tial encouragement for capital inflows and credit expansion. This in-
crease in the spread could also have been due to an inconsistent fiscal
policy. But in all these countries the final result was a combination of
large capital inflows, an expenditure boom, and a sharp real apprecia-
tion. A sudden reversal of capital flows was then all it took to precipi-
tate a major crisis. Also, fixing the exchange rate in the presence of
nominal rigidities can distort resource allocation if the real exchange
rate then departs from its equilibrium level.



122 Vittorio Corbo

In practice, an exchange rate anchor usually takes the form of a
predetermined nominal path for the rate of currency devaluation (that
is, a crawl), but it could also be a fixed rate against the currency of
another country.” Fixed rates come in three varieties: simply fixed,
without any supporting institutional changes; fixed within a stronger
institutional framework; and the abandonment of the local currency
in favor of a common currency or the currency of another country.
Examples of the second type are the currency boards adopted in Ar-
gentina and Hong Kong. Examples of the third type are the European
countries that have decided to participate in monetary union, and
Panama’s abandonment of its local currency in favor of the U.S. dol-
lar. In the latter case, the probability of an adjustment in the “peg” is
negligible. Preconditions for successful implementation of the last
two types are order in the fiscal accounts, a robust financial system,
and sufficient foreign reserves to back the monetary and financial
(local currency denominated) liabilities of the central bank (Interna-
tional Monetary Fund, 1999). It could be argued, however, that if all
these conditions are fulfilled, there is little to be gained from a cur-
rency board or full dollarization.

For medium-size and large economies that have rigid labor and
commodity markets, fixed rates may make the adjustment to a de-
mand shock unduly costly. In particular, for this type of country a
real depreciation, when required by a change in the fundamentals,
could become too costly, given that it depends on the downward flex-
ibility of nontradable goods prices. In this case a more flexible ex-
change rate regime would be preferable. Indeed, as the adjustment to
the external shocks of 1999 has illustrated, the combination of pru-
dent monetary policy and exchange rate flexibility has facilitated ad-
justment in most countries in the Latin American region. But a
properly functioning flexible exchange rate system also requires a
well-capitalized, well-regulated, and well-supervised financial system.
Otherwise, changes in the market value of the exchange rate could
result in serious difficulties due to a mismatch in the currency de-
nomination of assets and liabilities, with severe macroeconomic con-
sequences. But this is not all. It is also necessary to have in place the
institutions and procedures for the development of a market for hedg-
ing exchange rate risks.

7. Predetermined rates of devaluation were used in the 1970s in the ill-fated
“tablita” experiments of the Southern Cone countries (Corbo and de Melo, 1987).
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Even assuming all these actions are taken, many questions re-
main open with regard to the most appropriate monetary arrange-
ment for a particular country. Following the early success of
Argentina’s currency board system, some countries in the region have
given serious consideration to doing likewise. But before jumping
into such a rigid system, it is important to understand that Argen-
tina, a country with a long history of abusing its monetary and ex-
change rate policies, essentially had no alternative. Countries thinking
of following Argentina’s path should also remember that a currency
board is not a panacea. To start with, a country has to have sufficient
foreign reserves to finance the short-term monetary liabilities of the
monetary system; otherwise the system will not be credible. Fur-
thermore, the financial system must be strong enough to survive
without a lender of last resort. If this is not possible, arrangements
must be made for access to emergency lending from foreign commer-
cial banks, as Argentina has done, or from an external official institu-
tion, most likely the U.S. Federal Reserve or the European Central
Bank. Moreover, wage flexibility and labor mobility must be high
enough to facilitate changes in relative prices between tradable and
nontradable goods when called for by a change in the macroeconomic
fundamentals. Otherwise price rigidities will give rise to substantial
welfare losses. Ultimately, the discipline of a currency board requires
that the government be ready and have the political support to live
with the high interest and unemployment rates that are an integral
part of adjustment when the country faces a shock that requires a
real depreciation.

Countries that are not ready or willing to go the route of cur-
rency boards or full dollarization, and decide instead to use a flexible
exchange rate system, need to choose an appropriate monetary frame-
work capable of generating low and predictable inflation. Such a frame-
work requires giving sufficient independence to the central bank to
allow it to focus its monetary policy on the ultimate objective of low
inflation without resorting to the exchange rate peg as an anchor.
Here the options are the use of a money anchor or some other ex-
plicit nominal anchor as an inflation target.

1.2 A Money Anchor

Effective use of a monetary aggregate as a nominal anchor for
inflation depends, first of all, on the authority and capacity of the
central bank to carry out an independent monetary policy aimed at
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achieving and maintaining low inflation. But this is not all. At a more
technical level, the effectiveness of a monetary anchor depends on
the stability of demand for the monetary aggregate to be used as the
anchor. It is this stability that provides the link between the mon-
etary aggregate and the rate of inflation. Instability of the demand
for money presents a problem in cases where there is considerable
financial innovation or a sudden change in the rate of inflation.

In particular, in an economy that has experienced a period of
high and variable inflation, the demand for money becomes very un-
stable as economic agents develop ways to economize on the use of
money balances. When inflation is finally reduced, hysteresis effects
emerge, generating a breakdown in the old demand-for-money rela-
tionship. In cases like these, predicting the quantity of money de-
manded becomes very difficult, and the use of a monetary target may
be a very ineffective way to achieve a given inflation objective. It may
be more appropriate to use an exchange rate anchor in the initial
stages of the stabilization program, to be followed later by a more
flexible exchange rate system accompanied by a monetary or infla-
tion target.

1.3 Inflation Targeting

Given the problems with the use of an exchange rate or a mon-
etary anchor, in recent years some countries have moved to a third
type of anchor: inflation targeting. This type of monetary framework
was initially introduced in certain industrial countries with the ob-
jective of keeping inflation close to a desired low long-run level. New
Zealand introduced an inflation targeting system for this purpose in
March 1990. Similar systems have since been introduced in Canada
(February 1991), the United Kingdom (October 1992), Sweden (Janu-
ary 1993), and Australia (September 1994). The European Central
Bank adopted the approach in October 1998. Variants on this system,
aimed at adjusting inflation first toward single-digit annual levels and
eventually toward a steady-state low level, have been introduced in a
series of nonindustrial economies, starting with Chile in September
1990 and Israel in March 1991.8

In inflation targeting, the target rate of inflation is the mon-
etary anchor, and both monetary and fiscal policies are geared to-
ward achieving the target. The attractiveness of this system is that

8. See Fry and others (1999).
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its effectiveness does not depend on a stable relationship between a
monetary aggregate and inflation, and at the same time it avoids the
problems associated with the fixing of the exchange rate reviewed
above. An additional advantage for emerging market countries is that
the trajectory of the market exchange rate provides important infor-
mation on the market evaluation of present and future monetary
policy; the exchange rate thus plays the same role that nominal yields
on long-term government paper play in industrial countries (Bernanke
and others, 1999).

A well-defined inflation targeting framework goes well beyond
just setting a target for the inflation rate; rather, it requires a series
of actions (Svensson, 1999a; King, 2000). First, there should be a pub-
lic announcement of a strategy of medium-term price stability and of
an intermediate target for inflation for a time period over which mon-
etary policy can realistically claim to affect the level of inflation. Sec-
ond, there should be an institutional commitment to price stability in
the form of rules of operation for the monetary authority. Third, a
clear strategy is needed, delineating how monetary policy, through
the adjustment of interest rates, is going to operate to bring inflation
close to the announced target. A full inflation targeting strategy usu-
ally starts from a conditional interval forecast of inflation for the pe-
riod utilized for setting the target. It also has to specify an operational
procedure for the central bank to follow when the inflation forecast is
above or below the target. These procedures should be transparent,
and the monetary authorities should be made accountable for reach-
ing the objective that has been set.

Given the normal lags in the operation of monetary policy, the
inflation target has to be set for a period far enough into the future
that monetary policy can actually have an effect. In practice, central
banks in industrial countries announce a target for the next twelve
or twenty-four months. They then develop a conditional forecast of
inflation, based on existing monetary policy and a forecast of the rel-
evant exogenous variables, and set a strategy and communicate to
the public what they will do if the range forecast for inflation does not
include the targeted value. In emerging market economies, however,
where financial markets are not as well developed and liquidity con-
straints are widespread, there is some evidence that the lags of mon-
etary policy are shorter (Fry and others, 1999).

In this framework, the established inflation target is the ulti-
mate objective of policy, and an inflation forecast, sometimes not
made public, is the intermediate objective. Monetary policy, with
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appropriate fiscal underpinnings, is the main instrument used to
pursue the target. In particular, when the conditional inflation fore-
cast is above the inflation target, the level of the intervention inter-
est rate 1s raised so as to achieve an increase in the real interest rate
that will bring inflation closer to the target. One advantage of infla-
tion targeting is that inflation itself is made the target, committing
monetary policy to achieve the set target and thus helping to shape
inflation expectations. Here, too, however, resides the main disad-
vantage of inflation targeting. Because inflation is an endogenous
variable that depends also on factors that go beyond the stance of
monetary policy (for example, on shocks to the terms of trade and to
aggregate supply and demand), the authorities cannot control infla-
tion directly. As a result, it becomes difficult to evaluate the stance of
monetary policy on the basis of just the observed path of inflation.
Furthermore, because monetary policy works with a substantial lag, if
the authorities precommit to an unconditional inflation target inde-
pendently of changes in external factors that also affect the inflation
rate, it can be costly to change monetary policy to bring inflation back
to the set target. In particular, to persist in aiming for the inflation
target when a shock has resulted in a (temporary) rise in the inflation
rate can produce a severe slowdown or increased output volatility
(Cecchetti, 1998). On the other hand, accommodating the external shock
could result in a loss of credibility for the inflation targeting regime.

To address some of these problems, several options have been
proposed. The first is to set the inflation target in terms of a range
rather than a point estimate. A second is to set a target for core
inflation rather than for some broader measure of inflation. A third
is to exclude from the price index the effects of changes in indirect
taxes and in the terms of trade. A fourth is to set the target for a
horizon long enough that short-term shocks to the inflation rate do
not require a monetary response (on these point see, in particular,
the discussion in Bernanke and others, 1999).

2. THE PRACTICE OF MONETARY PoLICY IN
LATIN AMERICA

As mentioned in the previous section, a successful exchange rate
anchor system requires, first of all, a credible peg. In contrast, operat-
ing a successful monetary target or inflation targeting strategy re-
quires a central bank with sufficient autonomy to operate monetary
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policy as called for by the strategy. Given the crucial role of an inde-
pendent central bank within a monetary policy framework, this sec-
tion begins by reviewing the progress made by some Latin American
countries in providing greater autonomy to their central banks.

Table 1 presents information obtained from the charters of five
Latin American central banks (Chile, Colombia, Costa Rica, El Salva-
dor, Pert). As the table shows, the reforms aimed at enhancing cen-
tral bank independence in these countries were mostly implemented
during the first half of the 1990s. Chile, where a law creating an inde-
pendent central bank was enacted in October 1989, was the pioneer in
introducing this type of reform, both within the region and among
emerging market economies worldwide. Elsewhere in Latin America,
similar steps were taken later in Colombia (1991), El Salvador (1991),
Peru (1993), and Costa Rica (1995). Although in all these countries the
reforms had as their common aim to provide a greater degree of cen-
tral bank independence, they varied considerably in how far they pur-
sued that objective. Following Cukierman (1992), one can identify four
broad dimensions of legal central bank autonomy: the clarity of the
mandate; the procedures for appointment and dismissal of members of
the board of directors; the provisions for resolving conflicts between
the executive branch and the central bank and the degree of the latter’s
influence in formulating monetary policy, exchange rate policy, and
the budget; and the existence of legal restrictions on the ability of the
public sector to borrow from the central bank.

A review of central bank charters with respect to these four di-
mensions helps to clarify how far these five Latin American countries
have progressed in enhancing central bank autonomy. As table 1 shows,
in all five countries price stability is today established by law as one of
the key objectives of the central bank. However, in only one country
(Peru) is this the central bank’s sole legal objective. In the others the
central bank also has other objectives, which to varying degrees could
conflict with the price stability objective. At one extreme is the objec-
tive of promoting the stability of the financial system. This provision,
found in the charters of the central banks of Colombia and El Salvador,
does not represent an explicit conflict with the price stability objec-
tive, if it is interpreted as seeking an appropriate regulatory and su-
pervisory framework. However, there could be a conflict if the
provision is interpreted as requiring the central bank to avoid too
high a level of the (real) interest rate or to restrict the adjustment
of the nominal exchange rate in order to preserve financial system



Table 1. Features of Central Bank Charters in Selected Latin American Countries

Chile Colombia Costa Rica El Salvador Peru
Year of central bank reform 1989 1991 1995 1991 1993
Legal objectives of the Price stability Price stability Price stability Price stability Price stability
central bank Normal functioning of Strength of the financial ~ Multiple other objectives,  Stability and
theinternal and external ~ system including fullemployment ~ competitiveness of the
payments systems financial system
Is the finance minister No Yes Yes No No
amember of the board?
Does the central bank have Yes Yes Yes Yes Yes
final authority to formulate
monetary policy?
Doesthe centralbank have ~ Yes In part; the exchange Yes Yes Yes
final authority to formulate rate regime is defined
exchange rate policy? by the legislature
Isthecentralbank authorized ~ No No No No No

to finance the government?

Source: Corbo et al., 1999
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stability. At the other extreme, the objective of full employment, which
appears only in the charter of the Costa Rican central bank, could
conflict with the price stability objective if full employment is defined
as a short-term objective.

The five countries also vary significantly in terms of the second
dimension of central bank independence: the appointment and dis-
missal procedures for the board of directors. In all of the countries
except Chile, the president of the board is named directly by the presi-
dent of the republic for a term of office that coincides with the latter’s
term of office. Furthermore, in Colombia the president of the central
bank board is also the finance minister.? Only in Chile and Peru must
the president of the board be approved by the legislature; in the other
countries the decision is left entirely to the chief executive. How the
president of the central bank’s board is chosen becomes particularly
important when one considers that, in all five countries, the law es-
tablishes that in case of conflict within the board, it is the president’s
vote that resolves the dispute. Thus the president of the board has
considerable influence over the monetary policy resolutions made by
the board.

All of the five central bank charters provide for the removal of
directors. These provisions differ across countries, however, both in
terms of the causes that may be invoked for removal and in terms of
the institution legally empowered to do so. Of the five countries, only
in Costa Rica does the law prohibit removing a director for reasons of
policy. In Chile, Colombia, and Peru, although a board member may
be removed because of his or her vote on a policy resolution, this can
only be done under severely restrictive conditions. For example, in
the case of Peru, the legislature may only proceed to dismiss a direc-
tor when a serious fault has been committed and duly proved, and
even then a two-thirds majority is required. El Salvador has probably
the least restrictive conditions for removal: the central bank charter
establishes that the council of ministers has the authority to dismiss
a director who has voted favorably on a resolution that implies a
flagrant deviation from the central bank’s objectives or from any other
responsibility that the law imposes.

Another important dimension of autonomy has to do with the
authority given to the central bank to formulate monetary and ex-
change rate policy. All of the five countries have final authority to

9. In Costa Rica the finance minister is a member of the board but not the
president.
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decide the course of monetary policy, and only in Colombia are mon-
etary policymakers constrained by the legislature in the choice of ex-
change rate regime. In all the other countries the decision about the
exchange rate system is left entirely to the central bank.

Finally, none of the five countries allows its central bank to finance
the government’s budget. This represents an important step toward es-
tablishing the central bank’s independence from fiscal authority.

This examination of the central bank charters of these five Latin
American central banks shows that they have gained increasing in-
dependence in running monetary policy. The next step is to examine
how they have carried out that policy in practice. As discussed in the
previous section, three choices of anchor for a monetary policy re-
gime can be distinguished: an exchange rate anchor, a money an-
chor, or an inflation target. Table 2 provides a broad overview of the
monetary policy regimes used by nine Latin American countries. As
can be seen, the monetary mechanisms utilized vary a great deal
from country to country, but inflation targeting is the predominant
framework used in these countries today. Four of the nine countries
(Brazil, Chile, Colombia and Mexico) adopted this framework during
the 1990s. All four countries went through a transition period, during
which credibility was built and inflation was gradually reduced. Dur-
ing this period the inflation target was not explicit, but rather was
usually stated in terms of achieving a gradual reduction of inflation
toward levels in industrial countries. Neither any interim target nor
the duration of the transition was spelled out. Once they had made
sufficient progress in reducing inflation, most countries then started
to use explicit targets, in the form of annual targets (a point or a
range) publicly announced at the end of the previous year.

However, only Brazil and Chile have revealed a well-articulated
inflation targeting procedure. That is, they publish information on their
conditional inflation forecasts and on the procedures to be followed
when the inflation forecast lies outside the announced target range.
These are similar to the inflation reports published by industrial coun-
tries’ central banks (and now by Israel’s central bank as well).

Three countries (Bolivia, Costa Rica, and Peru) use some sort of
monetary target to conduct monetary policy. What is somewhat strik-
ing is the fact that two of these countries (Bolivia and Peru) have expe-
rienced hyperinflationary episodes in the past, which might have
introduced considerable instability in the demand for money through
hysteresis and currency substitution effects. Also, in all three cases
the development of financial markets—with the associated innovations



Table 2. Features of Monetary Policy Targeting in Selected Latin American Countries

Isthe target implicit Isthetarget single
Country Type of target orexplicit? Who sets the target? or multiple?
Argentina Exchange rate Explicit Congress Single
Bolivia Monetary Implicit Central bank alone Single
Brazil Inflation Explicit Central bank and finance ministry Single
Chile Inflation Explicit Central bank and finance ministry Single
Colombia Inflation Explicit Central bank alone Single
Costa Rica Monetary Implicit Central bank alone Single
ElSalvador Exchange rate Implicit Central bank alone Single
Mexico Inflation In transition from implicit to explicit Central bank alone Single
Peru Monetary Implicit Central bank alone Single

Source: Author’s elaboration in base of information provided by central banks.
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in financial instruments and intermediaries— followed the introduc-
tion of broadly based reforms, and this might have contributed to
weakening the link between monetary aggregates and inflation. An-
other interesting point is that all of the countries that rely on a mon-
etary target do not announce publicly what that target will be for the
next period. As Mishkin (1999) has pointed out, this lack of transpar-
ency leads to “confusion in the market place, a lack of accountability
of the central bank, and a missed opportunity to focus the public and
politicians on the need for a long-run orientation of monetary policy.”
Several authors have emphasized the importance of transparency of
the monetary framework as a way to control discretionary behavior
by authorities that could lead to poor long-run outcomes. As King
(2000) recently put it, “The communication of policy makers’ inten-
tions with a view to enhancing their credibility has come to play a
central role in monetary policy.”

Two countries (Argentina and El Salvador) have adopted an ex-
change rate target, although under radically different institutional
frameworks. The Argentinean authorities are committed by law to
maintain one-to-one parity between the peso and the U.S. dollar and
have established a currency board to comply with that legal mandate.
In contrast, policymakers in El Salvador have adopted a de facto fixed
exchange rate with no clear commitment to maintain the parity.1?
The circumstances that led these two countries to adopt their mon-
etary policy regimes also differ. In Argentina the currency board sys-
tem was adopted in 1991 as a way to deal with the monetary authority’s
lack of credibility in the context of a long history of high and variable
inflation. In contrast, El Salvador adopted its fixed exchange rate sys-
tem in 1993, when inflation was moderate (the annual inflation rate
was near 20 percent).

3. MonNETARY PoLicy RULES: THE CASES oF CHILE,
CovromBIA, CosTA Rica, EL SALVADOR, AND PERU

This section investigates empirically how monetary policy has
been conducted in these five countries in recent years. For this pur-
pose we follow closely the reaction function methodology developed
by Taylor (1993) and extended by Clarida, Gali, and Gertler (1998a).

10. However, recently (early 2001) El Salvador has been making preparations
towards the introduction of a currency board.
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In general, the monetary authority’s reaction function results from
an optimization problem, where it is assumed that the authority mini-
mizes a loss function on the squared differences of inflation and its
target, and of observed and potential output. The basic specification
used here has the central bank adjusting the interest rate (the real
rate in Chile, and the nominal rate in the other countries) in re-
sponse to the gap between expected inflation and its target value. We
then add as additional regressors other variables that are spelled out
as additional objectives in the central bank’s charter (as reviewed in
the previous section). Then we investigate empirically whether, in
setting monetary policy, the authorities have also considered other
variables. Given that the effects of monetary policy appear with a lag,
monetary policy responds to lead values of the inflation gap. When
choosing additional variables that could have played a role when set-
ting monetary policy, we draw on others’ work on the transmission
mechanism for an open economy (Ball, 1999 and Svensson, 1999b).

Following Clarida, Gali, and Gertler (1998b), the interest rate is
set in accordance with the following reaction function:
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where the bar over r denotes the long-run equilibrium interest rate,

m,,, is the expected rate of inflation between periods ¢ and ¢ +n, y, is
(the logarithm of) output, and z, is a generic variable that we mea-
sured in different ways. This Var1ab1e may be measured as the gap
between expenditure and GDP as a share of the latter; as the gap
between the rate of growth of expenditure and the rate of growth of
GDP; as the current account deficit as a share of nominal GDP; as
the foreign interest rate; or as the deviation of the real exchange
rate from its trend. The variable ris the target interest rate set by
the central bank, n;" is the target rate of inflation (which may be time-
variant for a country whose objective is to reduce inflation gradually
toward industrial-country levels), and y,* is the logarithm of potential
output, measured as the trend of GDP.

In this framework the presence of the output gap in the reac-
tion function could arise directly from a concern of the authorities
with output volatility, so that monetary policy is adjusted in order
to reduce deviations of output from its trend; in this case the output gap
is a separate final objective in the policymakers’ loss function.
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Alternatively, it may arise because the monetary authorities use the
information provided by the output gap in their forecast of future
inflation; in this case the output gap enters the reaction function as
an intermediate objective. To distinguish between these two motives,
we used lagged values of the output gap as an instrument for the
inflation gap, using the generalized method of moments (GMM) esti-
mation procedure.

When the main objective of monetary policy is to keep inflation
close to its target level, the real interest rate should be raised when
the inflation gap becomes positive. In a standard transmission mecha-
nism from aggregate demand to price dynamics, it is through an in-
crease in the real interest rate that observed inflation is brought
back to its target level when the former exceeds the latter. Thus, in
the above model, when monetary policy is carried out using the real
interest rate, as in Chile, the value of  should be positive. When
monetary policy is carried out using the nominal interest rate, as in
the other four countries studied, its value should be also greater than
one.!! Thus the value of B turns out to be a key parameter in assess-
ing the central bank’s response.

To complete the model, a partial adjustment equation is added to
accommodate the observed propensity of central banks to make
smooth and slow, rather than sudden, adjustments of interest rates
toward the desired level:

U=p +(1-p)U, +v,, @

where it is assumed that v, is i.i.d. (0,0%).
From equations (1) and (2) one obtains the following relation:
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Finally, assuming that expectations are rational, we replace expected
values with realized values, obtaining the following equation:

11. The key assumption here is that the real interest rate is an argument in
the real expenditure equation.
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where the error term, ¢, is a linear combination of the forecast er-
rors of inflation, output, z and the true disturbance v,. Because some
of the variables cons1dered in the right-hand side of the equation are
also endogenous, the model is estimated using a method—the GMM
method—that yields consistent estimates in the presence of simulta-
neity problems.!2

@)

3.1 Chile

As we saw in section 1, since the beginning of the 1990s Chile’s
monetary policy has had as its main objective the gradual achieve-
ment of a level of inflation similar to that in the industrial countries.
That level has been defined recently as a steady-state annual infla-
tion rate in the range of 2 to 4 percent, starting in 2001. In moving
toward this steady-state level, the central bank announces, in Sep-
tember of each year, an annual inflation target for the following year.

To study how much of a trend change in the rate of inflation
(which could also affect expectations) has been implied by the set
target, we built a multivariate model to forecast inflation. The model
is estimated using a rolling regression, and then a forecast is made
for the following year. A comparison of the forecast of inflation with
the target set by the central bank (figure 1) shows that only in 1993
was the target rate well below the value predicted by the model; how-
ever, from 1992 until the end of 1996 it was below the forecasted
value. From this we conclude that through most of the 1990s the
central bank pursued the objective of a gradual reduction of inflation.

As we saw 1n table 1, the charter of the Central Bank of Chile
assigns it the objective not only of reducing inflation but also of en-
suring that the internal and external payments systems function prop-
erly. This can be interpreted as saying that, for a given gap between
expected inflation and its target, the central bank should also care
for other objectives.!3

12. For descriptions of this method see Hamilton (1994), Enders (1995), Matyas
(1999), and Greene (2000).

13. Corbo (1998) and Rosende (1998) present two different explanations for
the mechanism of transmission of monetary policy and for the effective role played
by the central bank in the reduction of inflation.
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Figure 2 compares the trajectories of the inflation gap and the
real interest rate in Chile. It appears that interest rates were raised
in advance of increases in the inflation gap. But because monetary
policy works with a lag of around three quarters, we also compare
the gap between actual inflation and the inflation target with a three-
quarter lag in the real rate of interest (figure 3). This figure illus-
trates quite clearly that monetary policy is adjusted to keep expected
inflation close to its target.

Figure 1. Inflation Targets and Inflation Forecasts in Chile
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Source: Author’s calculations based on Central Bank of Chile data.

Figure 2. Inflation Gap and Real Interest Rate in Chile
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Source: Author’s calculations based on Central Bank of Chile data.
a. Difference between inflation and its target.
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Figure 3. Inflation Gap and Lagged Real Interest Rate in Chile

Percent per year

Real interest rate®

Inflation gap®
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Source: Author’s calculations.
a. The real interest rate is shown with a lag of three quarters.
b. Difference between inflation and its target.

We proceed now to investigate how monetary policy in Chile was
carried out in the 1990s and to compare monetary policy during this
period with that in the 1985-89 period, immediately before the central
bank became independent. In the model that we estimate for Chile,
the dependent variable is the real interest rate, because monetary
policy is carried out using bonds issued by the central bank that are
indexed to the consumer price index (CPI). We used as a baseline an
equation in which the only explanatory variable is the expected infla-
tion gap. To accommodate lags in the operation of monetary policy, we
explored different leads for the inflation gap and found that monetary
policy responds to a three-quarter lead of the expected inflation gap.

The estimations were carried out using quarterly data for the
period from 1990Q1 to 1999Q4. A two-period partial adjustment model
was used to accommodate the smoothing of interest rates, and a
dummy variable was introduced to account for the large increase in
the interest rate that took place in the third quarter of 1998, when
the exchange rate band came under attack. When this mechanism is
used to model the behavior of actual interest rates, the model esti-
mated is a slight departure from the general specification outlined
above. The general equation, analogous to equation (4), is given by

n=(1-p, - p )EF el _DTE Pl ot )E
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The set of instruments used in the GMM estimation includes one-
period and two-period lags of the interest rate, the rate of growth of
nominal money, the rate of nominal depreciation, the rate of growth
of nominal wages, the output gap, and external inflation.

The results of the estimation of the baseline are presented in the
bottom panel of table 3. In the baseline model, presented in the first
row of this panel, the coefficient on the inflation gap (B) is positive but
not statistically significant. This result could be due to a specification
error, as the central bank has a separate declared objective to keep
the size of the current account deficit, computed at a “normal” level of
the terms of trade, below 4 percent of GDP. To incorporate this second
objective we extended the basic model by adding as a separate regres-
sor the difference between the fourth-quarter moving average of the
current account deficit (as a ratio to GDP) and 0.04. The results are
reported in the third row of the bottom panel. The coefficient on the
inflation gap is again positive, but now it is statistically different from
zero. The coefficient on the current account gap is also positive and
statistically significantly different from zero. These findings provide
some support to the idea that an equation that includes only the infla-
tion gap is wrongly specified. The estimated coefficient of the inflation
gap implies that, for a 1-percentage-point gap between expected and
target inflation, the central bank raises the real interest rate by 68
basis points to bring inflation close to the target. In the same way, the
estimated coefficient of the current account gap implies that a 1-per-
centage-point difference in this variable results in an increase of 61
basis points in the real interest rate. We also considered, as an alter-
native specification, a forward-looking version of the Taylor rule that
includes, instead of the current account gap, the gap between the
logarithm of GDP and the logarithm of its trend (measured using a
Hodrick-Prescott filter). However, as can be seen in the second row of
the panel, this measure of the output gap was not statistically signifi-
cant, nor was the inflation gap in this specification.

We also tested for a nonlinear response of monetary policy to
the inflation gap by introducing the square of the inflation gap as a
separate regressor. However, its coefficient (fourth row of the bot-
tom panel) was not statistically significant, and the coefficients on
the inflation gap and the current account gap changed little. Fi-
nally, we also tested for asymmetries in the response of monetary
policy. For this purpose we introduced a multiplicative dummy for
those observations where the inflation gap was negative (fourteen
out of thirty-eight observations in the second period), but again, as



Table 3. Estimates of the Central Bank of Chile Reaction Function?

Parameter

Specification o Py o B " Yo oJ-test R?

Sample period 198503 to 198904

Baseline 1.864 -1.037 7.000 0.550 0.27 0.79
(43.54) (-19.67) (18.97) (3.26)
Adding output gap 1.436 -0.713 4.960 0.560 1.400 0.24 0.87
(14.02) (-7.83) (33.85) (4.75) (6.95)
Adding square of inflation gap 0.869 —0.005* 6.440 0.001* 0.698 —0.520% 0.02 0.86
9.89) (-0.04) (7.41) (0.005) (3.32) (-1.022)
Adding dummy for 1.161 —0.494 5.225 0.324 1.461 0.163 0.20 0.88
negative inflation gap (7.47) (-3.89) (33.39) (4.58) (9.22) (4.28)
Sample period 1990Q1 to 1999Q4
Baseline 1.219 ~0.322 6.540 1.440* 0.06 0.83
(8.96) (-3.35) (11.73) (1.16)
Adding output gap 1.162 ~0.325 6.240 0.236* 0.360° 0.11 0.88
(12.55) (-3.5) (24.99) (1.28) (1.11)
Adding current account deficit 0.726 6.827 0.676 0.610 0.05 0.80
(9.87) (15.63) (2.31) (2.56)
Adding square of inflation gap 0.72 6.962 0.742 0.559 -0.066* 0.05 0.81
9.99) (10.76) 2.21) 2.57) (-0.41)
Adding dummy for negative 0.699 7.018 0.675 0.581 —0.350% 0.04 0.77
inflation gap (8.93) (13.61) (2.62) 2.73) (~0.66)

a. In the regression equation, p, and p, are the coefficients on one- and two-period lags of the real interest rate, o is the constant term, B is the coefficient on the inflation
gap, and v, and v, are coefficients on additional regressors as indicated in the table. Numbers in parentheses are ¢ statistics.
* Not significant at the 10 percent level. All the other variables are significant at the 5 percent level.
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reported in the bottom row of the table, the coefficient of the dummy
variable was not statistically significant.

As a further test of the model, we also estimated it for the period
before the central bank became independent. Because there was no
explicit inflation target during this period, we used a forward-look-
ing, four-quarter moving average of the annual inflation rate as the
target. The results of these estimations appear in the top panel of
table 3. The inflation gap by itself (in the baseline regression, shown
in the top row) is statistically significant, as is the gap between the
log of GDP and the log of its trend value (second row).

For this period also, we tested for the existence of asymme-
tries in the response of monetary policy. For this purpose we in-
troduced a quadratic term of the inflation gap, and a multiplicative
dummy for those periods when the inflation gap was negative. The
coefficient of the nonlinear term turned out not to be statistically
significant (third row of the top panel), but the coefficient of the
dummy variable was statistically significant and had the expected
sign (fourth row). That is, for a given size of the inflation gap, the
monetary authority adjusts the interest rate by a larger amount
when the gap is negative.

A first reading of these results could make them appear sur-
prising, as they suggest that well before the central bank became
independent it was already operating under rules that tried to keep
inflation close to its forward-looking trend value. But this finding is
also consistent with the view that the independence of the central
bank, which was granted in 1989, only institutionalized procedures
that were already in operation well before (Fontaine, 1991).

Returning to the results for the 1990s, another result that should
be mentioned is the high persistence of the interest rate. This can
be appreciated by calculating the sum of the two coefficients of the
lagged values of the interest rate, which lies between 0.7 and 0.9. A
value in this range implies that, for a given change in the target
interest rate, the proportion that is reflected in the rate for the
same quarter is between 10 and 30 percent of that change.

Because the central bank obtained its independence only in late
1989, we can investigate how the actual monetary policy followed
before 1990 differed from what it would have been if monetary policy
during that period had been governed by the reaction function of the
second period. Figure 4 compares, for the period from 1985Q1 to
1989Q4, the actual and simulated values of the real interest rate. The
latter were obtained using the second-period reaction function. The
figure shows that, up to the first quarter of 1988, the fitted values
were above the actual values, implying that during this period
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monetary policy was more expansionary than it would have been under
the policy of the second period. Thereafter the fitted values are below
the actual values; this period was one where the central bank adopted a
very tight monetary policy to slow down the acceleration of inflation
(Corbo and Fischer, 1994).

Figure 5 presents, for the second period, the fitted and actual
values of the real interest rate. The fitted values were obtained using
the equation reported in the third line in the bottom panel of table 3.
The figure shows that the model tracks the actual rate quite closely.

Figure 4. Actual and Simulated Values for the Real Interest
Rate in Chile 1985-89
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Source: Author’s calculations.

Figure 5. Actual and Simulated Values for the Real Interest
Rate in Chile 1990-99
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Source: Author’s calculations.
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The main exceptions are the period from 1994Q1 to 1995Q2, when the
equation underestimates the actual values, and the end of the sample,
when interest rates were set more to defend the exchange rate band
than to achieve the inflation target.

3.2 Colombia

As we saw in section 2, the crucial reform of monetary policy in
Colombia took place in 1991. This was accomplished through a new
constitution enhancing the legal independence of the central bank.
This event provides a natural breakpoint in the sample period, in
that one would expect, in general, different behavior before and after
the central bank became independent. Before describing the estima-
tion, in figure 6 we present the paths of inflation and of a three-
quarter lag of the real interest rate.

The estimation uses quarterly data for the period from 1986Q1 to
1998Q4. In a first stage, a baseline reaction function was estimated
using GMM, in which the only right-hand-side variable was the devia-
tion of expected inflation from its trend, obtained as a Hodrick-Prescott
filter of observed inflation. To account for the empirically observed
smoothing of movements in short-term interest rates, we used a one-
period partial adjustment model for the adjustment of the observed
interest rate toward its desired level. The dependent variable was
measured as the interest rate on certificates of deposit (CD), because
it is through this instrument that the central bank carries out its
monetary policy.

We started by estimating a reaction function for the whole pe-
riod. The results of this estimation, using a two-quarter lead for the
inflation gap, are shown in the top panel of table 4. The vector of
instruments included one to four lags of the inflation gap, of the un-
employment gap, and of short-term interest rates. The unemploy-
ment gap was measured as the deviation of the unemployment rate
with respect to a trend value obtained using a Hodrick-Prescott fil-
ter. All the estimated coefficients were found to be statistically sig-
nificant at the 1 percent level, with the exception of the inflation gap,
which was significant only at the 10 percent level (the corresponding
p-value is 0.065). The coefficient on the deviation of observed infla-
tion from its target value is greater than one. This result suggests
that the Central Bank of Colombia would have moved the interest
rate aggressively in order to avoid a deviation of inflation from
its target, defined here as a smooth trend of observed inflation.
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Figure 6. Inflation and Lagged Real Interest Rate
in Colombia.
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Source: Authors’ calculations.
a. The real interest rate is defined as the ex post difference between nominal interest rate and inflation. The
rate is shown with a lag of three quarters.

Nonetheless, using a Wald test, the null hypothesis that =1 cannot be
rejected at the 5 percent significance level. In other words, the data do
not support “hawkish” behavior on the part of the Colombian authorities
during the sample period as a whole. This is not surprising, because this
period includes the second half of the 1980s, a period during which
Colombia’s monetary policy has usually been described as accommoda-
tive (Cardenas and Partow, 1998). We confirm that monetary policy was
accommodative in the sense that the central bank adopted a neutral
position, accommodating expected shocks to inflation through monetary
policy by holding the real interest rate constant.

The estimated coefficient on the partial adjustment process of the
actual toward the desired interest rate level also shows that the Colom-
bian authorities were reluctant to introduce abrupt changes in mon-
etary policy. In particular, only one-fifth of a given desired adjustment in
the interest rate was accomplished during one quarter.

In Colombia the only legal objective of the central bank other
than monetary stability is the stability of the financial system.
Therefore we proceeded directly to search for other, hidden ob-
jectives. These could be more important for the first half of the
sample, when the central bank was not yet independent. Thus we
proceeded to introduce other possible objectives of monetary policy
as arguments in the reaction function. In particular, we added the



Table 4. Estimates of the Central Bank of Colombia Reaction Function?

Parameter

Specification p o B Y Yo oJ-test R?

Sample period 1986Q1 to 199804

Baseline 0.176 31.15 2.84% 0.10 0.61
(3.61) (22.11) (1.89)

Sample period 1986Q1 to 199004

Baseline 0.78 33 0.71 0.25 0.66
(14.21) (357.3) (11.4)
Adding unemployment gap 0.81 32.85 0.6 -7.85 0.24 0.60
(15.9) (427.22) (14.1) (-2.53)
Adding real exchange rate 0.74 32.7 0.67 -7.46 1.75 0.31 0.61
(17.24) (870.51) (16.3) (-3.21) (2.34)
Sample period 1991Q1 to 1998Q4
Baseline 0.32 25.62 2.73 0.15 0.44
(3.41) (22.56) (4.37)
Adding unemployment gap 0.27 25.57 2.19 -32.86% 0.15 0.56
(5.2) (13.94) (2.43) (-1.82)

a. Parameters are as described in table 3 except that p is the partial adjustment parameter and the interest rate is the nominal instead of the real rate. Numbers in parentheses
are t statistics.
* Significant at the 10 percent level. All the other variables are significant at the 5 percent level.
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unemployment gap. As lagged values of the unemployment gap were
already used as instruments in the estimation, introducing the unem-
ployment gap as an additional regressor in the reaction function is equiva-
lent to testing whether it enters as a separate objective of monetary
policy. The unemployment gap was measured as the difference between
the actual rate of unemployment and its quadratic trend.

This specification yielded poor results (not shown). The coeffi-
cient of the unemployment rate was either not statistically signifi-
cant or had the wrong sign. Similar results were obtained when the
deviation of the real exchange rate from its trend was introduced as
an alternative variable (not shown). The lack of a satisfactory rela-
tionship to explain the responses of monetary policy to economic
shocks during the whole sampling period (1986-98) may be due to the
existence of a structural break. Such a break might have occurred in
terms of the objective function of the central bank, as it gained legal
independence only in the early 1990s, and the objective of price sta-
bility was only then introduced as its main priority. Or there may
have been a change in the type of shocks that hit the economy: access
to external financing improved significantly during the 1990s, when a
broadly based reform program was put into practice. Thus we pro-
ceeded to separate the sample into two periods: 1986Q1 t01990Q4,
and 1991Q1 to 1998Q4.

The results of the estimation for the first of these two periods are
shown in the middle panel of table 4. As in the regressions for the
whole period, we started by estimating a baseline equation in which
only the deviations of the observed inflation from its trend—again
obtained as a Hodrick-Prescott filter—entered as a regressor. The
results show that all the variables are statistically significant at the 1
percent level and have the expected signs. The coefficient on the de-
viation of inflation from its (implicit) target is significantly less than
one, suggesting that the Colombian authorities during this period
tended to accommodate expected shocks to inflation, letting the real
interest rate fall when a rise in future inflation was forecasted. The
partial adjustment coefficient also shows that, during this period,
movements in short-term interest rates showed less persistence than
over the whole period. One must keep in mind, however, that the
magnitude of the estimated partial adjustment coefficient for the whole
period could be subject to some kind of specification error. In any
case, the estimated coefficient for the period from 1986Q1 to 1990Q4
seems to be particularly high: almost four-fifths of the desired adjust-
ment in the observed interest rate was achieved in one quarter.
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We then introduced the unemployment gap as an additional
regressor. The results of an estimation in which this variable en-
ters the equation with a one-quarter lead are shown in the second
row of the panel. All the coefficients are statistically significant at
the 1 percent level (with the exception of the coefficient on the
unemployment gap, which has a p-value of 0.02) and are very simi-
lar to those obtained under the baseline specification. Again the
coefficient on the deviation of inflation from its target is signifi-
cantly less than one. The coefficient on the unemployment gap
suggests that, during this period, the monetary authorities also
gave some weight to this variable as an additional objective. In
particular, the results imply that the authorities reduced short-
term interest rates when a rise in the gap between unemployment
and its trend was expected, and increased rates when a fall in the
gap was expected.

As a next step, we introduced the deviation of the real exchange
rate from its trend as an additional variable to the above specifica-
tion. The results, shown in the last row of the middle panel of table
4, are for a specification in which the deviation of the real exchange
rate from its trend value enters the equation with a four-period
lead. The instruments utilized include the first to the fourth lag of
the deviation of inflation from its target, of the unemployment gap,
of the short-term interest rate, and of the exchange rate variable.
As the table shows, all the coefficients are statistically significant
and have the expected sign. Excluding the coefficient on the real
exchange rate variable itself, all the results are very similar to those
obtained when the reaction function included only the inflation gap
and the unemployment gap as arguments. As a test of the plausi-
bility of this specification, one can estimate, under the assump-
tion of a constant inflation target, the coefficient of the “long
run’ interest rate. The estimated value turns out to be 32.7 per-
cent, which is very close to the average for the sample period
(32.97 percent). The coefficient on the deviation of the real ex-
change rate from its trend suggests that the Colombian authori-
ties were not just concerned about price stability and unemployment
volatility. Rather, they also tried to stabilize expected movements
in the real exchange rate, presumably to avoid putting the competi-
tiveness of the tradable sector at risk.

As a final step we included the interest rate on three-month
U.S. Treasury bills to the last specification, to investigate how
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independent domestic monetary policy in Colombia was from the
stance of foreign monetary policy. The results, not reported here,
were very poor, which is not surprising in that, during the sample
period (1986-90), Colombia was relatively closed to international cap-
ital movements.

Next we studied how monetary policy was conducted after the
central bank became independent, by estimating a reaction func-
tion for the period from 1991Q1 to 1998Q4. During this period,
under the law, the overriding objective of the central bank was to
achieve monetary stability. In the transition toward monetary sta-
bility the central bank announced annual inflation targets. Thus
for this period we define the inflation gap as the deviation of ob-
served inflation from the (linearized) annual targets established
by policymakers. The estimation of the baseline equation for this
subperiod yielded the results shown in the bottom panel of table 4.
The coefficient for the inflation gap, when this variable enters the
equation with a two-period lead, is statistically significantly greater
than one, which supports the idea that the authorities were deter-
mined to avoid deviations of observed inflation from its target.
However, this does not necessarily imply that policymakers were
hawkish; the observed result could well be explained by the set-
ting of “soft” annual inflation targets. Indeed, if one compares an
inflation forecast made with an autoregressive model with the an-
nounced target, one finds that only in 1995 was the inflation fore-
cast a hard target (figure 7).

We next extended the arguments of the reaction function to
include the unemployment gap. The results obtained when the un-
employment gap enters the equation with four leads provide some
(weak) evidence that the Colombian authorities considered unem-
ployment stability as a final objective during the period of central
bank independence. The coefficient on the unemployment gap is
statistically significant at the 10 percent level (the corresponding
p-value is 0.08). When the deviation of the real exchange rate from
its trend was included as an additional argument in the reaction
function (not shown), the results were very poor. Finally, as in the
regressions for the first subperiod, the inclusion of the three-month
U.S. treasury bill rate did not provide evidence that foreign mon-
etary policy imposed a constraint on the Colombian authorities
during the 1990s (results not shown).
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Figure 8 compares the paths of the observed and the predicted
nominal interest rate in Colombia, where the latter is computed
using the second regression equation in the bottom panel of table 4.
As the figure shows, the model tracks the trajectory of the actual
rate quite closely.

Figure 7. Inflation Targets and Inflation Forecasts
in Colombia.
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Source: Author’s calculations.

Figure 8. Actual and Simulated Values for the Nominal
Interest Rates in Colombia.
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Source: Author’s calculations.
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3.3 Costa Rica

As discussed in section 2, Costa Rica’s central bank became in-
dependent only in 1995 and has, in addition to its main objective
(the achievement of price stability), a secondary objective of achiev-
ing full employment. However, like its Chilean counterpart, the Cen-
tral Bank of Costa Rica has been concerned with reducing inflation
since before it became independent. Therefore we study the way in
which the central bank has conducted monetary policy throughout
the 1990s.

In Costa Rica monetary policy is carried out using what are
called monetary stabilization bonds (whose abbreviation in Span-
ish is BEM). These have a typical maturity of six months, and
therefore the six-month interest rate of the BEM is used as the
interest rate intervention variable in the estimation of a reaction
function. The trajectories of inflation and of the real interest
rate lagged three quarters are presented in figure 9. Some evi-
dence emerges that the central bank adjusted interest rates so
as to affect the future course of inflation.

As in the other countries, we used a one-period partial adjustment
mechanism for the adjustment of the actual interest rate toward its de-
sired level. Also, because Costa Rica does not have an explicit inflation

Figure 9. Inflation and Lagged Real Interest Rate in
Costa Rica
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Source: Author’s calculations.
a. The real interest rate is defined as the ex post difference between nominal interest rate and inflation. The
rate is shown with a lag of three quarters.
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targeting framework, the target inflation rate is unknown, and we
assume that the objective was to keep inflation around its trend value.
The latter is measured using a Hodrick-Prescott filter. Alternatively,
we could have followed Clarida, Gali, and Gertler (1998b) and assumed
that the inflation target is a constant, which can then be estimated
from the constant of the regression. However, this procedure could
introduce a specification error in cases when the country is pursuing
the objective of reducing inflation gradually toward a long-run steady-
state level.

The reaction function for Costa Rica is estimated using quar-
terly data for the period from 1990Q1 to 1998Q4. The results of
estimation of a baseline equation, which includes only the inflation
gap as an explanatory variable, are presented in the first row of
table 5. The inflation gap is measured using a two-quarter lead, and
the equation is again estimated using GMM. The instruments used
are four lags of the inflation gap, of the BEM interest rate, and of
the output gap.

As can be observed from the table, the coefficient on the inflation
gap in the baseline specification is positive and greater than one.
Thus it appears that the Central Bank of Costa Rica was trying
to keep inflation close to its trend, reacting to a 1-percentage-point
increase in the gap between expected inflation and its trend with a
47-basis-point increase in the real interest rate. Nonetheless, as in
the Colombian case, the estimated parameter of the inflation gap is
not significantly different from one. Thus policymakers could well
have in fact been neutral in the face of expected inflation shocks.

The low value of the partial adjustment coefficient shows that
interest rates have a lot of persistence, moving very slowly toward
their desired value. The persistence of interest rate movements is of
the same order of magnitude as in the Colombian case. Finally, as
an indicator of the validity of the model, the estimated value of
the “long run” nominal interest rate turns out to be 22.8 percent,
very close to the mean of the interest rate series over the sam-
pling period (24.95 percent).

The results obtained so far could be subject to a specification
error, because the Central Bank of Costa Rica has other objectives
besides achieving a gradual reduction of inflation. Therefore we also
considered the addition of other variables that appear as legal objec-
tives of the central bank. As mentioned in section 2, the Central Bank
of Costa Rica’s charter establishes several secondary objectives for



Table 5. Estimates of the Central Bank of Costa Rica Reaction Function?

Parameter

Specification P o B i Y, J-test R?

Sample period 1990Q1 to 1998Q4

Baseline 0.38 22.80 1.47 0.15 0.61
(4.4) (24.4) (5.68)
Adding output gap 0.68 25.49 0.79 73.77 0.21 0.61
(15.9) (43.48) (10.89) (7.54)
Adding real exchange rate 0.64 25.59 0.82 58.85 60.29*% 0.22 0.61
(11.49) (92.88) (32.31) 9.60) (2.49)

a. Parameters are as described in table 3 except that p is the partial adjustment parameter and the interest rate is the nominal instead of the real rate. Numbers in parentheses
are ¢ statistics.
* Significant at the 5 percent level. All the other variables are significant at the 1 percent level.
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monetary policy. These include the achievement of full employment,
the promotion of efficiency in the internal and external payments
systems, the appropriate management of international reserves, and
the stability of the financial system. The only one of these objectives
that could play an independent role is the full employment objective.
To account for this objective we introduced the output gap as an addi-
tional explanatory variable. This was measured as the deviation of an
industrial output index from its trend, the latter obtained using a
Hodrick-Prescott filter. Thus we estimated a sort of forward-looking
version of the Taylor rule. In this specification the inflation gap en-
ters the equation with a two-period lead and the output gap with an
eight-period lead.! It appears from the results (second row of table 5)
that the monetary authorities did try to stabilize output over the
sample period. Another interesting finding is that, in this second speci-
fication, the coefficient on the inflation gap falls to less than one. A
Wald test confirms that the coefficient is significantly less than one,
suggesting that during the 1990s the authorities accommodated ex-
pected shocks to inflation.

To introduce the objective of promoting efficiency of the internal
and external payments system, we added to the above specification
the expected deviation of the real exchange rate from its trend. The
new variable enters the equation with an eight-period lead. The re-
sults (shown in the third row of table 5) show that the stabilization of
the real exchange rate was also considered as a separate objective by
the Costa Rican authorities. Again the inflation gap coefficient is sta-
tistically significantly less that one, confirming the finding that the
monetary authorities followed an accommodative policy with respect
to shocks to expected inflation. We also introduced as a separate
argument the level of foreign reserves, but the results, not reported
here, were very poor. Finally, we also considered the six-month U.S.
Treasury bill rate as another variable that might have played a role in
setting monetary policy, but the results were also very poor.

Figure 10 compares the paths of the actual and estimated val-
ues of the interest rate, the latter obtained from the last equation
in table 5. As the figure shows, with the exception of 1992, the model
tracks the behavior of the observed interest rate fairly closely.

14. The lead utilized for the output gap is much longer that one would have
expected a priori, as monetary policy works in emerging market countries with a
much shorter lag than in industrial countries (Fry and others, 1999).
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Figure 10. Actual and Simulated Values for the Nominal
Interest Rate in Costa Rica
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Source: Author’s calculations.

3.4 El1 Salvador

In El Salvador the main objective of the central bank is price stabil-
ity. A secondary objective, as noted in section 2, is to ensure the stability
and competitiveness of the financial system. However, in setting mon-
etary policy, El Salvador uses a framework closer to a fixed exchange
rate: the exchange rate has been de facto fixed since the early 1990s. El
Salvador also allows the free movement of capital and therefore comes
close to the textbook model of a fixed exchange rate with perfect capi-
tal mobility. In this Mundell type of setting, monetary policy has no
role to play in stabilization, and therefore the exercise of estimating a
reaction function for monetary policy would appear to make no sense.
Nonetheless, it may be claimed that capital mobility in E1 Salvador is far
from perfect, and consequently, it should be worthwhile to analyze the
extent to which policymakers have room to conduct an independent
monetary policy. Indeed, a similar point is made by Clarida, Gali, and
Gertler (1998b), who study the reaction functions for France, Italy, and
the United Kingdom at a time when these three countries fixed their
currencies within the Exchange Rate Mechanism (ERM) of the Euro-
pean Monetary System.!® In their framework the stance of monetary

15. Clarida, Gali, and Gertler (1998b) assess the degree of independence of mon-
etary policy for the members of the ERM by adding the Bundesbank policy rate to a
baseline specification for the reaction function that includes only domestic variables.
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policy is a weighted average of the interest rate desired by the authori-
ties and the foreign interest rate. In the context of El Salvador, an
analogous exercise can be performed by adding to a baseline specifica-
tion the interest rate on U.S. Treasury bills as a measure of the exter-
nal constraints faced by the Salvadorian monetary authorities.

As in the case of the other countries, we proceeded to estimate a
baseline specification in which monetary policy reacts only to expected
future deviations of inflation from its trend. Then we added the foreign
interest rate as a separate regressor. Thus two explanatory variables
entered the extended model: the inflation gap and the six-month U.S.
Treasury bill rate. For the dependent variable we used the financial
system deposit rate. Figure 11 shows the trajectory of the inflation
rate and of the real interest rate lagged three quarters. There is
some evidence that interest rate adjustment is related to the infla-
tion rate. In the estimation, as in the case of the other countries, we
assumed a first-order partial adjustment process for the adjustment
of the domestic interest rate. The estimations were carried out using
quarterly data for the period 1991Q1 to 1998Q4. The results appear
in the top row of table 6. The coefficient on the U.S. Treasury bill (y,)
is not statistically significant, implying that foreign monetary policy
was not an effective constraint on the conduct of monetary policy in
El Salvador.

Given this finding, we focused on estimating a reaction function
for the Central Bank of El Salvador in the same way as we did for the
other countries of the sample. The second line of table 6 presents the
results from estimation of a baseline specification in which only the

Figure 11. Inflation and Lagged Real Interest Rate in
El Salvador
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Source: Author’s calculations.
a. The real interest rate is defined as the ex post difference between nominal interest rate and inflation. The
rate is shown with a lag of three quarters.



Table 6. Estimates of the Central Bank of El Salvador Reaction Function?

Parameter
Specification p o B Y Yo J-test R?
Sample period 1991Q1 to 1998Q4

Baseline plus U.S. Treasury bill rate 0.06 10.07 0.98*% 0.05%* 0.12 0.92
(2.4) (2.52) (1.84) (1.1)

Baseline 0.09 14.05 1.11 0.10 0.91
(2.62) (22.8) (2.34)

Adding output gap 0.06 13.49 1.39 3.72% 0.10 0.93
(2.26) (18.8) 2.1 (1.92)

a. Parameters are as described in table 3 except that p is the partial adjustment parameter and the interest rate is the nominal instead of the real rate. Numbers in parentheses

are ¢ statistics.
* Significant at the 10 percent level.

** Not significant at the 10 percent level. All the other variables are significant at the 5 percent level.
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six-month-forward inflation gap enters as an explanatory variable. The
instruments considered included one to four lags of the inflation gap, the
output gap, and the short-term (six-month) interest rate. All the coeffi-
cients are statistically significant and have the expected signs (second
row of table 6). The coefficient for the inflation gap is slightly greater
than one, but a Wald test confirms that it is not statistically different
from one. This result suggests that monetary authorities were not par-
ticularly determined to control inflation shocks; policymakers would have
let the real interest rate remain constant when faced with shocks to
inflation. Another interesting result is given by the partial adjustment
coefficient. Over 90 percent of the current short-term interest rate is
explained by the lagged interest rate, reflecting a high degree of persis-
tence in interest rate movements.

We then proceeded to add other variables as regressors in the
reaction function. First, we introduced the output gap to find out
whether the monetary authorities considered output stability as a
final objective. We found (bottom row of table 6) that policymakers
had at least some concern about output stability during the 1990s.
The output gap appears to be significant at the 10 percent level and
almost significant at the 5 percent level (the p-value is 5.9 percent).
When we added the real exchange rate as another regressor, either
in addition to the output gap or as an alternative to it, we found that
it did not enter the reaction function of the Salvadorian authorities
(results not shown).

Finally, figure 12 shows the paths of the observed and fitted val-
ues of the nominal interest rate, where the latter was obtained
using the model reported in the last row of table 6. The model
tracks the trajectory of the observed interest rate quite well.

Figure 12. Actual and Simulated Values for the Interest Rate
in El Salvador
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3.5 Peru

In Peru the 1980s were characterized by substantial macroeconomic
disequilibria and financial repression, including interest rate controls.
During the 1990s, however, substantial progress was made in restoring
macroeconomic stability. As we saw in section 2, in January 1993 a new
legal framework was introduced giving more independence to the cen-
tral bank and making price stability the central bank’s only objective.

In carrying out monetary policy, the Peruvian authorities have used
the rate of growth of the monetary base as an intermediate target. The
main instrument used to pursue this policy has been certificates of de-
posits of the central bank, which are bought and sold in open market
operations. To investigate how monetary policy is carried out in Peru,
we estimated reaction functions with quarterly data for the period from
1993Q1 to 1999Q1, the period of increased legal independence for the
central bank. In a first stage we used the rate of change in the monetary
base as the dependent variable. The results with this dependent vari-
able were very poor, however, and therefore we switched to using the
nominal interest rate on thirty-day certificates of deposit as the depen-
dent variable.!® Figure 13, which presents the paths of the real interest
rate, with an four-period lag, and the rate of inflation, indicates that
nominal interest rates were adjusted in response to inflation.

As in the other countries, we began by estimating a baseline spec-
ification in which the only regressor is the inflation gap. Given that
Peru did not have an explicit inflation target, the inflation gap is
defined as the difference between observed inflation and its trend,
which is measured using a Hodrick-Prescott filter. Nonetheless, the
estimation yielded poor results: the inflation gap either was not sta-
tistically significant or had the wrong sign. The same result was ob-
tained when the trend of inflation was measured using a four-quarter
moving average of quarter-to-quarter inflation rates. However, a sta-
ble relation was found when the inflation gap entered the equation as
the difference between observed inflation and the average inflation
rate for the sample period or, equivalently, when the target inflation
rate was assumed to be a constant. The results of the estimation using
this specification are reported in the first row of table 7. Here the

16. This series presented a problem of missing observations for March and
May 1997. To overcome this problem, a least squares regression was estimated in
which the certificate rate was regressed on its first lag and the discount rate. A
first-order partial adjustment model was assumed and was supported by data.
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Figure 13. Inflation and Lagged Real Interest Rate in Peru
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Source: Author’s calculations.
a. The real interest rate is defined as the ex post difference between nominal interest rate and inflation. The
rate is shown with a lag of three quarters.

inflation gap enters the equation with a four-period (one year) lead,
and the vector of instruments used in the estimation includes one to
four lags of inflation, of the output gap, and of the short-term interest
rate. The results show that monetary policy appears to have accom-
modated shocks to expected inflation. The coefficient of the inflation
gap is also statistically significantly less than one. The estimated pa-
rameter of the partial adjustment process for interest rates implies a
high degree of persistence of monetary policy: over 70 percent of the
level of the short-term interest rate is explained by its lagged value.

As noted in section 2, the charter of the Central Reserve Bank of
Peru establishes monetary stability as the only objective of monetary
policy. Therefore one could conclude from these results that the mon-
etary authority has not been fully committed to its legal objective.

In the next stage we added the output gap to the baseline equa-
tion. This variable, with a two-period lead, is statistically significant
at the 1 percent level (second row of table 7). Again the coefficient
of the inflation gap is significantly less that one, pointing to ac-
commodative behavior on the part of the authorities. Finally, the
deviation of the real exchange rate from its trend was introduced
as a third regressor. This variable, too, is statistically significant at
the 1 percent level (last row of table 7). This suggests that, during
the sample period, Peruvian policymakers were concerned not only
with output stability but also with the stability of the real exchange
rate. Thus, despite the mandate to achieve price stability, other
macroeconomic considerations also appear to have had a bearing on
the course of monetary policy.



Table 7. Estimates of the Central Bank of Peru Reaction Function?

Parameter

Specification P o B 1 Y J-test R?

Sample period 1993Q1 to 199901

Baseline 0.29 28.72 0.75 0.27 0.72
(10.18) (42.81) (10.81)
Adding output gap 0.26 28.25 0.73 23.93 0.27 0.73
(5.34) (46.00) (14.95) (3.04)
Adding real exchange rate 0.28 28.00 0.65 4.52 73.29 0.30 0.76
(30.33) (126.6) (25.62) (3.92) (12.66)

a. Parameters are as described in table 3 except that p is the partial adjustment parameter and the interest rate is the nominal instead of the real rate. Numbers in parentheses
are ¢ statistics. All variables are significant at the 1 percent level.
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Finally, figure 14 shows the paths of the actual and fitted nominal
interest rates, where the latter is obtained using the last equation in
table 7. The model tracks the trajectory of the actual rate fairly closely.

To sum up the empirical findings, in two of the five cases studied
(Chile and Colombia), monetary policy has clearly been geared, since
the central bank gained independence, toward moving inflation closer
to its target value. In El Salvador there is some evidence that mon-
etary policy is at least neutral; that is, shocks to the inflation rate do
not result in a change in the real interest rate. In the other two
countries (Costa Rica and Peru), however, a higher real interest rate
is not the mechanism utilized to bring inflation close to its target.

Of the five countries, Chile has made the most progress in reducing
inflation toward its target level and in achieving a level of inflation close
to those in the industrial countries. This is not surprising, because
progress in reducing inflation depends on factors other than just mon-
etary policy. Among these, one should consider the evolution of the equi-
librium real exchange rate and the trajectory of imported inflation.

Finally, one can compare our results with results obtained by
others for industrial countries. The most direct comparison can be
made with the results of Clarida, Gali, and Gertler (1998b). In their
empirical work, they find that interest rate policy in Germany, Ja-
pan, and the United States is mostly determined by the expected

Figure 14. Actual and Simulated Values of the Nominal
Interest Rate in Peru
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inflation gap, measured as the difference between expected inflation
and a constant steady-state inflation target. These authors find that
the real interest rate increases in response to shocks to expected
inflation (f > 1 in their framework, where the dependent variable is
the nominal interest rate). In contrast, the output gap was signifi-
cant only for Germany and Japan and not for the United States. Thus,
for the United States, the output gap is used only to get a forecast of
future inflation. In our empirical results we found that, in Chile and
Colombia, the output gap and the unemployment gap, respectively,
were not statistically significant in the reaction function, and there-
fore did not play a role beyond the information they provide in fore-
casting future inflation.

For the smaller countries—Costa Rica, El Salvador, and Peru—
our results show that foreign interest rates do not play an important
role in setting the stance of monetary policy. For El Salvador this
result is surprising, inasmuch as the nominal exchange rate did not
change much during the 1990s, with its central bank using a combi-
nation of a money and an exchange rate anchor.

4. CONCLUSIONS

After a long tradition of high fiscal deficits and high inflation,
Latin America made a major effort during the last decade to achieve
a sustainable reduction of inflation. These efforts have paid off:
whereas the average annual inflation rate in Latin America in the
1980s exceeded 100 percent, by 1999 annual inflation in the region
was down to the single-digit level. Inflation strategies were initially
based on getting the fiscal situation under control, as a way of liber-
ating monetary policy from the need to finance fiscal deficits; since
then strategies have moved to more formal uses of nominal an-
chors. The choice of a nominal anchor as the cornerstone of the
stabilization effort has changed over time, as rigid exchange rate
mechanisms have been replaced by more flexible arrangements. The
exceptions are Argentina’s currency board and the de facto fixed
exchange rate arrangement of El Salvador. The other countries use
either a monetary anchor or an inflation target.

To facilitate the reduction of inflation, and as a way of protect-
ing the central bank from the political pressures that typically give
rise to time-inconsistency problems, most Latin American countries
have now granted their central banks independence. Central banks
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in the region have also been given a clear mandate to achieve a sustain-
able reduction in inflation and appropriate instruments for doing so.

Although the results in terms of inflation reduction have been
spectacular, the costs in terms of output are not in evidence. This
result could be due, in large part, to the effect of the credibility of the
new policies on inflation expectations, allowing inflation to be reduced
at a much lower cost than anticipated from standard models with
high inflation inertia. Moreover, the beneficial effect on growth is
not surprising, as most studies of the costs of inflation show that
these costs are highly nonlinear and become very high at high levels
of inflation, such as those typical of Latin America in the 1980s.

In general, it is found that, in setting monetary policy, central
banks look beyond just inflation to take into account other variables,
which often are spelled out in their charter. These other variables
are considered not because of their predictive power for expected in-
flation but as separate objectives of monetary policy. Thus, in the
case of Chile, we found that the ratio of the current account deficit to
GDP is also taken into account in deciding the stance of monetary
policy. In contrast, the output gap was significant only in the second
half of the 1980s, and not in the 1990s after the central bank became
independent. A similar result is found for Colombia, where the unem-
ployment rate is significant only in the 1980s and not in the 1990s. In
Costa Rica and Peru, both the output gap and the real exchange rate
are statistically significant, whereas in El Salvador only the output gap
is statistically significant. Of the five countries, Chile has made the
most progress in reducing inflation toward its target level and in achiev-
ing a level of inflation close to those in industrial countries. This is not
surprising, because progress in reducing inflation depends on factors
other than monetary policy alone. Among these, one should consider
the path of the equilibrium real exchange rate and the trajectory of
imported inflation.
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In most industrial countries, official interest rate changes tend to
be “smooth.” That is, rates are adjusted relatively infrequently and
in small steps. Yet the path of interest rates that emerges as optimal
from macroeconomic models is, in general, considerably more vola-
tile. So are the paths of interest rates implied by simple Taylor-type
rules, unless a sufficiently large weight is put on an interest rate
smoothing term that penalizes large movements in the policy inter-
est rate. Do these contrasting outcomes imply that policymakers in
industrial countries are adopting suboptimal monetary policy strate-
gies, or are there factors not captured in the models that justify the
strategies pursued in practice?

One possible explanation for the divergence between the models
and observed practice is that the former fail to adequately capture
the uncertainty that impinges on the monetary policy decision. Most
notably, Brainard (1967) highlighted the fact that uncertainty about
model parameters can induce less aggressive actions on the part
of the policymaker than those that result when uncertainty is ig-
nored. This paper investigates the extent to which different forms of
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uncertainty affect the optimal path of interest rates. It does so by
incorporating uncertainty into a simple model of the Australian
economy and examining the impact of various forms of uncertainty
on the volatility of the monetary policy instrument.

This paper complements that of Rudebusch (1999), who conducts
a similar analysis for the U.S. economy. One difference between his
analysis and ours is the inclusion of another transmission channel of
monetary policy, namely, the effect of monetary policy-induced changes
in the exchange rate on output and inflation. It also extends Shuetrim
and Thompson’s (1999) analysis of uncertainty in the Australian
context.

Before investigating the smoothness of monetary policy changes
in Australia, we document, in section 1, the practice of interest rate
smoothing by industrial-country central banks, and we review some
possible explanations that have been advanced for this behavior. Sec-
tion 2 focuses explicitly on uncertainty as an explanation for smooth-
ing and summarizes the growing literature that examines the impact
of various types of uncertainty on the monetary policy process. Sec-
tion 3 describes briefly a simple model of the Australian economy and
the methodology that will be used to examine the effect of uncertainty.
Section 4 presents the empirical results, and section 5 concludes.

The main finding of the paper is that the introduction of uncer-
tainty does not necessarily explain the divergence between model-
derived optimal policy and observed outcomes. Rather, different types
of uncertainty have differing effects on the smoothness of the path of
official interest rates implied by the model of the Australian economy
used here. General parameter uncertainty does not have much im-
pact on smoothness. Shuetrim and Thompson (1999) find that the
incidence and persistence of the uncertainty determine whether
it results in more or less smoothness. Soderstrom (1999), using
an analytical model, obtains results similar to those in this paper.
These findings, however, are in contrast to recent results for the
United States (Sack, 1998) and the United Kingdom (Martin and
Salmon, 1999), and some possible explanations for the difference are
discussed.

However, uncertainty about the average interest rate sensitivity
of the economy—that is, how good the policy brakes are—is shown to
have a significant impact on smoothness. Increasing the mean inter-
est rate sensitivity of the economy by one standard deviation results
in a much higher degree of smoothness but one that is still less than
that observed in practice.
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1. FAcTs AND THEORIES OF SMOOTHING

1.1 Facts

The path of short-term interest rates that results from the mon-
etary policy decisions of most industrial-country central banks tends
to be smooth. Table 1 documents the fact that central banks tend to
change their policy settings relatively infrequently and in small steps.!
The table also shows that a series of policy moves in the same direc-
tion is more common than a policy reversal and that a relatively long
period of inaction tends to precede a reversal.? The smooth path of
official interest rates that underpins table 1 is illustrated in figure 1.

The central banks of Germany (and later the European Central
Bank under European Monetary Union) and Canada appear to
move interest rates more frequently than the others in the sample.

Figure 1. Official Interest Rates in Selected
Industrial Countries

Percent

10

United Kingdom

Australia

United States
Germany

1993 1995 1997 1999

Source: Reserve Bank of Australia.

1. The table refers to nominal rather than real rates. Although the former
are generally the policy instrument of central banks, the latter are often the
instrument of monetary policy in empirical models, including the one used in this
paper. If inflation and inflation expectations are relatively persistent, this distinc-
tion will not greatly affect the comparison of theory and practice.

2. Rudebusch (1995) documents the pattern of changes in the federal funds
rate in the United States in more detail and estimates hazard functions for con-
tinuations and reversals.



Table 1. Policy Adjustments in Selected Industrial Countries, January 1992-November 19992

Average number of days Average size of change
Number of changes between changes (basts points)
Country Interest rate Continuations®  Reversals ~ All  Continuations  Reversals All  Continuations Reversals
Australia Cashrate 12 3 195 134 438 63 67 50
United States Federal funds rate 15 5 144 68 374 33 35 25
United Kingdom Reporate 25 5 99 84 179 42 4 30
Germany© Reporate 80 10 32 20 123 10 9 20
Japan Call 8 0 326 326 NA 54 54 NA
Sweden Discount 49 5 47 32 195 27 27 28
Canada Overnight 33 5 51 40 123 34 35 25

Source: Authors’ calculations.
NA, not applicable.
a. Data for Sweden begin in December 1992 and those for Canada in July 1994.

b. A continuation is a change in interest rates in the same direction as the previous change.
c. Data are for countries participating in European Monetary Union after January 1999.
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Recently, however, both those central banks have tended to adjust
rates less frequently. In the three years ending in November 1999,
policy rates were adjusted only thirteen times in Canada and four
times in Germany and the euro area.

In identifying whether these paths of policy interest rates are
smooth, it is necessary to determine what the appropriate bench-
mark is. In the literature to date, two such benchmarks have been
proposed. One is to compare the observed pattern of official interest
rates with the optimal policy path derived from a macroeconomic
model of the economy, where the policymaker has the standard ob-
jective function, which does not include an interest rate smoothing
term. This benchmark may be misleading, however, because it ig-
nores the effect of information available to the policymaker that is
not captured in the model. For example, the model captures the av-
erage performance of the economy over time, whereas at any point
in time the policymaker may consider that he or she has some knowl-
edge about the residuals of the equations in the model, particularly
with regard to future exogenous shocks (elections, for example). Even
so, this does not explain the relative frequency of continuations and
reversals, that is, the high degree of autocorrelation of official inter-
est rates.

A second benchmark used is the path of interest rates derived
from a policy rule, generally a Taylor-type rule. In macroeconomic
models of small, closed economies (such as that in Svensson, 1997),
the Taylor rule and optimal policy are nearly equivalent, because all
the state variables are in the rule. However, in larger models the
Taylor rule provides only an approximation to the path of interest
rates derived from optimizing the model. Certainty equivalence does
not apply once uncertainty is introduced (Orphanides, 1998). Thus a
Taylor rule that is close to optimal in a deterministic world is not
necessarily so in a stochastic one.

One commonly adopted approach used to reconcile the differences
between the degrees of interest rate smoothing in theory and in prac-
tice is to simply impose interest rate smoothing on the model. This
can be done by including a lagged interest rate term in a Taylor-type
rule or by including the variance of interest rate changes in the
policymaker’s objective function. Although such modifications reduce
the volatility of interest rates, they do not explain the observed serial
correlation. These modifications are also somewhat unsatisfactory
in that they are somewhat ad hoc (although Woodford, 1999, de-
rives a rationale for interest rate smoothing from first principles).
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Consequently, in this paper we try to identify more explicitly the factors
that might induce less aggressive policy changes in practice, focusing
primarily on uncertainty.

1.2 Theories

Eijffinger, Schalling, and Verhagen (1999) break down the above
pattern of behavior into two facets. First, they describe as interest
rate “stepping” the adjustment of policy rates in discrete steps rather
than continuously, despite new, policy-relevant information arriving
almost constantly.? Second, they describe smoothing as the process
whereby policy is adjusted only gradually toward the desired posi-
tion. For much of this paper, the term “interest rate smoothing” will
be used to include both forms of behavior.

Lowe and Ellis (1997) discuss three possible explanations for this
pattern of interest rate smoothing.* First, smooth changes in policy
interest rates may have the maximum effect on long-term interest
rates. This argument was made by Goodfriend (1991) and is devel-
oped more theoretically by Woodford (1999). Goodfriend argues that
the central bank is able to communicate its intentions more clearly
to participants in the market by generating a smooth path of short-
term interest rates, thereby allowing participants to infer future policy
actions and build them into long-term rates. The forward-looking
behavior of market participants effectively undoes the policymaker’s
smoothing behavior (Goodhart, 1999). This suggests that a model that
directly incorporates long-term interest rates and accurately reflects
the formation of market participants’ expectations may generate a
smoother path for policy interest rates.

Similarly, the relative infrequency of policy changes may increase
the impact of policy announcements when they do occur. Lowe and
Ellis (1997) provide some support for this hypothesis by finding that
the effect of policy announcements on consumer sentiment in Aus-
tralia is nonlinear. That is, the announcement of the policy change
itself has an effect on consumer sentiment, irrespective of the size of

3. Conventionally, the decisionmaking bodies of most central banks meet at
most once a month, thereby providing a bound on the frequency of policy changes.
Multiple intermeeting policy changes are extremely rare.

4. Other strands of literature consider smoothing in terms of the seasonal
movements in interest rates (Mankiw and Miron, 1991) and in terms of the opti-
mal inflation tax Mankiw, 1987, and Barro, 1989), which will not be discussed
here.
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the change. They also find some evidence that the shift to explicit
policy announcements in Australia in the early 1990s was associated
with a larger impact on consumer sentiment than previously.

The second explanation for smoothing that Lowe and Ellis con-
sider is that policymakers may dislike frequent reversals in the path
of official interest rates because such behavior might undermine pub-
lic confidence in the monetary authorities and create instability in
financial markets (Goodfriend, 1987, and Cukierman, 1996). For ex-
ample, Goodhart (1999) cites a description of the recent behavior of
the Bank of England’s Monetary Policy Committee (itself far from
the near random walk implied by economic models) as “almost laugh-
able... like a drunk staggering from side to side down the street.”
Furthermore, the criticism that the committee’s actions were “fickle”
and “influenced by the latest anecdotal or statistical evidence, sway-
ing its opinions one way or the other and back again” would be an
accurate description of the policy outcomes if the committee were to
follow the dictates of an optimizing macroeconomic model.

This rationale for smoothing is difficult to test because few in-
stances are recorded of central banks pursuing a policy that resulted
in volatile rates.® Nevertheless, to investigate this hypothesis, Lowe
and Ellis (1997) examine whether long-term bond yields are more
volatile around periods when there are policy reversals. They find
that there is some evidence of increased volatility in Australia, the
United Kingdom, and the United States, but that it is generally short-
lived. However, if central banks were to move to a regime where
reversals were more commonplace, volatility might decline. This would
particularly be the case if financial market participants had a good
understanding of the central bank’s reaction function.

The third explanation is that the nature of the monetary policy
decision process requires that the central bank build a consensus
before a change in interest rates can be adopted (Goodhart, 1996).
As the evidence to defend a particular action may often only accu-
mulate slowly, the consensus building process might likewise be
drawn out. This may particularly be the case where the monetary
policy decision is made by a committee rather than by a single
policymaker (Blinder, 1995b).

5. The disinflation in the United States in the early 1980s is one such period,
although the instrument of monetary policy at the time was nonborrowed re-
serves rather than a short-term interest rate. Interestingly, Mayer (1999) cites
fears of generating instability in financial markets as a possible explanation for
“excessive” smoothing by the Federal Reserve in the 1970s.
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More formally, this infrequency of policy changes can also be mo-
tivated by Dixit-Pindyck uncertainty considerations. If there are costs
in implementing policy changes, then in an uncertain world there is
an option value to waiting and not reacting to each piece of economic
information as it comes to hand (Eijffinger, Schalling, and Verhagen,
1999).

Nevertheless, if policymakers took the evidence of the economic
model at face value, that evidence should be sufficient to justify a
policy decision. The fact that this does not occur suggests that the
economic models are lacking some critical ingredients. In the next
section we discuss the ingredient of uncertainty.

2. UNCERTAINTY AND SMOOTHING

The long-standing explanation for the observed smoothness of
official interest rates is that policy decisions are made under uncer-
tainty. Until recently this factor was rarely taken explicitly into ac-
count in policy models, because additive (mean-zero) shocks were
generally the only form of uncertainty considered. Because most models
assumed a quadratic objective function for policy (most commonly,
squared deviations of inflation from target and of output from poten-
tial) and that the economy is linear and its structure known to the
policymaker, certainty equivalence implied that the policymaker’s
uncertainty about future shocks would not affect the policy decision.

More recently, however, Brainard’s (1967) discussion of uncer-
tainty has been seriously reconsidered. Brainard noted that although
certainty equivalence implies that additive uncertainty provides no
justification for smooth adjustment of policy, multiplicative uncer-
tainty can. In this section we discuss four different forms of multipli-
cative uncertainty—parameter uncertainty, model uncertainty,
mean-parameter uncertainty, and data uncertainty—and their im-
pact on policy outcomes. There is not much difference among the
first three forms of uncertainty, but the small distinction is useful for
expository purposes.

2.1 Parameter Uncertainty
Brainard focused explicitly on uncertainty about the parameters

in the model that describes the economy. In particular, there may be
uncertainty about the impact of interest rate changes on output and
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inflation. In this environment the policymaker has to trade off, on
the one hand, the desire to return these variables to their target
values as quickly as possible, and on the other, the desire to mini-
mize the risk of increased volatility in output and inflation that arises
because policy changes might have a larger impact than expected. As
a consequence, in the one-period model that Brainard uses, the
policymaker moves interest rates by less to return inflation and out-
put to their targets than if there were no uncertainty.

The presence of parameter uncertainty does not necessarily im-
ply that the policymaker should be less aggressive (that is, produce a
smoother path of official rates), particularly when there is uncertainty
about more than one parameter. Whether or not it does is essentially
an empirical question. Using a model of the Australian economy,
Shuetrim and Thompson (1999) find that uncertainty about the
economy’s dynamics can increase the activism of policy, depending
on the location of the uncertainty. In the U.S. context, Weiland (1998)
also argues that uncertainty-induced caution does not allow the
policymaker the benefit of experimentation to better learn the true
structure of the economy. In a nonlinear world, such experimenta-
tion may be particularly costly.

In contrast, Sack (1998) finds that introducing parameter uncer-
tainty into a vector autoregressive (VAR) model of the U.S. economy
reconciles much of the difference between the observed path of the
federal funds rate and that implied by a VAR model without such
uncertainty. Martin and Salmon (1999) replicate these results for the
United Kingdom. In each case, however, as the aim of the exercise
was to reconcile the estimated path of official interest rates with
the path that actually occurred, although parameter uncertainty
was taken into account, only the observed path of additive shocks
was considered.

2.2 Model Uncertainty

More fundamentally, the policymaker may be uncertain about
the model that best describes the economy. One could regard this as
encompassing parameter uncertainty. The omitted variables in the
model should have insignificant coefficients. A general form of model
uncertainty would then consider the possibility that these param-
eters are in fact significant.

Blinder (1995a) provides a simple solution to this dilemma: “use a
wide variety of models and don’t ever trust any one of them too much.”
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Sargent (1998) and Onatski and Stock (1999) address this proposal
more technically and find that such uncertainty generally results in a
more aggressive approach, as the policymaker seeks to avoid worst-
case outcomes.

Both the latter analyses address the issue of “robust” control across
a range of possible models of the economy rather than optimal con-
trol within one particular model. Sargent describes the policymaker’s
decision process in such a world as “planning against [the worst,
thereby] assuring acceptable performance under a range of specifica-
tion errors” (1998, p. 5). That is, the policymaker practices disaster
avoidance. Whether this cautious approach implies more or less ag-
gressive policy actions, Sargent argues, depends on the nature of the
disasters to be avoided. Of relevance to the results obtained below,
Onatski and Stock (1999) find that the possibility that monetary policy
might have almost no effect prompts a more aggressive response.

A similar consideration of robust control in the context of mon-
etary policy rules has long been advocated by McCallum (see espe-
cially McCallum, 1988). He argues that the robustness of a monetary
policy rule across different economic models is a crucial characteris-
tic in determining the rule that the central bank should follow. How-
ever, robustness of this sort has generally been examined in an
environment of additive uncertainty; the parameter uncertainty within
each model has not been taken into account (see, most notably, the
volume edited by Bryant, Hooper, and Mann, 1993).

2.3 Mean-Parameter Uncertainty

A variant on the two previous forms of uncertainty is mean-pa-
rameter uncertainty (Rudebusch, 1999). Here the focus is on the sig-
nificant parameters within a particular model. Parameter uncertainty
implies that, for example, the effect of interest rates on economic
activity is (normally) distributed about a given mean. Thus there is
only a small possibility that interest rates will have an impact that is
surprisingly large. In practice, however, the policymaker may be-
lieve that the average impact of interest changes is considerably larger
than that implied by the model, perhaps because the model is
misspecified.

In a deterministic world, the higher mean effect of policy implies
that policy will be less aggressive than that implied by the (misspecified)
model. If there is also parameter uncertainty, the result is not so
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clear cut. This is most easily seen in the following variant of the
Svensson (1997) model discussed by Batini, Martin, and Salmon (1999):

yt:_Eit—1+8t’
=D, +y,.,

where y is output, i is the policy interest rate, and = is inflation.
If reducing inflation is the sole objective of monetary policy, the
optimal interest rate is given by

i :_—T[t’
" b+ol

wherea and b are the means of the parameters in the two equations,
and o} is the variance of b.

In this model, whet_her an increase in average interest rate sensi-
tivity (an increase in E) increases or decreases the aggressiveness
of monetary policy depends on whether the coefficient of variation
0,/b (the inverse of the ¢-statistic) is greater than or less than one.
If the interest rate term is significant (b" in figure 2), the coefficient
of variation is less than 1, and hence an increase in interest rate sensi-
tivity (an increase in b) decreases the aggressiveness of monetary
policy.

Conversely, if we decrease the interest rate sensitivity parameter
(while maintaining the same degree of uncertainty about it), initially
this will increase the aggressiveness of monetary policy. However,
once the mean of the parameter is less than one standard deviation
from zero, further declines in it will actually decrease policy aggres-
siveness. This comes about because the costs of “perverse” outcomes,
whereby an increase in interest rates leads to an increase in infla-
tion, are large enough to offset the benefits of the “normal” case of
an increase in interest rates leading to a decrease in inflation. These
arguments are illustrated in figure 2, which plots the interest
rate change against the mean value of the interest rate sensitivity
parameter b.

In a number of countries, the estimated effect of changes in offi-
cial rates on output and inflation might be regarded as small, particu-
larly given the media exposure that surrounds each small change in
interest rates. This suggests that the general public and financial
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Figure 2. Mean Parameter Uncertainty and Interest
Rate Changes

Interest rate change
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markets, as well as policymakers, may believe that the effect is in-
deed larger than empirically estimated.

Table 2 summarizes the effect of a sustained 50-basis-point change
in policy rates as estimated in representative macroeconomic models
of the United States, the United Kingdom, and Australia. The indi-
vidual impact of any one change is not particularly large. However,
as discussed in section 1, if the public or financial markets see such a
change as the first of a sequence of changes in the same direction,
their perception of the effect of the change may incorporate the ex-
pected impact of the future changes as well.

The existing empirical work has generally not addressed the issue
of mean-parameter uncertainty. Rudebusch (1999) finds that mean
uncertainty about the interest rate sensitivity of output or about the
persistence of inflation has some impact on the aggressiveness of
policy, but that mean uncertainty about the slope of the Phillips curve
or output persistence has little impact.

2.4 Data Uncertainty

Finally, data revisions may imply that the policymaker is uncer-
tain about the current economic situation. In the absence of other
uncertainty, data revisions are just another source of additive uncer-
tainty, and hence certainty equivalence implies that they should have
no impact on the policy decision. Thus the inclusion of data uncer-
tainty will not affect the optimal policy benchmark. However, if
Taylor rules are used as the benchmark for policy, data revisions
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Table 2. Effect of a Sustained 50-Basis-Point Reduction in the
Policy Interest Rate in Australia, the United States, and the
United Kingdom (percentage points, relative to baseline)

Country After four quarters After eight quarters
Australia
Effect on GDP growth 0.26 0.35
Effect on inflation 0.18 0.33
United States
Effect on GDP growth 0.30 0.55
Effect on inflation 0.10 0.30
United Kingdom
Effect on GDP growth 0.23 0.53
Effect on inflation 0.13 0.51

Source: For the United States, Reifschneider, Tetlow, and Williams (1999); for the United Kingdom, Bank of
England (1999); for Australia, derived from the model described in Lowe and Ellis (1997).

will play a role, because certainty equivalence no longer applies
(Orphanides, 1998).

In Australia, as in most countries, one important source of data
uncertainty is revisions to GDP. Figure 3 shows the divergence be-
tween the first published estimate of GDP growth over the preceding
four quarters and the current estimate for the same period.® If one
were to compare the first published estimate of the level of GDP with
the most recent estimate, the divergence would be even greater, be-
cause in Australia revisions to GDP are, on average, upward.

For the policymaker and for policy models that incorporate a
Phillips curve-type supply side, this poses particular problems for the
estimate of the output gap. Estimating potential output is problem-
atic even in the absence of revisions to the estimate of actual GDP.
Orphanides (1998) shows that introducing real-time output gap un-
certainty into a model of U.S. monetary policy results in a policy that
is considerably less aggressive than that implied by a policy rule that
ignores such considerations. Rudebusch (1999) finds that data uncer-
tainty reduces the aggressiveness of policy toward deviations of infla-
tion and output from target in a Taylor rule. More fundamentally,
Isard, Laxton, and Eliasson (1999) consider the performance of vari-
ous monetary policy rules in a nonlinear model of the U.S. economy
with uncertainty about the output gap and find that Taylor-type rules
are generally not robust.

6. This draws on work by Lyndon Moore, Reserve Bank of Australia.
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Figure 3. Initial and Revised Estimates of GDP Growth
in Australia®

Percent per year

As at June 1998

As first published
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1983 1986 1989 1992 1995

Source: Reserve Bank of Australia.
a. Estimates are for the four quarters preceding the initial estimate.

3. MoDpEL AND METHODOLOGY

To investigate the impact of the various forms of uncertainty just
described, we use as our benchmark the path of interest rates that
results from the optimization of a small macroeconomic model of the
Australian economy. (See the appendix for a full description of the
model.) The model is a slightly simpler version of that used in
Lowe and Ellis (1997), although the impacts of interest rate changes
on output and inflation are comparable.

The objective function for monetary policy is the standard weighted
average of squared deviations of inflation from the target, and of output
from potential. In adopting this as the objective function, we assume
that the paths of official interest rates described in section 1 were set
by policymakers with such an objective function in mind.

The transmission of monetary policy occurs through two chan-
nels: directly through the impact of short-term interest rates on out-
put,” and indirectly through the impact of exchange rate changes on

7. Empirical work has generally been unable to uncover any significant link
between long-term interest rates and economic activity in Australia. Hence the
rationale for smoothing discussed by Goodfriend (1991) and Woodford (1999) is
not captured in this model.
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output and on imported-goods prices. In the model, short-term inter-
est rates affect output with a two-quarter lag. In more fully specified
models of Australian GDP, the lag tends to be between two and six
quarters (Gruen, Romalis, and Chandra, 1999). The output gap, in
turn, affects inflation directly one quarter later, and indirectly through
its impact on unit labor costs in a wage Phillips curve. The effect of
the output gap on unit labor costs is larger than that directly on infla-
tion, so that the effect of the output gap on unit labor costs is the
main channel through which monetary policy can have permanent
effects on the inflation rate.

The exchange rate responds to changes in interest rates with a
lag of one quarter. This then causes a contemporaneous movement
in imported-goods prices, which feeds into inflation a further quarter
later. Imported-goods prices account for around 40 percent of the con-
sumer price basket. A 10 percent depreciation of the domestic cur-
rency leads to about a 1-percentage-point increase in the year-ended
inflation rate after one year.

To introduce multiplicative and additive uncertainty into the
model, we need distributions for the parameters in the model and the
shocks to each equation, respectively. The parameter distributions
were formed from the variance-covariance matrix for each equation.
The distribution of the shocks for each equation was derived from the
residuals obtained from estimating each equation over the sample
period 1985-98, allowing for covariance in the residuals across
equations.

The optimal policy response could, in theory, be calculated at this
stage. However, as this was not analytically tractable, we derived
numerical solutions. To examine the effect of parameter uncertainty,
a set of fifty parameter draws was taken from a normal distribution
for each of the parameters of interest. ® Then the economy was sub-
jected to an additive shock in each equation, every period for a total
of fifty periods. Using the approach outlined in Shuetrim and
Thompson (1999), we calculated the optimal stance of policy every
period under the assumption that there were no future shocks.!® This

8. We did not allow for covariance across the equations in the parameter
distributions, so the system variance-covariance matrix of the parameters is block-
diagonal.

9. We do not allow for learning by the policymaker about the parameters of
the model.

10. The zero bound on nominal interest rates was not enforced during the
simulations. Orphanides and Wieland (1998) investigate the implications of such a
constraint.
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procedure was then repeated for another forty-nine sets of additive
shocks, thereby generating fifty simulated paths for the official inter-
est rate, each fifty periods long.

To summarize the smoothness of official interest rates, we are
interested in the average absolute change in short-term interest rates
in each path. The variability of interest rates is measured by the
standard deviation of the absolute change in the short-term official
interest rate. The distribution of this statistic is not normal; hence
we report the median absolute change in the interest rates, in addi-
tion to the average change.

4. RESULTS

The benchmark for interest rate variability we use is that which
results from the inclusion in the model of additive uncertainty only.
As can be seen in table 3, under additive uncertainty, the path of
official interest rates generated by the model is extremely volatile
compared with that observed in practice. The average change in
official interest rates is also considerably greater than observed in
practice. Official interest rates were changed by an average of 8 per-
centage points each quarter, and the standard deviation of these
changes was around 5.6 percentage points.!! Figure 4 shows the dis-
tribution of the average absolute interest rate change that resulted
from each of the fifty draws and illustrates the positive skew in the
distribution. Here, as in all the other simulations discussed in this
section, the paths of official interest rates that are generated exhibit
minimal (if any) serial correlation, in contrast to what is observed in
practice. That is, none of the forms of uncertainty discussed here are
able to explain the relative frequency of continuations and reversals
in policy changes.

4.1 Parameter Uncertainty
Table 4 summarizes the results of analyses in which uncertainty

about the parameters is incorporated into the model. At this stage
there is no mean uncertainty: the policymaker assumes that the mean

11. Arguably, other parameters in the model might change quite significantly
if such a volatile pattern of interest rate changes were the norm.



Table 3. Effect of Additive Uncertainty on Interest
Rate Variability (percentage points)

Observed volatility® Model
with additive
Real Nominal uncertainty only
Absolute change in official
interest rates |Ar|
Mean 0.85 0.87 8.0
Median 0.57 0.71 6.8
Standard deviation of change
in official interest rates
Mean 0.9 0.9 5.8
Median 0.9 0.9 5.6

Source: Authors’ calculations.
a. Over the period 1985-99.

Figure 4. Frequency Distribution of Average Absolute
Interest Rate Changes in Australia
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Table 4. Effect of Parameter Uncertainty on Interest Rate
Variability (percentage points)

Form of uncertainty
Phillips Relative Adjustment

Interest curve importance of ouput
rate term of domestic  to potencial
Additive Full sensitivity inwage andimported  inoutput
only parameter  ofoutput  equation  inflation equation
Absolute change
in official interest
rates |Ar|
Mean 8.0 8.4 .7 8.0 8.0 8.1
Median 6.8 71 6.5 6.8 6.8 6.8
Standard deviation
of change in official
interest rates
Mean 5.8 6.1 5.6 5.8 5.8 5.8
Median 5.6 6.1 5.5 5.6 5.6 5.7

Source: Authors’ calculations.

of each parameter is as estimated in the model. We did not allow for
uncertainty about every parameter in the model, but rather focused
on the ten main parameters of the model in the output, inflation,
unit labor cost, import price, and real exchange rate equations. The
table shows that the introduction of “full” parameter uncertainty does
not greatly affect the variability in policy interest rates compared
with that when only additive uncertainty is considered; in fact, that
variability marginally increases. Uncertainty about the sensitivity of
output to interest rate changes seems to decrease interest rate vari-
ability only slightly.

These results are in contrast to those in Sack (1998) and Martin
and Salmon (1999), where parameter uncertainty increased the
smoothness of policy substantially. One possible explanation for the
difference in findings is that, as Shuetrim and Thompson (1999) dem-
onstrate empirically and Soderstrom (1999) demonstrates analytically,
whether parameter uncertainty increases smoothness depends on the
nature of the uncertainty and its interaction with the lag structure of
the economy. In addition, Sack and Martin and Salmon use the ac-
tual path of shocks (according to their models) that affected the U.S.
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and U.K. economies to derive their results, whereas here we use mul-
tiple paths.

Consequently, we conducted an exercise similar to that of Sack
and of Martin and Salmon by simulating the model with the observed
residuals over the sample period, and then introducing the various
forms of uncertainty. Table 5 summarizes the results. Interest rate
variability is considerably reduced when only the path of historical
shocks is considered. The second column of the table shows that,
in this instance, full parameter uncertainty increases interest rate
volatility, but if there is only uncertainty about the sensitivity of
output to the interest rate, interest rate volatility is approximately
unchanged.

Interest rate variability is lower with the historical shocks than
with most of the draws shown in figure 4, because the actual path of
the shocks matters. The historical shocks are not completely ran-
dom, unlike those that underpin figure 4. The draws in our simu-
lations are taken from a normal distribution with no serial correlation.
The historical shocks have no significant serial correlation and are
not significantly different from a normal distribution (in most cases),
but have sufficient nonnormality and serial correlation to generate
the results in table 5.

To further narrow down the interaction of additive and param-
eter uncertainty, we performed a set of simulations in which there
was uncertainty only about the interest rate sensitivity parameter

Table 5. Effect of Parameter Uncertainty with Historical
Shocks on Interest Rate Variability (percentage points)

Form of uncertainty

Interest rate

Additive Full sensitivity of
only parameter output
Absolute change in official
interest rates |Ar|
Mean 4.3 4.8 4.3
Median 3.9 4.0 41

Standard deviation of change
in official interest rates

Mean 2.8 3.0 29
Median 2.8 3.0 2.9

Source: Authors’ calculations.
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and the shock in the output equation (results not shown). In this in-
stance, interest rate variability was reduced when there was uncer-
tainty about the interest rate parameter, a result similar to that found
by Rudebusch (1999). This again highlights that the exact nature of the
uncertainty affects the conclusions that can be drawn about the impli-
cations of uncertainty for interest rate volatility.

4.2 Mean-Parameter Uncertainty

The above results assume that the policymaker believes that the
mean effect of interest rate changes on, say, output is the same as
that implied by the model estimated with the historical data. Next we
allow the parameters in the economy to have different means from
those in the estimated model and allow the policymaker to realize
this fact, while still maintaining the same degree of uncertainty (that
is, the variance of the parameter is not affected by a shift in its mean).

We focus particularly on the effect of interest rate changes on
output. First, we increase the impact of interest rate changes on out-
put by one standard deviation. That is, interest rate changes are now
more powerful, and the policymaker is aware of that fact. Figure 5
shows the impulse response of output to a 1-percentage-point change

Figure 5. Impulse Response of Output in Australia with
Differing Interest Rate Sensitivities
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0.18 4

0.16 -

0.14 | -

0.12 4

Interest sensitivity =-0.190

0.10 -

0.08 Interest sensitivity =-0.149

0.06
0.04 -

0.02 { |
|

4 8 12 16 20 24 28 32 36
Periods

Source: Authors’ calculations.



The Effect of Uncertainty on Monetary Policy 187

in official rates under the estimated and the new parameter values:
—0.15 and —0.19, respectively.

As noted in section 2, whether increases in mean interest rate
sensitivity increase policy smoothness depends on the coefficient of
variation. Here, because the interest rate term is significant, one
would expect that an increase in interest rate sensitivity would in-
crease smoothness. The third and fourth columns of table 6 suggest
that this is certainly the case. Interest rate volatility is reduced by
around 25 percent with a one-standard-deviation increase in interest
rate sensitivity. A two-standard-deviation increase in interest rate
sensitivity decreases interest rate volatility even further. If, on the
other hand, interest rate sensitivity is reduced by two standard de-
viations, interest rate volatility is substantially increased. The rea-
son is that, in this instance, the economy is extremely insensitive to
interest rate changes (the coefficient is close to zero).

These results illustrate the analysis in section 2.3. As further
evidence of this, figure 6 traces out the optimal interest rate response
to a temporary 1 percent increase in output as the interest rate pa-
rameter is varied, that is, as the interest rate sensitivity of the economy
is changed. The graph traces out a curve similar to that obtained
analytically in figure 2.

Figure 7 shows the frequency distribution of the average
absolute change in official interest rates in each path. It shows the
lower interest rate volatility in each of the paths compared with that
illustrated in figure 4.

Table 6. Effect of Mean-Parameter Uncertainty on Interest
Rate Variability (percentage points)

Change in mean interest rate sensitivity

Interest
rate Onestandard Twostandard Twostandard
Additive  sensitivity deuiation deviations deviations
only parameter larger larger smaller
Absolute change in official
interest rates |Ar|
8.0 7.6 6.0 5.0 14.4

Median 6.8 6.5 5.1 4.2 12.2
Standard deviation of change
in official interest rates

Mean 5.8 5.6 4.6 3.6 10.4

Median 5.6 5.5 4.3 3.6 10.4

Source: Author’s calculations.



Figure 6. Percentage Points Interest Rate Response to
an Output Shock in Australia at Varying Interest
Rate Sensitivities
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Figure 7. Frequency Distribution of Interest Rate Changes
in Australia under Mean-Parameter Uncertainty
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One caveat to these results is that we have confined mean-param-
eter uncertainty to the interest rate sensitivity of output. A shift in the
mean of this parameter may be associated with changes in other equa-
tions in the model, thereby offsetting the impact on interest rate volatil-
ity. However, reestimating the output equation while imposing the higher
interest rate coefficient did not affect the other coefficients significantly,
but rather only resulted in larger residuals.

5. CONCLUSION

Policy changes in practice tend to produce a smooth path for in-
terest rates, whereas the optimal path of official interest rates gener-
ated by models or policy rules is often considerably more volatile.
This paper has investigated whether the inclusion of uncertainty can
help reconcile theory with practice. It has shown that, in general,
parameter uncertainty does not induce much smoothness when its
effects are directly incorporated in the model. However, particular
forms of parameter uncertainty may have some impact.

The main finding of the paper is that mean-parameter uncertainty
about the interest rate sensitivity of output can reduce the aggres-
siveness of optimal policy in the model. Thus, if the effectiveness of
monetary policy is greater than that suggested by the estimated model
and the policymaker knows that, policy is likely to be less aggressive.
However, the path of policy interest rates is still more volatile than
that observed in practice.

An issue not addressed here is whether there are any losses from
a smooth path of interest rates. Lowe and Ellis (1997) tentatively con-
clude that smoother policy does not generate much of an increase in
the volatility of inflation and output. Thus, even if the policy approach
adopted in most industrial countries has not been optimal because it
has been excessively smooth, the costs have not been great. More-
over, there may be costs to increased volatility in interest rates that
the model does not capture, which would further reinforce that
conclusion.

Finally, the results in this paper are unable to explain the fre-
quency of reversals in the direction of policy, relative to continua-
tions, that is observed in practice. The forms of uncertainty discussed
in this paper are unlikely to provide an explanation. A more likely
explanation might involve the potential adverse effects on the cred-
ibility of the central bank of frequent reversals in the direction of
policy.
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APPENDIX

A Small Macroeconomic Model of Australia

The model used in this paper is a simplified version of that
used by Lowe and Ellis (1997). The motivation for each equation is
provided there, along with additional references. The specifica-
tion of each equation of the model, with diagnostics, is given be-
low. All variables except for the interest rate are expressed as
logarithms; interest rates are expressed in annualized terms. Each
equation is estimated over the period from 1985 Q1 to 1998 Q4. In
our simulations the constants in each equation were calibrated so
that the model possessed certain steady-state properties. All num-
bers in parentheses are standard errors.

Endogenous Variables

The output equation in the model is

(0.085)
Adjusted R* = 0.255, SE =0.007,
Jarque-Bera test: 1.97 (p =0.37), LM(4) test: 1.09 (p =0.37),
DW =2.09.

where y is real nonfarm output, y* is potential output, and r is the
real cash rate.
The price equation is

00, =y =058 b, + 0,068l + Q020

+0.107(5,, - 57, ).

(0.021)
Adjusted R*=0.864, SE =0.002,
Jarque-Bera test: 1.12 (p = 0.57) LM(4) test: 0.93 (p =0.45) ,
DW=1.68

where p is the level of the underlying consumer price index, ulc is
a measure of unit labor costs, and pm is import prices. Prices are
modeled as a markup on unit labor costs and imported-goods prices.
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The restriction that the coefficients on prices, unit labor costs, and
import prices sum to zero was imposed.
The unit labor costs equation is

Bue, =0.848 Bp, +0.1528p,, +0.303 (34 = 31 )

+0.1350(y -y )., .

(0.197)

Adjusted R*=0.221, SE =0.010,
Jarque-Bera test: 0.368 (p =0.83), LM(4) test: 0.57 (p =0.68) ,
DW =2.32.

The unit labor cost equation is a linear Phillips curve incorporating
adaptive expectations. The assumption of adaptive expectations has
historically provided the best fit for Australian data. The equation
was estimated with the restriction that the coefficients on lagged in-
flation sum to one. This restriction is not rejected by the data. The
final term in the equation captures “speed-limit” effects. That is, the
speed with which the output gap is closed affects wage pressures in
addition to the size of the gap itself.
The import price equation is

Apm, =o, —0.137(pm,, +e,, )~ 0.601Ae, ,

(0.079) (0.045)
Adjusted R*=0.798, SE =0.015,
Jarque-Bera test: 2.22 (p =0.33), LM(4) test: 0.42 (p =0.79) ,
DW =1.75.

where eis the nominal exchange rate. We assume unitary passthrough
of movements in the exchange rate in the long run and that world
inflation is zero.

The real exchange rate equation is

Arer, =a, - 0.331 (rer,, —tot,, ) + 0,377,

(0.108) .195)

+0.749 Acpsdr, ,

(0.121)

Adjusted R*=0.537, SE =0.031,
Jarque-Bera test: 1.64 (p =0.44) , LM(4) test: 1.25 (p =0.30) ,
DW =1.78.
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where rer is the real exchange rate measured using the real trade-
weighted index, tot is the terms of trade, and cpsdr is the com-
modity price index measured in special drawing rights.

Exogenous Variables

The equation for potential output is

;=a, +0.115¢t0t, —0.075rer, +1.361y™
Vi 57 0.051) Ot (0.035) rer: (0.014) Yi

where tot” is the steady-state level of the terms of trade, rer is the
steady-state level of the real exchange rate, and yUS is the level of
U.S. real output. For other exogenous variables we assume

AtR, =0,

AcpsGU =0,

Ay™® =0.00625 .

Identities and Definitions

Assuming foreign inflation is zero, the nominal exchange rate is
De, =ALBU-Ap, .

The real cash interest rate is defined as
U=i,-0p,

where Ayp, =D, = Dyey -
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During the 1990s the Chilean economy gradually cut its inflation
rate from figures in the thirties to 4.7 percent in 1998. Central bank
authorities have declared that the main objective of monetary policy
is to reduce inflation to levels comparable to those in industrial coun-
tries. The designated instrument of that monetary policy has been an
indexed interest rate,! through which the central bank has sought to
influence the path of real market rates over different time horizons.
These market rates, in turn, are believed to have influenced the be-
havior of spending and aggregate production, thereby managing the
inflationary process in a manner consistent with the proposed stabili-
zation goals. This apparent success deserves a closer look, because,
in the words of Robert Lucas (1996), “Central bankers and even some
monetary economists talk knowledgeably of using high interest rates
to control inflation, but | know of no evidence from even one economy
linking these variables in a useful way.”

Several earlier studies of the Chilean economy have confirmed
the lack of solid empirical evidence of a systematic relationship be-
tween inflation and interest rates (see appendix B). Also, in those
cases where some statistical support exists for such a relationship,

The authors thank Sergio Quintana for his cooperation in econometric issues
and data processing. They also appreciate the comments of Klaus Schmidt-Hebbel
and the attendees of the Third Annual Conference of the Central Bank of Chile and
of a seminar at the Pontifical Catholic University's Economics Institute.

1. The central bank’s ninety-day rate was used until 1995. The one-day interbank
rate has been in use since then.

Monetary Policy: Rules and Transmission Mechanisms, edited by Norman Loayza
and Klaus Schmidt-Hebbel, Santiago, Chile. ©2002 Central Bank of Chile.
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the transmission mechanism is not specified satisfactorily. It is fre-
quently argued that increases in policy interest rates allow the gap
between the growth rates of aggregate spending and GDP, or be-
tween actual and potential GDP, to be reduced, thereby decelerating
inflation. However, monetary theory states that the path of inflation
must be linked to a nominal variable. Therefore, in order to under-
stand the connection between interest and inflation rates, it is neces-
sary to study the transmission mechanism of monetary policy,
including the relevant nominal variables.

This paper analyzes Chilean monetary policy during the 1986-97
period, identifying the instruments, intermediate targets, and goals
defined by the central bank. This analysis allows us to determine
and study the central bank’s reaction function empirically. Differ-
ent transmission mechanisms are reviewed in an effort to reach a
better understanding of the central bank’s reaction function; these
mechanisms are empirically evaluated using the structural vector
autoregressive (VAR) methodology. We have chosen VAR as our
econometric tool in this paper in order to make our results compa-
rable with those of a number of earlier studies. However, as will be
explained in detail below, recent international literature shows cat-
egorically the need to complement the traditional VAR approach
with identification assumptions based on theory and on institutional
considerations, thereby creating what are now known as structural
VAR systems.

The paper is organized as follows. Section 1 is a conceptual dis-
cussion of monetary policy administration and the reaction function
used by the central bank during 1986-97. Section 2 analyzes different
possible transmission mechanisms of Chilean monetary policy. Sec-
tion 3 reviews the structural VAR methodology, presents empirical
results, and offers some interpretations. Section 4 concludes.

1. MoNETARY PoLicy MANAGEMENT IN CHILE:
INSTRUMENTS AND GOALS

During the 1986-98 period Chilean monetary policy considered the
use of various instruments and intermediate objectives in order to
achieve certain goals. Instruments are those variables that the
central bank can control directly. Intermediate objectives, in turn,
are those variables not controlled closely by the monetary policymakers,
but whose behavior may be altered, with a certain lag, by using
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the instruments. These intermediate objectives are supposedly
closely related to the end goals that the central bank would like to
achieve.

1.1 Goals

According to the law governing the central bank’s operations, the
goals of the central bank are currency stability, a stable internal pay-
ments system, and the normal operation of the external payments
system. The first goal has been construed as meaning control of infla-
tion, even though the law suggests that it should be conceived as
price level stability.

The objective of a stable domestic payments system has been ad-
dressed through explicit guarantees granted to bank deposits (up to a
certain limit). These guarantees, although not provided directly by
the central bank, are backed by it as the lender of last resort.

Finally, external payments stability has been thought of as mean-
ing the maintenance of a sustainable current account deficit.2 Given
the past experience of the Chilean and other economies, the central
bank has theorized that this deficit should not exceed 3 to 4 percent
of GDP on average. To do otherwise, the central bank believes, would
sooner or later result in speculative attacks against the domestic cur-
rency and a capital outflow, forcing the country into a costly adjust-
ment. In addition, the goal of external payments stability has been
interpreted as maintaining a certain level of stability of the real ex-
change rate—the other side of the current account deficit coin.

Over the years the central bank has changed the relative impor-
tance it assigns to each of these goals, along with some degree of
what might be called a “crisis mentality,” which is a common element
in monetary policy management.® Thus, after the debt crisis of 1982-
83, the primary objective was to reduce the current account deficit,
and this effort led to a huge adjustment of both private and public
spending. At the same time, the objective of a “high and stable” real
exchange rate was decided on, to strengthen the export sector and
allow the country’s huge foreign debt to be repaid. As a result, during
the 1980s the objective of low inflation was secondary, subordinated

2. Such an interpretation is questionable. For example, Rosende (1998) ar-
gues that this objective cannot be achieved through monetary policy, and that
therefore it should be interpreted as having a monetary policy that will not gener-
ate an exchange rate crisis or a balance of payments crisis.

3. See Bernanke and Mishkin (1992).
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to that for the real exchange rate, until by the end of the decade voluntary
capital flowed back in, thereby relaxing the external constraint.

Later, during the 1990s, the central bank’s principal objective
became the control and gradual reduction of inflation. However,
the objectives for the real exchange rate and the current account
have remained in place, as demonstrated by the central bank’s sus-
tained sterilized intervention in the exchange market during the
period, together with the active implementation of controls on capi-
tal inflows. Nevertheless, the current account deficit, as corrected
by the long-term trend in the terms of trade, has been continually
deteriorating since 1993 (table 1).

1.2 Instruments

The variable selected by the central bank for its monetary policy
instrument from the mid-1980s to April 1995 was the “UF” or past-
CPl-indexed interest rate on its ninety-day obligations, which were
auctioned at a fixed rate. The case for using an interest rate as an
instrument, and in particular a real rate as opposed to the common
central bank practice of using a nominal rate, is related to the vari-
ability of the demand for money and to the desire of the central
bank to disclose certain information, as argued by Fontaine (1991).
Fontaine argues that if the monetary policy objective is informa-
tional, then in an indexed economy the best instrument is a real
interest rate, since it is clear that nominal rate movements are not
always matched by changes in the real rate. Using the nominal rate
as a monetary policy instrument in such a situation may give mis-
leading signals to private economic agents. In contrast, the real in-
terest rate is expected not only to determine the path of spending,
but also to communicate the central bank’s perceptions of the state
of the economy in terms of domestic and external equilibrium. Al-
though Fontaine recognizes that the demand for money is stable,
its velocity is believed to be highly variable given the huge fluctua-
tions in nominal interest rates caused by the UF mechanism. This
makes the use of a monetary aggregate as a monetary policy instru-
ment infeasible and therefore is believed to bias the decision in
favor of the real interest rate.*

4. However, because the UF rate reflects lagged inflation, interest rates using
this indexing mechanism do not strictly correspond to the real interest rate. See
Calvo and Mendoza (1997).
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Table 1. Current Account Deficit in Chile

Percentof GDP

Year Actual Trend?
1990 19 14
1991 04 1.1
1992 20 07
1993 56 36
1994 32 38
1995 21 50
1996 55 53
1997 53 65
1998 65 58

Source: Authors’ calculations based on Central Bank of Chile data.
a. Using long-term trend in the terms of trade.

Most authors recognize that the instrument actually used has been
an interest rate (see appendix A). However, Rosende and Herrera (1991)
find that money supply movements are a better predictor of transitory
fluctuations in GDP growth than is interest rate variation (see appen-
dix B). This result suggests that, even when it is using the interest
rate as an instrument, the central bank monitors the evolution of the
money supply. In this regard, Rojas (1993) holds that the monetary
authorities have not used a monetary aggregate as an intermediate
objective because, although money does affect output in the short run,
a stable relationship between money and nominal output exists only
for the M2A and M3 aggregates, whose use as intermediate objectives
is considered limited by the imperfect control that the central bank
has over them.

In May 1995 the central bank decided to change its monetary
policy instrument, dropping the ninety-day rate in favor of a shorter-
term rate: the interbank one-day rate. The goal was to give the mar-
ket a greater role in determining medium- and long-term interest
rates. Thus the central bank auctions out its ninety-day obligations
so that the market determines the interest rate. In this way, ex-
pected capital gains (or losses) are prevented from generating sharp
changes in term composition, as used to occur when the ninety-
day rate was fixed, causing liquidity management problems for the
central bank.>

5. For a detailed analysis see Budnevich and Pérez (1995).
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1.3 Intermediate Objectives

In accordance with the monetary policy transmission mecha-
nisms discussed below, the central bank has used as its main in-
termediate objectives the spending-output gap and the gap between
actual and potential output, both their levels and their growth rates
(appendix A). The then-president of the central bank, Roberto Zahler,
justified the 1995 interest rate increase with the following argument:
“...we must not forget that both aggregates, that is the economic ac-
tivity and the demand, continue to grow now for the fifth quarter in a
row, significantly above conservative estimations on the economy’s
productive potential increase and, therefore, above its trend level,
with the resulting pressures over domestic prices.”®

On another occasion Zahler stated:

“...itis important to differentiate between output and spending lev-
els and growth rates. When the economy has had several years of
growth above its potential, and it is also very near it, it is not enough
to go back to growing at the potential output rate. If the appropriate
levels are to be recovered, it is necessary to grow at a below-poten-
tial pace for some time.... This will permit us to return to the desired
path in terms of output and spending levels and reduce inflationary
pressures.... Regarding domestic demand, we must note that it has
grown so strongly in the past few years that it has gone over the
potential output level, pushing prices up and generating pressures
on foreign accounts. An adjustment is needed, then, to take the do-
mestic demand to more reasonable levels... we use all kinds of indi-
cators to predict price behavior, such as the aforesaid gap between
potential and actual output, the evolution of wages, exchange rates,
government spending, credits, money supply, and others.” (Zahler,
1994).

For these intermediate instruments to be operational, they must
respond to the policy instrument in a predictable way. In other words,
an interest rate increase must decelerate the growth rate of spending
by more than that of output, in the case of the spending-output gap,
and it must decelerate the growth rate of output directly or through
slowing spending, in the case of the actual-potential output gap. Thus,
for example, Eyzaguirre and Rojas (1996) argue that “Monetary policy

6. Speaking at a seminar on Latin American World Trade and Perspectives for
the Year 2000, Santiago, May 9, 1996.
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has been based, for over a decade, on the control of the interest rate of
some of the financial instruments offered by the Chilean Central Bank.
The grounds for this policy have been the influence that these rates
have, directly or indirectly, over the expansion rhythm of aggregate
spending and thereby on prices, especially of non tradables.”

1.4 Intermediate Objectives and the Central Bank’s
Reaction Function

When setting its annual inflation goals and its implicit goals for
the trend deficit in the current account (a maximum of 4 percent of
GDP at trend prices), the central bank adjusts the interest rate in-
strument according to the evolution of the intermediate objectives
just described. As already noted, the central bank has used as its
intermediate objectives the rate of growth of spending with respect
to the growth in output (the spending-output gap), and the evolution
of actual GDP with respect to potential GDP, considering both their
levels and their growth rate. Thus, whenever the monetary authori-
ties have found spending to be growing faster than GDP, or actual
GDP to be growing faster than potential GDP, over a few quarters,
they have sought to adjust growth in spending through the interest
rate instrument. In recent years the manipulation of the interest
rate has been related to the application of the well-known Taylor rule
(Taylor, 1993). According to this rule, the interest rate is adjusted
upward when the inflation rate exceeds the target and/or output is
above its potential level, and downward in the contrary case. This
rule can be represented by the following equation:

dR=aY +b(rm-1), ()

where dR is the first difference of the interest rate, Y is the output
gap,’ IT and IT"stand for the inflation rate and the inflation target,
respectively, and a and b are positive parameters.

On the other hand, the literature on inflation targeting empha-
sizes that the central bank’s expected inflation (that is, its inflation
forecast) is the intermediate objective par excellence (Masson, Savastano,
and Sharma, 1997). Thus the monetary policy instrument responds to the

7. Measured as the percentage deviation from potential output, or as the
spending-output gap.
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difference between projected inflation and the inflation target for a speci-
fied period. Within this context, the central bank’s reaction function is
forward-looking, as distinguished from a reaction policy that responds to
intermediate objectives as represented by past readings of certain vari-
ables. In this approach, the monetary policy’s operating method can be
depicted by the following function:

dlt:B(Hfﬂ_H:ﬂ)! (2)
where dl, is the change in the monetary policy instrument in period t,
Hﬁﬂ. and I3, and represent expected inflation and the inflation target
for period t+], respectively. Within this analytical framework, ex-
pected inflation is generated from a series of statistical models com-
bining several indicators. Thus the basic difference between this
monetary policy model and that described by equation (1) is that the
former uses expected rather than past or present inflation to manage
the policy instrument.

However, this inflation targeting scheme is compatible with Taylor’s
monetary rule inasmuch as it can be argued that the output gap is
the principal determinant of the central bank’s inflation forecasts.
Massad (1998) suggests that monetary policy may actually be man-
aged nowadays according to an inflation targeting scheme, consider-
ing activity and employment indicators, the spending-output gap, the
current account balance, monetary aggregates, wage growth, and the
yield curve. This set of indicators supposedly permits the central bank
to develop a forecast of the path of core inflation and thereby adjust
its instrument according to the gap between the forecasted and the
targeted inflation rates.

2. MoNETARY PoLicy TRANSMISSION MECHANISMS

The channels whereby the real interest rate can affect the final
targets for inflation, the current account, and the real exchange rate
can take a number of forms. Here we identify five possible transmis-
sion mechanisms: the Australian mechanism, the Phillips curve
mechanism, the interest rate parity mechanism, the monetarist
mechanism, and the credit mechanism.
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2.1 The Australian Mechanism

The Australian mechanism takes the so-called Australian model
as its theoretical framework.8 The model’'s main assumptions are the
following: the economy is a small, open economy that produces and
consumes tradable and nontradable goods; capital is a specific factor
in both sectors; labor is mobile between sectors and is subject to di-
minishing returns; the domestic price of the tradable good is deter-
mined according to purchasing power parity, the nominal exchange
rate, and the international price; and the relative price of nontradables
is determined by their supply and demand equilibrium. Within this
context, the real exchange rate, defined as the relative price of
tradables to nontradables, depends inversely on the level of aggre-
gate spending with respect to output.® The reason is that an increase
in spending over output will result in an increase in demand for both
tradables and nontradables, thereby creating excess demand in both
markets. In the tradable goods market, this will merely result in
increased net imports and therefore in a drop in the trade account
balance. The excess demand for nontradables, on the other hand,
requires an increase in the relative price of those goods in order to
achieve equilibrium in the nontradable sector, with a resulting ap-
preciation in terms of the real exchange rate.

Taking a closer look at the version of this model presented in Kamin
(1996), these considerations can be expressed algebraically as follows:

TCREt:aO—al(Ej , a, >0, 3)
Y i
n! =b(TCR_, -TCRE,,), b>0. @)

Substituting equation (3) into equation (4), we have

ny =—ba, + bTCR, , + ba, ( %] . ®)
t

8. See, for example, Dornbusch (1980).

9. The equilibrium real exchange rate here is the one that clears the
nontradables sector. From a long-term perspective, however, it should also meet
the prerequisite that the current account be equal to the sustainable capital
account.
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Equation (3) reflects the fact that the equilibrium real exchange
rate (TCRE) in the Australian model is inversely related to the spend-
ing-output ratio (G/Y). Equation (4), in turn, indicates that, in the
context of a predetermined nominal exchange rate and slow price
adjustment, the convergence of the actual real exchange rate (TCR)
toward equilibrium takes place through variations in the inflation
of nontradables (n"). From this it follows that inflation of nontradables
will depend on the gap between TCR and TCRE. Finally, equation
(5) shows that the evolution of nontradables inflation is determined
by the spending-output ratio and by the actual real exchange rate
lagged one period.

Within this analytical framework the exchange rate system
will determine how the real exchange rate will adjust, and there-
fore the effect on the price-level path associated with changes in
relative prices. Thus, in a fixed exchange rate system, the appre-
ciation in terms of the real exchange rate takes place through
the acceleration of inflation of nontradables.1° In contrast, if the
exchange rate floats, the reduction in the real exchange rate oc-
curs through a nominal appreciation, reducing tradable goods in-
flation. Therefore the relationship between the spending-output
gap and the inflation rate may be either positive or negative,
depending on the exchange rate system.

Accordingly, in the context of this model, the relationship be-
tween the monetary policy instrument and the inflation rate must go
through the spending-output relationship. Thus, if the long-term real
interest rate determines the evolution of investment expenses and
durable goods consumption, then the manipulation of the short-
term interest rate by the central bank, through its effect on long-
term rates, can reduce the spending-output gap and increase the
equilibrium real exchange rate.! This, in turn, within a pre-fixed or
indexed exchange rate system, will result in reduced inflationary
pressures. In this sense it must be kept in mind that during the past

10. Strictly speaking, the exchange rate adjustment to a transitory demand
shock may take place through an increase in the price level without a variation in
trend inflation. However, in an indexed economy inflation has an inertial compo-
nent, and therefore any price-level adjustment manifests itself in an increase in
inflation. In particular, the inflationary effect associated with a relative price
correction will appear especially strong in those cases where indexation affects
the nominal exchange rate.

11. In the short run the deceleration in the growth of spending will also
translate into reduced GDP growth.
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ten years Chilean exchange rate policy has consisted of an exchange
rate band whose midpoint adjusts to past inflation, together with
corrections for foreign inflation and productivity. This introduces a
significant degree of indexing of the nominal exchange rate.

As shown in figure 1, variation in the nominal exchange rate
trended downward between the first quarter of 1990 and the second
quarter of 1995, reflecting the gradual reduction in inflation and
sporadic discrete revaluations through adjustments in the band’s
midpoint or in its width.12 These corrections to the exchange rate
rule permitted a growing fraction of the relative price correction
associated with the evolution of the spending-output gap to be ac-
complished through the nominal exchange rate, instead of through
inflation of nontradable goods.

The above analysis suggests that the gradual decline in inflation
is tied to the path of the nominal exchange rate. In fact, as figure 2
shows, whenever the spending-output gap narrows, a deceleration
of nontradables inflation follows, but in periods where the gap in-
creases, inflation remains constant. This behavior can be explained
by the fact that, whenever the gap increases, the growth rate of the
nominal exchange rate decreases and even becomes negative in some
periods, as can be seen in figure 1.

Figure 1. Changes in the Nominal Exchange Rate in Chile?

Percent
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Source: Authors’ calculations based on Central Bank of Chile data.
a. Change over the preceding twelve months.

12. The band’s midpoint also takes into account the evolution of the Deutsche
mark-dollar and Japanese yen-dollar parities. For a detailed analysis of Chile’s
exchange rate policy see Vergara (1994).
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Figure 2. Changes in Inflation of Nontradables and the

Spending-GDP Gap?
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Source: Authors’ calculations based on Central Bank of Chile data.
a. Change over the preceding twelve months.

2.2 The Phillips Curve Mechanism

The second transmission mechanism is based on the famous
Phillips curve, augmented by inflation expectations (Friedman, 1976).
According to this approach, if actual output (y) exceeds the economy’s
potential output (yp), or if the natural rate of unemployment exceeds
actual unemployment, then in the short run, actual inflation of wages
and prices (n) will accelerate with respect to the expected rate (n).
The inverse relationship, where causality goes from the inflation rate
to the unemployment rate, results from a slow adjustment of infla-
tion expectations, rigid prices and wages, or lack of policy credibility.
Actually, a short-run Phillips curve is possible only if actual inflation
differs from expected inflation. In the long run, therefore, there is no
trade-off between unemployment and inflation, because the adjust-
ment of expected inflation to actual inflation results in an unemploy-
ment rate equal to the natural rate and in actual GDP in line with
potential GDP.

Equation (6) shows the Phillips curve augmented by inflation
expectations:

nt:n§+c(y—yp), c>0. (6)
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Assuming static expectations (the basis of the accelerationist hypoth-
esis of the Phillips Curve), ={ ==, ,, and therefore the change in
inflation will equal .3

dntzc(y—yp). )

What counts here is the level of actual output compared with its po-
tential, because an economy can grow faster than its potential for
some time without inflationary pressures emerging, if initial output
is below potential .14

The transmission mechanism of monetary policy in this theo-
retical context can be described as follows. Whenever the trend of
GDP growth is above that of potential GDP growth, after a while
GDP will rise above its potential. Then an increase in the interest
rate permits spending growth to decelerate, which in turn slows
the growth of GDP until its level returns to that of potential GDP.
In addition, the higher interest rate may have a direct effect on
actual output by making working capital more expensive. Thus
the deceleration of GDP growth may also reduce the inflation rate
to the level determined by the nominal anchor (this may be the
exchange rate, a monetary aggregate, or the inflation target de-
termined by policymakers), which in steady state will equal ex-
pected inflation.

The output gap approach is widely used in the empirical literature
on inflation determinants. As pointed out by Coe and McDermott (1997),
the available evidence on industrial countries suggests that such a gap
is an important determinant of inflation. For the Asian emerging econo-
mies as well, these authors find that the output gap plays a significant
role in the evolution of inflation. However, for a large number of de-
veloping countries, the evidence shows no relationship between the
output gap and inflation.®> As for the Chilean case, Mendoza and
Fernandez (1994) show evidence favoring this relationship.

13. Naturally, expectations may be rational; however, the simplifying assump-
tion of static expectations captures the essence of the transmission mechanism to
be applied to empirical studies. See Coe and McDermott (1997).

14. Zahler (1994) has argued in favor of the levels of actual and potential output
being more important than the growth rates. See the previous section.

15. On this matter see International Monetary Fund (1996).
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2.3 The Interest Rate Parity Mechanism

The interest rate parity mechanism is based on international arbi-
trage of interest rates. Thus, whenever a country’s domestic interest
rate exceeds the foreign rate (corrected for devaluation expectations
and country risk), it induces a capital inflow, a nominal appreciation of
the domestic currency, a drop in inflation, and an increased current
account deficit financed by a capital account surplus. Capital mobility
thus ensures that the domestic interest rate cannot remain out of line
with the foreign rate, and in a fixed exchange rate system, that same
mobility also implies that the central bank loses its ability to set mon-
etary policy autonomously. Here the question for policymakers is
whether to stabilize the exchange rate and abandon monetary policy
independence, or to retain the interest rate as a monetary policy in-
strument and settle for greater exchange rate variability.

In Chile during the 1990s the domestic real interest rate, adjusted
for real exchange rate expectations and country risk, stayed consis-
tently above the foreign rate. The resulting massive capital inflows
were partially sterilized, in such a way that the central bank accumu-
lated substantial reserves. This imposed significant losses on the cen-
tral bank, because it issued bonds at a UF rate that was above the
rate it obtained on its dollar-denominated assets. In order to reduce
the effect of capital inflows, the central bank imposed a 30 percent
reserve requirement on foreign credits and investments not of a “pro-
ductive” nature. However, as Valdés and Soto (1998) concluded, this
reserve requirement did not reduce the total amount of short-term
capital but only affected its composition.®

According to the above, interest rate arbitrage has resulted in a
changed portfolio composition, with the private sector borrowing in
foreign currency and acquiring UF-denominated assets, while the
opposite has happened with the central bank’s portfolio. So, suppos-
edly, there has been no direct effect on the level of aggregate spend-
ing, and therefore the real exchange rate has not been affected by the
spending-output gap mechanism.'” However, this did not necessarily
prevent a transitory real appreciation of the peso through a nominal

16. Recently, in the wake of the Asian crisis, the central bank has reduced the
reserve requirement to zero.

17. In the medium and the long run, the increase in the domestic interest rate
should increase the real exchange rate, in accordance with the spending-output
relationship.
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appreciation, and thus a drop in tradables inflation may have been
generated. Actually, the accumulation of international reserves
may have led to the currency appreciating within its band.!8 This,
together with a relatively slower price adjustment of goods than of
the exchange rate, may have caused, in the short run, a real ap-
preciation and a deflationary trend in the prices of nontradable
goods.

On the other hand, with the exchange rate remaining close to
the band’s floor for long periods, the resulting continued accumula-
tion of reserves and a number of discrete modifications to the ex-
change rate band have taken their toll on its credibility. This has
led to expectations of a nominal revaluation, which, in the presence
of price inflexibilities, would also mean a real appreciation, at least
in the short run. This has further strengthened the incentives for
capital inflows, causing the central bank to have to endure several
episodes of speculative attacks. Often it has been forced to validate
the market’s expectations, either by extending the band’s limits or
by realignment of its midpoint. For example, toward the end of 1994
the central bank accumulated over $2 billion in just two months,
requiring it to modify the exchange rate band in November, thereby
permitting a substantial appreciation.

In addition, to the extent that the announcement of a decreas-
ing inflation target determines a certain expected path for nominal
exchange rate variation, implying a reduced real exchange rate, high
domestic interest rates become irresistibly attractive for capital in-
flows.1? In this context, short-term real exchange rate swings in-
duced by the nominal appreciation will be out of equilibrium, and
therefore the actual and the equilibrium exchange rate will become
misaligned. This, in turn, will introduce new deflationary pressures
on nontradables.

However, an alternative hypothesis cannot be ruled out, namely,
that nominal appreciation only accommodates the equilibrium real
appreciation. In this case individuals would expect a real apprecia-
tion based on the evolution of fundamental variables (relative sector
productivity, the spending-output ratio, government spending, the
terms of trade, and the like). The result would be to increase the gap

18. On the effects of sterilized intervention on the exchange rate, see Edison
(1993).
19. On this matter see Rosende (1998).



212 Angel Cabrera and Luis Felipe Lagos

between domestic and foreign interest rates and to stimulate capital
inflows to validate these expectations.2°

2.4 The Monetarist Mechanism

The monetarist transmission mechanism is based on the mon-
etarist hypothesis of the economic cycle, according to which an unan-
ticipated change in the nominal money supply affects inflation and
output in the short run. In contrast to the Keynesian approach, this
theoretical scheme not only considers the interest rate as a trans-
mission mechanism, but also contemplates the effects thereof through
a set of asset prices and real wealth. Thus, in this approach, varia-
tions in the money supply affect interest rates and the prices of stocks,
land, and durable goods. All these variations in relative prices will
affect consumption and investment through multiple wealth effects
and substitution effects.

Under the interest rate policy that the central bank has been
following over the last fifteen years, an interest rate increase results
in a smaller monetary expansion during the process of adjusting to
the new equilibrium. This has a negative effect on prices of other
assets and, ultimately, on spending, output, and the rate of inflation.

It is often argued that, whenever monetary policy uses the
interest rate as its instrument, nominal money will be endogenous,
so that observed variations in the nominal money supply will re-
spond to movements in the demand for money. However, when-
ever the central bank chooses to change the level of the interest
rate, it does so through exogenous changes in the money supply.
Certainly, once the new equilibrium has been reached, money sup-
ply movements become endogenous again.2!

20. Zahler (1997) argues in favor of this hypothesis: “we cannot overstate that
the real appreciation of the Chilean peso during the nineties, around 4.5% per
year, was the result of an equilibrium process, that responded to the structural
changes of the Chilean economy over the past years, and not to an exchange rate
manipulation with the purpose of artificially reducing the inflationary trend.” On
the other hand, Rosende (1998) believes that the interest rate policy stressed the
downward trend of the real exchange rate.

21. Unpublished results of the authors indicate that some correlation exists
between money market imbalances and an acceleration of GDP. For Rosende and
Herrera (1991), money market imbalances can be attributed to the fact that the
relative prices that the central bank attempts to stabilize (the interest rate or the
exchange rate) are far from their equilibrium, thereby generating endogenous
movements in the money supply.
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2.5 The Credit Mechanism

Empirical findings of international studies have not supported
the hypothesis of a negative relationship between the interest rate
and aggregate spending. Therefore research on the monetary policy
transmission mechanism has turned to what has been termed the
credit mechanism.?? This approach emphasizes the role of the bank-
ing system as a source of financing for small and medium-sized
companies, for which the problem of asymmetric information is
most important. Two transmission channels are proposed, namely,
the bank credit channel and the balance sheet channel.

In the credit channel model, an interest rate increase result-
ing in reduced money growth, bank reserves, and deposits will
have a contractionary effect on bank credits, depressing invest-
ment expenditure and, in turn, GDP. However, as explained above,
in an open economy a higher domestic interest rate may generate
an incentive for capital inflows, which can be intermediated by the
banking sector, thus leading to an increase in loans.

The balance sheet channel operates through a deterioration of
companies’ cash flow resulting from the interest rate increase.
This magnifies problems of adverse selection and moral hazard,
thereby reducing corporate lending.22 This, in turn, has a negative
effect on investment and, as a result, on GDP. This transmission
mechanism, together with the Phillips curve or the Australian
mechanism, suggests that an increase in the interest rate will re-
duce inflationary pressures by reducing the spending-output gap
or the gap between actual and potential output.

One example of the application of this approach is Edwards and VVégh
(1997). These authors hold that, in both Chile and Mexico, the banking
sector played a fundamental role in intermediating capital flows, which
ended in an explosive growth in consumption (in Chile in the 1980s and
in Mexico in the 1990s). When capital withdrew from these countries,
banks were left with severe financial problems, which deepened the re-
cessions the countries were then suffering. The authors build a model in
which fixed exchange rate stabilization generates output and employ-
ment cycles through changes in deposit-credit spreads and in bank

22. Examples can be found in Mishkin (1995) and Bernanke and Gertler (1995).

23. Bernanke and Gertler (1995) argue that this effect should be applied not
only to corporate investment expenses but also to individuals’ expenditure on
durable goods.
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credits. In their empirical analysis, the authors use a widening of the
spread between interest rates for credits and for deposits as a proxy
for a shock to the banking system, and they find that such a shock
negatively affects economic activity.

3. EMPIRICAL EVALUATION OF ALTERNATIVE
TRANSMISSION MECHANISMS

3.1 Methodology

A review of the relevant literature indicates that a large majority
of recent studies on the effects of monetary policy use vector
autoregression (VAR) as their econometric tool of choice.2* However,
this methodology has been subjected to strong criticism, on the grounds
that it lacks a sufficient theoretical basis and on the grounds that its
identification procedure is questionable.With respect to the first criti-
cism, it is arguably a matter of personal preference, since none of the
econometric methodologies currently in use is totally immune from
criticism on this score. Although economic theory does establish cer-
tain relationships between variables, it seldom provides accurate pre-
dictions of the dynamics of those relationships or distinguishes between
endogenous and exogenous variables. This forces a choice between
imposing “arbitrary” constraints on the joint dynamics of the set of
variables and in selecting endogenous variables, on one hand, and adopt-
ing a totally empirical approach on the other, whereby the data “reveal”
their joint dynamic process and all variables are treated symmetri-
cally.?®> The latter is the option implicit in the VAR methodology.

To understand the nature of the second type of criticism, con-
sider the following example:

Ye + bpze = by + v Yea + Y1220 +Ey (8)
Zo+ 0y Y =Dy + Y21 Yea H¥22Zes tE, 9

24. Some examples are the works of Rosende and Herrera (1991), Bernanke
and Blinder (1992), Mendoza and Fernandez (1994), Leeper, Sims, and Zha (1996),
Valdés (1997), Bernanke and Mihov (1998), Cochrane (1998), and Garretsen and Swank
(1998).

25. On this matter the classic reference is Sims (1980).
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where variables y and z follow a stochastic process as described by

equations (8) and (9) and ¢, and ¢, are innovations or “white noise.”
. . y z

This system of equations, known as the structural VAR, may be de-

scribed as shown below:

BoX, =Ty +T X, ; +¢, (20)

where E(gts; ):2 :

When both sides of equation (10) are premultiplied by B:*, the
autoregressive vector is obtained in its reduced form:

Xy = Ao +A X, +E, (11)

where

x =y, z],

A, =B,'T, ,

A, =B;'T,,

e, =By'e, ,
0=E(ee;)=B;'z(By).

Here the main fact worth singling out is that, given e, = B,'¢,, every
element in the residuals vector of the reduced system is a linear combina-
tion of all the structural innovations that affect the endogenous variables
that make up the system. Therefore, the dynamic response (impulse re-
sponse function) of these endogenous variables to a shock to one of the
system’s error vector components in its reduced form cannot be linked to
any structural innovations in particular.

In the traditional VAR methodology the identification problem is
solved by placing constraints on the contemporary effects of the vari-
ables and on their variance-covariance matrix. These constraints,
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associated with Cholesky’s decomposition, assume a recursive pro-
cess, where the first variable included in the VAR system is not af-
fected contemporaneously by any of the remaining endogenous
variables, the second one is affected contemporaneously only by the
first, and so on.

If the theoretical constraints applicable to the structural dy-
namic model are such that the B, matrix is inferior triangular,
with unit coefficients in the principal diagonal, and matrix X is
diagonal, where the values in its diagonal are the structural innova-
tions’ variances, this model will be appropriately identified using the
traditional procedure. In this case, estimates of the parameters (B,
I, X) through the full-information maximum likelihood (FIML)
method can be obtained by maximizing the likelihood function with
respect to the estimated parameters of the reduced form. The FIML
estimation of B allows us to calculate the orthogonalized residuals
through the relationship e, = B e,, which corresponds to the vector of
structural disturbances. Similarly, the orthogonalization of the im-
pulse response function’s coefficients will generate the dynamic con-
sequences of structural innovations. In general, however, the
constraints will not be the “true constraints” imposed by economic
theory. Thus a more flexible identification procedure is needed, to
allow the incorporation of constraints consistent with the theoretical
model being tested.?®

Given the above, in a second development stage of the VAR meth-
odology more attention was paid to the identification of variables based
on economic theory; the result was the so-called structural VAR.
The leaders of this line of research were Christopher Sims, Olivier
Blanchard, Mark Watson, and Ben Bernanke. The rationale of the
structural VAR methodology is that any identification constraints being
imposed on matrixes B, and £ must come from economic theory.
Once such constraints are established, it is possible to estimate val-
ues of the structural coefficients that will both satisfy and meet
the condition given by the last of the equations above. For that
purpose the FIML method is used.?”

One last methodological issue worth noting relates to the exist-
ence of conflicting ideas about whether the variables included in a

26. For further details of the VAR estimation methodology, see Hamilton
(1994).
27. See Hamilton (1994).
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VAR system must be previously filtered so that they are all station-
ary, or whether they must simply be included in their “natural form.”
Some authors, such as Sims (1980) and Doan (1992), argue against
variable differentiation even when the variables have a unit root.
Their main argument is that the objective of the structural VAR is to
find any interrelationships that may exist between the variables in-
cluded in the system, and not the estimated values of parameters per
se. Similarly, they argue against variable filtering because this may
imply a loss of information about joint movements of the variables,
such as the possible existence of cointegration relationships between
them. However, the majority of the other authors hold that the vari-
ables must be used in such a way that the VAR can imitate the true
data-generating process, and therefore the variables included must
be stationary.

3.2 Identification Criteria Used

In keeping with the arguments in the previous section, the char-
acteristic element of the structural VAR methodology adopted here
is the use of identification assumptions explicitly based either on
economic theory or on institutional aspects inherent in the economy
under analysis. Therefore we first describe in detail the identifica-
tion assumptions used to estimate the various models considered
here:

= Because the data being used are monthly, the first assump-
tion is that the monetary policy instrument (the rate on the central
bank’s ninety-day instrument) does not respond contemporaneously
to variables that are not observable within the month, such as ac-
tivity variables (production and spending). However, the instrument
can respond contemporaneously to variables observed in the very
short term, such as monetary and financial variables and prices.

= Financial variables (such as the exchange rate, market in-
terest rates, and asset prices) can respond contemporaneously
to any information, including nonobservable information.28

28. Because financial variables are not the result of the decision of any one player
but arise from the interaction of many actors within their respective markets, they
can be affected by variables that, without being directly observable, do alter the
equilibrium of those markets. They can also be affected by the actors’ expectations
regarding the future path of the relevant variables.
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= Activity variables (such as spending, output, and the spending-output
gap) respond to all the other variables with a lag; exceptions are days
worked and, in the case of GDP, the response to spending itself.2°

= Prices of goods (as reflected in the overall CPI and the CPI for
nontradables) respond contemporaneously only to those variables that
affect them directly, such as the exchange rate and international
prices.30

= The real exchange rate responds contemporaneously only to
variables affecting it directly (the nominal exchange rate, interna-
tional prices, and the CPI for nontradables). This assumption is a
direct extension of the previous one.

= In the case of the monetary credit model, credit from the finan-
cial sector is assumed to respond contemporaneously to interest rates
and money (which affect the credit supply), because this is the cen-
tral transmission mechanism of monetary policy according to this
model. Credit may also respond contemporaneously to aggregate
spending, which affects the demand for credit.

3.3 Principal Results

As we have seen, the need for the variables included in a struc-
tural VAR to be stationary remains controversial. Therefore, as a
way to check the robustness of the results obtained, all the estimated
models were estimated in three versions (except for the reaction func-
tion and the Phillips curve, which were estimated only in two ver-
sions): as levels, as levels and growth rates over twelve months,3!
and as levels and first differences (of levels or of the twelve-month
variation rate, depending on the type of variable).3? This also allows

29. This assumption is intended to incorporate into the models’ empirical
estimation the existence of lags in the production and spending decisionmaking
processes or in their implementation. Such lags may arise from delays in the
generation and disclosure of information on which the decisions are based, from
difficulties in their interpretation because of uncertainties (for example, with
respect to whether shocks are permanent or transitory), or from the presence of
rigidities (contractual or other) that may hinder instantaneous reactions.

30. This is one of the standard assumptions used in Keynesian models to allow
for the existence of real effects in response to nominal shocks.

31. The twelve-month variation was used in those cases where it makes
economic sense, for example with price indexes and production and spending
figures.

32. This version of the models attempted to make all the variables included
comply with the seasonality condition; this was checked using the Dickey-Fuller
and Phillips-Perron tests.
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our results to be compared with a broader range of previous studies.
Appendix B summarizes the main results for the Chilean economy
reported by other authors.

For reasons of space, only the results of the version with the
most theoretical basis (the one combining variables in levels and
twelve-month growth rates) are shown, since these results are easier
to interpret. Also, and for the same reasons, only the impulse re-
sponse functions considered to be the central hypotheses associated
with each of the models estimated are discussed.33

The Central Bank’s Reaction Function. Table 2 describes the esti-
mated model. The upper panel of figure 3 shows the response of the
monetary policy rate to a 1-percentage-point increase in the cyclical
component of GDP. As the figure shows, the response is positive and
strongly significant after the fifth month from the shock. The response
peaks around 13 basis points, 15 months after the shock.

Table 2. Characteristics of the Models

Model Variables included?® Lags  Sample period

Central bank's TASABC; CICLO; V12WUC; V12IPCSUB; seasonal  Five  January1986to
reaction function  dummies; deterministic trend December 1996

Australianmodel  LTTUC; TASABC; TBE; CICLO; LTCN; LIPCNT; Four  April 1989to

LTCRINE; seasonal dummies; deterministic trend June 1997
Credit model LTTUC; TASABC; TBE; V12M1A; V12COLOC; Three January1987to
V12GASTO; V12PIB; V12TCN; V12IPCSUB; June1997
V12DHAB; seasonal dummies; deterministic trend
Monetarymodel:  LTTUC; TASABC; TBE; V12M1A; V12IGPA,; Three January1987to
asset prices V12GASTO; V12PIB; V12TCN; V12IPCSUB; June 1997
V12DHAB; seasonal dummies; deterministic trend
Phillips curve LTTUC; TASABC; TBE; CICLO; DV12TCN; Five February 1986
model DV12IPCSUB; seasonal dummies; deterministic to December 1996
trend
Interest rate TASABC,; LIBOR; VTCREXPOST; V3TCN,; V3IPC; Six January 1987to
parity model seasonal dummies; deterministic trend December 1997

a. See appendix C for definitions of the variables.

33. A complete report of the impulse response functions of this and the other
models estimated is available from the authors.



Figure 3. Impulse Response Functions for the Central
Bank’s Reaction Function
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The middle panel of figure 3 shows the response of the monetary
policy rate to a 1-percentage-point increase in the twelve-month varia-
tion rate of nominal wages. A positive, strongly significant response
of the policy rate to a positive shock to this variable is observed. This
response reaches its maximum intensity, nearly 20 basis points, fif-
teen months after the shock.

Finally, the bottom panel of figure 3 depicts the response of the
monetary policy rate to a 1-percentage-point increase in core infla-
tion. It can be concluded that the response is positive and significant
in the period from one to seven months after the shock, and that the
maximum response appears around month 5 after the shock, when it
amounts to slightly more than 10 basis points.

The Australian Model. Table 2 again describes the main charac-
teristics of the model. The top left panel of figure 4 shows the re-
sponse of the spending-output gap to a positive shock of 50 basis points
in the monetary policy interest rate. Three conclusions can be drawn.
First, the response is negative but not large enough to be significant.
Second, this negative response extends from month 1 to month 13
after the shock. And third, at its maximum, the reduction in the gap
is 1 percentage point.

On the other hand, the next two panels of figure 4 shows the re-
sponse of the CPI for nontradables to an increase of 50 basis points in
the monetary policy interest rate. The results indicate that when the
level of the CPI for nontradables is used, the response is negative and
significant (at the 10 percent level). However, when the twelve-month
variation in the CPI for nontradables is used, the familiar “price puzzle”
appears,3* in that the response is positive. However, this response is
not large enough to be statistically significant.

The next panel of figure 4 depicts the response of the (logarithm of
the) real exchange rate to a 50-basis-point shock to the monetary policy
interest rate. A first main conclusion is that the level of the real exchange
rate increases after the fourth month, and this response is marginally
significant (at the 10 percent level). A second is that after two years the
real exchange rate is about 2 percentage points above its trend level.

The last panel of figure 4 shows the response of the real exchange
rate to a 5-percentage-point shock in the spending-output gap. The
response is negative and significant. Two years after the shock, the
real exchange rate is 1.3 percentage points below its trend level.

34. See Bernanke and Blinder (1992) and Leeper, Sims and Zha (1996) for
more on this subject.



Figure 4. Impulse Response Functions for the

Australian Model
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The Credit Model. Table 2 again describes the main characteris-
tics of the model. The top left panel of figure 5 shows the response of
the monetary aggregate M1A to a 50-basis-point increase in the mon-
etary policy interest rate. It can be concluded that the response is
negative, that the largest effect is reached six months after the shock,
and that at its maximum the response is marginally significant at the
10 percent level.

The top right panel in figure 5 depicts the response of annual
growth in financial system credit to a 50-basis-point increase in the
monetary policy rate. The response is negative, very persistent, and
significant at the 10 percent level. The response is at its greatest
eighteen months after the shock, at which point the annual growth
rate of credit has been reduced by 0.60 percentage point.

The left-hand panel in the second row of figure 5 shows the re-
sponse of aggregate spending to a 50-basis-point shock in the mon-
etary policy rate. A lagged negative response is detected beginning in
the fourth month after the shock. However, this response is not sig-
nificant at the 10 percent level.

The right-hand panel in the second row of figure 5 shows the
response of the core CPI to an increase of 50 basis points in the mon-
etary policy rate. The response is positive, revealing again the pres-
ence of the “price puzzle,” which has been found in other studies of
the Chilean economy.3® However, the response is not significant at
the 10 percent level.

The left-hand panel in the third row of figure 5 depicts the re-
sponse of financial system credit to a positive shock to M1A of 5 per-
cent. The response is positive and achieves significance at the 10
percent level between ten and thirteen months after the shock. The
response peaks at twelve months after the shock, at which point it
is near 0.5 percentage point.

The right-hand panel in the third row of figure 5 shows the re-
sponse of aggregate spending to a positive shock to M1A of 5 percent.
The response is positive and significant at the 10 percent level and
occurs between four and thirteen months after the shock, peaking
near 1 percentage point.

The bottom left panel of figure 5 shows the response of core CPI to
a positive shock to M1A of 5 percent. A negative response is observed
between the second and the fourth month after the shock, which is

35. See Valdés (1997) and Mendoza and Fernandez (1994).



Figure 5. Impulse Response Functions for the Credit Model
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significant at the 10 percent level. This result can be interpreted as
another indication of the so-called price puzzle. Subsequently, at the
fifth month after the shock a positive response from prices appears,
but it is not large enough to be significant.

Finally, the bottom right panel of figure 5 shows the response of
aggregate spending to a 5 percent positive shock to annual growth
in financial system credit. The response is somewhat erratic, but it
is positive in the second and fourth months after the shock, and
marginally significant at the 10 percent level. The magnitude of the
response is relatively large, peaking at around 5 percentage points.

The Monetary-Asset Price Model. Table 2 shows the main charac-
teristics of the model that we have labeled the “monetary-asset price
model.” The top left panel of figure 6 shows the response of M1A to
an increase of 50 basis points in the monetary policy interest rate.
The response becomes negative at month 5 after the shock. The larg-
est negative effect is reached at seven months; it is significant at the
10 percent level and amounts to almost 1.5 percentage points.

The top right panel of figure 6 shows the response of the
Chilean general stock price index (IGPA) to a positive shock of
50 basis points in the monetary policy rate. The response is nega-
tive and significant at the 10 percent level. The maximum re-
sponse is achieved between six and seven months after the shock,
when it equals 5 percentage points.

The left-hand panel in the second row of figure 6 shows the re-
sponse of aggregate spending to a positive shock of 50 basis points to
the monetary policy rate. A negative response appears at month 8
after the shock and is significant at the 10 percent level. The maxi-
mum effect is reached between fifteen and eighteen months after
the shock and amounts to 0.6 percentage point.

The right-hand panel in the second row of figure 6 shows the
response of the core CPI to a 50-basis-point increase in the mon-
etary policy rate.As in the credit model case, this model finds a
positive response indicative of the traditional “price puzzle.” How-
ever, in this case as well, the response does not reach significance
at the 10 percent level.

The left-hand panel in the third row of figure 6 shows the re-
sponse of the IGPA to a positive shock of 5 percentage points to
M1A. A positive response is observed between one and nine months
after the monetary shock, but it is not significant.



Figure 6. Impulse Response Functions for the
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The right-hand panel in the third row of figure 6 depicts the re-
sponse of aggregate spending to a 5 percent positive shock to M1A.
The response is positive and significant at the 10 percent level. It
occurs between four and thirteen months after the shock and peaks
at about 1 percentage point.

The bottom left panel of figure 6 shows the response of the
core CPI to a 5 percent positive shock to M1A. A negative re-
sponse is observed between the second and the fourth month after
the shock, which is marginally significant at the 10 percent level.
Once again this result can be interpreted as a manifestation of the
“price puzzle.” Subsequently, a positive response of prices appears,
but it is not significant.

Finally, the bottom right panel of figure 6 shows the response
of aggregate spending to a positive shock of 10 percent to the
IGPA. A positive response is observed, which is marginally signifi-
cant between months 3 and 6 after the shock.

The Phillips Curve Hypothesis. Table 2 again describes the
main characteristics of the model. The top left panel of figure 7
shows the response of the discrepancy between actual and poten-
tial output (that is, the business cycle) to an increase of 50 basis
points in the monetary policy rate. The response is far from sig-
nificant, and so, under this specification of the model, no system-
atic response of the cyclical component of GDP to a shock in the
monetary rate can be identified.

The top right panel of figure 7 shows the acceleration in core
inflation in response to a 50-basis-point increase in the monetary
policy rate. Although the observed response is basically positive
during the periods immediately following the shock, it is far from
significant. Thus, in this case the “price puzzle” that appears is
of a lesser degree than in the other models estimated.

The bottom left panel of figure 7 shows the acceleration in core
inflation in response to a 5-percentage-point increase in the dis-
crepancy between actual and potential output. Although at the be-
ginning (between months 3 and 4 after the shock) a negative response
is detected, it is not significant, and from month 5 onward a clearly
positive and marginally significant (at the 10 percent level) response
can be seen. This indicates the presence of a positive effect from
the cyclical component of GDP on core inflation, and therefore of
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Figure 7. Impulse Response Functions for the
Phillips Curve Model
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what is commonly called “overheating.”®® The graph also shows that,
at its peak in month 6, the magnitude of this response is about 0.40
percentage point, and this positive effect remains until the eighteenth
month after the shock.

Finally, the bottom right panel of figure 7 shows the response
of the cyclical component of GDP to a 5-percentage-point increase
in inflation acceleration. A clearly negative response is observed,
which is significant at the 10 percent level. At its peak, this re-
sponse reaches almost 1 percentage point, and it stays negative

36. On this matter see Zahler (1994). The international academic literature
generally uses the term “gap model” to describe the empirical inflation models that
emphasize the existence of this effect. One example is Coe and McDermott (1997).
The existence of this effect supports the use of the GDP’s cyclical component as
one of the elements in the central bank’s reaction function.
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during the first twenty-four months following the shock. This evi-
dence runs counter to the hypothesis implicit in the so-called Lucas
supply model, according to which innovations in the inflation rate
will have a positive effect on aggregate output.

The Interest Rate Parity Model. The results for this model must
be interpreted carefully. Lack of sufficient information made it
impossible to include in the estimated model either a country risk
premium or an adjustment for foreign credit reserves held less
than one year. Therefore a model specification problem may have
arisen because of omitted variables, which could alter the results.

Table 2 again describes the main characteristics of the model.
The top left panel of figure 8 shows the response of inflation to an
increase of 50 basis points in the policy interest rate. Again there
is strong evidence of a “price puzzle,” since the estimated response
is positive and highly significant.

The top right panel of figure 8 shows the response of the nominal
exchange rate to a 50-basis-point increase in the policy interest rate.

Figure 8. Impulse Response Functions for the Interest Rate
Parity Model
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Although, as predicted by the interest rate arbitrage hypothesis, the
initial response of the exchange rate is negative, it is far from signifi-
cant. By the seventh month after the shock, moreover, a significant
positive response of the exchange rate is detected, which parallels
the behavior of the inflation response. This reveals that some degree
of nominal exchange rate indexation exists.

Similarly, the bottom left panel of figure 8 shows the response
of the nominal exchange rate to an increase of 50 basis points in
the London interbank offered rate (LIBOR). In this case some slight
evidence in favor of the interest rate arbitrage hypothesis is de-
tected, since in the month of the shock itself there is a positive,
significant response. Afterward, however, the response fluctuates
around zero and is far from significant.

Finally, the bottom right panel of figure 8 shows the response
of the rate of inflation to a positive 5-percentage-point shock in
the rate of variation of the nominal exchange rate. A positive, mar-
ginally significant response is seen after three months. This re-
veals that exchange rate fluctuations have affected the path of
inflation over the period under study.

3.4 Lessons for the Effectiveness of
Monetary Policy

The results just presented lead to a number of conclusions with
respect to the effects of monetary policy on several macroeconomic vari-
ables. Here we will focus on the effects on four such variables: inflation,
output, spending, and the real exchange rate.

Monetary Policy and Inflation. The results associated with
the Australian model indicate that a positive innovation of 50
basis points in the monetary policy interest rate will provoke a
negative deviation of the CPI for nontradable goods from its trend.
The magnitude of this deviation is around 0.4 percentage point
after one year and 0.6 percentage point after two years. These
results are similar to those obtained by Rosende and Herrera (1991).
They estimate that an increase of 120 basis points in the interest
rate on bank deposits provokes a global price-level deviation from
its trend in the range of 0.43 to 0.75 percentage point, with an



Monetary Policy in Chile: A Black Box? 231

estimated duration of roughly six quarters.3” Our results also seem
generally consistent with those of Eyzaguirre and Rojas (1996),
who estimate that a 100-basis-point increase in the interest rate
on bank credit will reduce inflation of nontradables by 0.3 percent-
age point after one year, and by 1 percentage point after one year
and a half.38

In contrast, the papers by Valdés (1997) and Mendoza and
Fernandez (1994) find a positive response of inflation to a shock of
the same sign in the interest rate. Mendoza and Fernandez point
out that, although there appears to be no systematic effect of the
interest rate on inflation, sharp increases in that rate (such as
that observed in Chile between 1988 and 1992) have a negative
effect on inflation with a nine-month lag. On the other hand, Valdés
finds a negative effect of the interest rate on the difference be-
tween actual and targeted inflation. However, in our opinion the
procedure Valdés used is inadequate, because the reported result
implies that an increase in the interest rate would provoke an
increase in the targeted rate of inflation, which makes no eco-
nomic sense. (Moreover, this increase would be larger than that
observed in actual inflation, in such a way as to reduce the differ-
ential.) Another problem is Valdés’ use of inflation projections by a
local consulting firm as a proxy for target inflation, which is very
guestionable. Therefore we reconstructed the inflationary differ-
ential using the targets reported by the central bank itself from
1991 on (see Magendzo, 1997) and incorporated it into different
VAR systems; we found no systematic effect of the interest rate
on this variable.

A “price puzzle” emerges in many of the models estimated in
this paper. However, a global evaluation of our results suggests
that, as stated by Leeper, Sims, and Zha (1996), this puzzle may

37. Considering that the magnitude of the shock used in our estimate is only
about four-tenths that of Rosende and Herrera's shock, and that the share of
nontradables in the overall CPI is 50 percent, it can be concluded that the responses
calculated in both studies are very similar in size. However, this conclusion holds only
if the CPI for tradables is independent from that for nontradables, a condition that is
not met in the presence of any degree of exchange rate indexation.

38. In both Rosende and Herrera (1991) and Eyzaguirre and Rojas (1996), the
shock analyzed does not originate from the true monetary policy instrument; hence
interpreting these shocks as monetary is dubious.
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be the result of wrong identification assumptions and of specifica-
tion problems in the VAR system.3°

Monetary Policy and Economic Activity. As for the monetary
policy effects on activity indicators, our results show very weak nega-
tive responses of aggregate spending, GDP, and the cyclical compo-
nent of GDP to positive shocks in the interest rate used as a monetary
policy instrument. Only in the case of the gap between the growth
rates of spending and output is a stronger negative response de-
tected. That response lasts 13 months and reaches a maximum
(around month 8) of somewhere between 1 and 2 percentage points,
in response to an increase of 50 basis points in the policy interest
rate.

On the other hand, our results show significant positive re-
sponses of both GDP and aggregate spending to positive innova-
tions in the nominal money supply. In the case of aggregate spending,
the response is observed between the fourth and the thirteenth month
after a shock of 5 percentage points to M1A and reaches a magnitude
of 0.5 to 1 percentage point.

Rosende and Herrera (1991) find a positive effect of hominal
money on the deviation of GDP from its trend. According to their
estimates, a 3.2-percentage-point increase in the money supply
will generate a positive deviation of GDP ranging between 0.36
and 0.89 percentage points over four quarters. Similarly, they find
that an increase of 120 basis points in the interest rate on price-
level-adjustable one-year bank deposits reduces the deviation in
output by an estimated 0.97 to 1.25 percentage points after four
guarters, an effect that fades out in the seventh quarter after the
shock.*% More consistent with our results on this matter, Mendoza
and Fernandez (1994) find no systematic effect of the interest rate
on one-year bank credits on the gap between actual and potential
GDP, but they do observe Granger causality from M1A to this gap.

39. When identifying assumptions consistent with our results are used, a sub-
stantial mitigation of the anomalous response of inflation appears in comparison with
the VAR systems with the traditional recursive identification (nonstructural VAR). In
addition, our results show that the strength of the “price puzzle” varies inversely with
the estimated model’s global adjustment.

40. Unfortunately, Rosende and Herrera do not report the significance bands
associated with the impulse response functions, so it is not possible to determine
whether or not these effects are statistically significant.
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Along the line of Rosende and Herrera’s results, Eyzaguirre and
Rojas (1996) find that an increase of 100 basis points in the interest
rate on one-year bank credits reduces the growth rate of aggregate
spending by an estimated 1 percentage point in the short run. This
effect reaches an estimated 1.5 percentage points after five to six
quarters.

Finally, Valdés (1997) also finds a negative effect of the inter-
est rate on ninety-day central bank obligations on the growth rate
of output (specifically, on an approximation of IMACEC, a monthly
indicator of economic activity). Such an effect is observed for an
estimated four to fifteen months after the shock and amounts to
about 0.5 percentage point following an increase of 30 basis points
in the interest rate.

A global evaluation of these results leads to the conclusion that
the estimated response of spending and aggregate production to
shocks in the interest rate appears to be strongly influenced by
the VAR system specification used. In contrast, the effects of mon-
etary innovations appear to be more robust.

Monetary Policy and the Real Exchange Rate. The version of
the Australian model reported here shows that a positive shock of
50 basis points in the monetary policy rate provokes a positive
deviation of the real exchange rate from its trend. After a year
this deviation amounts to 1 percentage point, and after two years
it is near 2 percentage points.

The results reported by Eyzaguirre and Rojas (1996) tend to
support our own. They find a positive effect of the interest rate on
the real exchange rate and state that, after three quarters from
the shock to the interest rate, it explains around an estimated 20
percent of the forecast error of the model with respect to the real
exchange rate.*! In contrast, Mendoza and Fernandez (1994) and
Valdés (1997) find no significant response of the real exchange
rate to shocks in the interest rate.*?

41. Unfortunately, these authors report no estimates of the magnitude of the
real exchange rate response.

42. It must be noted that the real exchange rate definitions used by these au-
thors differ from the one used here, which is the same as that used by Eyzaguirre and
Rojas. Rosende and Herrera (1991) report no results on the effect of monetary policy
on the real exchange rate.
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4. CONCLUSIONS

The most robust results of our research are those on the central
bank’s reaction function. Here the evidence shows that, during the
period analyzed, the monetary authorities responded systematically
to signs of “overheating” (a discrepancy between actual and poten-
tial GDP, or a spending-output gap),*® and to direct inflation indica-
tors (nominal wages and the CPI), by increasing the interest rate
used as an instrument.

Paradoxically, the results yield weak evidence in favor of hy-
potheses whereby spending and output respond negatively to the
monetary policy instrument. Here the greatest response is found
for the spending-output gap. However, spending and output do seem
to respond systematically to shocks to the nominal money supply.
An obvious question arises about the possible convenience of rede-
fining the variable used as the monetary policy instrument.

Still more paradoxical is the evidence showing that, in the large
majority of the models estimated, inflation responds positively to
an increase in the monetary policy rate (the “price puzzle”). How-
ever, regarding the results offered by traditional VAR systems, the
use of “structural” identification assumptions allows this anomaly
to be reduced substantially, making it insignificant in most cases.
Also, within the context of the Australian model, a response that
has the expected negative sign and is significant is detected. One
can therefore speculate that the “price puzzle” phenomenon is asso-
ciated not only with the wrong selection of identification assump-
tions, but also with specification problems in the VAR system. The
anomalous result is observed with greater strength in those models
that tend to be rejected by the data in general terms.

As for the theoretical transmission mechanisms, the one that
gets the most support is that associated with the Australian model,
in that the results show a (weak) negative effect of the monetary
policy rate on the spending-output gap.** Also, a negative effect of

43. Although this report of our analyses shows only the results obtained
regarding the response of the monetary instrument to innovations in the cyclical
component of GDP, the impulse response functions obtained with the Australian
model give evidence of a positive and significant response to shocks to the spend-
ing-output gap.

44. However, from a strict econometric point of view, the correct way to
compare the estimated models is to use nested tests. Unfortunately, this could not
be done because of lack of data.
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monetary policy on the price level of nontradables and a positive effect
on the level of the real exchange rate are detected. Finally, the evi-
dence shows a negative effect of the spending-output gap on the real
exchange rate (both its level and its rate of acceleration).

Monetary models, in contrast, get mixed support under both
the credit approach and the asset price approach. Consistent with
the models’ predictions, the empirical evidence shows that the mon-
etary policy rate has a negative effect on M1A, on financial system
credit in real terms, and on stock prices (real IGPA). However, the
evidence also shows that the positive relationships between mon-
etary shocks (M1A), real financial system credit, and stock prices
are weak.

Also consistent with the monetarist hypotheses, most of the mod-
els estimated show a strong positive effect of a shock in nominal
money balances on aggregate spending. Moreover, the results ob-
tained consistently show positive effects on aggregate spending as-
sociated with shocks to both financial system credit and stock prices.

Nevertheless, the monetarist view does not receive full support
for its predictions, because the evidence provides weak support of the
presumption of a negative effect of the monetary policy rate on aggre-
gate spending. Also, the results show the existence of a “price puzzle,”
although the anomalous response is insignificant more often than not.

The evidence reported here is adverse for the Phillips curve
hypothesis. The results do not allow one to propose that a “Lucas
supply” phenomenon exists, since innovations in inflationary accel-
eration provoke a clearly negative effect on the cyclical component
of GDP. Nor is a significant effect of shocks to the monetary policy
instrument detected in the cyclical component of GDP. In addition,
the same evidence shows the presence of a “price puzzle,” but as in
most of the other cases where this result appears, it is not statisti-
cally significant.

However, the evidence on the model that we call the Phillips
curve model does show a strong positive effect on the acceleration
of core inflation resulting from a shock to the cyclical component of
GDP. This is the primary prediction arising from the empirical in-
flation models based on the “overheating” hypothesis (the gap model),
which for many is another version of the Phillips curve.*®

45. See Coe and McDermott (1997).
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The hypothesis that gets the least empirical support from the
models estimated is the interest rate parity hypothesis.*® The re-
sults show that the sign of the nominal exchange rate's response
to shocks to the domestic interest rate is the opposite of the ex-
pected one. In addition, its response to shocks to the foreign in-
terest rate is very weak. Finally, in the estimated versions of this
model the presence of the “price puzzle” is strong.

Finally, the above comparison of the models indicates that there
is no presumption that the transmission mechanisms analyzed are
intrinsically incompatible with each other. Indeed, theory shows
that, in general, they can appear simultaneously. Rather the true
purpose of our comparison has been to determine which of the theo-
retical transmission channels have manifested themselves with the
greatest strength over a specific period of Chile’s economic history.

46. As mentioned above, this may be due to specification problems in the
model because of the limited data available.
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Essential Features of Monetary Policy according to Selected Authors

Author(s)

Instrument

Intermediate objective

Goal

Transmission mechanism

R. Valdés (1997)

Mendozaand
Fernandez (1994)

Eyzaguirre and Rojas
(1996)

Budnevich and Pérez

(1995)

Magendzo (1997)

Zahler (1994)

90-day PRBC interest
rate (1985 to April
1995); interbank rate
(from May 1995 on)

90-day PRBC interest
rate

90-day PRBC interest
rate (1985 to April
1995); interbank rate
(from May 1995 on)

90-day PRBC interest
rate (1985 to April
1995); interbank rate
(from May 1995 on)

90-day PRBC interest
rate (1985 to April
1995); interbank rate
(from May 1995 on)

90-day PRBC interest
rate.

Gap between growth
rates of actual and
potential output

M1A growth rate; gap
between actual and
potential output (trend)

Spending expansion rate

Spending-potential
outputgap

Spending-output gap

Actual output-potential
outputgap;

gap between growth
rates of spending and
potential output.

Currentaccount (1985-89); inflation

(from 1989 on)

Inflation

Currentaccount deficit no greater
than 3to 4 percent of GDP; gradual

reduction of inflation

Inthe 1980s, real exchange rate; in
the 1990s, real exchange rate,
current account deficit no greater
than 3to 4 percent of GDP, and

inflation

“High” real exchange rate and
current account (1985-89); medium-
and long-term equilibrium of real
exchange rate (1990s); inflation;
current account deficit no larger

than 3to 4 percent of GDP

Inflation; medium- and long-term
current account deficit no larger

than 3to4 percent of GDP.

Not disclosed

PRBC rate affects market ratesand M1A
growth rate. This affects the spending-
output gap, thereby determining inflation.

The authors propose as an alternative
mechanism one whereby unexpected
inflation affects output trend deviations
and inflation

PRBC rate affects market credit rates,
which influence the expansion of
aggregate spending. This ultimately
affects price and wage inflation

Market rates are closely linked to central
bank’s short rate. Market rates affect
spending and thereby affect the inflation
rate

The rate has informational properties and
affects the spending-output gap, which
determines the inflationary trend

Interest rate affects spending growth,
which in turn affects inflation.
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Empirical Results of Selected Studies of Monetary Policy in Chile

Effect of monetary policy

Author Oninflation On economic activity Ontherealexchangerate ~ Methodology
Rosende and A 120-basis-pointincreasein A 120-basis-point increase in the interest No results fromthe VAR The 90- to 365-day inflation-
Herrera(1991)  theinterestrate hasa rate reduces the deviation of output fromits  relating to the effects of adjustable deposit rate is used as
negative effect on price-level  trend by 0.97 to 1.25 percentage points after monetary variablesonthe  aproxy for the monetary policy
deviation from trend in the four quarters. This effect is transitory, real exchange rate are instrument
range 0f0.43t00.75 lasting roughly six quarters reported. Quarterly data are used for
percentage point and lasts Apositive 3.2-percentage-point shock to the period from 1978 Q1 to 1990
around six quarters the money supply increases the deviation of
After four quarters, 45 output from its trend by an estimated 0.36 to AVAR system is estimated
percent of the variance in 0.89 percentage point over four quarters. that includes the exchange rate,
price-level deviations is After four quarters, shocks to money explain interest rate, the real exchange
attributable toshocksonreal  anestimated 22 percent of the variance of rate (central bank), CP1, M1A,
exchange rate,and 12 percent  GDP, whereas shocks to the interest rate GDP
toshocks to the interest rate.  explain 14 percent. In the medium run (eight Variable deviations from the
Money explainsamere0.64  tosixteen quarters) the real exchange rate trend are used (Kydland and
percent of variance explains nearly 43 percent of output variance Prescott's filter)
Mendozaand The interest rate has no The interest rate has no Granger causalityon  No systematic responses  The 90- to 365-day inflation-
Ferndndez (1994) Granger causality on the the outputgap toshocks inthe UF adjustable deposit rate is used as
inflation rate for twelve The M1A's twelve-month growth ratehas ~ interest rate or to the aproxy for the monetary policy
months Granger causality on the outputgap, butnot  growth-rate of M1A are instrument
M1A has no Granger vice versa reported. Quarterly data are used for
causality on inflation, but Unexpected inflation has Granger causality the period from January 1986 to
inflation does cause M1A. on the output gap (impulse response analyses March 1994
Weak evidenceexiststhat ~ show that the relationship is negative) Granger causality test:

the gap between actual and
potential outputhasa
Granger causality on
inflation

No systematic effect is found of the UF
interest rate on the output gap

Only sharp interest rate increases (1988-
92) induce an output gap reduction, with a lag
of nine months

interest rate-intermediate
objectives (money, output gap);
intermediate objectives- inflation;
interest rate- inflation. VAR:
interest rate;
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Effect of monetary policy

Author Oninflation Oneconomic activity Onthe real exchange rate Methodology
Mendozaand No systematic effect is found twelve-month variation rate of M1A; actual
Ferndndez (1994) oninflation from an increased seasonally adjusted output gap-trend; twelve-

(continued)

Eyzaguirreand
Rojas (1996)

interest rate (in fact, the VAR
shows an initial positive
response)

Only sharp interest rate
increases (1988-92) induce a
drop in inflation, with a nine-
month lag

A 1-percentage-point increase in
the spending-output gap
increases nontradables inflation
by 0.25 percentage point during
the two to three months
following the shock. This effect
amounts toan estimated 0.5 to
0.6 percentage point after five to
six quarters

A 100-basis-point increase in
the credit interest rate reduces
nontradables inflation by 0.3
percentage point after one year,
accumulating a 1-percentage-
point reduction after eighteen
months from the shock

Innovations in the spending-
output gap explain an estimated

Anincrease of 100 basis
points in the credit rate
is expected to reduce the
growth rate of spending
by 1 percentage pointin
the short run. This effect
increasesto 1.5
percentage points after
five tosix quarters.
Innovations in the
credit rate explain 25
percent of variance in
spending, and the
greatest impact occurs
after the third quarter

After three quarters,
innovationsin
productivity, the credit
rate, and the spending-
output gap explain 20 to
24 percent each of the
variance of the real
exchangerate. In
contrast, the differential
between domesticand
foreign rates explains no
significant fraction of the
variance

month inflation rate; real exchange rate; terms
of trade (exogenous variable)

The 30- to 90-day inflation-adjustable deposit
rate is used as a proxy for the monetary policy
instrument

Quarterly data from 1998 Q1 t0 1995 Q4

Simple correlation analysis between the 90-
day PRBC rate, the 30- to 365-day bank credit
rate, and a hybrid foreign interest rate
(looking for association)

Decomposition of the variance of the 90-day
PRBC rate, the 90- to 365-day bank credit rate,
and a hybrid foreign interest rate (looking for
causality)

OLS regression of first difference of
spending against own lags and disposable
income, the credit rate, and the foreign rate.
Variance analysis of spending forecast error

OLS regression of nontradables inflation
against own lags and lags of the
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Effect of monetary policy

Author Oninflation Oneconomic activity Ontherealexchangerate  Methodology

Eyzaguirreand 50 percent of variance in spending-output gap, wages, the exchange rate,
Rojas (1996) nontradables inflation and tradables inflation; variance analysis of
(continuation) after four quarters nontradables inflation forecast errors

R.Valdés (1997)

The monetary policy rate
has a reported negative
transitory effect (between
months 6 and 12) on the
gap between core and
target inflation. A 30-
basis-pointrise in the rate
reduces thegap by 0.4
percentage point after
nine months

Insignificant positive
effect on the level of core
inflation.

Transitory negative effect
(between months 4 and 15)
on the growth rate of the
IMACEC. A 30-basis-point
increase in the interest
rate reduces the IMACEC's
growthrateby 0.5
percentage points
(maximum effect after
seven months)

Transitory negative effect
(between months 7 and 18)
on spending-output gap.

No significant effect

OLS regression of real exchange rate against
mean productivity lags, the credit rate, the
domestic-foreign rate differential, and the
spending-output gap; variance analysis of the real
exchange rate forecast error

Monthly data: January 1985 to August 1996
The 90-day PRBC rate and the interbank rate are
used as a proxy for the monetary policy instrument

“Semistructural” VARSs: interest rate; core-
target inflation gap; IMACEC twelve-month
variation rate; real exchange rate twelve-month
variation rate; M1A twelve-month variation rate;
spending’s twelve-month variation rate.
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AprPENDIX C
Variable Nomenclature and Description

BRECHA Difference between the twelve-month percentage variation of spending and
output (from the Central Bank of Chile)

CICLO Difference between the logarithms of seasonally adjusted GDP and potential GDP
DTASABC First difference of ninety-day PRBC

DTBE First difference of eight-year PRC

DVI12IPCSUB  First difference of the twelve-month percentage variation in the IPCSUB
DVI12TCN First difference of the twelve-month percentage variation in the TCN
DVI12IPCNT First difference of the V12IPCNT variable

DVI2TCRINE  Firstdifference of the V12TCRINE variable

LCoLoC Logarithm of real actual credit of the financial system (from the Superintendency
of Banks and Financial Institutions)

LDHAB Logarithm of working days (authors’ calculations)

LGASTO Logarithm of aggregate spending in millions of 1986 pesos (from the Central
Bank of Chile)

LIBOR Ninety-day London interbank offered rate deflated by U.S. inflation (from the
Central Bank of Chile)

LIGPA Logarithm of the real general stock price index (IGPA)

LIPCNT Logarithm of the nontradables price index (from the National Institute of
Statistics)

LM1A Logarithm of the money aggregate M1A (from the Central Bank of Chile)

LIPCSUB Logarithm of the core price index (from the Pontifical Catholic University data
base)

LPIB Logarithm of GDP in millions of 1986 pesos (from the Central Bank of Chile)

LTCN Logarithm of the nominal exchange rate (from the Central Bank of Chile)

LTCRINE Logarithm of the real exchange rate, defined as the ratio of the price index for
tradables to that for nontradables (from the National Institute of Statistics)

LTTUC Logarithm of the terms of trade (from the Pontifical Catholic University data
base)

TASABC Ninety-day PRBC rate (from the Central Bank of Chile)
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APPENDIX C (continued)

TBE Eight-year PRC rate (from the Central Bank of Chile)

VTCREXPOST Ninety-day ex post variation of the real exchange rate, defined as the ninety-day
ex post variation of the TCN, plus the ninety-day variation of the U.S. CPlI, less
the ninety-day ex post variation of the Chilean CPI (“ex post” refers to the
variables being advanced by one quarter)

V3IPC Ninety-day percentage variation in the CPI

V3TCN Ninety-day percentage variation in the TCN
V12COLOC Twelve-month variation in actual credit in real terms
V12DHAB Twelve-month variation in working days

V12GASTO Twelve-month variation in spending
VI2IGPA Twelve-month variation in the real IGPA
VI2IPCNT Twelve-month percentage variation in the nontradables CPI

V12IPCSUB Twelve-month variation in the core CPI

VI2M1A Twelve-month variation in the money aggregate M1A
VI12PIB Twelve-month variation in GDP
VI2TCN Twelve-month variation in the nominal exchange rate

VI2TCRINE  Twelve-month variation in the real exchange rate

V12WUC Twelve-month variation in nominal wages (from the National Institute of
Statistics)
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Monetary policy regimes around the world changed dramatically over
the decade of the 1990s. Central banks have become more transparent,
more independent, more accountable, and (apparently) more successful.
The biggest transformation has been the move away from focusing on
intermediate objectives, such as money and exchange rates, and toward
the direct targeting of inflation. In their survey of central banks world-
wide, Fry and others (1999) find that in 1990 only four of seventy central
banks had either an explicit monitoring range or an actual target for
inflation. By 1998 that number had risen to forty out of seventy-seven.

This profound change in institutional structure has been accompa-
nied by an equally impressive improvement in economic performance.
Across the set of twenty-three industrialized and developing countries
that we study here, average inflation fell from 8.7 percent per year for
the five years ending in 1990 to an average of 3.5 percent per year for
the most recent five years for which we have data. Over these same
intervals, real growth in industrial production rose from 3.2 percent
per year to 4.3 percent per year.

This paper was written while Ehrmann was affiliated to the European Uni-
versity Institute.
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their RATS code, to Meg McConnell and Gabriel Perez Quiros for useful discus-
sions, and to Valerie LaPorte for editorial assistance. The views expressed are
authors own and not necessarily those of the European Central Bank.

Monetary Policy: Rules and Transmission Mechanisms, edited by Norman Loayza
and Klaus Schmidt-Hebbel, Santiago, Chile.©2002 Central Bank of Chile.
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The most interesting part of the story, however, concerns infla-
tion targeting, which one might call the monetary policy framework
of the 1990s. Included in our sample of twenty-three countries are
nine that have targeted inflation explicitly, beginning, in nearly all
cases, in the first few years of the decade. Table 1 shows that infla-
tion in these countries fell by more than 7 percentage points on aver-
age, from 10.8 percent in the late 1980s to 3.4 percent in the latter
part of the 1990s. The average reduction among nontargeting coun-
tries was 3.6 percent. To a very real extent, inflation targeting has
achieved its primary objective: the lowering of inflation.

Table 1. Output Growth and Inflation and Their Variability
before and after 1990 in Inflation-Targeting and
Nontargeting Countries (percent per year)

Average Standard deviation®
Country group Real output growth? Inflation Real outputgrowth  Inflation
198589
All countries 321 8.65 9.08 1044
All inflation targeters® 2.26 10.83 747 15.01
All nontargeters® 381 724 10.12 749
All EU countries 235 1022 7.35 13.69
EU nontargeters 323 383 10.65 3.60
Non-EU nontargeters 486 13.38 9.17 1451
199397
All countries 4.28 353 722 3.68
Allinflation targeters 480 341 6.92 331
All nontargeters 395 360 741 392
Al EU countries 484 3.32 7.09 325
EU nontargeters 382 244 829 1.90
Non-EU nontargeters 418 5.68 5.83 755
Difference between 1985-89 and 1993-97
All countries 108 512 -1.87 -6.75
Allinflation targeters 254 —1.42 -0.55 -11.70
All nontargeters 0.13 -364 271 -357
All EU countries 249 -6.90 -0.26 -10.44
EU nontargeters 0.59 -1.38 -2.36 -1.69
Non-EU nontargeters -0.68 —7.70 -3.35 -6.95

Source: See the appendix B for details

a. Output growth is measured by industrial production (quarterly data at an annual rate).

b. Average of standard deviations for all countries in the group. The standard deviation of real growth is com-
puted as the deviation from the full sample trend. The standard deviation of inflation is computed as the
deviation from 2 percent. Sample periods vary slightly by country.

¢. The nine countries, as classified by Morandé and Schmidt-Hebbel (1999), where inflation targets are explicit
and clearly dominate any other possible secondary target or objective: Australia, Canada, Chile, Finland, Israel,
New Zealand, Spain, Sweden, and the United Kingdom.

d. Austria, Belgium, Denmark, France, Germany, Ireland, Italy, Japan, Korea, Mexico, Netherlands, Portugal,
Switzerland, and the United States.
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There are many ways to portray a shift in monetary regime.
One is to note that, if the regime shift is real, it must represent a
change in the preferences of the central bank. This means that, if
we can use the outcomes of policy to infer the objectives of the
policymaker, these objectives should have changed following the
regime shift. More specifically, we might think of policymakers as
choosing a point on a trade-off between output variability and infla-
tion variability, assuming that such a trade-off exists. If there is a
stable trade-off, a move to inflation targeting would be expected to
result in a move along this frontier to a point where inflation is less
variable and output more variable than they otherwise would have
been. It is also possible that operating on the frontier is difficult,
and that a shift in the policy framework could act as a commitment
mechanism, increasing credibility and allowing policymakers to
achieve better outcomes overall.

The breakdown of output and inflation statistics in table 1 sup-
ports the view that inflation-targeting countries have reduced in-
flation variability at the expense of an increase in output variability.
Comparing the late 1980s with the mid-1990s, we see first that vola-
tility in both output and inflation fell in all countries in our sample,
suggesting that the 1990s were a relatively shock-free decade; thus
overall performance has been better in all countries. That is, aggre-
gate supply shocks, which move output and inflation in opposite di-
rections and force monetary policymakers to make choices, may have
been on average smaller (in absolute value) during the 1990s.! For
this reason, it is important to compare inflation-targeting and
nontargeting countries. The table shows that the standard deviation
of inflation fell more for the targeters, and output variability fell less.

Figures 1 and 2 present the same information in a slightly differ-
ent way. Figure 1 plots the variance of inflation (as measured by
consumer prices) and the volatility of output (as measured by indus-
trial production) about its trend for our sample of twenty-three coun-
tries. (Extremely high values of inflation or output variability are
truncated.) These outcomes depend on many things, including a
country’s economic structure, its policy regime, and the pattern of
shocks it has faced. Nevertheless, the pattern of inflation and output
variability suggests the existence of a trade-off, because there seem
to be groups of countries along concentric curves that move radially
outward from the origin.

1. Fry and others (1999, p. 66) also make this point.



Figure 1. Trade-off between Output and Inflation Variability
in Twenty-Three Countries
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Figure 2. Trade-off between Output and Inflation Variability in
Inflation-Targeting Countries, before and after Implementation
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Figure 2 reports the experience of the inflation-targeting coun-
tries. We examine the outcomes for five years before (indicated by
asterisks) and five years after inflation targeting was implemented
(indicated by circles). The figure shows the squared deviation of
annual inflation from 2 percent, which we assume to be a likely
long-run target. If a country were initially operating on a station-
ary inflation-output variability trade-off, the shift to inflation tar-
geting would be expected to move the point on the plot upward
(toward higher output variability) and to the left (toward lower
inflation variability). This is the case, however, for only one of the
nine countries we examine, New Zealand. For the remaining eight
countries, performance suggests that the move to inflation target-
ing came with an overall improvement in efficiency.

Unfortunately, presenting the evidence in this way has a signifi-
cant drawback. If, in the aggregate, the shocks hitting the economy
decline between the two periods we compare, both inflation and out-
put variability will fall, and the country’s point on the plot will move
toward the origin (downward and to the left). For this reason we must
develop a more disciplined approach to the data, one based on an
economic model.

The remainder of this paper pursues this approach, estimating
the changes in policymakers’ revealed preferences to see whether
the outcomes in inflation-targeting countries are likely to have come
from an increase in the weight attached to inflation variability in
policymakers’ objective function. We do this using the technique de-
scribed in Cecchetti, McConnell, and Perez Quiros (1999), who note
that if we assume policymakers are acting optimally, their actions
reveal their objectives. The method is as follows. Beginning with a
simple loss function that represents combinations of output and infla-
tion variability, we can treat policy as a solution to a control problem
in which the interest rate path is chosen so as to place the economy
at the point on the variability frontier that minimizes this loss. In
effect, we deduce from the data what policymakers’ preference must
be. The data are used to go backward. First, we estimate the struc-
ture of the economy in each country. This tells us the country’s avail-
able frontier. From this and the actual output and inflation outcomes,
we can estimate the relative weight that national central banks im-
plicitly have placed on output and inflation variability in formulating
their policies.

The remainder of the paper is in four sections. Section 1 presents
a simple model that allows us to relate output and inflation outcomes,
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together with the economic structure, to a policymaker’s preferences.
Section 2 reports estimates of the structural vector autoregressions
that give us the raw material we need to estimate preferences. Sec-
tion 3 then reports estimates of the policymaker’'s implied objective
function in a sample of twenty-three countries. Most important, we
see how these objective functions vary across targeting and
nontargeting countries and how they have changed over time. Our
conclusion is that the targeting countries have, on average, moved
along the available frontier in a way that reduces inflation variability
significantly and increases output variability slightly from what they
might otherwise have been. Interestingly, the same is true of the
nontargeting EU countries, which necessarily increased their focus
on inflation as they approached the start of monetary union on Janu-
ary 1, 1999.

1. FORMULATING THE PoLicYMAKER'S PROBLEM

When making policy, central bankers consider large masses of
information in an effort to meet what are often multiple objectives. It
is impossible to describe the process in terms that are amenable to
analytical study. To make any progress at all, we must begin with a
number of assumptions that clearly result in a model that is unreal-
istic. Our hope is that our results capture some critical aspect of the
problem actually being addressed.

We follow textbook analyses at the outset by assuming that a
central banker’s objectives can be written as a simple quadratic loss
function.? That is, the policymaker seeks to minimize the discounted
sum of squared deviations of output and prices from their target paths.
The general form of such a loss function (measured over a medium-
term horizon of three or four years) can be written as

L:E[a(n—n*)z+(1—oc)(y—y*)2], @)

where E denotes the mathematical expectation, = is inflation, y is
the logarithm of aggregate output, n* and y* are the desired levels of
inflation and output, and o is the relative weight given to squared

2. The model here was first presented in Cecchetti, McConnell, and Perez
Quiros (1999) and is based on Cecchetti (1998).
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deviations of output and inflation from their desired levels.® The
parameter o is the crucial quantity of interest, and we will call it
the policymaker’s aversion to inflation variability.

Equation (1) immediately gives rise to several issues. First, the
objective function is symmetrical, including only quadratic terms. The
implication is that policymakers are equally averse to extremely posi-
tive and extremely negative events. This is surely not the case: we
would expect policymakers to take action when the mean and the
variance of forecast distributions are likely to stay the same but the
probability of some extreme bad event increases. That is, even if the
variance is unchanged, an increase in the probability of a severe eco-
nomic downturn is likely to prompt action.

Also, the loss function includes only output and inflation and not
exchange rates. The rationale for this is our belief that domestic
inflation and output are the fundamental concerns of policymakers.
The decision to focus on the exchange rate path in the formulation
of policy is, in our view, the choice of an intermediate target.
Policymakers are concerned not with the behavior of intermediate
targets per se, but with the domestic inflation and growth outcomes
produced by their use. Exchange rate targeting is analogous to mon-
etary aggregate targeting. Both imply a certain behavior for output
and inflation and an objective function such as equation (1).

Returning to the issues at hand, we contend that the policymaker’s
problem cannot be solved without knowledge of the dynamics of out-
put and inflation and their relationship to the interest rate (r,) instru-
ment controlled by the policymaker. We write these in the following
simple way:

yt:y(rt_dt)+st’ @
Tct:_(rt_dt)_wst! ©)]

where d, and s, are shocks to aggregate demand and aggregate sup-
ply, respectively. These are the fundamental sources of exogenous
disturbances to the economy.* The parameter y gives the ratio of the

3. This loss function can be written in a more complex, dynamic form in which
a discount factor and a time horizon appear explicitly. In addition, we could add a
term that makes changes in interest rates explicitly costly. These refinements do
not add to the analysis here.

4. Equations (2) and (3) can be thought of as the time averages of the vector-
moving-average representation of a structural vector autoregressive model. Thus
our model, although apparently simple, does not restrict short-run dynamics.
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responses of output and inflation to a policy shock and can be thought
of as the inverse of the slope of the aggregate supply curve. The pa-
rameter o is the slope of aggregate demand.

The relationship linking output, inflation, and interest rates
can be described in many ways, most of them very complex. What
is important for our purposes here, and is captured in equations
(2) and (3), is the notion that two kinds of disturbances buffet the
economy and require policy responses. The first—the aggregate
demand shock—moves output and inflation in the same direction;
the second—the aggregate supply shock—moves output and infla-
tion in opposite directions. Policy can only move output and infla-
tion in the same direction and so is analogous to an aggregate
demand shock. It is the movements in aggregate supply that cre-
ate the essential dilemma for policy, because they force a choice.

The fact that the policymaker’s objectives are assumed to be a
simple function of the variances of output and inflation, and that the
structure of the economy is assumed to be linear, means that the
optimal policy response to demand and supply shocks is a simple lin-
ear rule. We write this as

r,=ad, + bs,. 4

It is now straightforward to solve for the rule. The result is that
policy offsets aggregate demand shocks one for one, and so a is
equal to 1. As expected, the response to supply shocks is more com-
plex, because they create a trade-off for policy. The extent of the
reaction depends on the economic structure as measured by the
slopes of the aggregate demand (o) and aggregate supply curves (y),
as well as the policymaker’s aversion to inflation variability (o).°
The optimal policy has several implications for the variability of
output and inflation. First, both depend only on the variance of ag-
gregate supply shocks, not on the variance of demand shocks.® This
follows immediately from the fact that the optimal policy rule dic-
tates that demand shocks be offset completely by interest rate moves.
Second, changes in the volatility of aggregate supply shocks shift the

5. The resulting expression is given by b* = [~ao + (1 - a)y)/[a + (1 — a)y?]. It
would be possible to rewrite equation (4) in the form used by Taylor (1993). To
accomplish this, simply note that, using equations (2) and (3), the supply shock s
can be written in terms of output, y,, and inflation, =,. Simple substitution woulci
then allow us to rewrite the policy rule in terms of output and inflation directly—
the form of a Taylor rule.

6. The resulting expressions are %, = (1 —yb")? 6% and o’ = (0 + b")? 6, where o7 is
the variance of the supply shocks and b" is the optimal reaction to s, given in note 5.
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variance of output and inflation in the same proportion.” As a result,
we can derive the following ratio:

62 o 2
oy _|_* | 5
o> L(l—a)} ©

This expression has several interesting properties. First, we note that
when a = 0 (that is, the policymaker cares only about output variabil-
ity), 02, /o2 = 0. Likewise, for a = 1 (the policymakers cares only about
inflation variability), o2, /o = . Significantly, varying o between 0
and 1 allows us to trace out the entire output-inflation variability fron-
tier, the shape of which is related to the slope of the aggregate supply
curve (1/y) and is unaffected by the slope of the aggregate demand
curve (o) and the variance of aggregate supply shocks.

Figure 3 plots two representative frontiers to show how the slope
depends on y. The solid line plots a frontier for a country with a
relatively flat aggregate supply curve (y = 5), whereas the dashed line
depicts the frontier for a country with a steeper aggregate supply

Figure 3. Representative Frontiers of the Trade-off between
Inflation and Output Variability
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Source: Authors’ calculations.

7. This means that the variability frontier as drawn in figures 1 and 2 does shift
with the variance of supply shocks, making those figures more difficult to interpret.
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curve (y = 1).8 The implication is that if a country faces a relatively
flat aggregate supply curve, reductions in inflation variability will
be accompanied by relatively large increases in output variability,
making inflation targeting more difficult.

We will use equation (5) to estimate the policymaker’s revealed
aversion to inflation variability, a. First, however, we need to know
v, which we will estimate in section 2, and the ratio of the variances
of output and inflation, which we will obtain from the data. With
these two quantities in hand, we can estimate o.

2. MEASURING THE IMPACT oF PoLicy

The next task is to measure the impact of policy on output and
inflation. That is, we need to identify and estimate a model that al-
lows us to measure the monetary transmission mechanism. Numer-
ous studies report such estimates for various sets of countries.® We
choose to apply the methodology used by Ehrmann (2000), in his study
of European countries, to a broader cross section of countries. This
approach yields a series of estimates, all based on the same method-
ology, for a set of twenty-three countries, including nine that target
inflation explicitly. Also, the estimated models can be carefully tested
for structural stability and adjusted to ensure that they are stable
over the samples for which we estimate them. It is also important
that our models yield a complete set of responses to the shocks we
identify and that these models conform to our priors with regard to
the type of shock being identified.1° In practice, these last require-
ments are extremely difficult to meet.

Methodologically, our approach is based on the structural vector
autoregression (VAR) techniques devised by King and others (1991) to
identify monetary shocks from a combination of long-run and short-
run restrictions. For each country the model has either four or five
variables, including output, inflation, an interest rate, and (with the
exception of Japan, Switzerland, and the United States) an exchange
rate. When a fifth variable is present, it is either a monetary aggre-
gate, a second interest rate, or a commodity price index. The methods

8. Table 3 below reports the estimates of y for the countries we study. The
case of y =5 is close to that of Australia, France, Germany, ltaly, and Switzerland.
The second case, y = 1, is close to that of Chile, Denmark, Israel, Korea, Japan,
Mexico, New Zealand, Spain, and the United States.

9. See the references in Cecchetti (2001) for a representative sample.

10. In particular, it is important for our purposes that all shocks in the system,
and not just the money shock, produce plausible impulse response functions.
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and model specifications are described in detail in the appendixes A
and B. Here we simply report the results.

Figure 4 plots the responses of output and inflation to an inter-
est rate increase of 100 basis points for the twenty-three countries
in our sample. For purposes of comparison, we have plotted all the
results on the same vertical scale. The patterns vary quite dramati-
cally, with the interest rate changes eliciting a much larger response
in Germany and Switzerland, for example, than in Israel or Mexico.

Figure 4. Responses of Output and Inflation to a 100-Basis Point
Interest Rate Increase in Twenty-Three Countries
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Figure 4. (continued)
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Table 2 summarizes the results from the figure. For each country
the table also reports estimates of the sacrifice ratio and an esti-
mate of the inverse slope of the aggregate supply curve (y), which
we need to infer the policymaker’s preferences. The sacrifice ratio
is the cumulative percentage loss in output for a 1l-percentage-
point reduction in inflation. Here we report the sacrifice ratio over
a horizon of twelve quarters.
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Table 2. Impulse Response Functions in Inflation-Targeting and
Nontargeting Countries

Maximum impact Sacrifice Inverse aggregate

Country Onoutput Oninflation ratio® supply slope (y)P
Inflation-targeting countries
Australia -048 -1.78 790 4.65
Canada -0.96 -39 311 1.80
Chile -1.78 -1.03 179 0.84
Finland -151 -3.05 592 3.76
Israel -0.11 -0.51 290 142
New Zealand -0.93 341 1.36 0.67
Spain -0.68 -0.95 329 122
Sweden -1.92 -2.58 468 235
United Kingdom -0.84 -0.36 18.17 13.76

Average -1.02 -1.96 5.46 3.38
Other countries
Austria 051 -158 0.40 0.22
Belgium -1.21 272 0.66 013
Denmark -0.80 -1.68 152 0.70
France -093 -0.28 8.65 6.15
Germany -4.39 -3.05 10.37 572
Ireland -0.73 -0.67 4.62 2.83
Italy -1.82 -052 9.27 4.89
Japan -1.76 841 214 1.09
Korea -0.73 -2.29 138 135
Mexico 015 -1.19 0.83 0.69
Netherlands -356 -1.23 4.76 203
Portugal -0.82 -0.90 230.2 12255
Switzerland -3.04 -1.34 5.65 5.08
United States -0.36 -1.30 175 110

Average® -153 -2.02 400 246

Source: Authors’ calculations.

a. Computed as the cumulative output loss per percentage-point reduction in inflation over a horizon of twelve
quarters.

b. Twelve-quarter average of the impact of policy innovations on output, divided by the twelve-quarter average
impact on inflation. See appendixes A and B for details.

c. Excludes Portugal.

The numbers appear to be both reasonable and similar across the
targeting and nontargeting countries. With the exception of those for
Portugal, all of the numbers are plausible. For the remaining coun-
tries the sacrifice ratio ranges from 0.4 for Austria to 18.2 for the
United Kingdom. The estimate of y has a similar variation, from 13.8
for the United Kingdom to 0.1 for Belgium (again ignoring Portugal).
Although there is modest evidence that interest rate increases yield
a bigger output response and a smaller implied sacrifice ratio in the
inflation-targeting countries, the results are far from conclusive.
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3. PoLicYMAKERS’ AVERSION TO
INFLATION VARIABILITY

We are now ready to estimate policymakers’ aversion to inflation
variability (o). Equation (5), together with estimates of the aggregate
supply slope and the ratio of the variance of output and inflation, yields
an estimate of a. In calculating the ratio of inflation volatility to output
volatility, we must make an assumption about the paths of desired
inflation and output, =" and y* in equation (1). Throughout the analysis
we take desired output to be the actual trend in the sample. This as-
sumption tends to minimize the estimated “variance” of output, and so
measures of o will be higher than they otherwise would be. Table 3
reports results for two assumptions about the desired level of inflation:
that it is equivalent to average inflation in the sample, and that it is
fixed at 2 percent. The results for the second assumption are always
higher, because the use of the sample mean inflation reduces the
squared deviations.

The first thing to notice about the results is that most of the as are
quite large, suggesting that many of these countries took the goal of
inflation stability very seriously over this period. When desired inflation
is assumed to be 2 percent, fourteen of the twenty-three countries have
estimated as of higher than 0.70, and half of these exceed 0.9.11 The only
country that appears not to be averse to inflation variability at all is
Mexico, with an estimated o of 0.08. Beyond this, the average for the
inflation-targeting countries is no different from that for the nontargeting
countries.

The estimates in table 3 are interesting, but since they are com-
puted over the full samples for which data are available, they do not
allow us to infer the effects of changes to inflation targeting. For this
reason we now shift to computing estimates of o using subsamples of
the data. Figures 5 through 7 plot the results of an exercise in which
we computed the value of a for five-year moving windows. Throughout
we assume that desired inflation is 2 percent and that the estimate of

11. As noted in Cecchetti, McConnell, and Perez Quiros (1999), the use of
industrial production to measure output is likely to produce values of o for these
countries that are upper bounds on the true value. We would expect that a shift to
GDP, which is nearly uniformly less volatile, would raise our estimate of the abso-
lute value of y and reduce our estimate of 62 /c2. For any given value of 62 /6?2 _, a
higher y will imply a higher value of a, since the slope of the output-inflation
variability frontier at that point will be steeper. Thus both of these effects serve to
raise the value of o relative to what we would obtain using GDP.
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y is unchanged.'? On each graph we include a horizontal line for the
value of o computed from using the full sample, as reported in table 4.
For the inflation-targeting countries in figure 5, the vertical line rep-
resents the date at which the new regime was introduced.

Table 3. Estimated Aversion to Inflation Variability in
Inflation-Targeting and Nontargeting Countries

Aversion to inflation variability ()

Assuming desired Assuming desired
output =trend output =trend
output, and desired output, and desired
Country inflation = average inflation inflation = 2 percent per year
Inflation-targeting countries
Australia 0.81 0.78
Canada 0.75 0.72
Chile 0.55 049
Finland 0.96 0.96
Israel 0.72 0.56
New Zealand 053 0.49
Spain 0.67 0.55
Sweden 0.86 0.84
United Kingdom 0.97 0.96
Average 0.76 0.71

Other countries
Austria 0.50 049
Belgium 043 043
Denmark 0.61 0.59
France 0.95 0.94
Germany 0.94 0.93
Ireland 0.94 0.93
Italy 091 0.85
Japan 0.84 0.83
Korea 0.79 0.71
Mexico 0.12 0.08
Netherlands 0.84 0.84
Portugal 0.99 0.99
Switzerland 0.92 0.92
United States 0.74 0.70

Average® 0.75 0.73

Source: Authors’ calculations.

12. As noted in section 2, we took care to examine each of our structural
models for stability, and so we are reasonably confident that we have obtained
stable estimates of the aggregate supply slope. Even so, small changes in y would
not affect our results, as this simply serves to scale the level of a, not affecting the
changes.
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Figure 5. Five-Year Rolling Sample Estimates of Aversion to
Inflation Variability in Inflation-Targeting Countries
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The results in the figures are quite striking. For seven of
the nine inflation-targeting countries, the estimate of the aver-
sion to inflation variability rises substantially either before or
immediately after the targeting regime is implemented (figure 5).
The exceptions are Israel, where the estimate of o falls following
implementation, and the United Kingdom, where there is no ma-
terial change.
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Table 4. Shift in Implied Weight Attached to Inflation
Variability in Inflation-Targeting Countries

Aversion to Aversion to
inflation variability Date of shift to inflation variability

Country infull sample period inflation targeting Before shift® After shiftP
Australia 0.78 1993Q2 0.83 0.80
Canada 0.72 1991Q2 0.73 0.87
Chile 0.49 199004 0.27 0.52
Finland 0.96 1993Q2 0.96 0.97
Israel 0.56 1991Q1 0.58 0.51
New Zealand 0.49 1990Q2 0.34 0.83
Spain 0.55 1994Q4 0.65 0.74
Sweden 0.84 1993Q1 0.76 0.91
United Kingdom 0.99 1992Q4 0.93 0.96

Average 0.71 1992Q1 0.67 0.79

Source: Authors’ calculations.

a. Five years ending one year before the shift to explicit inflation targeting.

b. Five years following the shift to explicit inflation targeting, or the last five-year period for which data are
available.

Of the nine EU countries that did not explicitly target inflation
in the 1990s, all but one show an increase in the estimate of o
beginning in the early 1990s similar to the increase for the infla-
tion targeters (figure 6). Interestingly, the exception is Germany.
We surmise that, in preparation for monetary union, the coun-
tries of the European Union were forced to behave more like infla-
tion-targeting countries throughout the 1990s. Germany, however,
softened its previous hard-line view toward inflation, both because
of the implications of unification with the former East Germany
and as a compromise in the direction of its future colleagues in
monetary union.

For the remaining five countries in our data set, the results
are mixed (figure 7). The estimates of the aversion to inflation
variability for the United States and Mexico rise, but the esti-
mates for the other countries show declines of varying degrees.

Table 4 complements figure 5, reporting the aversion to infla-
tion variability for five-year periods before and after the explicit
announcement of a move to inflation targeting. Of the nine coun-
tries in the sample, seven show an increase in the estimate of a.
For the other two there are modest declines.
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Figure 6. Five-Year Rolling Sample Estimates of Aversion to
Inflation Variability in Other EU Countries
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We conducted one final test to determine whether the changes in
the inflation-targeting countries can in fact be ascribed to the target-
ing regime. For this test we used the remaining fourteen countries
in our sample as a control and examined the values of a as they
changed from 1990 to the end of the available sample. The results,
reported in table 5, show that, over the full sample for which we have
data, the values of a are highest in the nontargeting EU countries.



Figure 7. Five-Year Rolling Sample Estimates of Aversion to
Inflation Variability in Other Countries
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Table 5. Changes in Average Aversion to Inflation Variability
in Inflation-Targeting and Nontargeting Countries

Full sample
Country group? period 1984-89 Last 5 years
All countries 0.72 0.69 0.76
All inflation targeters 0.71 0.63 0.76
All nontargeters 0.73 0.72 0.75
EU nontargeters 0.78 0.75 0.83
Non-EU nontargeters 0.65 0.67 0.62

Source: Authors’ calculations.
a. Non-EU nontargeters are Japan, Korea, Mexico, Switzerland, and the United States. Other groups are defined
asin table 1.
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The principal finding, however, is that the inflation-targeting coun-
tries show a significant increase, from an average of 0.63 to an aver-
age of 0.76. In addition, the nontargeting EU countries show an
increase in o from 0.75 to 0.83. The non-EU nontargeting countries
show a modest decrease.'?

4. CONCLUSIONS

This paper asks whether inflation targeting increases the vola-
tility of output. Most macroeconomists assume that in the pres-
ence of aggregate supply shocks—short-run disturbances that move
output and inflation in opposite directions—monetary policy must
allow either output or inflation to move away from its desired
long-run level. In other words, there is a variability trade-off. One
interpretation of a move to inflation targeting is that the prefer-
ences of monetary policymakers have changed, with many central
banks exhibiting increasing aversion to inflation variability and
decreasing aversion to output variability. It is natural to conclude
that the outcome should be higher output volatility than would
otherwise have occurred.

We estimated the change in the preferences of monetary
policymakers in a cross section of twenty-three countries, includ-
ing nine that target inflation explicitly. We found evidence that in
all countries, whether they target inflation or not, aversion to in-
flation variability increased during the decade of the 1990s. Fur-
thermore, we conclude that the inflation targeters increased their
aversion to inflation volatility by more than the nontargeters, al-
though the difference is modest.

13. A simple regression of the change in o on dummy variables for inflation-
targeting and EU nontargeting countries shows that these declines are statisti-
cally significant at the 5 percent level for the targeters, and at the 10 percent level
for the nontargeting EU countries.
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APPENDIX A
Estimation and ldentification Strategy

To estimate the structural responses of each economy to a mon-
etary policy shock, we used structural vector autoregressions
(SVARS). A detailed discussion of our methodology can be found in
Ehrmann (2000), so we provide here only a quick overview of the
estimation strategy. We apply a procedure set forth in King and
others (1991).14 Their identification strategy is based on the implica-
tions of the cointegrating relations, in a multivariate system. Com-
plete identification of an n-variable structural system requires
[n(n — 1)/2] restrictions. In a system with m cointegrating relations
there will be k common trends, where k = n - m, and thus k shocks
that are assumed to have long-term effects on the variables in the
system (and are therefore interpretable as supply shocks). This struc-
tural assumption imposes k+m of the necessary restrictions. For com-
plete identification of the effects of supply shocks we need [k(k -1)/2]
additional restrictions. The methodology of King and others employs
a triangular specification, allowing the first shock to have a contem-
poraneous effect on all the dependent variables, the second on the
last n—1, and so on. In order to identify the transitory shocks (inter-
pretable as demand shocks), we need a set of additional [m(m — 1)/2]
restrictions. We again use a triangular specification, and we identify
the monetary policy shock by assuming that it has no contemporane-
ous (within-quarter) effect on output.

14. For the analytical derivation of their procedure, see King and others
(1991) or Warne (1993).
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APPENDIX B
The Models

Table Al contains detailed descriptions of each model. Briefly, for
each country our model consists of four or five variables. For each
country we include a short-term interest rate (the policy variable) as
well as a measure of output and a measure of inflation (the quantities
in the policymaker’s objective function). In addition, for all countries
but Japan, Switzerland, and the United States, we add the exchange
rate of the national currency against the currency of a large trading
partner. In the case of the members of the European Exchange Rate
Mechanism, this is the exchange rate with the deutsche mark. For
the remaining countries it is either the Japanese yen or the U.S.
dollar exchange rate. When a four-variable system creates puzzling
responses, a fifth variable is chosen from a pool of candidates: long-
term interest rates, U.S. or German short-term interest rates (for
countries strongly influenced by U.S. or German monetary policy,
respectively), commodity prices as a leading indicator for inflation,'®
or monetary aggregates. All data are quarterly at annual rates and
seasonally adjusted using deterministic dummy variables.

The models are tested for structural breaks with the help of one-
step Chow tests and breakpoint (N down) Chow tests, both at the
equation and the vector level. Especially for some European coun-
tries, the tests reveal structural breaks around 1984, coinciding with
the emergence of the “hard” European Monetary System. To ensure
that the models are stable and well specified, for most countries the
sample period is restricted to 1984-97. In some cases the results of
the stability tests led us to shorten the sample period. To avoid dis-
torting the evidence, we thus have to accept small samples.

The lag length for the reduced-form vector autoregressions is found
using the London School of Economics general-to-specific modeling strat-
egy. In all cases a lag length of at most two is sufficient. We perform a
number of additional diagnostic tests to ensure that the models are well
specified. We test the residuals of both the individual equations and the

15. Since they are determined in auction markets, commodity prices react
much faster to news about future inflation than do industrial or consumer prices.
Econometric evidence supports their value as leading indicators of inflation
(Boughton and Branson, 1991). Christiano, Eichenbaum, and Evans (1996) dis-
cuss the usefulness of commodity prices in estimating the responses of output and
inflation to monetary policy shocks.
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systems as a whole for serial correlation, nonnormality, heteroske-
dasticity, and autoregressive conditional heteroskedasticity.1®

In most cases we must introduce dummy variables for our models to
pass this battery of stringent specification tests. This is especially true of
the tests for normality of the residuals. We introduce dummy variables
in periods where indirect taxes are increased, under the presumption
that central banks do not generally tighten policy at these times, even
though measured inflation is normally observed to rise. We also include
dummy variables at the times of the 1992-93 and 1995 exchange rate
crises, when many countries’ central banks changed their behavior dras-
tically, albeit briefly. Finally, dummy variables are put into the models
at times of extraordinary national events, such as labor strikes. Table
A2 reports the full list of dummy variables included for each of the coun-
tries we study.

Table Al. Specification of the Model

Country Variables Cointegration
rank Lags  Sample period

Australia OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
Australian dollar-yen exchange rate, IMF
commodity price index 3 2 1985Q1-1997Q4

Austria Three-month money market rate, industrial
production, CPI inflation, Schilling-DM
exchange rate, German short-term interest rate 2 2 1984Q1-1997Q1

Belgium Three-month treasury bill rate, industrial
production, CPI inflation, Belgian franc-DM
exchange rate, German short-term interest rate 3 2 1984Q3-1997Q4

Canada OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
Canadian dollar-U.S.dollar exchange rate, real M3 2 2 1980Q3-1997Q4

Chile? Thirty-to-ninety-day deposit rate, industrial
production (seasonally adjusted), CPI inflation,
Peso-U.S.dollar exchange rate, U.S. short-term
interest rate 3 2 1985Q1-1998Q4

16. For a detailed description of the tests, see the help function in PcFIML9.0;
the test statistics are available from the authors upon request.



Table Al. (continued)

Country

Variables Cointegration

Sample period

Denmark

Finland

France

Germany

Ireland

Israel

Korea

Mexico

Netherlands

New Zealand

Portugal

Three-month interbank market rate, industrial
production (seasonally adjusted), CPI inflation,
Krone-DM exchange rate

Call money rate, industrial production, CPI
inflation, Markka-U.S. dollar exchange rate

Three-month money market rate, industrial
production, CPI inflation, French franc-DM
exchange rate, long-term rate on governmentbonds

Three-month money market rate, industrial
production (seasonally adjusted), CPI inflation,
DM-U.S. dollar exchange rate, IMF commodity
price index

Three-month treasury bill rate, industrial
production, CPI inflation, Punt-DM and
Punt-Sterling exchange rates

Short-term treasury bill rate, industrial
production (seasonally adjusted), CPI
inflation, Shekel-U.S. dollar exchange rate,
real money

Three-month treasury bill rate, industrial
production, CPI inflation, Lira-DM exchange
rate, IMF commodity price index

OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
real M3

Daily money market rate, industrial production
(seasonally adjusted), CPI inflation, Won-U.S.
dollar exchange rate

OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
Peso-U.S. dollar exchange rate, IMF commodity
price index

Three-month interbank market rate, industrial
production, CPI inflation, Guilder-DM exchange
rate, German short-term interest rate

OECD-MEI short-term interest rate, industrial

production, CPI inflation, New Zealand dollar-U.S.

dollar exchange rate

Five-day money market rate, industrial
production, CPI inflation, Escudo-DM
exchange rate, German short-term interest rate

1984Q1-1997Q3

1984Q1-1997Q4

1984Q1-1997Q4

1979Q3-1997Q4

1984Q1-1997Q3

1986Q2-1998Q3

1984Q1-1997Q4

1981Q1-1997Q4

1984Q3-1997Q3

1984Q1-1997Q4

1984Q1-1997Q4

1984Q3-1997Q4

1983Q4-1997Q3




Table Al. (continued)

Cointegration

Country Variables rank Lags Sample period
Spain Three-month money market rate, industrial

production, CPl inflation, Peseta-DM exchange

rate, real ALPP 2 2 1984Q1-1997Q4
Sweden Three-month treasury bill rate, industrial

production, CPI inflation, Krona-U.S. dollar
exchange rate, interest rate on nine-year
governmentbonds 3 2 1984Q1-1997Q4

Switzerland OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
real M3 2 2 1984Q1-1997Q4

UnitedKingdom Three-month treasury bill rate, industrial
production, RPIX inflation,® Sterling-DM exchange
rate, IMF commodity price index 3 1 1980Q1-1997Q4

United States ~ OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
IMF commaodity price index 2 2 1980Q1-1997Q4

Sources: Data for Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, the Netherlands, Por-
tugal, Spain, Sweden, and the United Kingdom are from Datastream; those for Australia, Canada, Japan, Mexico,
New Zealand, Switzerland, and the United States are taken from the OECD Main Economic Indicators (MEI).
Data for Chile are from International Monetary Fund, International Financial Statistics (the deposit rate), the
Central Bank of Chile’'s World Wide Web site (inflation), and DRI (industrial production and the exchange
rate); Israeli data are from DRI (exchange rate, industrial production, and inflation) and from International
Financial Statistics (interest rate and money); data for Korea are from International Financial Statistics
(money market rate and industrial production) and DRI (inflation and exchange rates).

a. The model for Chile looks at parts of the transmission mechanism only, because the interest rate in use is a
deposit rate. This assumes that the transmission from monetary policy shocks to the deposit rate has already
taken place.

b. ALP is a monetary measure of active liquidity in private hands. It is a broader aggregate than M3. To construct
real ALP, the natural logarithm of the consumer price index (CPI) is subtracted from the natural logarithm of ALP.
c. RPIX is a measure of retail prices on all items except mortgage interest. Because the U.K. CPI includes
mortgage interest payments, CPI inflation is biased upward following an interest rate increase. To avoid a price
puzzle, the interest payments must be excluded from the price index.

Table A2. Dummy Variables

Country Dummy variables
Australia None
Austria For the inflation equation: increase in the value-added tax in 1986Q1 and of indirect

taxes in 1996 (in order to achieve the Maastricht criteria). For the industrial
production equation: general economic downturn in 1992. For the interest rate
equation: tightening by the central bank in 1986 Q1, which followed a period of
massive capital outflows, central bank interventions, and reserve losses

Belgium Exchange rate and interest rate equations: exchange rate crisis in 1993 (restricted to
lie in the cointegration space). The Belgian franc came under downward pressure
with the widening of the exchange rate bands in the Exchange Rate Mechanism to 15
percent. Industrial production: output decline in 1987Q1; the central bank linked




Table A2. (continued)

Country

Dummy variables

Chile

Denmark

Finland

France

Germany

Ireland

Israel

Italy

Japan

Korea

Mexico

Netherlands

the decline to efforts to trim the public deficit and therefore did not take any
corrective steps. Inflation: in 1986Q1 inflation fell too sharply to be explained by the
monetary policy framework alone. Indeed, lower fuel prices are mentioned by the
central bank as a reason for the marked improvement in inflation performance

Exchange rate: exchange rate crisis in 1992-93. Interest rate: in 1981Q4 and 1994Q2,
strong influence of U.S. interest rate changes; since U.S. interest rates do not enter
asaseparate variable, these influences have to be dummied out here

Inflation: in 1988Q3 the value-added tax and fuel prices fell, whereas in 1990 both
were increased. System: in 1992Q1, money growth exploded to a 55 percent annual
rate

Exchange rate and interest rate: exchange rate crisis in 1992-93. Inflation: increase
inindirect taxes in 1986

Exchange rate and interest rate: exchange rate crisis in 1992-93. Industrial
production: recession from 1990 to 1994

None

Interest rate: stock market crash in 1987, in the aftermath of which the Bundesbank
loosened its monetary policy stance until 1988Q3 to offset some of the consequences
of the crash on the real economy. Industrial production: strike in 1984Q2. Inflation:
first round of rent rises in East Germany 1992Q1; linear trend, restricted to lie in
the cointegration space

Interest rate: speculative crises in 1986 and 1992. Inflation: increase in excise
duties, removal of food subsidies and other taxation measures to reduce the budget
deficitin 1987Q1. Exchange rate: crises in 1992 and 1995

Exchange rate: devaluations in 1987Q1, 1989Q2, and 1991Q2
Exchange rate and interest rate: crises in 1992-93 and 1995. Inflation: jump in 1990

Interest rate: focus of monetary policy on exchange rate after the 1985 Plaza Accord
leads to a tightening of the policy stance in 1985Q4. Inflation: increase in consump-
tiontaxin 1997Q2

Inflation: acceleration in 1990Q2. Exchange rate: acceleration of depreciation in

199608

Interest rate: tight monetary policy stance under the Economic Solidarity Pact
reduces inflation by over 100 percentage points in 1988. Industrial production: oil
shock in 1986, steep increase in the growth rate in 1994 coinciding with the coming
into force of the North American Free Trade Agreement. Exchange rate: crisis in
199495

Industrial production: after a cut in the value-added tax, a fall in social security
contributions, and nominal wage increases, households’ disposable income rose by 5
percent in real terms in 1989, leading to a steep increase in private consumption and
industrial production




Table A2. (continued)

Country

Dummy variables

New Zealand

Portugal

Spain

Sweden

Switzerland

United Kingdom

United States

Exchange rate: 20 percent devaluation in 1984Q3, wide swings after the float in
March 1985. Inflation: indirect tax increases in 1985Q1, 1986Q4, and 1989Q3

Exchange rate: speculative attacks in 1992-93

Exchange rate: speculative attacks in 1993 and 1995. Massive interest rate increase
in the Bank of Spain lending rate in 1987. After an overshooting of ALP by nearly 100
percent with respect to its target, and after an increasing government deficit had to
be financed by the Bank of Spain, driving liquidity up even further, the Bank of
Spain increased its lending rate from 11.5 percent in December 1986 to 20.5 percent
in May 1987. Inflation: value-added tax introduced in 1986Q1; linear trend, restricted
to lie in the cointegration space

Exchange rate and interest rate: crisis in 1992-93. The central bank increased its
marginal lending rate to 500 percent in September 1992. Inflation: tax reformin
1990Q1 widened the value-added tax base substantially; subsequent change in the
value-added taxin 1991

Interest rate: after the stock market crash in 1987, the central bank lowered interest
rates to their lowest level since 1979

Industrial production: miners'’ strike in 1984. Exchange rate: currency crisis in1992.
Interest rate: in 1985Q1 the Bank of England drastically increased interest rates
after an exchange rate depreciation to indicate that it was in earnest about the newly
declared change in orientation toward exchange rate goals; linear trend, restricted
to lie in the cointegration space

Interest rate: high volatility of short-term rates at the beginning of Paul Volcker's
chairmanship of the Federal Reserve; linear trend, restricted to lie in the
cointegration space

Source: Authors’ construction.
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The two central issues in monetary policy are separated by time
horizon. The first relates to the short run: what is the appropriate mon-
etary policy across the business cycle? The second relates to the long
run: what is the optimal long-run rate of inflation? This paper explores
these classic issues from the vantage point of a small, open economy.
“Smallness” opens up both possibilities and pitfalls for the policymaker,
because several important variables (such as the foreign interest rate,
the real exchange rate, and the worldwide real rate of interest) are now
exogenous from the perspective of the home country.

The short-run focus of monetary policy is to determine how best
to respond to real shocks buffeting the economy. These real shocks
include fiscal disturbances, fluctuations in multifactor productivity,
and movements in real exchange rates. The central banker must
make decisions in real time in the face of severe data problems. In
particular, it is typically unlikely that the central bank can respond
directly to fundamental shocks; instead it must respond to movements
in endogenous variables. For example, the central bank will not im-
mediately observe movements in productivity but instead must re-
spond to movements in the rate of inflation.

These informational restrictions imply that the central bank must
use a fairly simple policy rule, namely, a reaction function linking
movements in the nominal interest rate to these movements in en-
dogenous variables. One such rule is the celebrated Taylor (1993)

Monetary Policy: Rules and Transmission Mechanisms, edited by Norman Loayza
and Klaus Schmidt-Hebbel, Santiago, Chile.© 2002 Central Bank of Chile.
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rule. The last several years have seen numerous theoretical analy-
ses of the welfare advantages of different policy rules. Papers include
Carlstrom and Fuerst (1995), Ireland (1997), King and Wolman (1996),
and Rotemberg and Woodford (1999). These papers posit structural
models of the real economy and the monetary transmission mecha-
nism. A principal conclusion of this line of research is that the wel-
fare gain from operating under the first-best rule rather than the
second- or even the tenth-best rule is small. For example, in a lim-
ited participation model, Carlstrom and Fuerst (1995) report that the
welfare gain from switching from a money growth peg (a seemingly
disastrous policy in the posited model) to an interest rate peg (the
second-best policy) equals only 0.017 percent of the steady-state capi-
tal stock. (A limited participation model assumes that only a subset
of the economy directly participates in open market operations, and
thus only this subset has immediate access to the new cash injected
into the economy by the central bank.)

As a consequence of these small welfare numbers, the focus of
recent research has shifted to a related question: how to avoid doing
harm. Relevant papers include Clarida, Gali, and Gertler (1997), Kerr
and King (1996), Benhabib, Schmitt-Grohe, and Uribe (1998), Carlstrom
and Fuerst (1998, 2000, and forthcoming), and Christiano and Gust
(1999). A central bank that follows a rule in which it responds to endog-
enous variables may introduce real indeterminacy and sunspot equi-
libria into an otherwise determinate economy.! These sunspot
fluctuations are welfare-reducing and potentially quite large. An im-
portant focus of this paper is to isolate the conditions sufficient to
ensure that the monetary policy rule does not introduce sunspot equi-
libria into the economy.

The paper’s analysis is conducted in the context of a fully articu-
lated general-equilibrium model of a small, open economy. The un-
derlying real model is essentially that of Mendoza (1991). Money is

1. There are actually two types of indeterminacy that may arise. The first is
nominal indeterminacy: are the initial values of the price level and all other nomi-
nal variables pinned down? In our notation this corresponds to the question of
whether n = P /P, _; is determined (where t is the initial time period). Nominal
determinacy is a typical occurrence under many interest rate operating procedures,
the most celebrated example being an interest rate peg. It is of no consequence in
and of itself, but rather is important only if it leads to real indeterminacy. By this we
mean a situation in which the behavior of one or more real variables is not pinned
down by the model. This possibility is of great importance as it immediately implies
the existence of sunspot equilibria, which in the present environment are neces-
sarily welfare reducing. Sunspots are purely extraneous variables that alter the
equilibrium because economic agents believe that they will alter the equilibrium.
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introduced by assuming that it is required to facilitate certain transac-
tions. The paper considers both a flexible-price economy in which an-
ticipated inflation effects are paramount, and a limited participation
model as in Lucas (1990), Christiano, Eichenbaum, and Evans (1997),
and Fuerst (1992), in which unanticipated money supply shocks have
real effects.?2 The “smallness” assumption manifests itself in the as-
sumptions of perfect capital markets an exogenous worldwide real rate
of interest, and an exogenous real exchange rate. From a theoretical
point of view, the “smallness” assumption is particularly attractive,
because many of the results that are obscured in a closed economy are
more readily apparent here. In addition, certain other shocks (such as
to the real exchange rate) are not relevant to a closed economy.

The first two sections of the paper address the issue of real inde-
terminacy in a small, open economy with flexible prices (section 1)
and with limited participation (section 2). A principal conclusion is
that to avoid real indeterminacy the central bank must respond ag-
gressively to past movements in inflation. It is well known that bas-
ing policy responses on market expectations can generate
nonuniqueness of equilibria. For this reason, “looking forward” tends
to create indeterminacy because monetary policy is driven by an en-
dogenous variable that in turn depends on policy.3

A standard argument in the literature is that, to avoid real inde-
terminacy, the central bank must respond aggressively to either ex-
pected inflation (see Clarida, Gali, and Gertler, 1997) or current
inflation (see Kerr and King, 1996). These analyses all use reduced-
form, sticky-price models, where the underlying structural model is
a labor-only economy and money is introduced through a money-in-
the-utility function (MIUF) model with a zero cross-partial between
consumption and real balances. In sharp contrast, we argue that a
necessary and sufficient condition for determinacy is for the monetary
authority to react aggressively to past movements in inflation.*

2. Open-economy limited participation models include those of Baier (1997),
Grilli and Roubini (1992), and Schlagenhauff and Wrase (1995).

3. These questions are of more than academic interest. Several central banks
around the world currently use inflation forecasts as an important part of their
decisionmaking on policy issues. The recent federal funds rate increases in the
United States are evidence that such forecasts are used. Although there were few
signs that current inflation was increasing, interest rates were raised at the Au-
gust and November 1999 meetings of the Federal Open Market Committee be-
cause it was feared that higher inflation might well be in the offing.

4. Carlstrom and Fuerst (1998) demonstrate that these results on indeterminacy
are robust to a closed-economy model with a more elaborate production technology.
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The fundamental differences between our model and the others
just described are twofold. As demonstrated in Carlstrom and Fuerst
(forthcoming), one major difference comes from the assumption about
which money balances enter the utility function. The traditional MIUF
assumption is that it is end-of-period balances that enter. But a direct
extension of a typical cash-in-advance economy suggests that the
money the household has left after leaving the bond market and be-
fore entering the goods market is more appropriate. Remarkably,
this distinction in timing is critical for questions of determinacy. As
argued in Carlstrom and Fuerst (forthcoming), cash-in-advance tim-
ing is a more natural choice, and so we adopt it here. We utilize a
rigid cash-in-advance constraint, but following the arguments of our
earlier paper, the results generalize to an arbitrary MIUF setup with
cash-in-advance timing.

The second major difference is in the type of nominal rigidity
analyzed. The earlier papers assume a sticky price environment
adopted from Calvo (1983). The assumption in that model is that a
fixed fraction of firms adjust their prices every period. This implies
that, for any arbitrarily long but finite period, not all prices will have
adjusted to the levels implied by a flexible-price model. Equivalently,
for arbitrary initial conditions, the deterministic dynamics converge
to the flexible-price steady state only in the infinite limit. This pric-
ing arrangement is problematic for issues of determinacy. For
example, in Clarida, Gali, and Gertler (1997), an equilibrium is deter-
minate if perturbations from the equilibrium path lead to explosive
inflation dynamics. But surely the Calvo pricing arrangement would
not continue to hold along such a path, so that imposing this arrange-
ment along the path seems quite artificial. In this paper we consider
an alternative nominal rigidity, namely, the limited participation
model mentioned above. But more important, we assume that this
nominal rigidity arises for only a finite and definite time period. That
is, for arbitrary initial conditions, the model converges to the flex-
ible-price steady state within a finite period. This assumption is more
appropriate for the analysis of the limiting behavior that is so impor-
tant for stability analysis.®

The final section of the paper turns to the long-run issue of mon-
etary policy: what is the optimal long-run rate of inflation? By posit-
ing a Taylor rule in sections 1 and 2, we assume that it is not optimal

5. Carlstrom and Fuerst (2000) demonstrate that these same indeterminacy re-
sults hold for a sticky-price model in which prices are sticky for only a finite time period.
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for the central bank to follow Friedman'’s (1969) advice and engineer
a long-run deflation that will peg the nominal rate of interest to zero.
There is an enormous literature concerning the robustness of
Friedman’s optimum quantity of money result (see, for example,
Woodford, 1990). This paper provides a novel explanation for a posi-
tive long-run rate of inflation that is unique to a small, open economy.
This “smallness” implies that the country takes the foreign nominal
rate of interest as given. To the extent that this foreign rate distorts
domestic behavior, there is a rationale for positive domestic nominal
interest rates.

1. A FLexiBLE-PRICE MODEL

The economy in the model consists of households, firms, and fi-
nancial intermediaries, with the latter accepting deposits from house-
holds and lending to firms. The firms borrow cash to finance their
wage bill. The households consume a single good that is produced
abroad, and the firms produce a single good that is sold abroad at the
real exchange rate e,. The economy is small in that the real exchange
rate is taken as given and households’ foreign asset accumulation
earns a constant real rate of returnr.

Households are infinitely lived, with preferences given by

©

E, > B U(e1-L,),

t=0
where E, denotes the expectations operator conditional on time-zero
information, B € (0,1) is the personal discount factor, c, is consumption
at time t, and L, is labor supply at time t. To purchase consumption
goods, households are subject to the following cash-in-advance constraint:

P.c, <M, + Pw,L, - N,,

where P, is the price level, M, denotes beginning-of-period cash bal-
ances, w, denotes the real wage, and N, denotes the household'’s choice
of one-period bank deposits. These deposits earn nominal rate
R,, which is paid out at the end of the period. The household's
intertemporal budget constraint is given by

My =M + Pt(WtLt + I’At)— P, — Pt(At+l _At)+Ht
+N, (R, -1).
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Here A, denotes the household’s investment in foreign assets that
earn the constant real rate of return r, with B(1 + r) = 1. We
assume that asset accumulation occurs at the household level and
that cash in advance is not needed to finance its purchase. II de-
notes the profit flow from firms and financial intermediaries.

Firms in this economy produce an export good using a production
function employing domestic labor;

Yi :etetf(Ht)’

where 0, is a measure of aggregate productivity, and H, denotes hired
labor. One can imagine that f is constant returns or that land is an
additional fixed factor in the production function. In the former case
there are no profits to distribute, whereas in the latter case the profit
flow to equity owners is simply the rents on land. To finance its wage
bill the firm must acquire cash and does so by borrowing short term
from the financial intermediary at (gross) rate R,.

The intermediary in turn has two sources of cash: cash deposited
by households and new cash injected into the economy by the central
bank. Hence the loan constraint is

PwWH, <N, +M:(G, -1),

where G, denotes the (gross) money supply growth rate, G, = M, / M.
Note that monetary injections are carried out as lump-sum transfers to
the financial intermediary.

We restrict our attention to equilibria with strictly positive nomi-
nal interest rates so that the two cash constraints are binding. A
recursive competitive equilibrium is given by stationary decision rules
that satisfy these two binding cash constraints and the following:

E[&]BE[(l)&] W
t+1 t+2
ULt — etetf,(Lt) , (2)
Uct Rt
U, U,

t=BEt[Rt—”], ©)
Pt Pt+l

co+ AL =60, f(L)+(1+r)A, . @



Optimal Monetary Policy in a Small, Open Economy 281

The social resource constraint, equation (4), comes from imposing
market clearing and netting out firm and intermediary profits from
the household’s intertemporal budget constraint.

Note that, using equation (3), we can rewrite equation (1) as

lé“stt[(lH)ﬁ] ©)

t t+1

The system given by equations (2), (4), and (5) is isomorphic to
Mendoza'’s (1991) corresponding real business cycle economy except
that, because of the cash-in-advance constraint, it is distorted by a
consumption tax rate of (1 + tc)) = R,. Because of this implicit con-
sumption tax, the rate of return on foreign assets does not equal the
usual consumption Euler equation, equation (5), and the marginal
rate of substitution is not equal to the marginal product of labor,
equation (2).

This public finance interpretation is key in what follows. For ex-
ample, Carlstrom and Fuerst’s (1995) result that a constant nominal
interest rate is preferred to a variable one is a manifestation of the
standard result that constant taxes are better than fluctuating ones (hold-
ing the mean distortion fixed).® However, as demonstrated by Carlstrom
and Fuerst (1995) in a calibrated model, these welfare gains are quite
small, and so our attention is shifted to issues of indeterminacy.

Below we consider monetary policy rules in which the nominal rate
(the consumption tax) is endogenous, responding to movements in the
economy. In a real economy, Schmitt-Grohe and Uribe (1997) demon-
strate that the endogenous tax rate movements implied by a balanced-
budget rule can lead to real indeterminacy. An important issue below is
whether interest rate operating procedures can have the same effect.

The small-economy assumption makes stability analysis particu-
larly transparent. Without loss of generality, we now limit the dis-
cussion to the deterministic version of the model. As is well known, if
the deterministic dynamics are not unique, it is possible to construct
sunspot equilibria in the model economy. Substituting equation (3)
into equation (1) yields

Rus =(1+r). )

T[t+1

6. Such an interest rate smoothing policy is exactly the typical central bank
policy over the seasonal cycle.
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As mentioned above, this relationship is not the standard
Fisherian relationship. The above nominal interest rate is the rate
between t + 1 and t + 2, not between t and t + 1. The inflation rate,
however, is between tand t + 1 (=, = P,,,/P,). The reason for this
distortion is that the cash-in-advance constraint is on consumption
but not investment. It is this distortion that gives rise to the poten-
tial for indeterminacy.

Proposition 1: Suppose that monetary policy is given by the for-
ward-looking interest rate rule given by

n=0 T

o AR
R_R{ﬁ[“”“j } , ()
wheret 20, R =n./B,and A € [0,1).
Then, in the flexible-price model, there is real determinacy if and
only if 0 £t < 1. In any event there is always nominal indeterminacy
as m, is free.

Proof: Since equation (6) starts at t + 1, we scroll equation (7)

ahead one period. Taking the logarithms of equation (7), expressing
R and the ns as log deviations, we have

§t+l = (1 - 7\‘ )TZ }\'n-ﬁt+n+2 b (8)
n=0

Exploiting the recursion in equation (8), we have

AR, =Ry — (1 - )TEHZ : ©)

Using equation (6), this then implies that

}\‘%HZ = %Hl - (l - >\‘ )TﬁHZ ’ (10)
or

- 1 -

Ty = { m } Ty - 11)

For real determinacy we need this mapping to be explosive. Hence
there is real determinacy if and only if 0 <t < 1. If this is the case,
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then T is determined for j = 1. From equation (7), this pins down Rtﬂ.
for j = 0, so that equations (1) through (4) uniquely pin down the
inflation rate and real behavior. Since equation (11) starts with n
the initial price level, n,, is free (QED).

An immediate corollary to the above theorem is that an interest
rate peg (t = 0) delivers real determinacy but, like the other rules,
has nominal indeterminacy.

Under the policy rule given by equation (8)—the linearized ver-
sion of equation (7)—the monetary authority responds with an elas-
ticity of t to a geometric weighted average of all future expected
inflation rates, where more weight is placed on the near future. A
special case of such a rule is that where A = 0 and all the weight is
placed on the inflation rate betweentand t + 1;

R, = RS{MJ .
T[SS

Under this policy rule, increases in expected inflation increase
the nominal rate. But for active policies (t > 1), these nominal rate
increases are also associated with increases in the real rate of inter-
est. Thus we have an implicit consumption tax (the nominal rate)
correlated tightly with expected consumption growth (the real rate).
The self-fulfilling circle goes something like this. An increase in ex-
pected inflation increases investment demand, lowering current con-
sumption. The decline in current consumption increases the real rate
of interest; with t > 1, the nominal rate (consumption tax) rises sharply
with this real rate movement; this tax movement implies that the
initial increase in expected inflation and the decline in current con-
sumption are rational.

The fact that «, is free for all values of 1 is just a manifestation of
nominal indeterminacy; that is, there is nothing to pin down the ini-
tial growth rate of money. This innocent remark has some interest-
ing implications.

t+1’

Proposition 2: Suppose that monetary policy is given by a for-
ward-looking rule that includes the current inflation rate:

R, = Ry [ f[ (“‘ ] T“” (12

n=0 T

where 120,R =n/B,andAe[0,1).
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Then in the flexible-price model there is real indeterminacy for all
values of T # 0.

Proof: The proof proceeds as before, leading to the following dif-
ference equation:

- 1-(1-a)r -

T = T
t+2 t+1 -
A

Under appropriate conditions this is explosive, so that «,,; is pinned
down for j=1. But even in this case «, is free and hence so Is R, Thus
we have real indeterminacy. Once again, if t = 0, we have an interest
rate peg and there is no real indeterminacy (QED).

The nominal indeterminacy from before is now real. Before, =,
being free had no real effect, but now, given our interest rate rule, R,
is free. Since R, acts like a tax on consumption, the fact that R, is not
pinned down implies that real behavior is indeterminate. The reason
for this indeterminacy is that our policy rule is responding to endog-
enous variables. This is why an interest rate peg (t = 0) is determinate.

This discussion suggests that the central bank should look fur-
ther backward so that it only responds to exogenous variables. Re-
markably, by looking backward the conditions for determinacy are
(almost) entirely flipped on their head from when the Taylor rule is
forward looking.

Proposition 3: Suppose that monetary policy is given by the back-
ward-looking interest rate rule given by

Tss

a7
R(—Rss[ﬁ(n”‘lj ] : (13)
where 120, R, =n./B, and A€ [0,1) .

Then in the flexible-price model there is real determinacy if and only
ift=0o0rt>1. Inthe case of t > 1, there is also nominal determinacy.

Proof: Following the strategy pursued in proposition 1, we are
led to the following difference equation:

§t+2 = [7\’ + (1 - A’)T ]§t+l .

For real determinacy we thus need t > 1, which then implies that

m; Is pinned down for j 20 (QED).
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An interest rate peg is determinate but, like before, has nominal
indeterminacy. Notice, however, that if the monetary authority re-
sponds aggressively to past inflations (t > 1), initial inflation and hence
the initial money stock are pinned down. This result is a general-
equilibrium generalization of McCallum’s (1981) earlier result.
McCallum argued that because an interest rate peg suffered from
nominal indeterminacy, the monetary authority needed a nominal
anchor, which could be accomplished by responding to a nominal vari-
able. Proposition 3 confirms this but shows that merely responding
to a nominal variable, like past inflation, is not enough. The mon-
etary authority has to aggressively respond to past inflation to en-
sure nominal determinacy.

For completeness, we consider a backward-looking rule in which
the central bank also considers the current inflation rate:

Proposition 4: Suppose that monetary policy is given by a back-
ward-looking interest rate rule that also includes the current infla-
tion rate:

)
Ten ] , (14)
Y

ss

R_Rs{ﬁ[

n=0
wheret20, R, =n /B, and e [0,1) .

Then in the flexible-price model there is real determinacy if and only
ift=0o0rl<t< (1+A)/(1-A).Inthecaseofl<t< (1+A)/(1-A1),
there is also nominal determinacy.

Proof: Following the strategy pursued in proposition 3, we are
led to the following difference equation:

e

For determinacy, the term in brackets must be outside the unit
circle. There are two regions to consider. First, if t(1 - ) < 1, the brack-
eted term exceeds unity whenever t> 1. If t(1- 1) > 1, we must consider
the other side of the unit circle. Now for determinacy we must have

1+k_
1-x

A

T <
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Combining the two regions, we have the region noted in the propo-
sition (QED).

With an active policy, looking backward can render the economy
determinate. Yet the more weight is placed on the distant past (the
larger is 1), the more the bounds for determinacy shrink.

Although at this stage nominal indeterminacy is merely a nui-
sance, its presence becomes critical in the next section when we con-
sider how the presence of a particular type of nominal rigidity, namely,
sluggish portfolios, affects the above results.

2. A Limitep ParTicIPATION MODEL

A natural criticism of the previous analysis is that it was con-
ducted in a monetary model in which only anticipated inflation has
real effects. For example, under most of the policies considered there
is nominal indeterminacy in the flexible-price model, implying that
an independently and identically distributed shock to the money sup-
ply has no effect on any real variables.” This section extends the
analysis to a more compelling model of monetary nonneutrality in
which iid shocks have real effects.

The model we choose to examine is the limited participation model
(see, for example, Lucas, 1990, Christiano, Eichenbaum, and Evans,
1996, and Fuerst, 1992). There are at least two reasons for this choice.
First, in contrast to sticky-price models, there has been very little
work on indeterminacy issues in this type of model.® Second, there is
a compelling empirical reason to consider such a model. A well-known
empirical phenomenon is that, in response to a positive monetary
policy innovation (a movement downward in the nominal interest rate),
aggregate real behavior displays a hump-shaped time profile, while
prices rise slowly to a higher level. A hump-shaped consumption

7. This exception is a backward-looking Taylor rule when t > 1. Otherwise the
fact that initial money growth is free implies that iid shocks to money growth will
also achieve the interest rate directive.

8. A notable exception is Christiano and Gust (1999). There are two important
differences between their analysis and the model presented here. First, they
assume that investment purchases are subject to a cash-in-advance constraint,
whereas this paper makes the more standard assumption that investment is a
credit good. Second, in their model the portfolio rigidity is forever rigid in that the
deterministic dynamics converge to the flexible-price model only in the limit. This
is analogous to a Calvo (1983) pricing arrangement.
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profile implies an increase in the real rate of interest, whereas an
upward movement in prices implies that expected inflation cannot
fall. But then we are left with a puzzle: how can nominal interest
rates fall? The obvious answer is that over some time horizon the
standard Fisherian interest rate determination is broken; that is,
equation (3) must not hold over some time interval.

This is exactly the assumption made in limited participation models.
In particular, these models assume that the (nominal) portfolio choice
(N,) is made one period in advance, so that equation (3) is replaced with

U U,
Etl[ P:t J: BEtl[ Rt Pill J )

The positive implications of these models are well-known. For ex-
ample, suppose that

1+
Lt

Uteo L) = Infe,) = =

Then straightforward calculations imply

1
N, +G, —1 |t+n
Lt:[ th J .
t

With N, predetermined, this implies that monetary shocks in-
crease employment and domestic output, while driving down the do-
mestic nominal interest rate. From a policy perspective, the more
important observation is that employment does not respond to pro-
ductivity or real exchange rate shocks, because these shocks drive
the nominal interest rate upward. This sluggishness makes a clear
case for monetary policy: money growth should be varied to accom-
modate these shocks. Carlstrom and Fuerst (1995) use this as a start-
ing point to make the case for interest rate pegging in this model.
Once again, the welfare gains are small.

Because of this we turn to stability analysis. The attractive
feature of the limited participation model is that it breaks the
rigid Fisherian interest rate determination. But for the stability
properties of interest rate operating procedures, this turns out
to be somewhat disastrous since the interest rate is no longer
linked to underlying real variables such as consumption growth
and expected inflation.
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As before, we need only consider the deterministic dynamics. After
one period, portfolios can adjust, implying that for stability analysis we
must replace equation (3) with its counterpart scrolled forward:

[h} =B [Rm ﬁ} . (15)
Pt+l Pt+2
Combining this with the asset accumulation equation (1), we have

h:(1+r), (16)

T[t+1

( Uct+1 ]:( Uct+2 J . (17)
i1 T2

For stability analysis, the system of equations includes equations (16)
and (17), the labor equation (2), and the resource constraint equation (4).

Equation (16) is familiar from before. Under suitable conditions
on the interest rate operating procedure it will pin down inflation
and interest rate dynamics. The novelty is in equation (17): the lim-
ited participation constraint implies that there is little to pin down
the initial U, and thus the initial asset accumulation decision, even
if the initial nominal interest rate is determined.

To have any hope of determinacy we need an extra restriction.
The limited participation constraint provides one: N, is a predeter-
mined nominal variable. Combining the two binding cash constraints,
and using the household’s labor choice decision, we have

U,L
Mt—Ntzpt(ct—ﬁj. (18)
ct

Since M, and N, are predetermined, this provides an additional restric-
tion; in the flexible price model N, is free and equation (18) does not re-
strict real behavior. In particular, if a policy rule pins down the current
price level P, then the additional restriction in equation (18) will pin down
the initial consumption-asset-accumulation decision. Hence the only way
of achieving determinacy is if the interest rate operating procedure pins

down the current n, =P, /P, _,. This immediately implies the following:

Proposition 5: Suppose that monetary policy is given by either a
forward-looking rule as in equation (7) or a current/forward-looking
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Taylor rule as in equation (12). Then in the limited participation model
there is real indeterminacy for all values of t.

It also implies its corollary:

Proposition 6: Suppose that monetary policy is given by a back-
ward-looking Taylor rule as in equation (13). Then in the limited
participation model there is real determinacy if and only if 1 > 1.
Suppose that monetary policy is given by the current/backward-
looking Taylor rule given in equation (14). Then there is real
determinacy if and only if 1 <t < (1 + A)/(1 - 7).

Notice that a forward-looking Taylor rule and an interest rate
peg both suffer from real indeterminacy, because both had nomi-
nal indeterminacy in the corresponding flexible-price economy.®
An active backward-looking Taylor rule, however, pins down the
price level. Since portfolios are predetermined in nominal terms,
this price-level determination pins down an extra real variable.

3. A FLexiBLE-PRrRIcE MobDEL wiTH Two CURRENCIES

This section changes the nature of the analysis from the short run
(policy across the business cycle) to the long run (the long-run rate of
inflation). Given this focus, we ignore dynamic issues and instead con-
centrate on steady-state analysis.

In terms of modeling, this section builds on the earlier model by
assuming that the home-country agent has preferences over both the
imported and the exported good and that the imported good must be
paid for with foreign currency accumulated in advance.’® Hence we
have a model with two cash constraints and thus two implicit con-
sumption taxes. The imported good is taxed at the foreign interest
rate, whereas the domestically produced good is taxed at the domestic
interest rate. In section 1, domestic currency could be used for all
transactions, so that there was only one implicit tax—the domestic
interest rate. But now there are two taxes, one of which the domestic
central bank takes as exogenous. In this environment it may not be
optimal for the home country to follow Friedman'’s dictum and drive
the domestic nominal interest rate to zero.

9. Carlstrom and Fuerst (1995) show that an interest rate peg suffers from
real indeterminacy in a closed-economy limited participation model.

10. This more complicated modeling environment would not affect the earlier
conditions for real determinacy.
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Household preferences over the imported good (good 2), the do-
mestically produced good (good 1), and work effort are given by

3 U (e a0l ) (19)

To finance its consumption purchases, the household uses
cash accumulated in advance and thus faces the following cash
constraints:

Pltclt < Mlt +WtLt - Nlt ' (20)
PZtCZt < M2t - N2t ' (21)

where M,, denotes holdings of the home (i = 1) and the foreign (i = 2)
currency; P;, denotes the nominal price of goods i = 1, 2; W, denotes
the nominal wage expressed in home currency; and N;, denotes bank
deposits denominated in the two currencies i = 1, 2. The intertemporal
constraint (expressed in home currency) is thus given by

M1t+1 + StM2t+1 = StMZt + Mlt +WtLt - Pltclt - StPZtCZt + Ht
+ Nlt(th _1)+SIN2t(R2t _l)+stxt '

where R, denotes the nominal interest rate denominated in the two
currencies i = 1, 2; s, is the end-of-period nominal exchange rate;
and X, is a currency transfer from the foreign government. Since
this is a small, open economy, we need to exogenously impose an
equilibrium condition on domestically owned bank deposits of for-
eign currency. For simplicity we assume that these are in zero net
supply, so that one equilibrium condition imposed below will be N,
= 0. Similarly, since our focus is on steady-state issues, we abstract
from real foreign asset accumulation (A,). This is done without loss
of generality.
The first-order conditions to the household’s problem include

Uat _ SiPauRe 22)
U 1t Plt th

U, W, (23)
Ult Plt

As for the firm, it produces good 1 using the production tech-
nology from before, and subject to the need to borrow domestic
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currency to finance its wage bill. In addition, it imports good 2 at
exogenous terms of trade. (As before, the imported good is the
numeraire, so that e, is the real price of good 1 in terms of good 2.)
The firm then sells the two goods at their respective prices P,.
Since the firm does not distribute dividends until the end of the
period, it maximizes its end-of-period profits. Hence purchasing
power parity is in terms of the end-of-period exchange rate:

o = (24)
St PZI

Interest rate parity is given by

g - SRyt
t R !
1t

where §, is the beginning-of-period, or spot, exchange rate. The fact
that equation (24) does not hold with the spot exchange rate, but
instead with the end-of-period exchange rate, is a manifestation of
the cash-in-advance distortion.

Substituting the firm’'s optimization conditions into the house-
hold first-order conditions yields

U :etf,(Lt) , (25)
Uy Ry

Ult _ etth . (26)
Uy Rat

As noted earlier, this is now a model with two implicit consump-
tion taxes, both of which are manifested in equations (25) and (26).
The home-produced good (good 1) is taxed at the domestic nominal
rate, whereas the imported good (good 2) is taxed at the foreign rate
of interest. For a given foreign interest rate it is clear that the cen-
tral bank faces a second-best problem. Setting the domestic rate to
match the foreign rate may alleviate one distortion, equation (26),
but exacerbates another, equation (25).

The social resource constraint comes from imposing the equilib-
rium decision rules and market-clearing conditions on the household’s
intertemporal constraint. As previously, we assume that only domes-
tic households hold domestic currency. Hence we need only adjust
the earlier resource constraint in equation (4) for domestically held
foreign cash balances:
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M2t+1 — MZt + etclt + CZt = etetf(Lt )+ é ! (27)
2t 2t

where M, denotes foreign cash balances per capita held by the
representative domestic household (in the earlier model, domestic
households held no foreign cash).

In the steady state, domestic labor supply and purchases of the two
goods are constant. Since we are uninterested in the wealth effects
coming from exogenous foreign price movements, we assume that

Xy = (P2t+l - Py )Cz ) (28)

where c, is the steady-state level of the imported good.'! The house-
hold takes this transfer as exogenous so that it does not affect mar-
ginal decisionmaking but is only felt at the aggregate resource level.
In particular, with the transfer given by equation (28), the binding
cash-in-advance constraint implies that foreign money holdings drop
out of the resource constraint, so that the steady-state resource con-
straint is given by

ec, +¢, =edf(L). (29)

The steady-state welfare problem is to maximize equation (19) sub-
ject to equations (25), (26), and (29).
We must utilize numerical methods to make any headway. Hence
assume the following functional forms:
1-c
(ci’5 +ucy® )ﬁ vt

U(c,,c,,L)= - e

f(L)=L".

For our benchmark calibration, we set to 1 both the intertemporal
elasticity of substitution (1/c) and the elasticity of substitution between
the two consumption goods (1/5); we set the labor supply elasticity
(1/m) to 0.333 and the labor share to o = 2/3. We also normalize 6 = 1,
e=1,and p = 1. The latter implies an import share of [c,/(c, + ¢,)] = 0.47.

11. Thus this assumption is in the spirit of Lucas (1982), who assumes that
domestic and foreign households are insured against “seigniorage risk.” Without
this assumption the analysis would proceed with an inflation tax term in the
aggregate resource constraint in equation (29).
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The foreign interest rate is set at R, = 1.06. We then choose v so that,
with R, =1.06, we have L = 1/3.

Figures 1 through 3 present the results for differing values of
the elasticity of substitution between differing values of the labor
supply elasticity (1/m), the two consumption goods (1/8), and dif-
fering import shares (variations in p). Across all three figures all
other parameters are held constant except the one being analyzed.

Figure 1. Optimal Interest Rate and Labor Supply
Elasticity (1/1)
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Figure 2. Optimal Interest Rate and Elasticity of Substitution
Between c, and c, (1/5)
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Figure 3. Optimal Interest Rate and Foreign
Consumption Share (u)
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The figures reveal standard second-best intuition. When there are
two distorted margins, the benevolent planner will choose to more heavily
distort the margin that is less elastic or less important. The two mar-
gins here are the labor-leisure choice in equation (25) and the choice
between good 1 and good 2 in equation (26). The first distortion is elimi-
nated with a zero nominal rate (a gross rate of unity), and the second is
eliminated by matching the foreign interest rate.

Figures 1 through 3 have the qualitative shape that one would
expect. As 1/8 goes to zero and demands become highly inelastic, the
distortionary impact of divergent nominal interest rates declines.
Hence the optimal response is to lower the distortion on the labor
margin by lowering the domestic interest rate. As labor supply be-
comes highly inelastic and 1/n goes to zero, just the opposite is true,
and the optimal response is to more closely match the foreign rate.
Figure 3 reveals that as the importance of the foreign sector rises,
the cost of this distortion rises. Hence as the foreign share rises, the
optimal response is to move closer to the foreign rate. Notice that,
except under extreme parameter values, the optimal domestic rate is
significantly different from Friedman'’s zero.

Before closing, it is instructive to compare this steady-state analy-
sis with the corresponding dynamic Ramsey problem (see, for example,
Chari, Christiano, and Kehoe, 1996). In the present context the key
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issue is the form of the aggregate resource constraint. For the house-
hold budget constraint to collapse into the form given by equation
(29), one needs to preclude an initial and one-time flight from the
foreign currency (a possibility that, by assumption, cannot arise in a
steady-state analysis). That is, if the Ramsey planner began with
the level of foreign cash balances given by the steady-state problem,
he would encourage a one-time drop in these currency holdings by
setting the domestic nominal rate to zero. This lower domestic rate
would lead the household to decrease its consumption of foreign
goods and thus lower its holdings of foreign currency. For all future
periods this flight would leave the domestic household at a period-
by-period utility level lower than that under the steady-state prob-
lem (as consumption of the imported good would be forever lower).
To rule out this type of behavior, we must replace equation (28)
with the stronger condition

X, = (P2t+102t+1 = PyCyy ) . (30)

This transfer scheme imposes an implicit tax on currency flight.
Once again the domestic household takes this transfer as exogenous,
and thus it does not enter private marginal conditions. However, the
Ramsey planner is affected by these transfers, and they lead to an
aggregate resource constraint like that in equation (29). Hence, un-
der the assumption made in equation (30), the steady-state analysis
and the dynamic Ramsey problem are equivalent.

4. CONCLUSION

This paper has used a standard open-economy model to address
two classic questions in monetary policy: What is the appropriate
monetary policy across the business cycle? And what is the optimal
long-run rate of inflation?

Recent research suggests that an important issue for the first
guestion is what policy restrictions ensure that the central bank’s
policy rule does not introduce real indeterminacy and sunspot fluctua-
tions into an otherwise stable economy. The message is clear: the cen-
tral bank should respond aggressively to lagged inflation rates. From
the standpoint of indeterminacy issues, a policy that targets current and
future expected inflation is disastrous. Responding “passively” to only
future expected inflation or targeting the nominal interest rate may
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avoid real indeterminacy in a flexible-price model. However, these
policies are disastrous when the economy is subject to a nominal
rigidity such as that implied by limited participation. In terms of
exchange rates, to the extent that a pegged exchange rate implies
that the domestic nominal interest rate is given exogenously by
the foreign country, a pegged exchange rate is also subject to real
indeterminacy and sunspot fluctuations.

As for the second question, concerning the long-run rate of infla-
tion, a small, open economy faces an exogenous foreign interest rate.
Almost certainly this rate distorts domestic behavior. Hence the cen-
tral bank immediately faces a second-best problem. One distortion (a
positive foreign rate) can be worse than two (a positive domestic and
foreign interest rate). This is a novel reason to stay clear of Friedman's
zero nominal rate.

This paper’s general-equilibrium or structural approach to policy
evaluation has many advantages, including an obvious welfare crite-
rion (lifetime utility of the typical agent) and a clear articulation of
what parameters are invariant to policy. General-equilibrium analy-
sis forces one to be specific, and as always the devil is in the details.
An example illustrates this point. King and Wolman (1996) analyze a
sticky-price general-equilibrium model and conclude that strict price-
level targeting is the optimal monetary policy. In contrast, the re-
sults of Carlstrom and Fuerst (forthcoming) imply that a plausible
alteration in their modeling of money demand implies that an ag-
gressive price-level target is actually destabilizing and introduces
sunspot equilibria into the economy. Which conclusion is correct?
One must examine the details, all of which a simple reduced-form
model obscures.
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Until recently, the debate on the relationship between monetary
and fiscal authorities centered on the inflationary consequences of
monetary financing of the fiscal deficit. The moderately high infla-
tion of the 1970s in some industrialized countries and, particularly,
the recurring episodes of very high inflation in several developing
countries justified this focus. The main policy recommendation for
countries seeking to avoid high and variable inflation has been to
institute an independent monetary authority whose main mandate is
the control of inflation (see Cukierman, 1992; Walsh, 1993). In fact,
in recent years several central banks around the world have adopted
inflation targeting as the cornerstone of their monetary policy (see
Bernanke and others, 1999).

For their part, fiscal authorities in many countries have also come to
recognize the harmful effects of inflation and have taken measures to
control their deficits. This has been achieved both by rationalizing fiscal
expenditure (for example, eliminating price subsidies and privatizing pub-
licenterprises) and by raising tax revenue, particularly through the adop-
tion of value-added taxes. Fiscal authorities are also using domestic and
international financial markets to better manage the public debt, to avoid
the need to collect an inflation tax from outstanding monetary assets.
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Thus, in many countries around the world, there is a new policy
environment, one in which monetary authorities are committed to
controlling inflation, and fiscal authorities do not rely on the infla-
tion tax to finance their deficits and debt service. In this new context,
a different set of policy issues and questions arises. This paper is
devoted to one of these, namely, what effect a lack of coordination
between monetary and fiscal authorities has in achieving the goal of
minimizing business cycle fluctuations.

Coordination (or the lack thereof) is a relevant issue because
monetary and fiscal authorities have different policy instruments,
different objectives and preferences, and sometimes different percep-
tions of how the economy functions. In this paper we concentrate on
the effects of having monetary and fiscal authorities with dissimilar
objectives and with control of different policy instruments. In this
sense the paper is closely related to Nordhaus (1994), Loewy (1988),
and Perry and Lederman (1997). Following these studies, we use a
game-theoretic approach to analyze the effects of a lack of policy co-
ordination on fiscal deficits and domestic real interest rates.

To introduce the main issues and results of the paper, we present a
simple fiscal-monetary game modeled after the well-known prisoners’
dilemma. We use this game to analyze the possible responses of the
monetary and fiscal authorities in the face of a negative shock that raises
inflation and lowers employment. Figure 1 presents the main assump-
tions and the outcomes. The monetary and the fiscal authorities each
have two options: they can follow either a loose or a tight policy. When
both “play tight,” the resulting inflation is low, but so is the resulting
employment. When both play loose, both inflation and employment are
high. And when only one of them plays tight and the other loose, the
result is employment and inflation that are somewhere in between.

The interesting feature of this fiscal-monetary game is that the
two authorities have different preferences for both inflation and em-
ployment (see the payoff schedules in figure 1). Whereas the mon-
etary authority places greater value on achieving low inflation than
on achieving high employment, the fiscal authority regards the latter
as more important than keeping inflation low. (We have arbitrarily
made these differences in the preference schedules sufficiently large
to obtain the result we would like to stress.)

The only Nash equilibrium in this game consists of a tight mon-
etary policy and a loose fiscal policy. All of the other alternatives
present opportunities for one of the players to benefit by unilaterally
deviating from it. Thus the equilibrium of this game exposes the para-
digmatic conservatism of central banks and liberalism of fiscal
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authorities. It also illustrates why the response of each of them is
optimal given their differing preferences. If the monetary authority
were to follow a loose policy and accept a pledge from the fiscal au-
thority for stricter restraint, the fiscal authority would find it optimal
to renege on its pledge and adopt a loose policy. By the same token, if
the fiscal authority were to conduct a tight policy, given an offer from
the central bank to follow a loose policy, the monetary authority would
benefit by deviating from its offer and following a tight policy instead.
Finally, in terms of the payoffs to both authorities, the Nash equilib-
rium is equivalent to the combination of loose monetary and tight
fiscal policies. From a long-run perspective, however, it can be ar-
gued that this combination of policies is healthier than the Nash equi-
librium, given that it does not compromise fiscal sustainability and
does not weaken the investment capacity of the private sector.

Figure 1. A Monetary-Fiscal Game: Outcomes and Payoffs

Central bank

Tight monetary policy Loose monetary policy
Outcome: Outcome:
) Low inflation Medium inflation
Tight Lowemployment Medium employment
fiscal
policy Payoff: Payoff:
Central bank: 6+1=17 Central bank: 4+2=6
) Fiscal authority: 3+1=4 Fiscal authority: 2+4=6
Fiscal
authority Outcome: Outcome:
Medium inflation High inflation
Loose Medium employment High employment
fiscal
policy Payoff: Payoff.
Central bank: 4+2=6 Central bank: 1+3=4
Fiscal authority: 2+4=6 Fiscal authority: 1+6=17
Payoff schedule
Low Medium High
Inflation
Central bank 6 4 1
Fiscal authority 3 2 1
Employment
Central bank 1 2 3

Fiscal authority 1 4 6
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Although it illustrates the major themes of the paper, this simple
game has some obvious shortcomings. One is that it requires an arbi-
trary, ad hoc payoff schedule to achieve the desired result. We may
want to clarify the preference conditions under which policy biases
occur. The second shortcoming is that the game does not consider
the possibility for negotiation between the fiscal and monetary au-
thorities, which may result in policy coordination.

Section 1 of this paper presents a more fully elaborated mon-
etary-fiscal game in which the potential advantages of policy coordi-
nation can be clearly seen. Through this model we also clarify the
conditions under which looser fiscal policy (represented by higher
primary fiscal deficits) is accompanied by tighter monetary policy (rep-
resented by higher real interest rates), as predicted by our version of
the prisoners’ dilemma. Our basic conclusion from the model is that
increasing the divergence in preferences between the monetary and
fiscal authorities for output and inflation gaps results in higher pri-
mary fiscal deficits and higher real interest rates.

Section 1 also compares the Nash equilibrium solution to this
model with a Stackelberg solution. By allowing one of the authorities
to take the lead in choosing policy, the Stackelberg solution intro-
duces a dynamic dimension into the game, creating the possibility for
one player (the leader) to act in a way that elicits a mutually benefi-
cial response from the other (the follower). The Stackelberg game
results in the same basic conclusion as the Nash equilibrium; how-
ever, due to its potential for beneficial interaction, the Stackelberg
equilibrium comes closer to the coordination solution than the Nash
equilibrium does.!

Section 2 brings some empirical evidence to bear on the question.
We use annual data over the period 1970-94 from a sample of indus-
trialized countries to test the main hypothesis of our model: in a
context where fiscal and monetary authorities are independent and
do not effectively coordinate their policy responses, those countries
whose fiscal and monetary authorities have more divergent prefer-
ences for the output and inflation gaps will exhibit larger primary
deficits and higher real interest rates. Given the simplified nature of

1. We acknowledge that the coordination solution against which we compare
the Nash and Stackelberg equilibria is not derived endogenously in the model.
This is because the game we analyze is a “one-shot” game. Endogenous coordina-
tion, which is beyond the scope of this paper, may arise in the context of a game
played in a series of consecutive rounds, where the coordination solution would be
sustained by reputation, commitment, and credibility.
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our game-theoretic model, this conclusion would apply only after con-
trolling for other factors affecting the level of primary deficits and
domestic real interest rates.

We run separate regressions for the primary deficit (as a ratio to
GDP) and the real domestic interest rate (more precisely, its devia-
tion from the international interest rate). Then we assess whether
proxies for the divergence in preferences between fiscal and mon-
etary authorities are positively related to these primary deficits and
real interest rates. The proxies we use are indexes for each country
of the importance of price stability for the central bank. In these
regressions we control for a number of effects that may influence (or
be influenced by) the dependent variables, such as business cycle ef-
fects, international conditions, and Ricardian equivalence effects.

Using a seemingly-unrelated-regression estimator and account-
ing for country random effects, we find that, ceteris paribus, the
greater the importance placed on inflation control by the monetary
authority, the larger is the primary deficit and the higher the domes-
tic real interest rate. We conclude that, without prejudice to the gains
from central bank independence, there are gains to be had from policy
coordination by the monetary and fiscal authorities. Central bank
independence has helped achieve price stability and has induced fis-
cal discipline in many countries. As mentioned above, this is a neces-
sary, first-generation reform. A policy implication of this paper is that
a second-generation reform consisting of institutional incentives for
domestic policy coordination can also be beneficial, but only for coun-
tries that have already achieved price stability and fiscal discipline.

1. A GAME-THEORETIC MODEL

This section presents a one-period model of a simple game
played by monetary and fiscal authorities. It builds on the trade-
off that each authority has to face in the short run between changes
in the inflation rate and in the output gap (that is, the Phillips
curve). The model emphasizes the effects on the level of fiscal defi-
cits and real interest rates that result from different preferences
by the monetary and fiscal authorities with respect to deviations
of inflation and output from their optimal levels.

This game-theoretic approach is based on Frankel (1988),
Loewy (1988), and Nordhaus (1994). The main difference between
Frankel’s model and ours is that Frankel assumes a world where
the authorities have the same preferences with respect to inflation
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and output deviations but disagree on the model that best represents
the economy.? With respect to Nordhaus’s model, the main differ-
ence is that we assume that the monetary authority dislikes chang-
ing the real interest rate from its optimal level. As we show below,
under this assumption it is possible to reverse Nordhaus’s conclusion
that lack of coordination between monetary and fiscal authorities
necessarily implies higher fiscal deficits and higher real interest rates.
Also, extending Nordhaus’s work, we analyze the Stackelberg equi-
librium, which allows us to assess whether the main conclusions
change if the monetary-fiscal game is played sequentially. Two other
important differences with respect to previous work are that, first,
we assume asymmetric preferences and, second, we analyze aggre-
gate supply and demand shocks separately (the latter are presented
in an earlier version of this paper: Bennett and Loayza, 2000).

1.1 The Model

We assume that policymakers seek to maximize an asymmetric
utility function. Both fiscal and monetary authorities dislike falls in
output and rises in inflation; however, they do not mind rises in out-
put or drops in inflation. In addition, we assume that each authority
dislikes changing its policy instrument from its equilibrium level.

The utility level for the fiscal authority is denoted by U¥, and its
relative preference between objectives is given by the coefficients o,
B, and §. These measure, respectively, the cost associated with out-
put falling below a certain threshold (y — y*), with inflation rising
beyond a desired level (r — "), and with deviations of the deficit from
a socially optimal level (D — D").

u” =v*{(y- ") fe-m). (- 7))
u”r =—0(F[min(y—ym,0):|2 —BF[max(TT—TID,O)]2 1)
-35(p-Dp°).
Note that of, BF, § > 0.3

2. Frankel concludes that policy coordination may not be welfare improving if it
means a departure from the “true” model. However, coordination is more likely to be
welfare improving if it involves sharing information so as to arrive at that “true” model.

3. More precisely, D represents the primary deficit (the overall deficit minus
interest payments).
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The monetary authority’s utility function is modeled with the
same structure, but instead of the deficit deviation it has an intrinsic
preference with respect to its instrument, the real interest rate (r).
Analogously to equation (1), UM represents the monetary authority’s
utility, and o, B, and t measure, respectively, the cost associated
with output falling below a certain threshold (y — y*), with inflation
rising beyond a desired level (n — n*), and with deviations of the real
interest rate from its socially optimal level (r — r").

R T T e
UM = —O(M[min(y -0 )]2 —BM[max(T[— ™0 )]2 2)
—r(r—rD)Z.
Again, oM, BM 1> 0.

The assumption that t > 0 reflects the observation that central
banks dislike large and sudden movements in policy interest rates.
For example, in the recent literature on monetary policy, the lagged
interest rate has been widely used as an argument of the policy reac-
tion function (see Woodford, 1999, for a model that formalizes the
optimality of interest rate smoothing rules). Similarly, the assump-
tion that & > 0 reflects the fact that the fiscal authorities dislike de-
viations in their instrument from an established target. This may
result from the political costs and financing difficulties involved in
moving away from an agreed-upon fiscal budget.

We assume that the monetary authority cares more about a rise
in inflation than the fiscal authority does. Conversely, the fiscal au-
thority is more concerned about drops in output than its monetary
counterpart is. That is, p¥ > p¥ and of' > a™. These divergent prefer-
ences reflect both the central bank’s mission to contain inflation and
the fiscal authority’s need to deal with voters’ aversion to unemploy-
ment. We assume that the socially optimal levels y*, n*, D", and " are
perceived to be the same by both authorities.

The forces that rule the economy are modeled as follows:

y_ymzyp(D_DD)_yr(’"_’"D)"'yo> ()

H—T[D:)\y(y—yu)—)\o. “@
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Equation (3) gives the aggregate demand function, and equation
(4) gives aggregate supply (or the Phillips curve). The term (y — y")
represents the output gap; (n — ) represents the deviation of infla-
tion from the optimal rate; y,, and y, represent, respectively, the elastic-
ity of the output gap with respect to fiscal deficits and the real interest
rate; and A, represents the elasticity of inflation with respect to the
output gap. Shocks to aggregate demand and supply are represented,
respectively, by v, and A,. For simplicity, we set D", r" = 0.

In what follows we concentrate on aggregate supply shocks, which
in our model create a trade-off between output and inflation for both
authorities. In Bennett and Loayza (2000) we study the fiscal and
monetary response to aggregate demand shocks and show that the
central hypothesis of the model, tested in section 2 of this paper,
holds for this type of shock as well.

The solution for the case of a positive aggregate supply shock
(A > 0) is trivial. This results from the type of asymmetric loss func-
tions that we have assumed. A positive supply shock leaves inflation
lower than n* and output higher than y*, in which case neither au-
thority suffers a loss, and thus there is no policy response. On the
other hand, a negative supply shock lowers output and increases in-
flation, thus inducing a policy reaction by both authorities. It is this
case that we study in detail.

Given a negative supply shock, the loss functions in equations (1)
and (2) can be written as follows:

0% ==a ey =g (e -l - )" 0
U =—a¥ (y- ") =" (n- 1) - <(r-r"). ©

This simplification is correct because, as we show below, the re-
sulting equilibrium level of output is lower than y*, and inflation is
higher than n". In other words, the solution is interior to the range
y<y and n>n"

1.2 Optimization under a Single Economic Authority

First we determine the optimal levels of D and r in the two cases
where the monetary or the fiscal authority is able by itself to deter-
mine both instruments (in other words, there is a single economic
authority). This will give us their respective “bliss points.” We can
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then compare the situation where each authority determines its own
instrument under lack of coordination with alternative scenarios such
as, first, a single economic authority managing both monetary and
fiscal policies, and, second, the two authorities working to coordinate
policy.*

When the fiscal authority also determines the interest rate, the
first-order conditions are

O g0 (-5 28" e Py 280 0. 2
U —sa? (s, + 28 (- oy, =0 ®
r

From equation (7), and substituting equations (3) and (4), we ob-
tain the fiscal reaction function (FRnFn):

O O
O O
_ 0 1 v,
- 0O 5 0, "
1 + 2 F Fy2 0Y»
H Yb (0( +[3 )‘y) E (9)
O a
N
0o o O
%F *¥p (O‘F/BF ”‘Zy) 0
Yo a

From equation (8) we obtain what we call the fiscal cross-maximi-
zation function (FCrMx), because it results from the fiscal authority’s
optimization with respect to the instrument of the other (monetary)
authority (the real interest rate):

0 0
p=Y 40 Ao C

Vo By (a8 + 1)

Figure 2 plots equations (9) and (10). Their intersection gives the
optimal pair (DF,rf), or bliss point, for the fiscal authority. This is

10)

4. By coordination we mean a process through which the two independent
authorities negotiate their strategies in order to improve the results for both.
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achieved at the fiscal authority’s optimal level of aggregate demand,
with DF = 0. This result is to be expected given the fiscal authority’s
dislike of having the public deficit deviate from its optimal level. From
the fiscal authority’s utility function in equation (5) we can see that it
is costless to this authority to achieve the optimal aggregate demand
level using r instead of D as the policy instrument.

The dotted lines in figure 2 and the figures that follow represent
iso-aggregate demand levels (iso-AD). The slope of the aggregate de-
mand function is y,/y;. From equation (10), the slope of FCrMx is
Y,/Yp, so this line also represents an aggregate demand level, which
in this case is the optimal fiscal activity level.

Analogously, we can obtain the monetary authority’s bliss point.
When the central bank determines both D and r, the first-order con-
ditions are derived by maximizing the central bank’s utility function
in equation (6) with respect to both instruments. The monetary reac-
tion function (MRnFn) is given by

auM
or

=00

an
O O O O
—_ T yr )\)\

D‘D“WD—”D (M”ﬁ )
H vila™ +p"N )Hn  Hyvola™/8Y + 22 )H

and the monetary cross-maximization (MCrMx) function is given by

M
i:OD
oD 19
1 A 0 (12)
D:yrr,+ y 0 |:|

U
vo o Hvo(a™/B” +2)H

The monetary authority’s bliss point, (D™, ), is obtained in the
same way as for the fiscal authority. Its optimal aggregate demand
level is reached with its instrument unchanged, r = 0. Figure 2 shows
that the level of aggregate demand at the monetary bliss point is
lower than that reached at the fiscal bliss point. This comes from
the relationship between of/pf and oM/, the authorities’ relative
preferences for inflation and output (af/pf > oM/pM).5

5. Remember that the dotted lines represent iso-AD curves. In this case, the
MCrMx function in equation (12) gives the bliss level of aggregate demand for the
monetary authority.
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What happens if the monetary authority presents a greater
disutility from higher inflation (that is, a higher p¥)? The central
bank’s optimal aggregate demand will then decrease in order to
achieve lower inflation. As discussed above, this change in the bliss
point represents a downward movement along the D axis.

To summarize, these two simple scenarios of nonindependence
(a single economic authority) show the effects on activity of different
preferences in each authority’s utility function. They also show the
desire of each authority to use the other’s instrument to adjust the
output and inflation gaps and thus optimize its own utility function.

In addition to these cases of nonindependence, it is interesting to
study the case where there is coordination between independent au-
thorities. The contract curve shown in figure 2 describes the possible
solutions for this scenario. It is the group of points for which there is
no possibility of improving the situation of one authority without di-
minishing the utility of the other. In other words, the contract curve
is the line that contains the tangent points between the two sets of
iso-utility curves (see inset in figure 2).6

Figure 2. Fiscal and Monetary Bliss Points and the
Contract Curve

FCrMx
D
e
e
Fiscal bliss point P 4 FRnFn
e
\ .
7
- MRnFn r
MCrMx
e
-
L7 Iso-utilities
Contract P /Y (indifference curves)
curve AN

Bliss points

Monetary bliss point

Ve
Ve
e

6. The shape of the iso-utility curves depends on the authorities’ utility func-
tion parameters: the relative preference for inflation and output gaps, and the
relative cost associated with deviations of the respective instrument.
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Even though, with independent authorities, points on the con-
tract curve seem to be the best solution for both players, this coordi-
nated equilibrium may be unenforceable and thus unlikely to be
achieved. In the real world, the fact of independence, together with
obstacles to enforcing commitments, the transactions costs that hinder
coordination, and the practical inability to discern outcomes due to
policies from those due to shocks, suggests that policy actions may be
more realistically modeled as Nash or Stackelberg games.

1.3 The Nash Equilibrium

The Nash equilibrium applies when both players decide their strat-
egies simultaneously and without coordination. In the monetary-fiscal
game, this means that each authority has to decide the level of its
instrument, knowing that its counterpart is rational and has a certain
preference regarding the inflation and output gap. Then the Nash equi-
librium will result in a pair (DV,rY) in which no player can reach a
higher utility level by unilaterally deviating from that equilibrium.

The Nash solution is obtained when each authority maximizes its
utility function with respect to its own instrument, taking the other
policy instrument as given. Equations (7) and (11) represent the first-
order conditions of the Nash solution. Thus, the reaction function of
the fiscal authority is given by equation (9), and the monetary
authority’s reaction function by equation (11).

Comparing these two equations shows that, first, the slope of
MRnFn is greater than y, /yp, and the slope of FRnFn is less than
Y,/Yp , which reflects the loss associated with each authority allow-
ing its respective policy instrument to deviate from its optimal level.
Second, the intercept of MRnFn is more negative than that of FRnFn,
which results from the fact that the monetary authority realizes a
smaller loss from a given output gap (and a greater loss from a given
inflation gap) than the fiscal authority (figure 3).

The intersection of MRnFn and FRnFn gives the Nash solution. After
a fair amount of algebra, the solution of the Nash equilibrium is given by

v T VA, (aBY - a¥B” I\, + AN,
Y8/ (0 +BYA2 )+ 18y, +y,t(a” +B7N: )

v mvoh (aBY - atBT N BN, a4
v,3 (¥ +BYA2 )+ 18y, +viuly, (af +p7N)

13)

s
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Note from equation (13) that the sign of DV is not strictly positive.
In fact, DV will be negative if the difference in preferences between
monetary and fiscal authorities is small with respect to the central
bank’s loss from changing the interest rate from its target level. This
case, however, is of limited empirical importance, because it would
imply that, in the presence of a negative supply shock, central bank
independence results in higher inflation than under the fiscal bliss
point (figure 4). This makes little practical sense. Therefore in what
follows we assume that the condition given in equation (15) holds, so
that the Nash equilibrium always implies a larger deficit and a higher
real interest rate than the solution under a single economic authority.
Intuitively, this condition requires that the central bank values low
inflation sufficiently more than the fiscal authority and sufficiently more
than keeping the interest rate at its long-run level:

F
af M — o MpF >TB—2 ) (15)

The Nash equilibrium portrayed in figure 3 represents the con-
clusion arrived at in Loewy (1988) and in Nordhaus (1994): both the
real interest rate and the fiscal deficit exceed their levels at either
bliss point. In fact, the level of aggregate demand obtained at the
Nash equilibrium can be achieved by a large number of combinations
of lower deficits and interest rates. Thus the Nash equilibrium
(DN, rNV) is Pareto inferior to a large set of points, and in particular to
any point on the contract curve.

Why does this “inefficiency” occur? The following example, pre-
sented in the inset in figure 3, may clarify the intuition behind this
result. Starting from the fiscal bliss point (D¥,rf"), suppose that the
central bank is granted independence and that no coordination is pos-
sible. The monetary authority could react to the initial level of aggre-
gate demand by increasing r to a new level, allowing it to maximize its
utility function for the fiscal deficit D = 0 (point 1). A rational fiscal au-
thority will anticipate this reaction and the level of aggregate demand
that it implies, and thus it may react with a level of D that maximizes
its own utility function given the new real interest rate (point 2). The
monetary authority, in turn, may reset its instrument to a new opti-
mal level given the latest fiscal reaction (point 3). As the figure shows,
each authority will continue to adjust its policy instrument until nei-
ther can improve its utility, given rational behavior by the other player.
This equilibrium is represented by the optimal pair (DV, V).



Figure 3. Nash Equilibrium
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What happens if the difference in preferences between the two
authorities becomes wider (that is, the difference between af/ BF and
a*/B” increases)? Modeling this as a igher M (ﬁM>|3M) in figure
5, we can see that the new equilibrium {D?¥, #¥ | will necessarily be
located to the northeast of (DY, rV), which means higher levels of
both instruments, lower inflation, and lower aggregate demand. Both
the intercept and the slope of MRnFn will be lower if ¥ increases to
BM, reflecting the lower desired aggregate demand that results from
the stronger anti-inflation preference of the central bank.” Note that
this conclusion does not require the assumption made in equation (15).

To summarize, modeled as a Nash game, the uncoordinated policy
reaction of the fiscal and monetary authorities to a negative supply
shock results in higher fiscal deficits and higher real interest rates
than those obtained when either authority alone determines both
instruments. Moreover, when the divergence in the authorities’ pref-
erences for the output and inflation gaps widens, the resulting fiscal
deficit becomes larger and the real interest rate becomes higher.

Figure 5. Shift in Nash Equilibrium with an Increase in the
Central Bank’s Preference

£ New Nash equilibrium (B
§M> gM

Original Nash equilibrium (BM)

FRnFn

MRnFn ()

MRnFn (BM)

7. This result is maintained if we model the increased difference in prefer-
ences as a higher af, a lower o, or a lower B¥. The last two results can easily be
derived from the resulting values of DV and rV.
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Finally, substituting the resulting DV and rV in the output gap
equation (3) and in the inflation equation (4), it can clearly be seen
that equilibrium output is lower than y* and inflation higher than ="
In other words, the solution is interior to the range y < y* and n > ="
Thus it is valid to assume that, given a negative supply shock, the
authorities’ utility function can be modeled as the simple quadratic
form of equations (5) and (6).

1.4 The Stackelberg Equilibrium

Whereas the Nash equilibrium is obtained when both players
move simultaneously, a sequential play of the game leads to the
Stackelberg equilibrium. For the monetary-fiscal game this means
that one of the authorities decides first the magnitude of its instru-
ment and the other follows its lead. We begin by assuming that the
monetary authority is the leader. The contrary case is analyzed at
the end of this section.

In the Stackelberg game, when the central bank is the leader,
the fiscal reaction will be governed by equation (9), the optimal re-
sponse of the follower to a given real interest rate.

The central bank’s first-order condition as the leader of the
Stackelberg game is obtained by maximizing UM with respect to r, tak-
ing into account that the central bank is now able to affect D according
to the fiscal authority’s reaction function in equation (9). We can then

>«

express the monetary authority’s “action” function (MAnFn) as follows:

O . O O A A 0
D=0+ Y .+ 0O "0 O, (16)
H oy (a2 )Hy,  Hyola/s + 2 )H
1
h b= <1. 17
where 1+V2D(1+BF)\2}) ( )
5

Substituting equation (9) into equation (16), we can determine the
central bank’s optimal magnitude for the real interest rate. Then,
given r, the fiscal authority decides its deficit according to equation
(9). The Stackelberg solution is given by

O (a7B™ - a™B" ]\, + AN, ,
y25/y, (a + YR ) + 18y, +y,tla +BTA )

18)
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o —ova (o7BY —aVB h - 03BIAN, 19)

(Dyré(aM +BMN ) +18/y, + YAT/y, (GF + BN )

As in the Nash equilibrium, the resulting fiscal deficit, equation
(18), does not strictly have to be positive. It could be negative if the
authorities’ preferences become very similar or if the relative cost to
the central bank of a change in its instrument from the optimum
rises considerably. As previously, the case of a negative equilibrium
deficit has little practical importance, for it implies that central bank
independence would result in a higher inflation rate with respect to
the fiscal bliss point. Therefore in what follows we assume that the
condition given in equation (20) holds, so that the Stackelberg equi-
librium always implies larger deficits and higher real interest rates
than the solutions under a single economic authority:

F
GFBM _GMBF >B_. (20)
VO

Figure 6 shows the Stackelberg equilibrium, which is the intersec-
tion between equation (16), the MAnFn (Stackelberg), and equation (9).
As in the Nash solution, the lack of policy coordination, modeled as a
Stackelberg game, results in larger fiscal deficits and higher real inter-
est rates than when either authority controls both policy instruments.

What happens in this case if the difference in preferences be-
tween the two authorities becomes wider (that is, the difference be-
tween of/BE and oM/BM increases)? As in the Nash game, modeled as
higher pM (38¥>p" ) , the new equilibrium |D*,#%| will necessarily be
located to the northeast of (DS, r5), which means higher levels of
both instruments and lower inflation and aggregate demand.® Note
that this conclusion does not require the assumption in equation (20).

Relative to the Nash solution, the Stackelberg equilibrium pro-
duces smaller deficits and lower interest rates. When the monetary
authority is the leader, it also implies a higher level of economic
activity (and of inflation) and allows both authorities to reach a higher
iso-utility curve than in the Nash equilibrium. The inset in figure 6
shows the alternative case in which the fiscal authority is the leader.
Here the conclusions are similar except that the resulting level of
aggregate demand is lower than in the Nash solution.

8. As in the Nash game, this result is maintained if we model the increased
difference in preferences as a higher of, lower a, or lower p¥. The last two results

can easily be derived from the resulting values of DS and rS.
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Figure 6. Stackelberg Equilibrium with Central Bank
as Leader
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Finally, with the same procedure used as in the Nash game, it
can clearly be seen that the Stackelberg solution is interior to the
range y < y" and n > n". Thus it is valid to assume that, given a
negative supply shock, the authorities’ utility function can be mod-
eled as the simple quadratic form of equations (5) and (6).

1.3 Conclusions

We have modeled the lack of coordination between fiscal and
monetary authorities as, alternatively, a Nash or a Stackelberg game.
Under the assumption that, compared with the fiscal authority, the
monetary authority loses more from higher inflation than from a
larger output gap, we reach three main conclusions. First, in the
presence of a negative supply shock, lack of coordination results in a
larger fiscal deficit and a higher interest rate than when either au-
thority controls both instruments.?

9. This result requires, in addition, that the monetary authority be suffi-
ciently willing to modify its instrument.
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Second, when the difference in preferences between the mon-
etary and fiscal authorities increases, so do the equilibrium fiscal
deficit and interest rate. As we show in Bennett and Loayza (2000),
this result holds not only for negative supply shocks, but also in the
presence of aggregate demand shocks. Section 2 is devoted to testing
this second conclusion of the theoretical model.

Third, when the relationship between the fiscal and monetary
authorities can be represented as a leader-follower relationship, the
Stackelberg solution applies. In this case the previous two conclu-
sions are still valid, but in a milder form: the Stackelberg solution
produces fiscal deficits and interest rates that are in between the
policy coordination solution and the Nash equilibrium.

2. EMPIRICAL EVIDENCE

The main conclusion of section 1 can be summarized as follows.
In a context where fiscal and monetary authorities are independent
and do not effectively coordinate their policy responses, those coun-
tries and time periods where these authorities have more divergent
preferences for the output and inflation gaps will exhibit larger pri-
mary deficits and higher real interest rates. Given the highly simpli-
fied nature of our game-theoretic model, this conclusion would apply
only after controlling for other factors affecting the level of primary
deficits and domestic real interest rates.

In this section we bring to bear some empirical evidence concern-
ing our main conclusion. We base this evidence on regressions using
both cross-country and time-series data. This choice is justified by
the nature of our conclusion, which compares different policy regimes
both within and between countries.

2.1 The Empirical Model

Let d be the primary deficit (properly normalized to be compa-
rable across countries and over time) and r the real domestic interest
rate (or more precisely, that portion of it subject to changes in policy).
Then consider the following two reduced-form regression equations:

d;, =B X, +0,mf;, +¢,, @1

n,=B.X;, +6.mf,, +1,,, (22)
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where mf is an indicator of the difference in preferences between
monetary and fiscal authorities regarding the inflation and output
gaps, X is a set of control variables, and the subscripts ¢ and ¢ denote
country and time, respectively. We assume cross-country homogene-
ity in the response of primary deficits and real interest rates to changes
in mf and X; thus the coefficients B and 6 are the same across coun-
tries and over time.

Hypothesis Test

The test of our main hypothesis is based on the sign and signifi-
cance of both 6, and 6,. If both are significantly positive, we conclude
that an increase in the divergence of preferences between monetary
and fiscal authorities raises, ceteris paribus, the primary deficit and
the real interest rate, thus supporting our main hypothesis.

Sample

We use a pooled data set of annual observations for the period
1970-94 covering most industrialized countries. Since the paper fo-
cuses on the interaction of fiscal and monetary policies toward stabi-
lization, we cannot use countries where the fiscal-monetary
relationship has been dominated by inflationary financing of the fis-
cal deficit. We recognize that, in that case, the issues analyzed in this
paper are of second-order importance. For that reason the sample does
not include developing countries or industrial countries that have ex-
perienced relatively high inflation over the last three decades, such as
Greece (where annual inflation over the period averaged 14 percent),
Iceland (24 percent), and Portugal (14 percent.) For the remaining in-
dustrial countries the average inflation rate for the period has been
below 10 percent. In the 1990s many developing and transition coun-
tries (notably, Argentina, Bolivia, Peru, and Poland) pursued stabiliza-
tion policies that brought their inflation rates down to single digits.
Insofar as these countries do not revert to using the inflation tax to
finance their fiscal deficit, the issues and policy biases put forward in
this paper are relevant for them. However, given that their period of
stability is too recent, we do not include them in the empirical analy-
sis. This leaves nineteen industrialized countries in the sample: Aus-
tralia, Austria, Belgium, Canada, Denmark, Finland, France, Germany,
Ireland, Italy, Japan, the Netherlands, New Zealand, Norway, Spain,
Sweden, Switzerland, the United Kingdom, and the United States.
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Structure of the Error Terms and Method of Estimation

Regarding the characteristics of the error terms in the deficit and
interest rate regressions, we work under two alternative sets of as-
sumptions. First we assume joint endogeneity of d and r and no coun-
try random effects. We allow for the joint endogeneity of d and r by
admitting a contemporaneous correlation between their respective
error terms. However, we assume that each error term is uncorrelated
both serially and across countries. In this case the method of estima-
tion is Zellner’s seemingly-unrelated-regression estimator (SURE)
applied to pooled data:

E[ﬁi,t,ll,-,s ] =0, fori=j, t =s, and 0 otherwise, (23)
E[ai,tasj)s ] =0, fori=j,t=s, and 0 otherwise, (24)
E[Hi,puj,s ] =0, fori=j,1=s, and 0 otherwise. (25)

Alternatively, we assume joint endogeneity of d and r and country
random effects. We allow for the joint endogeneity of d and r as in
the previous case, but in addition we allow the error terms corre-
sponding to the same country to be correlated. However, we retain
the assumption that the error terms of different countries are
uncorrelated. In this case the method of estimation is SURE applied
jointly with the random effects estimator to pooled data:

E[ai)t,pm ] =0, for 1 =j, t = s, and 0 otherwise, (26)

E[Si,wsi,z ] =0, E[ si,t’si,s] =0p

fort # s and
Ele,, €,,]=0 fori=j, @7)
E[“i,m“i,r,] =0 E[ i I“li,s] = ORu for t #s and
B[, 1, ] =0 forizj. 28)
Dependent Variables

For the deficit regression, the dependent variable is the ratio of

the central government’s primary deficit (the overall deficit minus in-
terest payments) to GDP; data are from the International Monetary
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Fund’s Government Finance Statistics. Dividing by GDP makes the
scale (or metric) of the primary deficit such that it can be used for
regressions across countries and over time. For the interest rate re-
gression, the dependent variable is the domestic real interest rate
minus the international rate; these are obtained, respectively, from
Loayza and others (1998) and the International Monetary Fund’s Inter-
national Financial Statistics. We use the deviation from the interna-
tional rate to account for the fact that domestic rates are heavily
influenced by parity conditions in countries with open capital accounts. 10

Control Variables

Our main hypothesis deals with only one of the many potential
determinants of primary fiscal deficits and domestic real interest rates.
Therefore, in order to test it we must control for other variables that
influence or are influenced by primary deficits or domestic real inter-
est rates. We use the same control variables for both regressions. To
account for the real effects of the business cycle, we use both the
current GDP growth rate and the deviation of that growth rate from
its previous five-year average. We include the current inflation rate
to control for seignorage-related factors, and its deviation from the
previous five-year average to control for the price effects of the busi-
ness cycle. In order to account for international conditions and shocks,
we incorporate the terms of trade and the average growth rate of all
industrialized countries. Finally, to control for Ricardian equivalence
effects, we use the private saving rate. The data for all these vari-
ables were obtained from Loayza and others (1998).

Proxies for the Difference in Preferences

The variable whose effect on fiscal primary deficits and domestic
interest rates we want to assess is the difference in preferences be-
tween monetary and fiscal authorities regarding the inflation and
output gaps. We proxy for this variable with measures of the central
bank’s statutory commitment to control inflation, as expressed in its
charter. This is appropriate under the maintained assumption that

10. Nominal domestic rates are deflated by an average of current and next-
year inflation rates. The international real interest rate is the nominal Eurodollar
London rate adjusted by the percentage change in the consumer price index for
industrial countries.
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the fiscal authorities’ relative preference for output and inflation gaps
does not vary much over time and across countries.

The first two proxies are based on the 1992 paper by Cukierman,
Webb, and Neyapti (CWN). The first one (rn 0bj) is their index of the
importance of price stability as a central bank objective.!! Data exist
for this measure for most industrialized countries and many develop-
ing countries over the period 1970-89. The second proxy (n 0bj-a) re-
sults from updating the first index up to 1994. We did the update
assuming that the central banks of the sample countries have not
changed their stance toward inflation except when they explicitly
adopted an inflation targeting regime.

The third proxy (n targ) is a dummy variable for whether the
central bank has an explicit inflation targeting regime. Except for
the case of Germany, explicit inflation targeting regimes have been
adopted rather recently: in Australia (1993), Canada (1991), Finland
(1993), New Zealand (1990), and Sweden (1993). In addition, we use
CWN’s index of central bank independence (cbt), exclusive of the price
stability objective, in order to compare the effects of central bank
independence with those of central bank preference for price stability.

2.2 Results

Tables 1, 2, and 3 present the estimation results. The first two
tables use the proxies based on how important the inflation objective
is for the central bank (n obj, n obj-a, and © targ). The third table
presents the results using the index of central bank independence
(cbr) as the explanatory variable of interest. Each table presents the
regression results by pairs of the primary deficit and the real interest
rate as dependent variables in each SURE system. The results re-
ported in table 1 are for estimations performed under the assumption

11. CWN’s index for the inflation objective of the central bank is based on
explicit information contained in its charter. The index ranges from 0 to 1. Values
are assigned according to the following criteria: 1 if price stability is mentioned as
the only or major goal, and in case of conflict with the government the central
bank has final authority to pursue policies aimed at achieving this goal; 0.8 if price
stability is mentioned as the only goal but the central bank does not have explicit
final authority in case of conflict; 0.6 if price stability is mentioned along with
other objectives that do not seem to conflict with price stability (such as mainte-
nance of a stable banking system); 0.4 if price stability is mentioned along with one
or more potentially conflicting goals (such as full employment); 0.2 if the charter
does not contain any objectives for the central bank; and 0 if some goals appear in
the charter but stability is not one of them.
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Table 3. Effects of Central Bank Independence on Deficits
and Real Interest Rates?

Dependent variable
Without country With country
random effects random effects
Explanatory variable Primary deficit®  Interest rate Primarydeficit  Interest rate
Index of central bank -0.004 0.025 0.0003 0.014
independence? (-0.44) (2.31) 0.02) (1.11)
GDP growth rate -0.11 0.082 -0.193 0.231
(-0.95) 0.59) (-1.64) (1.70)
Deviation of GDP growth rate® 0.204 -0.25 0.257 -0.40
(1.53) (-1.61) 1.99) (-2.66)
Inflation 0.35 —0.16 0.378 —0.122
8.15) (-3.18) (7.87) (-2.23)
Deviation of inflation® -0.317 —0.455 —0.327 -0.51
(-4.49) (-5.53) (-4.73) (-6.38)
Terms of trade -0.052 0.025 -0.051 -0.001
(-3.93) 1.63) (-3.54) (0.10)
Growth rate in OECD -0.214 -0.403 -0.181 -0.35
(-2.26) (-3.64) (=2.07) (-3.48)
Private saving 0.326 -0.069 0.286 -0.153
9.41) (=1.70) (5.83) (-2.78)
Constant -0.028 -0.016 -0.023 0.023
(-1.67) (-0.83) (-1.22) (1.06)
R? 0.39 0.28 0.51 0.42
N 348 348 348 348

Source: Authors’ calculations.

a. Data are annual data for nineteen industrial countries from 1970 to 1994. The estimator is Zellner’s seemingly-
unrelated-regression estimator. Numbers in parentheses are ¢ statistics.

b. As a percentage of GDP.

c. Difference between the domestic and the international interest rate.

d. From Cukierman, Webb, and Neyapti (1992).

e. Deviation from its previous five-year average.
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of homoskedasticity and independence across countries and over
time, whereas those in table 2 are obtained using a country ran-
dom-effects model. Table 3 presents both estimation methods for
the case of cbt as the explanatory variable.

The estimation results presented in tables 1 and 2 broadly sup-
port our main hypothesis. When we control for shocks and economic
conditions that influence primary deficits and the real interest rate,
those countries and time periods where the central bank places
greater importance on keeping inflation down are associated with
both larger primary deficits and higher real interest rates. In the
case of mobj-a, the proxy with the largest coverage and signal vari-
ance, its effect on both the primary deficit and the real interest rate
is positive and significant at the 5 percent level. The sign, signifi-
cance, and even the size of the coefficients on this variable are vir-
tually the same whether country random effects are ignored (table
1) or controlled for (table 2). The estimated coefficients with the
random-effects model imply that a one-standard-deviation increase
in wobj-a is associated with both an increase in the primary deficit
of 0.56 percent of GDP and a rise in the domestic real interest rate
by 0.46 percentage point over the international rate.

The results obtained with the other two proxies for the central
bank’s concern for price stability, 1 obj and n targ, are fairly simi-
lar. The estimated coefficients are always positive. In most cases
they are also statistically significant at conventional thresholds (5
or 10 percent), and in the rest they are at least marginally signifi-
cant (the largest p value 1s 0.17).

In table 3 we study whether a measure of central bank inde-
pendence renders the same results as measures of central bank’s
concern for price stability. We find no significant effects of central
bank independence on primary deficits under either estimation
method. Central bank independence does have a positive and sig-
nificant effect on real interest rates when homoskedasticity and
independence of the error term are assumed. However, the statis-
tical significance of this result vanishes when country random ef-
fects are allowed for. Comparing the results of table 3 with those
of tables 1 and 2, we conclude that having an independent central
bank is not by itself conducive to the policy biases that result from
lack of policy coordination. The key issue is the divergence of ob-
jectives (revealing different preferences) between fiscal and mon-
etary authorities.
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Finally, a note of caution. In the empirical exercises presented
here, we have proxied the divergence in preferences between fiscal
and monetary authorities with measures of the central bank’s con-
cern with price stability. However, policy implications should be de-
rived with respect to the variable of interest (the difference in
preferences) and not with respect to its proxy. We worked under the
assumption that fiscal authorities’ preferences are relatively constant
across countries and over time. We adopted this empirical approach
for convenience, given that it is easier to find empirical measures for
central bank’s objectives than for those of fiscal authorities. Thus,
our empirical results should not be taken to imply that, in order to
reduce the described policy biases, the central bank should unilater-
ally lower its standards for inflation control. Rather, the policy impli-
cation we favor is that coordination, both at the level of setting
objectives and at the level of policy implementation, can alleviate the
biases that move the economy to suboptimally higher fiscal deficits
and real interest rates.

3. CONCLUSIONS

Central bank independence has contributed to the achievement
of price stability and fiscal discipline in many countries. The conven-
tional wisdom is that this is a necessary, first-generation reform of
fiscal and monetary policy. The question this paper asks is whether a
second-generation reform consisting of institutional incentives for
domestic policy coordination could be beneficial. The paper presents
a game-theoretic model in which the fiscal and monetary authorities
interact to stabilize the economy, starting from dissimilar preferences
with respect to the output and inflation gaps and controlling different
policy instruments. It is assumed, realistically, that the monetary
authority experiences a relatively larger utility loss from inflation
than output gaps than the fiscal authority does.

Modeled as either a Nash or a Stackelberg equilibrium, the solu-
tion under the assumption of lack of policy coordination implies that,
in the face of a negative supply shock, the fiscal authority acts more
liberally and the monetary authority more conservatively than if ei-
ther controlled both policy instruments. Moreover, we find that an
increase in the divergence of preferences between the monetary and
fiscal authorities leads to, ceteris paribus, larger public deficits (the
fiscal authority’s policy instrument) and higher real interest rates
(the central bank’s instrument).
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The paper’s empirical analyses attempt to test the latter conclu-
sion on a pooled sample of nineteen industrial countries with annual
data for the period 1970-94, using the seemingly-unrelated-regres-
sion estimator and allowing for country random effects. Working under
the assumption that fiscal authorities’ relative preference for output
and inflation gaps varies little over time and across countries, we
proxy for the divergence in preferences with measures of the central
bank’s commitment to control inflation. Controlling for other shocks
and economic conditions, we find that countries and time periods
where the central bank places a greater importance on keeping infla-
tion low are associated with both larger primary deficits (as a ratio to
GDP) and domestic real interest rates (as a deviation from interna-
tional rates).

The empirical results of the paper should not be taken to imply
that, in order to reduce these policy biases, which move the economy
to suboptimally large fiscal deficits and high real interest rates, the
central bank should unilaterally lower its standards for inflation con-
trol. Rather, the policy implication we favor is that, without preju-
dice to the gains from central bank independence, coordination both
at the level of setting objectives and at the level of policy implemen-
tation can alleviate these biases. This goal must be achieved with
“second generation” reforms. These must deal with the issues that
hinder the process of coordination, such as contract enforceability,
transactions costs, and the practical inability to discern outcomes due
to policies from those due to shocks.
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A number of recent papers have used policy simulations from small
empirical macroeconomic models to assess the efficacy of inflation tar-
geting or, more precisely, inflation forecast targeting (Svensson, 1997a).
These include Rudebusch and Svensson (1999), Svensson (1997b), Ball
(1999), and in a U.K. context, Batini and Haldane (1999). The models
used to undertake these simulations often differ significantly, how-
ever. One important source of difference is the assumed degree of open-
ness of the economy. Rudebusch and Svensson (1999) examine a
closed-economy setting, whereas Svensson (1997b), Ball (1999), and
Batini and Haldane (1999) use an open-economy framework.

The existing inflation-targeting countries—Australia, Canada,
Chile, Israel, Sweden, and the United Kingdom, among others—are
of course small, open economies. And the exchange rate channel of
monetary transmission turns out to have important implications for
the design of policy rules for inflation targeting. For example, recog-
nizing the open-economy dimension, Svensson (1997b) prescribes rules
that target some underlying or “domestically-generated” measure of
inflation. This has the merit of excluding first-round import-price pass-
through effects and hence preventing destabilizing high-frequency

The views expressed are those of the authors and not necessarily those of the
Bank of England. The authors owe a debt of gratitude to Mike Chui and Richard
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like to thank Nicoletta Batini, Erik Britton, Prasanna Gai, Steve Millard, Adrian
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Any remaining errors are due to us.
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adjustments in monetary policy. Ball (1999) concludes in favor of a
policy rule that targets something akin to a “monetary conditions
index’—a weighted average of interest and exchange rates—for simi-
lar reasons. Batini and Haldane (1999) find that switching import prices
on and off has implications for the shape of the frontier of the trade-
off between output variability and inflation variability. Clearly, ex-
change rate pass-through, as one of the key open-economy monetary
transmission channels, has important implications for policy rules
for inflation forecast targeting.

However, all three open-economy models outlined above share
the feature that they model the pass-through process—from the ex-
change rate to import prices and ultimately to retail prices—in a rather
stylized fashion. In particular, they assume that this pass-through is
full and instantaneous.! So, for example, a given exchange rate change
leads to an immediate jump in the price level (and hence the inflation
rate) by an amount proportional to the share of imported goods in the
consumption basket (see, for example, Batini and Haldane, 1999).
This is clearly an oversimplification. It is also inconsistent with the
experience of many countries recently. In many cases, exchange rate
pass-through has not been immediate, nor, on occasion, has it been
complete.

“Event studies” of countries undergoing large exchange rate
changes can be used to illustrate. We first consider two U.K. events
of the last decade: the roughly 15 percent depreciation of sterling
following its exit from the European Exchange Rate Mechanism (ERM)
in September 1992, and the roughly 15 percent appreciation of ster-
ling between September 1996 and April 1997. These cases are illus-
trated in figures 1 and 2. The figures also show the path of import
prices and retail prices, both again indexed to 100 on the base date.

Two features are significant. First, import-price pass-through was
not immediate in either case. This was most notable in 1996-97, but
even in 1992 import prices lagged behind the exchange rate for around
six months. Second, the effects of the exchange rate change on retail
prices were clearly small in both cases. Again, this was particularly
notable following the 1996 appreciation. Retail-price inflation (exclud-
ing mortgage interest payments) was 2.8 percent in August 1996 and
the same a year later, despite the appreciation. Of course, this exer-
cise is partial, as other (domestic) factors will have acted on inflation

1. In Ball (1999) there is a one-period lag between a change in the exchange
rate and its effect on consumer prices.
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Figure 1. Exchange Rates,
Import Prices, and Retail Prices
in the United Kingdom after

the 1992 Depreciation,

Figure 2. Exchange Rates,
Import Prices, and Retail
Prices in the United Kingdom
after the 1996 Appreciation,

Index, August 1992 = 100 Index, September 1996 = 100
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Source: Bank of England.
a. An increase represents a depreciation.

Source: Bank of England.
a. An increase represents a depreciation.

over the period. Nevertheless the U.K. experiences of 1992 and 1996-
97 suggest that a simple model of full and immediate pass-through
may overstate the direct (near-term) impact of exchange rate changes
on import prices and, especially, retail-price inflation.

The same patterns are evident outside of the United Kingdom.
Figures 3 and 4 consider the cases of Sweden and Brazil following
their exit from fixed exchange rate arrangements (an ECU peg in the
case of Sweden in 1992, and a crawling dollar peg in the case of Brazil
in 1999). For Brazil we are not aware of a monthly data series for
import prices and so instead show the path of an index of consumer,
wholesale, and construction prices (the IGP-M). This measure might
be expected to react more rapidly than consumer prices to an ex-
change rate shock, because tradable goods form a larger part of the
basket. In both cases it is clear that pass-through effects were rela-
tively limited in their downstream effects on import or output or, in
particular, retail prices.

At a theoretical level, it is not surprising that pass-through of
exchange rate shocks may take time. Whenever there are costs to
changing prices—for example, menu costs or the potential to induce
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Figure 3. Exchange Rates,
Import Prices, and Retail
Prices in Sweden after Exit
from Fixed Exchange Rates,
Index, October 1992 = 100

Index, October 1992 = 100

Figure 4. Exchange Rates,
Import Prices, and Retail
Prices in Brazil after Exit
from Fixed Exchange Rates,
Index, December 1998 = 100

Index, December 1998=100
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Source: Bloomberg.
a. An increase represents a depreciation.

search behavior among consumers—suppliers may prefer to absorb
any transient exchange rate perturbations in their markups or mar-
gins (see, for example, Britton, Larsen, and Small, 1999). Once the
exchange rate change is seen to be lasting, it will be passed through,
but it may take time for an exchange rate shock to be revealed as
lasting. We seek to capture this lagged adjustment feature in the
models of pass-through that we present below, by considering vari-
ous types of tzme-dependent pass-through rules.

It is also possible that suppliers’ pass-through decisions in the
face of exchange rate shocks are affected by the state of the busi-
ness cycle. Theoretical models can generate either pro- or counter-
cyclical markups (see, for example, Britton, Larsen, and Small, 1999).
But in the United Kingdom there is some evidence that pro-cyclical-
ity has dominated (Small, 1997). The event studies are consistent
with a similar pattern. Table 1 reports four-quarter GDP growth in
the quarter preceding the various exchange rate changes for each
country. All three depreciations occurred at times of weak growth,
which with pro-cyclical markups would result in lower prices and
perhaps help explain a part of the delayed or limited pass-through.
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Table 1. GDP Growth Preceding Exchange Rate Shocks
in Selected Countries and Episodes

Country and period Direction of exchangerate ~ GDP growth in previous quarter
change (percent)®

United Kingdom, 1992Q2 Depreciation -0.7

United Kingdom, 1996Q2 Appreciation +2.7

Sweden, 1992Q3 Depreciation -09

Brazil, 1998Q4 Depreciation 21

Sources: Bloomberg; U.K. Office for National Statistics.
a. Growth over the previous four quarters.

The sterling appreciation of 1996, in contrast, followed a period of
relatively rapid growth, which could again help explain the slow
pass-through. We also seek to capture some of this possible cyclical-
ity in markups in the models presented below, by experimenting
with some classes of (business cycle) state-dependent pass-through
rules.

The principal output of this paper is a set of stochastic simula-
tions, which we use to assess the performance of various policy rules
when the economy is subject to a (representative) set of shocks.
Batini and Haldane (1999) argue that, when exchange rate pertur-
bations are passed through fully and immediately to import prices,
a strategy of inflation forecast targeting clearly dominates current
inflation targeting, and that the “best” forecast feedback horizon is
between three and six quarters ahead. In this paper we ask whether
this and other conclusions are robust to alternative, more realistic
models of pass-through. The paper is organized as follows. Section 1
sets out a simple macroeconomic model, calibrated to U.K. data and
using a particular (restrictive) view of the pass-through process.
Section 2 explores the various monetary transmission mechanism
channels embedded within that model and evaluates the perfor-
mance of policy rules based on inflation forecast targeting. Section
3 experiments with different, more plausible specifications of the
import-price pass-through process, embodying degrees of state and
time dependence. It evaluates the effect these different specifica-
tions have on the monetary transmission mechanism and on the
design of inflation forecast targeting rules. Section 4 briefly draws
some conclusions.
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1. A SmALL MAcrRoOEcoNoMIC MODEL

This section sets out a baseline macroeconomic model and mon-
etary policy rule. The treatment is brief because the baseline model
is almost identical to that set out in Batini and Haldane (1999). In
essence, the model is a linearized, open-economy IS-LM model, with
rational expectations and Fuhrer-Moore wage contracting:

Ve SOV F 0y, Ol ra, T ey, €))
my = p; =By, Byl ey, 2)
s, =B, (s, )+i, —if +&,, (3)
p! =§(wt tw,,), (4)
w, = bt =X [C, (i )= C (o6 )]+ (1= %0 Ve = 2241 ) )
+Xade ey s
i =gp] +(1-9)p", (©)
U=i, =, (m.,), @)
T, =s,+p —py- ®)

All variables except interest rates are in logarithms, and all
behavioral relationships are expressed as deviations from equilib-
rium. For simplicity, and consistent with a small-economy repre-
sentation, we normalize foreign prices and interest rates (Pf,and itf )
to zero. We also normalize to zero the foreign exchange risk pre-
mium in equation (3) and the (implicit) markup in equation (4).

Equation (1) is a standard IS curve, with real output, y,, depend-
ing negatively on the ex ante real interest rate and the real exchange
rate, as defined by equations (7) and (8). A rise in the real exchange
rate (g,) represents an appreciation and hence pushes demand down-
ward (o, <0), as does a rise in the real interest rate, r, (a3 < 0). Output
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also depends on lags of itself, reflecting adjustment costs.? g, is a
vector of aggregate demand shocks.

Equation (2) is an LM curve with conventional arguments: a nomi-
nal interest rate, capturing portfolio balance, and real output, cap-
turing transactions demand.? €,, is a vector of velocity shocks. Equation
(3) is an uncovered interest parity condition, with E,(.) = E(. [ (@), where
Q, is the information set available at time ¢ and E is the mathematl-
cal expectations operator. The shock vector &,, comprises foreign in-
terest rate shocks and other noise in the foreign exchange market,
including shocks to the exchange risk premium.

Equations (4) and (5) define the model’s supply side. They take
the form laid out in Fuhrer and Moore (1995a). Equation (4) is a
markup equation, with domestic output prices (in logarithms, pftl) a
constant markup over weighted-average contract wages (in loga-
rithms, w,) in the current and the preceding period. Equation (5) is
the wage contracting equation. Wage contracts last two periods.*
Agents in today’s wage cohort bargain over relative real consumption
wages (where pf are log consumer prices and «, = pf — pf ;). Today’s
real contract wage is some weighted average of the real contract wage
of the “other” cohort of workers: that is, those whose wages have
already been agreed in the previous period and those whose wages
are expected to be agreed in the next period. The benefit of this speci-
fication is that it generates inflation persistence, rather than price-
level persistence as in the standard two-period Taylor (1979) contracting
model.

We do not impose symmetry on the lag and lead terms in the
contracting equation, as in the standard Fuhrer and Moore (1995b)
model. Instead we allow a flexible, mixed lag-lead specification, which
nests Fuhrer and Moore as a special case.? The lag and lead weights
are restricted to sum to unity, however, to preserve price homoge-
neity in the wage-price system (a vertical long-run Phillips curve).

2. We switch off the forward-looking term, setting o, = 0 in the simulations

3. McCallum and Nelson (1997) show that this form of the LM curve can also
be derived as the reduced form of an optimizing stochastic general-equilibrium
model. Because monetary policy operates through an interest rate rule, the money
demand equation is essentially redundant.

4. We could have lengthened the contracting lag—for example, to four peri-
ods, which in our calibration is one year—to better match real-world behavior.
But two lags appeared to be sufficient to generate the inflation persistence evi-
dent in the data, when taken together with the degree of backward-lookingness
embodied in the Phillips curve.

5. See Blake and Westaway (1996). This flexible mixed specification is found
in Fuhrer (1997) to be preferred empirically.
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Also in the wage contracting equation is a conventional output gap
term, capturing tightness in the labor market. The shock vector (g,,)
captures disturbances to the natural rate of output and other supply
shocks.

Equation (6) simply defines the consumption price index, com-
prising domestic goods (with weight ¢) and imported foreign goods
(with weight 1 — ¢).

To close this system, we need to specify processes for import prices
(p™,) and for nominal interest rates (i, the policy instrument). For
import prices Batini and Haldane (1999) use the simplest possible
closure rule:

p'=-s, ©)

so that exchange rate changes are immediately and fully passed
through to retail prices, with a depreciation (a fall in s) raising import
prices. This is clearly a restrictive specification, as evidenced in the
introduction. In particular, it assumes that the markups of foreign
exporters, domestic wholesalers, and domestic retailers do not change
following an exchange rate adjustment. We explore the effects of re-
laxing these assumptions in section 3.

For interest rates we specify an inflation forecast-based policy
rule of the form

U=yy, +(1-y)U +6((,m,, -1), (10)

where 7, denotes the equilibrium value of real interest rates and n°
is the inflation target. The equilibrium real interest rate and the
inflation target are normalized to zero in the simulations.

According to the rule, the monetary authorities control nominal
interest rates (i,) so as to hit a path for the short-term real interest
rate (r,). Short-term real rates are in turn set relative to some steady-
state value, determined by a weighted combination of lagged and equi-
librium real interest rates. The novel feature of the rule, however, is
the feedback term. Deviations of expected inflation (the feedback vari-
able) from the inflation target (the policy goal) elicit remedial policy
actions.

The policy choice variables for the authorities are the parameter
triplet {/,0,y}. The parameter y dictates the degree of interest rate
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smoothing (see Williams, 1997). 0 is a policy feedback parameter. Fi-
nally, j is the targeting horizon of the central bank when forming its
forecast. The central bank sets interest rates in response to the ex-
pected deviation of inflation from target j periods ahead. This does
not mean that rates are set to bring inflation back to target j periods
out, since that depends on the smoothing and feedback coefficients as
well. The horizon of the inflation forecast (j) and the size of the feed-
back coefficient (0), as well as the degree of instrument smoothing
(), dictate the speed at which inflation is brought back to target fol-
lowing inflationary disturbances. Because they influence the infla-
tionary transition path, these policy parameters clearly also have a
bearing on output dynamics.

The rule considered here differs from those in Svensson (1997b)
in that it is a simple feedback rule for the policy instrument, rather
than a complicated, optimal targeting rule. At the same time, how-
ever, the simple forecast-based rules we consider do have some clear
similarities to Svensson’s optimal inflation forecast targeting rules.
Monetary policy under both rules seeks to offset deviations between
expected inflation and the inflation target at some horizon.® More
concretely, even simple forecast-based specifications can be consid-
ered “encompassing” rules with respect to transmission lags, output,
and information (Batini and Haldane, 1999).

The model set out in equations (1) through (10) is calibrated rather
than estimated, with parameters chosen to match (loosely) the simu-
lation properties of the Bank of England’s medium-term forecasting
model on a quarterly basis (see Bank of England, 1999). The baseline
parameterization is shown in table 2.

Some of the parameter settings are worth touching on.” In the
wage contracting equation (5) we set the forward-looking component
equal to 0.2. Up to a point, this weight is rather arbitrary, and indeed
it may change over time. The weight we choose is close to that found
empirically in the United States by Fuhrer (1997) and generates plau-
sible paths from the impulse responses in the United Kingdom (Blake
and Westaway, 1996). The import share in the consumption basket is

6. In particular, since the rules we consider allow flexibility over both the
forecast horizon (j) and the feedback parameter (0), both of which affect output
stabilization, their closest analogue is Svensson’s flexible inflation forecast target-
ing rule.

7. A more detailed explanation of the calibration is given in Batini and Haldane
(1999).
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Table 2. Model Parameters

Parameter Value Description
1S curve

o 0.8 Autoregressive element

o, 0.0 Forward-looking element

o -0.5 Real interest elasticity of aggregate demand

a, -0.2 Real exchange rate elasticity of aggregate demand
LM schedule

B, 10 Output elasticity of money demand

B, -0.5 Nominal interest semielasticity of money demand
Wage setting

% 0.2 Forward-looking “weight” on wage bargain

% 0.2 Short-run Phillips curve slope
Consumer prices

) 0.8 Share of domestically produced goods in the

consumption basket

Policy rule

0 05 Forecast feedback parameter

Y 05 Smoothing parameter

j 8 Forecast horizon

Sources: Authors’ calculations.

set at 0.2 (¢ = 0.8), broadly in line with existing shares.® On the policy
rule we set y=0.5 (some, but not too much, interest rate smoothing) and
¢ =0.5. For the forecast horizon we set j = 8 periods, which corresponds
to a horizon of two years since the model is calibrated to match quar-
terly data. This is around the inflation forecast horizon that the Bank of
England aims to align with the inflation target when setting interest
rates in the United Kingdom (King, 1996).

2. THE MONETARY TRANSMISSION MECHANISM AND
PoLicy FRONTIERS

This section illustrates certain features of the model, specifically
the channels of monetary policy transmission and the performance

8. An alternative calibration would weight import prices according to the (larger)
share of consumption comprised of tradable goods. This calibration would reflect the
potential impact of competition within the traded goods sector, but might be better
developed in a more complex two-sector model. At a qualitative level, we would expect
a higher weight on import prices to accentuate any differences between the simula-
tion properties of the pass-through specifications discussed in section 3.
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of various inflation forecast-based policy rules in the face of struc-
tural shocks. We begin with some deterministic impulse responses
from the model before turning to stochastic analysis.

2.1 The Monetary Transmission Mechanism in the
United Kingdom

Using the baseline parameterization and model, we can explore the
dynamics of the monetary policy transmission mechanism in the United
Kingdom by considering a one-time permanent displacement of the in-
flation target.? Figures 5 and 6 show the paths of the output gap and
inflation following a 1-percentage-point lowering of the inflation target;
the responses are shown as percentage-point deviations from the base.

Several features are worth noting. First, the monetary transmis-
sion process embodies significant lags. It takes around fourteen to six-
teen periods (or around four years) for inflation to reach its baseline

Figure 5. Impulse Response Figure 6. Impulse Response
of the Output Gap to a of the Inflation to a
1-Percentage-Point Lowering 1-Percentage-Point Lowering
of the InflationTarget? of the Inflation Target?
Percentage points Percentage points
0.0

0.00 L o2 ]
-0.05 -0.4
-0.10 1 -0.6 ]
-0.15 -0.84
-0.20 ~1.01

0 5 10 15 20 0 5 10 15 20
Quarters Quarters

Source: Authors’ calculations. Source: Authors’ calculations.
a. Change from baseline. a. Change from baseline.

9. The model is solved using the Winsolve package designed by Richard Pierse
and uses a stacked Newton solution algorithm.
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and for the output gap, once opened, to be closed. This is roughly in
line with vector autoregression (VAR)-based simulation results for the
United Kingdom (see, for example, Dale and Haldane, 1995) and other
developed countries (see, for example, Sims, 1992). Second, the sacri-
fice ratio implied by the model (the cumulative loss of output for a
1-percentage-point reduction of annual inflation) is around 0.4 per-
cent. This is a little on the low side. Output responses are probably
too small. Third, and by contrast, the response of the inflation rate
is, if anything, too big. In particular, the step fall in the inflation rate
in the first period is inconsistent with VAR-based studies of the his-
torical price-level response following monetary policy tightenings. The
size of this jump is the direct result of the restrictive (full and imme-
diate) import-price pass-through assumption we have imposed.

The monetary transmission mechanism in this model comprises
four channels: two operating directly on the price side (the aggregate
supply curve), and two indirectly through the quantity side (the aggre-
gate demand curve). The four channels are the real interest rate chan-
nel, the real exchange rate channel, the import-price pass-through
channel, and the expectational channel. The first two are the quantity
channels, operating through the aggregate demand equation (1), and
the second two are the price channels. Figures 7 and 8 illustrate the
marginal effects of these four channels on the impulse response paths
of output and inflation, respectively, for the same 1-percentage-point
disinflation experiment.1? Looking first at output effects, we see that
the marginal contribution of the real interest rate and real exchange
rate channels is roughly equal in the United Kingdom. The real ex-
change rate channel is marginally quicker. With regard to inflation
effects, figure 8 presents a partial decomposition, switching off any
feedback channels, such as the impact of import prices on expecta-
tions. Both import prices and forward-looking wage bargaining gener-
ate a jump in inflation in the first period. In subsequent periods the
backward-looking elements dominate, and to an increasing extent.
These backward-looking elements are essentially twofold: the back-
ward-looking element to wage bargaining and the impact of the declin-
ing output gap on wages, operating through the short-run Phillips curve.

10. The decomposition exercise is partial, in the sense that we do not allow for
any feedback effects when calculating the marginal impact of each component. So
the figures show the impact of each element on output and inflation given the
paths of all other variables in the disinflation experiment. An alternative ap-
proach would have been to solve the model setting selective parameters to zero. In
this case the policy rule would ensure that inflation tended to its new target, so
that adjusting the parameters merely alters the shape of the adjustment path.
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Figure 7. Decomposition
of Impulse Response Path
of Output

Percentage points?

Figure 8. Decomposition
of Impulse Response Path
of Inflation

Percentage points?

0.0 +—— L L L L

Backward-looking

Real interest
effect —0.6 1

Expectations

-0.8
Real exchange Lrcoropices
-0.20 rate effect -1.04
0 5 10 15 0 5 10 15

Quarters Quarters

Source: Authors’ calculations.
a. Change from baseline.

Source: Authors’ calculations.
a. Change from baseline.

2.2 Policy Frontiers

We now turn to some stochastic simulation analysis to evaluate the
performance of various inflation forecast-based policy rules of the form
of equation (10). In particular, following Taylor (1999), we look at the
implications of different policy rules for the variability of the output gap
and inflation—the two arguments typically believed to enter policymakers’
loss function. Batini and Haldane (1999) experiment with each of the
three parameters {j,0,y} that define the policy rule. Here we focus on the
effects of the inflation forecast feedback horizon, setting 6 =y=0.5.

The economy is assumed to be subjected to unanticipated shocks
for 100 periods.!! The shocks are drawn randomly given a covariance
matrix of shocks for demand, real wages, and the nominal exchange
rate. We use a set of shocks derived from the Bank of England’s struc-
tural medium-term forecasting model. Our results are an approxima-
tion, for two reasons. First, we have imposed a diagonal covariance

11. The simulations are solved over 180 periods, to enable the model to
reequilibrate after shocks have finished. We only use results for the periods in
which shocks are occurring.
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matrix;!2 second, the set of shocks is drawn from a model that differs in
several respects from the one used in this paper.!? Ideally, we would have
drawn a set of shocks from an econometric representation of our model.
This is an area of ongoing research within the Bank of England.

The behavior of various policy rules under stochastic simulation can
be illustrated in a variety of ways. We plot a sequence of policy frontiers
in output variability-inflation variability space, where variability is the
average standard deviation across periods 21 to 100 and shocks exert
their impact for 100 periods. This is designed to capture variability when
the economy is subjected to a continuous stream of shocks; hence we
exclude the early quarters when the initial shocks may not have had
their full impact. Figure 9 illustrates such a frontier, using the param-
eterization of the model and policy rule described earlier, but varying
the forecast horizon from zero periods (current-period inflation target-
ing) to twelve periods (three-year-ahead inflation forecast targeting).

Figure 9. Locus of Policy Frontiers in Output-Inflation
Variability Space

Output variability

Inflation variability
Source: Authors’ calculations.

12. This is a slight change from the original Batini and Haldane paper and
follows from the change of solution software.

13. The Bank of England’s medium-term forecasting model is considerably
richer (with around twenty estimated equations to our five key behavioral equa-
tions). It is also essentially backward-looking, whereas our model contains for-
ward-looking elements.
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The resulting frontier is L-shaped.!* The shortest forecast hori-
zons generate greater variability of both inflation and, especially,
output, with current-period inflation targeting performing particu-
larly poorly. After j = 4, inflation volatility increases without any sig-
nificant reduction in output volatility. Between j = 2 and j = 4, there is
some evidence of a trade-off between output variability and inflation
variability. So the optimal forecast horizon would appear to lie be-
tween two and four quarters.'® In this sense, targeting an inflation
forecast dominates setting policy reactively to current inflation. Once
we allow for the fact that central banks in practice feed back from
annual inflation rates, whereas our model-based feedback variable is
a quarterly inflation rate, the optimal forecast horizon implied by our
simulations is close to that used by inflation-targeting central banks
in practice. That horizon is around six to eight quarters. Further-
more, it is worth noting that adopting a two-to-four-period optimal
forecast horizon is not the same as saying that policymakers should
aim to return inflation to target within a year. Instead, the horizon is
the period at which policymakers should be concerned with devia-
tions from the inflation target and start to react. Inflation will return
to target some time later.

What explains these results? Monetary policy has its maximal
marginal impact on output after about a year. When policymakers
react to inflation with a shorter lag, the (integral of the) real in-
terest and exchange rate changes necessary to hit the target is
therefore high relative to other forecast horizons. So the result of
focusing on short forecast horizons is that monetary policy is forced
into overreacting, and as a result it introduces a dynamic of its
own. The costs of this overreaction are felt particularly by output
rather than by inflation. This stems partly from the full pass-
through assumption, which means that, through the import-price
channel, even late-reacting monetary policy can exercise signifi-
cant leverage over inflation, through its influence on the exchange
rate. The cost of these actions is a significant destabilization of
output, however, as real interest rates and the real exchange rate
are forced to overadjust.

14. Note that we do not perfectly replicate the j-loci of the original Batini and
Haldane model. This follows from a combination of factors, such as our imposition
of a diagonal variance-covariance matrix and the change in solution software (and
in particular the software’s treatment of unanticipated shocks).

15. Output variance continues to decline as we move beyond j = 4, but as the
figure shows, this decline is negligible.
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Longer horizons smooth out these adjustments in real interest
and exchange rates. Monetary policy reacts preemptively, thereby
damping output variability at the same time that it secures effective
inflation control. Too long a forecast horizon, however, results in
monetary policy doing too little to damp period-by-period inflation
fluctuations. These fluctuations in inflation become embedded in the
wage bargaining process, and inflation variability rises at lengthy fore-
cast feedback horizons.

3. ALTERNATIVE MODELS OF PASs-THROUGH

The baseline model assumes full and immediate import-price pass-
through, which we know from the event studies to be counterfactual.
In this section we outline some alternative pass-through specifications
and explore their implications for the transmission mechanism and
policy rule frontiers. None of these specifications represent a well-
articulated theoretical model of the margin behavior of foreign export-
ers, domestic wholesalers, or domestic retailers. Rather, they are meant
as a summary statistic of the pass-through process, or “rules of thumb”
for margin behavior motivated by some of the stylized facts outlined
earlier.

3.1 Alternative Pass-Through Specifications

We consider four alternative pass-through specifications, replac-
ing equation (9) with the following:

p" =p?, (identical import and domestic prices) , (9a)
pr=pl - W, (St +p) ) , (slow pass-through), (9b)

p =pi - (st +p )— W,As, , (slow pass-through with dynamic

error correction) , (9¢)

pl=pl ¥ (St +p )— W,As, + W,y, , (slow pass-through with
cyclical markup) . (9d)
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Equation (9a) is the polar opposite of the base case and treats import
prices identically to domestic prices. This variant was included in the
original Batini-Haldane paper largely for expositional purposes and
termed the “no pass-through” case. It might be justified in a world in
which importers continuously adjust their margins to equate import
and domestic prices in local currency terms, irrespective of exchange
rate changes, perhaps because the economy is large, with significant
domestic competition in the tradable goods market. There is some
(indirect) pass-through, however, as any exchange rate shock affects
output and, through output, domestic and import prices. We term
this specification a large-economy pass-through variant.16

Equation (9b) allows for a graduated rather than an immediate
response of import prices to exchange rate changes. This is an error-
correcting specification, whereby the level of import prices adjusts gradu-
ally to the level of the exchange rate, at a rate of \, per period. In the
simulations below we set y, = 0.7, which mimics the one-period-ahead
response of import prices to a step change in the nominal exchange
rate in the Bank of England’s medium-term macroeconometric model.

Equation (9¢) adds to this specification the contemporaneous change
in the exchange rate, to capture the effect of an exchange rate change.
For the simulations below we set y, = 0.15 and y, = 0.55, to exactly
mimic the impulse response from the macroeconometric model. Equa-
tions (9b) and (9c) collapse to the base case setting y, =1 and y, = 0.

Finally, the variant in equation (9d) is designed to reflect the po-
tential impact of output on supplier behavior. It builds on the dy-
namic error correction specification, as this mimics the specification
of the Bank of England’s macroeconometric model, but in addition it
allows for a cyclical effect on importers’ margins. When output is
above potential, the upward pressure on import prices will augment
any increase in import prices following a depreciation and reduce any
decrease following an appreciation.

Of course, there is no reason to expect importers to be the only
suppliers to set markups on a cyclical basis. So we also adjust the
domestic price equation (4) to incorporate a pro-cyclical markup:

1
ptd :E(wt +wt—1 )+ L|J3yt . (4a)

16. Note, however, that the real exchange rate still exerts pressure on de-
mand through equation (1).
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Recent work at the Bank of England suggests some evidence of
pro-cyclical margins behavior in the United Kingdom (Small, 1997).
In the simulations below we set y, = 0.15. The calibration is based
loosely on the Bank’s medium-term macroeconometric model and
draws on pro-cyclical elements of both the retail-price and im-
port-price equations. y, is set equal to 0.15 and vy, is 0.55, as
in equation (9¢). Of course, the evidence of pro-cyclical markups
is not conclusive, and some theoretical models generate counter-
cyclical markups. There is clearly scope for further experimentation
with this specification, as empirical research provides firmer conclu-
sions about the cyclicality of margin behavior.

3.2 Impact on the Transmission Mechanism

The “t arge Economy” ppecification. Figures 10 and 11 com-
pare the trajectories of inflation and output following a displace-
ment of the inflation target under the immediate and large-economy
pass-through cases. When import and domestic prices are equated,
the initial jump in inflation all but disappears. This occurs because
there is no direct effect on consumer prices from the spot ex-
change rate jump associated with the displacement of the infla-
tion target. And the absence of a direct price effect holds back
inflation expectations. The resulting trajectory is more in line with
counterfactual VAR studies of the monetary transmission process
in the United Kingdom. The output trajectories are similar in the
two cases.!”

plow Pass-Through. The delayed pass-through variants pro-
duce a smaller initial jump in inflation than in the base case, but
a larger jump than under zero pass-through. This is unsurprising,
since there is now some (limited) import-price response to the
exchange rate jump. The effect of the delayed pass-through vari-
ants are better illustrated by considering the impulse response
of consumer prices to a nominal exchange rate shock (here a
1-percentage-point appreciation). Figure 12 compares the inflation

17. Output is driven by the real interest and exchange rates, as in equation
(1). Real interest rates are driven by an inflation forecast, in this case eight peri-
ods ahead. By that horizon, any direct price-level effects of the exchange rate
have fed through, so that the real interest rate response to the inflation target
displacement is similar under the two specifications. And since the interest rate
response is similar, the real exchange rate also follows a similar profile.
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Figure 10. Impulse Response Figure 11. Impulse Response
of the Output Gap in the of Inflation in the
Large-Economy Case Large-Economy Case
Percentage points? Percentage points?
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Quarters Quarters
Source: Authors’ calculations. Source: Authors’ calculations.
a. Change from baseline. a. Change from baseline.

impulse under full pass-through and in the slow pass-through case in
equation (9b). In the full pass-through base case, the exchange rate
shock in period 1 leads to an immediate stepdown in import prices, as
well as a jump in wages due to the contemporaneous and forward-
looking elements of the nominal wage equation. In the second period
the jump in inflation is reversed, as the spot exchange rate jumps
back toward its initial value. When import prices adjust more slowly,
the initial jump in consumer prices is smaller, but so is the subse-
quent reversal. So the variant generates a similar terminal price lev-
el, but a very different trajectory for inflation in the early periods—an
initial overshoot, then an undershoot in the base case and a more
graduated response in the variant.

Figure 13 repeats the exercise for the dynamic error correc-
tion specification in equation (9¢), which includes a term for the
change in the spot exchange rate. The initial jump in consumer
prices is the same as under the slow pass-through variant, but
in period 2 consumer prices jump back further. This follows from
the jump response of import prices to a change in the nominal
exchange rate.
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Figure 12. Impulse Response Figure 13. Impulse Response
of Inflation in the Slow of Inflation in Case of Slow
Pass-Through Case Pass-Through with Jump
Percentage points? Percentage points?
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Source: Authors’ calculations. Source: Authors’ calculations.
a. Difference from baseline. a. Difference from baseline.

Cyclical Markup. We illustrate the impact of the pro-cyclical mark-
ups variant in equation (9d) by comparing the inflation impulse fol-
lowing a one-period shock to output (here a 1-percentage-point rise)
with the impulse when import-price pass-through is full and immedi-
ate (baseline case), and under the dynamic error-correcting case, equa-
tion (9¢), which forms the base for the new equations. The impulses
are shown in figure 14.

When pass-through is full and immediate, the monetary policy
tightening that follows the shocks leads to a nominal appreciation
sufficient to reduce inflation in the first quarter. But thereafter the
currency depreciates and the output shock takes time to unwind, so
inflation rises. When pass-through is slow, inflation rises in the first
quarter, as import prices do not fall sufficiently to offset the upward
pressure on wages that operates via the Phillips curve. And when
margins are pro-cyclical, there is further upward pressure on prices.
Under this variant the initial rise in consumer prices is signifi-
cant, at around a third of the initial output impulse, and far speedier
than in the other pass-through cases.

In the long run, monetary policy adjusts to bring inflation
to target, regardless of the specification. Similarly, import-price
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Figure 14. Impulse Response of Inflation under
Pro-Cyclical Markups
Percentage points?
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Source: Authors’ calculations.
a. Difference from baseline.

pass-through is full in the long run, regardless of the specification.
Pro-cyclicality of markups does not have a long-term impact on
import prices, because policy adjusts to close any output gap.

3.3 Impact on Policy Frontiers

Do the various pass-through specifications have a significant im-
pact on the policy frontiers generated by stochastic simulations? We
repeated the 100-period stochastic simulations for the various im-
port-price variants, for j =0 toj = 8.

Alternative Rates of Pass-Through. Figure 15 compares j-loci un-
der the full and immediate pass-through (baseline) specification, the
large-economy specification in equation (9a), and the slow pass-through
specification in equation (9b). We also carried out stochastic simula-
tions for equation (9c), but the results are qualitatively very simi-
lar to those in the simple slow pass-through case.

The main conclusion of the full and immediate pass-through model
holds true in the large-economy case as well. So the optimal feedback
horizon is greater than zero, and inflation forecast targeting is better
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Figure 15. Loci of Policy Frontiers under Alternative
Pass-Trough Models
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than targeting current inflation. But the output cost of focusing on
very short horizons is reduced somewhat. This happens because ex-
change rate disturbances (which have the greatest magnitude in our
variance matrix) no longer feed though immediately to inflation and so
do not “require” an interest rate response. As a result, real interest
rates and hence output are less volatile. It remains the case, however,
that responding to inflation forecasts rather than outturns delivers
sizable benefits in terms of the trade-off between output variability and
inflation variability.

This is also the case when pass-through is slow. The j-loci remain
L- (or even C-) shaped. However, in the slow-pass-through case both
inflation and output variability are damped. The output cost of choos-
ing short forecast horizons is lower because of the reduced impact of
exchange rates on consumer prices (and hence monetary policy). Slow-
ing the rate of pass-through also reduces the volatility of inflation at
all horizons. Exchange rate shocks have a smaller impact on infla-
tion (if not the price level), so less inflation becomes embedded in
wages.

Cyclical Pass-Through. Finally, we consider j-loci when economy-
wide markups (for both domestic and import prices) are pro-cyclical in
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addition to import-price pass-through being slow, using the specifica-
tions in equations (9d) and (4d). We compare this with the full and-
immediate-pass-through case and the slow-pass-through-with-jump
case (9c¢).

When we add pro-cyclical markups, output variability becomes
further compressed at short horizons (Figure 16). Output variance is
compressed because output shocks now matter more for inflation and
hence are subject to more of an offsetting policy response. So mon-
etary policy implicitly attaches a relatively greater “weight” to out-
put shocks as opposed to wage or exchange rate shocks. Interestingly,
however, this output volatility gain comes without greatly disturbing
inflation control. Inflation volatility is affected by offsetting factors.
Pro-cyclical markups raise the inflation response to output shocks.18
But offsetting this, changes in the real interest rate now have a greater
impact on inflation, making it easier to bring inflation back to target
when forecast horizons are short. Because of this second effect, shorter
forecast horizons—perhaps as little as two periods ahead—appear to
be the “best.”

Figure 16. Loci of Policy Frontiers under Alternative
Pass-Trough Models
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18. They also increase the inflationary impact of any exchange rate shocks
(via their impact on output).
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4. CONCLUSIONS

We have considered alternative specifications of import-price pass-
through in terms of their impact on the monetary policy transmis-
sion mechanism and on the operation of inflation forecast-based rules.
Under these alternative specifications, it remains the case that look-
ing forward—that is, responding to forecasts rather than inflation
outturns—makes sense. However, pass-through assumptions do ap-
pear to have implications for the feasible sets of points on the infla-
tion-output variability frontier. Moreover, in some circumstances, for
example in the case of pro-cyclical markups, it may also suggest that
a shorter forecast horizon may be appropriate.

We have focused on just one of the transmission channels for
monetary policy, albeit an important one for inflation targeters in
small, open economies. It would be interesting to consider the ro-
bustness of these conclusions to varying assumptions about the na-
ture of the monetary policy transmission mechanism. For example,
how are inflation forecast targeting rules affected by different assump-
tions about policy credibility? These and other questions are left for
future research.
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The inflation targeting regime in place in Canada requires a clear
understanding of the monetary policy transmission mechanism and a
way to exploit knowledge of that mechanism in making policy deci-
sions. This paper describes the Bank of Canada’s current understand-
ing of the monetary policy transmission mechanism as well as our
research, in the context of a model based on that understanding, to
identify policy rules to help guide the formulation of monetary policy.

Section 1 discusses the Bank’s view of the monetary policy trans-
mission mechanism in Canada. It begins with the major linkages and
then focuses in turn on transmission through financial variables, the
impact of financial variables on aggregate demand, and the impact on
inflation from the output gap, expectations, and the exchange rate.
Because of the importance of inflation projections in the framework
used at the Bank of Canada, section 2 reviews the range of approaches
that have been investigated for generating such projections. These
include the construction of small models of the Canadian economy,
single-equation models of quarterly inflation, and a fully specified
model, the Quarterly Projection Model (QPM). Section 3 outlines re-
cent work at the Bank of Canada on policy rules. This section covers
the QPM policy rule, simulation analyses comparing forward-looking
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rules of the QPM type with Taylor rules, and some ongoing work on
open-economy extensions of Taylor-type rules. Given that some of this
work suggests that efficient policy rules can be affected by particular
changes in economic behavior, section 4 outlines some evidence on
such changes in Canada since the introduction of an inflation target.
The final section concludes.

1. TaE CANADIAN MONETARY PoLicy
TRANSMISSION MECHANISM

The monetary policy transmission mechanism is complex, and
our understanding of it is imperfect.! At the Bank of Canada our main-
stream paradigm is quite explicit and well known and contains three
major sets of linkages. The first major linkage is from our instru-
ment, the target band for the overnight interest rate,? to other finan-
cial variables: the term structure of market interest rates, rates on
deposits and loans at financial institutions (“administered rates”), and
the exchange rate. The second runs from financial variables to aggre-
gate demand and the output gap. And the third runs from the output
gap, the exchange rate, and inflation expectations to inflation.

The precise relationships that underlie these three linkages are
probably not fixed. In particular, we find it important to bear in mind
that the success and credibility of the monetary and fiscal policy frame-
works will condition the way the transmission mechanism works in
practice. We also find it useful to have a checklist of the exogenous
shocks that typically hit the economy (figure 1).

1.1 Transmission through Financial Variables

The Canadian term structure of interest rates is strongly influ-
enced by the world term structure of real interest rates, risk premi-
ums related to Canadian government debts and deficits (relative to
those in the rest of the world), and domestic inflation expectations.

1. This section draws heavily on David Longworth’s notes for a presentation on
“Monetary Policy in Canada” to an IMF course in May 1997.

2. The target band for the overnight interest rate is 50 basis points wide, and the
Bank aims to keep the rate in the middle of the band. Since February 1996, the
Bank Rate, the rate at which directly clearing financial institutions borrow from
the Bank of Canada, has been set at the top of the target band. Press releases are
issued at the time of changes in the target band.
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Figure 1. Monetary Policy Transmission Mechanism
in Canada
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However, it has generally been true in the past that a rise in nominal
domestic short-term rates (and, more specifically in recent years, the
target band for the overnight rate) has translated into a rise in nomi-
nal domestic rates all along the term structure, with the effects typi-
cally smaller the further along the maturity spectrum one is looking
(see Clinton and Zelmer, 1997; Muller and Zelmer, 1999). One would
expect, however, that this is due to the nature of the typical shocks
experienced in the past. In the future, to the extent that a rise in
short-term interest rates causes markets to raise their estimate of the
probability of keeping future inflation within the inflation-control range,
longer-term nominal interest rates may tend to fall or at least not rise.

Bank research has concluded that there has been an essentially
stable (if not precise) relationship between administered interest rates
(those set by deposit-taking financial institutions on loans and depos-
its) and market rates of similar maturities (see Clinton and Howard,
1994; Hendry, 1992). Moreover, the long-run relationship is one in
which changes in administered rates move one for one with changes
in similar market rates. And the adjustment is quite rapid—indeed,
typically much more rapid than in the United States.

The exchange rate responds in an important way to unexpected
changes in interest rate differentials between Canada and the other
major industrial countries (Longworth and Murray, 1988; Khemani



360 David Longworth and Brian O’Reilly

and Murray, 1990). Given Canada’s trade patterns, the United States
has a very high weight (about 86 percent) in the trade-weighted ex-
change rate index (Lafrance and Antia, 1998-99).

1.2 Impact of Financial Variables on
Aggregate Demand

At the Bank of Canada, the mainstream transmission mechanism
is one in which aggregate demand depends on two variables. The first
is the level of real interest rates (relative to equilibrium real interest
rates), which affects consumption spending (especially on durable
goods), and which also affects decisions to invest in housing and
nonhousing capital. The second is the level of the real exchange rate,
which affects exports and imports in the usual ways.

The empirical evidence for Canada suggests that it is short-term
(or perhaps short- to medium-term) interest rates that matter the most
for aggregate demand. This evidence comes basically from four sources:

+ reduced-form equations for changes in output, as well as for
changes in exchange rates, in which interest rates of various maturi-
ties are important explanatory variables,

+ reduced-form equations for changes in output using the spreads
between long-term and various short-term interest rates (Cozier and
Tkacz, 1994; Clinton, 1994-95),

+ evidence from the structure of household and business balance
sheets (Longworth and Poloz, 1995; Montplaisir, 1996-97), and

+ evidence that the components of aggregate demand that move
first in the business cycle are consumer durables and housing, which
are typically financed with debt at short- to medium-term interest
rates, rather than business investment.

The effects of interest rates and exchange rates on aggregate
demand build up only slowly over time. There is little contemporane-
ous effect. But by the third or fourth quarter the effect is economi-
cally significant, with the maximum effect reached after six to eight
quarters.

There 1s as yet little evidence that direct credit channels (see
Bank of Canada, 1995) are important in affecting aggregate demand.
But empirical and theoretical work is ongoing at the Bank on a direct
money channel (Hendry, 1995; Armour and others, 1996; Engert and
Hendry, 1998; Hendry and Zhang, 1998).
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In addition to knowing how monetary policy affects aggregate de-
mand, it is important to identify the major areas where shocks to de-
mand will arise. For the Canadian economy, the major sources of shocks
are foreign demand (particularly U.S. demand, given the structure of
Canadian trade), domestic fiscal policy, and the real world price of com-
modities. Canada is a major net exporter of commodities, and thus its
terms of trade tend to move in the opposite direction from other major
industrial countries when real commodity prices change.

1.3 Impact on Inflation from the Output Gap,
Expectations, and the Exchange Rate

As figure 1 shows, monetary policy affects inflation through three
channels: the output gap, inflation expectations, and the exchange
rate pass-through. A key part of the mainstream view of the mon-
etary transmission mechanism at the Bank of Canada is the effect of
excess demand or supply in product markets on the rate of inflation.
Thus, changes in monetary conditions work through their effect on
the output gap to influence the inflation rate over time.

As is well known, inflation expectations also play a very impor-
tant role in the inflation process. Although there is evidence that the
backward-looking component in these expectations remains impor-
tant, the concentration of the central bank on the achievement of its
inflation target no doubt helps to condition the formation of the for-
ward-looking components of these expectations. And the achievement
of the inflation-control targets means that the backward-looking com-
ponent of these expectations will come to play a stabilizing role at a
rate close to the targeted rate.

Another element in the short-run inflation process is changing
relative prices. Arising from a number of sources, these can have
once-and-for-all price-level effects and therefore influence the mea-
sured inflation rate in the short run, but not necessarily the momen-
tum of the inflation process. Because monetary policy can influence
the exchange rate, exchange rate effects are particularly important
to note in this regard (see Lafleche, 1996-97). Other specific shocks
that have been important in the past include shocks to indirect taxes,
energy prices, and food prices.

The Bank of Canada has relied on the output gap channel to influ-
ence inflation (including the induced effect that the change in actual
inflation thus produced exerts through the backward-looking element
of inflation expectations). The Bank did not count on expectations
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being influenced by the target during the first few years of the infla-
tion targeting regime. Nor has it relied on the exchange rate pass-
through to consumer prices to guide inflation to its target (in strong
contrast with the practice of the Reserve Bank of New Zealand in the
early years of its inflation targeting regime). In principle, exploiting
the effects of exchange rate pass-through could shorten the time nec-
essary to hit the inflation target, but at the cost of greater volatility
in the economy, including the volatility of real output. In recent years,
as inflation expectations have become somewhat influenced by the
targets themselves, exchange rate changes are now seen as affecting
the price level, not the ongoing rate of inflation.

2. INFLATION PROJECTIONS

Although QPM is the main model and organizing framework for
the medium-term projections that are constructed quarterly, both
QPM and projections for inflation alone have been informed by a wide
range of research with small models. These models have helped the
Bank to better understand some of the workings of the economy, as
well as to explore how to impose appropriate theoretical restrictions
and grasp their implications. Thus, in moving from the overview of
the transmission mechanism in the previous section to the descrip-
tion of QPM at the end of this section, it is useful to describe the
range of approaches investigated. These include research with small,
“complete” models of the economy, whether done as reduced forms,
vector autoregressions (VAR), or vector error correction models
(VECM); single-equation models of quarterly CPI inflation, which are
generally Phillips curves; and models and methods that are useful in
monitoring very short run monthly and quarterly movements in in-
flation (not discussed in this paper).

2.1 Small Models of the Canadian Economy

In the mid-1980s Longworth and Poloz (1986) constructed a small
model to examine various policy rules. Its prominent feature was its
simplicity: there were four behavioral equations (for output demand,
a price Phillips curve, money demand, and the exchange rate) plus a
policy rule and identities. Simplicity was desirable for a number of
reasons. First, it allowed the model to be understood both by the
modelers and by policymakers. Second, it allowed other key features
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to be put in place without too much difficulty: a coherent flow frame-
work with a well-defined steady state, expectations that were model-
consistent in the long run despite being adaptive in the short run, and
exchange rate behavior that was consistent with convergence to the
steady state. Third, simplicity made it possible to reduce the time re-
quired to do stochastic simulations. The model was calibrated (rather
than estimated), based on judgment using estimates by the modelers
and others. This meant that the modelers could concentrate on the
effects of key variables and their parameters rather than have to ex-
pend considerable effort in the estimation phase of model building to
control for all the variables that might matter in explaining a given
endogenous variable. Thus, for example, the output equation excluded
foreign output, real commodity prices, and fiscal variables. The frame-
work of the four behavioral equations plus the policy rule captured the
mainstream model of monetary transmission in which the real inter-
est rate and the real exchange rate affected the output gap and thus
inflation. It also set the stage for subsequent estimated reduced-form
or VAR models, many of which omitted money variables, since the
stock of money did not enter the equations for other variables.

For example, Duguay (1994) estimated a reduced-form IS curve for
output, in which changes in Canadian output depend on lags of changes in
the real interest rate, the real exchange rate, U.S. output, real commod-
ity prices, and a fiscal policy variable. He also presented a short-run Phillips
curve, based on the previous work of Dupasquier and Girouard (1992).

In the construction of the calibrated QPM model, as well as in subse-
quent work designed to calibrate stochastic shocks for use with QPM, a
number of VARs were estimated by Bank staff. Finally, Armour and
others (1996) have constructed a VECM in which the deviation of money
from its long-run demand plays an important role. The model contains
equations for Canadian output, prices, money (M1), and interest rates.

2.2 Single-Equation Models of Quarterly Inflation

The archetypical Canadian model of inflation would have the fol-
lowing form:

Inf@XIRn = Inf@X IR expectDiIRus + D[ 1( gIp )|
+ E[ L ( chnhge In reDOexchIhge rite )]
+ F{L(chD@ge In IndIrect tIxes )]
+ G L(chInge In fRRI prices)]
+ I{L(chD@ge In energy prilzes )] + UMGuDOHIRU,
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where a, b, ¢, d, and e are parameters, fis a function, and L is the lag
operator.

Equations have been estimated for the CPI, the core CPI (the CPI
excluding food and energy and the effect of indirect taxes), the CPI
excluding food and energy alone, and the CPI excluding changes in
indirect taxes alone. Particular attention has been given to the for-
mation of inflation expectations and to the measurement and rel-
evant function of the output gap.

Until the last five years, most work at the Bank used inflation
expectations that were modeled as backward looking, with the sum
of the coefficients equal to one. (This was the case, for example, in
Longworth and Poloz, 1986, and Dupasquier and Girouard, 1992.) But
when inflation varies around a constant target, there is no longer a
unit root in the inflation process. Then, as Thomas Sargent argued in
the 1970s, it is inappropriate to model expectations with the unit
restriction on the sum of the coefficients. As one moves from one
inflation regime to another, one would expect a learning process, and
thus quite a complicated formulation for inflation expectations. Ini-
tial steps in modeling such a learning process (as it applies to the
actual evolution of Canadian inflation) have been undertaken by
Laxton, Ricketts, and Rose (1994) and by Ricketts and Rose (1995)
using a Markov switching process with three inflation regimes. Fillion
and Léonard (1997) have used regimes similar to the ones captured
in the Markov switching work in estimating a quarterly Phillips curve.
Their model, which follows closely the archetypical model above, has
inflation expectations in the current monetary regime that are close
to 0.39 L(inflation) + 0.61(inflation target).

When the monetary authorities act to achieve a given inflation
target range, inflation expectations at all horizons should eventually
fall in line with that range. This reflects an increase in credibility and
will likely need to be taken into account in projecting inflation (see
Perrier, 1998; Maclean, 1998; Amano, Coletti, and Macklem,1999).

Potential output and therefore the output gap are not easily mea-
sured. The Bank of Canada has moved from estimating potential out-
put as a linear trend, to constructing it using a Hodrick-Prescott filter
on actual output, to estimating it using a multivariate filter that com-
bines structural information with a filtering approach. The current
procedure, which closely follows that of Butler (1996), decomposes po-
tential output into the trend marginal product of labor, population,
one minus the trend unemployment rate, the trend labor force partici-
pation rate, and trend hours worked, appropriately scaled by the
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trend of the labor share. Multivariate filters are used to estimate each
trend. It is recognized that these filters have problems at the end of
the sample period. St-Amant and van Norden (1997) discuss various
approaches to measuring the output gap that have been used at the
Bank and assess their strengths and weaknesses. Kichian (1999) as-
sesses measures of potential output (and consequently the output gap)
using state-space techniques on a model that includes a Phillips curve.

Until the 1990s, modeling at the Bank typically assumed that
Phillips curves were linear functions of the output gap. Work by
Laxton, Rose, and Tetlow (1993a, b, and ¢) attempted to estimate the
degree of nonlinearity of the Phillips curve and to identify its implica-
tions. Their Monte Carlo studies showed that nonlinearities should
be difficult to find. And their empirical work showed that a given
degree of excess demand has a larger absolute effect on inflation than
the same degree of excess supply. Dupasquier and Ricketts (1998a
and b) extended this work by examining the empirical robustness of
various theories on the curvature of the Phillips curve. They con-
cluded that there is some evidence that the slope of the Phillips curve
gets flatter at lower and more stable rates of inflation.

2.3 The Quarterly Projection Model

The Bank of Canada has long been interested in developing struc-
tural macroeconomic models and using them for economic projec-
tions.? In the late 1970s the RDuF (Research Department
Experimental Forecasting) model became the organizing frame-
work for the projection exercise. By the late 1980s, as the weak-
nesses of RDuF were becoming all too obvious, reduced-form aggregate
demand and inflation equations were used to determine the impor-
tant dynamics in the projection, which continued nominally to be
performed with the RDuF framework. Then, in September 1993, QPM
was introduced as the Bank’s projection model.

The emphasis on structural models results from three main
beliefs:

+ that economic theory and empirical work suggest the major
elements in the monetary transmission mechanism,

3. This section draws heavily on Longworth and Freedman (1995). See Duguay
and Longworth (1998) for the history of macroeconomic models and their use in
policymaking at the Bank of Canada.
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+ that there is enough stability in some of the major relation-
ships in the economy that it is sensible to base an estimated or
calibrated model on them, and

+ that in order to conduct policy to achieve an inflation-control
target (or other nominal target), it is necessary to have a way of
quantifying the link between current changes in interest rates and
future values of the targeted variable.

The use of structural models for economic projections has always
been supplemented by judgment, particularly in the first few quar-
ters of the projection. This judgment includes that based on informa-
tion from variables that do not enter explicitly into the structural
model, such as the monetary aggregates.

QPM, which built upon knowledge gained with reduced-form and
VAR models, was designed to overcome the deficiencies of an earlier
generation of models, including RDuF, by

+ having a fully articulated, steady-state version of the model, to
which the dynamic version converges,

* incorporating all necessary stock-flow relationships, with the
key stocks being household financial wealth, the capital stock, gov-
ernment debt, and net foreign assets,

* basing household behavior on the Blanchard-Weil overlapping
generations model, having firms choose the optimal stock of capital
given the production function and the long-run labor supply, and hav-
ing governments choose a desired long-run debt-to-GDP ratio, and

* incorporating both forward-looking (“model consistent”) and back-
ward-looking elements in expectations.

It is virtually impossible to impose all the desired long-run re-
strictions in an estimated model with forward-looking expectations
where the data are drawn from a number of different monetary policy
regimes. Therefore it was decided that the best of the second-best
ways of assigning coefficients would be to calibrate the model, largely
on the basis of existing empirical evidence.

Because of the way in which the model was calibrated (which
depended to an important extent on the information on dynamics
found in VARSs), the short-run dynamics of the model are similar in
many ways to models without stock-flow dynamics. To understand
the short-run dynamics of the model, the key parts of the model (which
are described more fully below) are as follows:
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+ aggregate demand, which depends importantly on interest rates
and exchange rates

+ the price-wage nexus

+ the monetary policy reaction function, and

* the behavior of the exchange rate and the long-term bond rate.

The major aggregate demand components in the model are con-
sumption (which includes housing and inventory accumulation), busi-
ness fixed investment, government expenditure on goods and
services, and exports and imports. In the short run, consumption is
negatively related to the term spread between short-term and long-
term interest rates. Business fixed investment responds to the cost
of capital, and exports and imports are influenced by the real ex-
change rate.

The price-wage nexus in the model is somewhat complicated, as
future prices and future costs appear in both equations. In setting
prices, firms use lagged prices, forward-looking expected costs (in-
cluding indirect tax effects), and forward-looking expected prices.
Output gaps also affect inflation, and the relationship is nonlinear,
with a given amount of excess demand having a larger absolute
effect on inflation than an equivalent amount of excess supply. In
addition to these factors, the CPI excluding food and energy depends
on import prices, and thus on the exchange rate. Costs depend largely
on nominal wages, which in turn depend on expected future prices,
expected future nominal wages, lagged nominal wages, the real-
wage target (determined by the equilibrium marginal product of la-
bor), and the labor market gap.

The monetary policy instrument in the model is the short-term
interest rate. This rate is determined by a monetary policy reac-
tion function which expresses the yield curve gap-the difference
between the short-term (three-month) and the long-term (ten-year)
interest rate minus its equilibrium value—as a function of the de-
viation of inflation (based on the CPI excluding food and energy)
from the inflation-control target six to seven quarters in the fu-
ture. The reaction function also includes a lagged dependent vari-
able to smooth the movement of the yield curve gap. The equation
can be written as

7

O . e \O
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where yieldgap, = (it —i' )= (it =i' ), (b, - pi ) is the devia-
tion of inflation from its targeted rate, i* and i* are the short- and
long-term interest rates, respectively, and ss denotes a steady-state
value.

The ten-year interest rate is given by a weighted average of fu-
ture short rates (adjusted by a term premium), the current short-
term interest rate (adjusted by a term premium), and the foreign
long-term interest rate (adjusted by a risk premium and the expected
international inflation differential).

The exchange rate is determined by the uncovered interest parity
condition, including a risk premium. In the long run the equilibrium
real exchange rate adjusts so that the flow of net exports is sufficient
to sustain the equilibrium net foreign asset position (which, in turn, is
determined by household preferences, the desired stock of government
debt, and the real interest rate).

3. PoLicy RULES

Svensson (1999) describes a monetary rule as a “prescribed guide
for monetary policy conduct.”* The rule reacts in a mechanical way to
a prespecified information set. In reality, as discussed in Svensson (2001),
central banks, in forming policy, consider all the information available
about the economy, attempt to distinguish which shocks are occur-
ring, and then modify their tactics and strategy accordingly.

A monetary rule is important for the policy advice provided to
senior management as part of a model-based projection exercise. For
each projection the staff at the Bank of Canada try to identify, in the
context of a model, the various shocks affecting the economy and to
quantify their impact on inflation. To provide consistent policy ad-
vice, it is necessary to have a systematic response of movements in
the policy instrument to the various shocks. If the policy reaction
function used by the staff continually changed, policymakers would
be unable to differentiate between changes in the outlook stemming
from shocks and those arising from changes in the policy reaction
function. A stable reaction function provides a consistent link from
projection to projection, to help in analyzing the implications of new
information. Similarly, a benchmark policy reaction function provides

4. This section draws heavily from Amano, Coletti, and Macklem (1999), Coté
and Macklem (1996), and Maclean (1998).
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a baseline comparison for assessing the implications of different policy
reactions (delayed, preemptive, and so forth). Such assessments are
often provided, for example, in the alternative scenarios generated
as part of the projection exercise.?

An ideal policy rule, as encapsulated in a reaction function in a
model, is one that captures the central bank’s general preferences in
terms of bringing inflation back to target within an acceptable time
frame, without causing unacceptable deviations in output from po-
tential or unacceptable movements in the monetary instruments.
(That is, there is an implicit loss function.) The rule should be one
that performs well on average, rather than just with respect to one
particular set of shocks. Much of the early work on monetary rules in
QPM looked at model responses to deterministic shocks, mainly be-
cause the size of the model and the computing resources then avail-
able did not allow us to consider stochastic simulations. This early
approach was followed in full recognition that the results obtained
from deterministic simulations are highly dependent on the particu-
lar shocks imposed. More recently, Bank researchers have been us-
ing stochastic simulations, as well as analytic work based on small
theoretical models, to examine whether we can improve on the cur-
rent monetary rule in QPM.

3.1 The Initial (and Current) QPM Policy Rule

In a forward-looking model like QPM, the role of the monetary
authority is to provide a nominal anchor for the economy. Because
inflation expectations depend, at least in part, on future monetary
policy, a policy rule needs to be specified in terms of an attainable
nominal objective. Without an endogenous policy response to eco-
nomic developments, economic agents do not have enough informa-
tion to form their expectations, and nominal values become undefined
(in other words, the model does not solve). An endogenous policy
rule or reaction function is therefore an essential part of QPM. As
noted above, QPM uses the short-term interest rate as the policy
variable that has to adjust to achieve the inflation target.

Although this reaction function is an ad hoc rule, in the sense
that it is not derived from an optimal control problem, the choice of
parameters and the degree of forward-lookingness were chosen in

5. Longworth and Freedman (1995) discuss the role of the staff economic
projection in the conduct of monetary policy.
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the context of what we had learned in previous work or by experi-
ence. The six-to-seven-quarter horizon approximates well the sort of
horizon over which monetary policy has a meaningful effect on trend
inflation. Trying to hit an inflation target over a very short period of
time would imply considerable volatility in interest rates (and the
exchange rate), possibly leading to instrument instability. Even though
the reaction function does not allow for secondary objectives other
than smoothing of the policy instrument, the magnitude of the key
parameter, o, in equation (1), which is linked to the degree of infla-
tion volatility that the authorities are ready to accept, was also cho-
sen taking into consideration that the authorities care about the
volatility of output as well.

The use of a forward-looking rule implies that the monetary au-
thority has knowledge of the origin and nature of recent shocks. In a
model in which private agents are assumed to be (at least partly)
forward-looking, it would be hard to argue that the authorities should
not be characterized by the same behavior. Because there is a lot of
uncertainty, QPM is built with enough flexibility to allow the impli-
cations of different policy responses to be considered by changing the
reaction function in various ways.

3.2 Forward-Looking versus Taylor Rules

Reaction functions, like that in QPM, that involve adjusting in-
terest rates to the expected future deviation of inflation from its tar-
get level are considered to belong to the class of inflation forecast-based
(IFB) policy rules. Although these rules can allow for interest rate
smoothing (as in QPM) or include other terms, such as the contempo-
raneous output gap as discussed below, their main distinguishing fea-
ture is their forward-lookingness with respect to inflation.

Reaction functions in which interest rates respond both to de-
viations of inflation from its target level and to deviations of output
from potential, but using only contemporaneous or past informa-
tion, are considered to be Taylor-type policy rules (Taylor, 1993).
The original Taylor rule was derived for the United States, a closed
economy, but it can be extended into an open-economy form as shown
by Ball (1999) and Srour (1999) and discussed below.

Black, Macklem, and Rose (1998) use a model of the Canadian
economy called CPAM (Canadian Policy Analysis Model), which has
many of the features of QPM but simulates much faster, to investi-
gate the consequences of variants of these two types of policy rules
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as well as a price-level rule.® They first examine the stochastic be-
havior of the economy, drawing random shocks from those identi-
fied with VAR analysis. They find that the base-case CPAM reaction
function produces inflation outcomes considerably better than his-
torical outcomes, although roughly in line with the experience in
Canada since 1992, when inflation targets came into effect. When
these authors compare alternative parameterizations of IFB rules
in terms of the root-mean-squared deviations (RMSDs) of inflation
relative to the target and of the output gap, they discover rules that
produce lower RMSDs of both inflation and output than the base-
case rule. This result usually occurs for a more vigorous reaction to
an expected deviation of inflation from the target, and therefore
implies more interest rate volatility than the CPAMIQPM rule.

Their results highlight that, in an open economy, two channels
exist through which the monetary authority can control inflation:
the output gap and the exchange rate. These different channels pro-
duce IFB rules with quite different properties. Because the lags in
the exchange rate channel are shorter than those through the output
gap channel, the monetary authority can achieve substantially better
inflation control using the exchange rate channel. This comes at the
cost, however, of considerably greater variability in interest rates,
the exchange rate, and output. Owing to the nonlinearity in the Phillips
curve in CPAM (and QPM), the higher variance of output also results
in a lower level of output. Controlling inflation through the output
gap has the advantage that stabilizing inflation requires leaning against
the output gap, which both reduces output variability and raises the
average level of output.

In their simulations of Taylor-type rules, Black, Macklem, and
Rose find (as have others) “optimal” coefficients to be much higher
than those suggested by Taylor’s estimated rule characterizing his-
torical U.S. Federal Reserve policy. They also find that Taylor rules
produce results roughly similar to those of IFB rules if the compari-
son only focuses on the RMSDs of inflation and output. However,
deeper analysis leads them to conclude that a Taylor rule is less
appealing, for two reasons. First, it is not generally capable of achiev-
ing the inflation target on average in CPAM without an explicit
modification to allow for a shift in the mean of output. Second, the

6. With respect to the latter type of rule, their results show a significant
improvement in the trade-offs facing policymakers when they allow expectations
to adjust to take account of the effects of price-level control.
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volatility of interest rates is relatively high, sometimes high enough in
absolute terms that a considerable proportion of observations have
negative nominal interest rates. With IFB rules, where the dynamic
structure of the model is taken into account, results are achieved with
instrument settings that are much less volatile.

Recent work at the Bank of Canada by Dinah Maclean using sto-
chastic simulations examines the performance of various policy rules
from the perspective of their impact on inflation, output, and interest
rate variability when the model economy is hit by stochastic shocks
that approximate those that the Canadian economy normally experi-
ences. Comparisons are made between the results from IFB-type rules,
nonlinear rules that do not react until inflation falls outside the bands,
and Taylor-type rules.

With respect to the IFB rules, the QPM reaction function described
above is modified by adding a contemporaneous output gap term to the
forward-looking inflation gap term.” The nonlinear rules allow for the
possibility of no or very little monetary policy reaction as long as infla-
tion is moving within the target bands. This is done by adding a term
to reflect an additional weight on the deviation of inflation from its
target six to seven periods ahead if inflation is outside the target band.
The Taylor-type rules have the standard (closed economy) formula-
tion. Various rules in each of the three basic classes are obtained by
varying the weights on the inflation and output gap terms.

Each reaction function being considered is incorporated into
QPM in turn, and stochastic simulations of the resultant model
economy are run. The shocks used for the stochastic simulations
are calibrated to be generally representative of the historical dis-
tribution of shocks affecting the Canadian economy. The results of
the experiments are summarized in terms of output, inflation, and
interest rate variability. Not enough simulations were run to de-
termine which rule might be an optimal one, but the results pro-
vide some indicative evidence on the relative performance of each
class of rule considered.

For illustrative purposes, figure 2 (taken from Maclean’s work)
shows the outcomes from simulating the various monetary policy rules.
Each curve or locus shows the outcome for rules with the same weight
on the output gap term and varying weights on the inflation gap term.

7. The inflation gap term looks six to seven quarters ahead, whereas the output
gap term is an average of the contemporaneous output gap and one lag of the gap.



Figure 2. Simulations of Monetary Rules with Historical
Distribution of Shocks?
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Outcomes are shown in terms of the variability of the deviations of
inflation from target versus either the variability of the output gap or
the variability of interest rates.

As the figure 2 shows, Maclean finds that, for relatively low
weights on the output gap, increasing that weight reduces output
variability without increasing inflation variability. This is the case,
for example, in moving from a rule with a weight on the inflation gap
of 1.65 and a zero weight on the output gap to a rule with the same
weight on the inflation gap and a weight of 0.25 on the output gap.
This is not true, however, for larger weights on the output gap, where
more of a trade-off with inflation variability emerges. When the weight
on the output gap reaches 1.5, output variability actually increases
compared with a weight of 1. Too large a weight on the output gap
term increases cycling in the real economy. For any given weight on
the output gap, increasing the weight on the inflation gap (that is,
moving along the locus) gives the expected clear trade-off between
inflation and output variability.

With respect to the variability of inflation versus the variabil-
ity of interest rates, when the absolute value of the weight on the
output gap is small, the weight can be increased without increas-
ing interest rate variability, but as the weight becomes larger, a
clear trade-off starts to emerge. With respect to the former ob-
servation, increasing the weight on the output gap from zero to
0.25 reduces interest rate variability for all weights on the infla-
tion gap. However, increasing the weight further, to 0.5, still leads
to lower interest rate variability compared with the zero locus for
many of the points.

Overall, Maclean’s results support previous internal work at the
Bank of Canada based on a stripped-down version of QPM with sto-
chastic shocks. This work suggested that, by introducing a contempo-
raneous output gap term, the current rule can be improved in terms
of reducing the variability of both output and inflation with little
change in the variability of interest rates. To achieve this, there should
be a greater weight on the inflation gap term than currently used in
QPM and a small weight (rather than a zero weight as in QPM) on an
output gap term.

The benefit of adding the output gap is that it allows the mon-
etary authority to distinguish between price-level and demand shocks
and thus to differentiate its policy response. Adding an output gap
term into the rule does not mean that the monetary authority
is targeting output. The role of the output gap is to provide more
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information to the monetary authority about the source of movements
ininflation.®

Although adding an output gap term to a forward-looking rule
appears beneficial, placing too great a weight on the output gap is a
problem. It causes increased cycling in both output and interest rates,
possibly because it shifts too much weight away from the forward-
looking term (the inflation gap six to seven periods ahead). This
result contrasts with the properties of a Taylor rule where both the
output gap and inflation gap terms are contemporaneous. With such
a rule, it is the output gap term that has the more forward-looking
information. However, in comparing the forward-looking rule with
a closed-economy formulation of the Taylor rule, Maclean suggests
that Taylor-type rules do not do as well as forward-looking rules in
terms of average variabilities. She makes it clear that this conclu-
sion is tentative, because there was no attempt to search over a
wide range of coefficients or formulations to identify the most effi-
cient Taylor rule.

Maclean also shows that pursuing a more opportunistic policy,
where the monetary authority does not react greatly to deviations of
inflation from the midpoint if inflation is still within the bands, but
only reacts when inflation is expected to fall outside the bands, will
increase the probability of falling outside the bands. This suggests
that the monetary authority should actively try to move inflation
back toward the midpoint, even when inflation is within the bands.

Finally, initial results with regard to an interest rate smoothing
term in the reaction function suggest that smoothing causes greater
variability of inflation and output, although the costs of small amounts
of smoothing are low. The variability of inflation can be reduced,
with no increase in the volatility of the change in interest rates, by
adopting a rule with greater smoothing and more aggressive weights
on the gap. This comes at the cost, however, of larger changes in
the level of interest rates, as well as greater output variability. Again,
at low rates of smoothing the costs are relatively low. Some degree
of smoothing is likely beneficial, therefore, and in fact the degree of
smoothing suggested by these results is consistent with the smooth-
ing already incorporated in the current monetary rule in QPM.

8. In exploratory work on the sensitivity of monetary policy rules to shocks,
Bob Amano discusses how monetary policy would respond to an adverse supply-
side price shock under a Taylor rule to demonstrate how the increased informa-
tion provided by the output gap is helpful.



376 David Longworth and Brian O’Reilly
3.3 Open-Economy Extensions

Some analytic work on the implications of being an open economy
for the form of the policy rule has been done at the Bank of Canada
(Srour, 1999). Srour considers the role of the exchange rate in policy
formulation, extending the work of Ball (1999).

Ball (1999) uses a very simple model with constant coefficients to
show that the optimal policy rule in a small, open economy is similar
to the Taylor rule. It differs from the Taylor rule in that it is not
expressed in terms of the interest rate, but rather in terms of an
index that is a weighted average of the real interest rate and the real
exchange rate. The weights are roughly proportional to the coeffi-
cients of the same variables in the IS curve. In addition, the inflation
rate is adjusted to filter out direct but temporary effects of the ex-
change rate.

Srour notes that Ball’s results depend on the assumption that the
shocks are white noise and, in particular, are uncorrelated across
equations. He observes that this assumption is not valid in a small
economy like Canada’s, where variables such as commodity prices or
foreign output affect both the exchange rate and demand. Therefore
he extends Ball’s model to include new exogenous explanatory vari-
ables, X|, with the result that the optimal policy rule takes the form

Zr,+(1-2Z)e, = Ay, + B(m, +1e,, ) + CX, ,

where all variables are measured as deviations from their average
values; wr, + (1 -w)e, can be viewed as a monetary conditions index
(MCI), with r, the real interest rate and e, the log of the real exchange
rate (defined such that a greater e, means an appreciation); y, is the
output gap; (n, + fe, 1) is a measure of inflation that excludes the direct
but temporary effects of exchange rate movements, hereafter referred
to as “core-core inflation”; w, A, and B are positive constants with 0 <w
< 1; and C is a constant vector that depends on the parameters of the
model excluding the coefficient on X, in the exchange rate equation.

The implications for the response of the MCI to innovations in
output or modified inflation are unaffected relative to Ball’'s model,
since the effects of such innovations on future output and inflation
have not changed. However, the MCI now must respond to innova-
tions in X, since these will affect the future path of output and infla-
tion. The extent to which the MCI must respond depends on the nature
of the innovation.



The Monetary Policy Transmission Mechanism tn Canada 377

Srour notes that an autonomous rise in the exchange rate would
require constant monetary conditions, whereas a rise due to an
increase in real commodity prices would require tighter monetary
conditions. The reason for the latter response is that, other things
equal, higher real commodity prices lead to more demand.

Bank of Canada staff would like to have a robust Taylor-type re-
action function incorporating the extensions of Ball and Srour that
could be substituted into QPM to generate results that would provide
another perspective (to a model with an IFB reaction function) for
internal discussions on monetary policy. A focused effort will be made
to identify a suitable rule for this purpose. “Suitable” here means a
reaction function that is robust across several models rather than
one optimized for QPM only. Some preliminary simulation analysis
is discussed below.

Exploratory simulation work at the Bank to date has considered
a Ball-type open-economy Taylor rule and, for comparison purposes,
two alternative formulations of the base Taylor rule, one using the
core-core inflation measure and the other the core inflation mea-
sure. This work examines what happens to the responses of key vari-
ables under a standard set of shocks in deterministic simulations. It
also examines what happens to the trade-off frontiers among the vari-
ances of inflation, interest rate, and output gaps when the weights on
the output and inflation gaps in the reaction function are changed.
For the latter simulations, the historical distribution of shocks to the
Canadian economy was the same as that used by Maclean.

The exchange rate pass-through parameter is thought to be around
0.2 for core inflation. That is, a 1 percent depreciation in terms of the
real exchange rate will result in a 0.2 percent increase in the price
level after about eight quarters. The relative weight on the real ex-
change rate in the MCI in Canada is 0.33, versus 1.0 on the interest
rate term. Note that although it is the yield spread gap rather than
the real interest rate that affects real activity in QPM, other work at
the Bank of Canada suggests that the relative weights on the real
exchange rate and the real interest rate remain about the same in
IS-curve estimations.

The measures of inflation and the output gap that are available
for Canada are, or can be made to be, consistent with those in the
theoretical models. A somewhat more difficult issue for an open
economy that is not in equilibrium is how to measure the exchange
rate gap, since the equilibrium exchange rate in the model’s steady
state is unlikely to be the relevant one for policy purposes. Since
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the theoretical models make no distinction in the exchange rate term
for the pass-through effect and for the MCI term, the year-to-year
change in the exchange rate was used in our reaction functions.? The
reaction function was coded with the yield spread gap on the left-
hand side and the real exchange rate, weighted by its MCI weight
(0.33), on the right-hand side. The core-core inflation term was con-
structed using a parameter of 0.2 on the year-to-year change in the
exchange rate.

The initial experiments for variants of the Taylor rule were deter-
ministic ones in which the standard simulations used at the Bank for
assessing the implications of any change for the model’s properties
were undertaken to see how the model behaved under each form of the
Taylor rule considered.!® Although more work needs to be done to
refine and understand the results, the most general observation is that
the results from the open-economy Taylor rule show less cycling for
inflation, interest rates, the exchange rate, and the output gap than do
the results for the other two forms of the Taylor rule considered.

These results should not be all that surprising given the more
complete representation, relative to the variants of the base Taylor
rule used, of how policy is actually formulated and implemented in
Canada. The results from the two other Taylor rules do not differ
enough to allow us to say that either one shows less cycling than the
other when all of the simulation results are considered. The next set
of experiments were stochastic ones that used the same three ver-
sions of the Taylor rule as for the deterministic simulations and the
representation of historical shocks used by Maclean. As is typical in
this work, results were generated for a range of coefficients on the
inflation gap term (0.5, 1.0, 1.25, 1.65, 2.0, 3.0, and 4.0) and for a
range of coefficients on the output gap term (0.0, 0.25, 0.5, 1.0, and
1.5). Only selected results will be considered here. Results are plot-
ted for the variance of inflation against the variance of the output
gap and for the variance of inflation against the variance of the inter-
est rate gap. In figure 3, each graph has three curves, corresponding
to the three Taylor rules considered. Two sets of graphs are shown.

9. That is, the exchange rate lagged one year is used to represent the short-
term equilibrium. It is not clear that this is the appropriate thing to do. In an
artificial economy, the long-run equilibrium is always constant, so it might be
better to use the level of e in calculating the MCI and the year-to-year change in
e in estimating the exchange rate pass-through.

10. The following types of shocks are considered: a disinflation shock, an
inflation shock, a demand shock, an exchange rate shock, a commodity price
shock, a productivity shock, an indirect tax shock, a corporate tax shock, a govern-
ment size shock, a government debt shock, and a foreign shock.



Figure 3. Simulations of Taylor Rules with Historical
Distribution of Shocks and Low Exchange
Rate Variability
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Each set corresponds to a different weight on the output gap term ly
(0.5 and 1.0). The curves in each graph are constructed by joining the
various points generated using the relevant output gap weight and a
range of weights on the inflation gap term.

Figure 3 shows that using core-core inflation in the basic Taylor
rule leads to a relatively worse (and more attenuated) trade-off
frontier, especially for that between the variance of inflation and
the variance of the interest rate, than either of the other two Tay-
lor rules. It seems that using an underlying measure of inflation
that removes the exchange rate effect without allowing the exchange
rate to be directly considered in setting the instrument leads to a
perverse dynamic. (Indeed, this dynamic ultimately causes the simu-
lations to fail for larger weights on the inflation gap.)

When movements in the exchange rate are taken into account
as in the Ball-type open-economy Taylor rule, it seems that there
might be some room for improving the relative performance of the
trade-off frontiers from those obtained using a closed-economy
formulation. With a higher weight (1.0) on the output gap, includ-
ing the exchange rate does seem to reduce interest rate volatility
(and presumably exchange rate volatility) and makes little differ-
ence for output variability.!! However, this comes at the expense
of greater inflation variability.

In calibrating the shocks to be used for stochastic simulations
in Maclean’s work and the preliminary investigations reported
above, the variability of the exchange rate ended up below that
seen historically. This trade-off was made to ensure that the vari-
abilities of other key variables were consistent with historical ex-
perience. If the stochastic simulations are changed slightly to ensure
that the resulting exchange rate variability is more in line with his-
torical experience, the resulting trade-off frontiers, as shown in fig-
ure 4, are even more suggestive that it might be helpful to use a
Ball-type open-economy Taylor rule.

Work at the Bank of Canada will continue to refine the concep-
tual underpinnings of an open-economy Taylor rule. At the same
time, a concerted effort will be made, using simulation analysis and
different models, to find a robust representation of a Taylor rule
that can be used in the discussions on monetary policy formulation.

11. Exchange rate variability and interest rate variability resulting from these
stochastic simulations are highly correlated.



Figure 4. Simulations of Taylor Rules with Historical
Distribution of Shocks and Exchange Rate Variability as
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4, Poricy RUuLESs AND RECENT CHANGES IN EcoNoMIC
BEHAVIOR IN CANADA

Economic behavior appears to have changed during the period over
which inflation targeting has been in place in Canada in a way that has
implications for our IFB policy rule. There is at least suggestive evi-
dence of increasing monetary policy credibility (some of which is regu-
larly reported in the Bank’s semiannual Monetary Policy Report), a
flattening of the Phillips curve, and greater room for countercyclical
fiscal policy. The implications of each of these are addressed in Amano,
Coletti, and Macklem (1999). They conclude that changes in credibility
would require a recalibration of the IFB rule to avoid a worsening of
outcomes, that a flatter Phillips curve would increase output volatility
for a given level of inflation control, and that increased room for
countercyclical fiscal policy seems to improve the trade-off between
output and inflation variability.

4.1 More Firmly Anchored Expectations?

Overall, we interpret the results of several studies on this ques-
tion as showing that credibility has improved during the inflation-
reduction, inflation-control period.!2 Johnson (1998), for example, uses
survey measures of expected inflation from 1984 to 1995 to examine
the credibility of monetary policy across eighteen industrial coun-
tries, including Canada. He concludes that Canada and New Zealand
have the most credible targets among the inflation targeting coun-
tries. Perrier (1998) uses survey data on expected inflation from the
Conference Board of Canada. He concludes from these data that the
Bank of Canada has developed increasing credibility over the infla-
tion targeting period. These studies are based on formal regression
analysis, but the flavor of their results can be captured by simply
looking at the behavior of survey measures of inflation in the 1990s.

In the Conference Board of Canada’s quarterly Survey of Fore-
casters for July 1999, the average forecast rates of inflation for 1999
and 2000 were 1.5 percent and 1.7 percent, respectively. The Confer-
ence Board also surveys businesses; from these surveys one can
infer the distribution of expected year-to-year price increases over

12. Studies include Svensson (1994), Johnson (1997, 1998), Amano, Coletti,
and Macklem, (1999), and Perrier (1998).
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the next six months. Figure 5 (from data regularly available in the
semiannual Monetary Policy Report) presents a time series of the per-
centage of business respondents who expected inflation to be at a cexr-
tain level or less. As shown, close to 100 percent of the respondents
expect Canadian inflation to be 3 percent (the upper band of the infla-
tion range) or less over the near term. Longer-term inflation fore-
casts, reported by the Consensus Economics Inc. survey of forecasters,
show a similar convergent trend. These forecasts suggest that longer-
term (two, five, and ten years ahead) inflation expectations are in line
with the midpoint (2 percent year-to-year) of the official inflation tar-
get band (figure 6).

Other measures suggestive of reduced monetary uncertainty
are reviewed in Amano, Coletti, and Macklem (1999). They include
the dispersion of inflation forecasts across forecasters; the aver-
age deviation of inflation forecasts from the inflation target; the
difference between the yield on Government of Canada long-term
Real Return Bonds and nominal bonds of comparable maturity (a
proxy for long-term inflation expectations, also regularly included
in the Monetary Policy Report); and the length of debt contracts.

Figure 5. Distribution of Expected Price Increases in Canada
Over the Next Six Months

Percent of respondents
100 —

4 percent or less
80 |

VRN
i \ ’
2 percent or less—\

N

60 —

40 | 1 percent or less

20 4",

rrrTrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T T T
1990 1992 1994 1996 1998

Source: Conference Board of Canada, Index of Business Confidence.



384 David Longworth and Brian O’Reilly

Figure 6. Consensus Forecasts of CPI Inflation in Canada
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Amano, Coletti, and Macklem show that the effect of increasing
credibility is to shift the policy frontier closer to the origin. However,
they also find that a rule (defined by the degree of forward-lookingness
on inflation and by the weight on the inflation gap term in a reaction
function) that was on the frontier initially is unlikely to still be on the
frontier when credibility is increased. One reason is that, with in-
creased credibility, the forecasting horizon of private sector agents
shortens, and the monetary authority should take this into account
by shortening the horizon in its reaction function. There is also some
indication that increasing the weight on the inflation gap improves
the trade-off frontier.

4.2 Changes in the Slope of the Phillips Curve

For Canada, Dupasquier and Ricketts (1998a and b) consider five
different models of asymmetric price adjustment and examine the
testable implications of each on aggregate price data. They find a
significant and positive relationship between the expected rate of in-
flation and the slope of the Phillips curve. However, when the Lucas
model (the misperceptions or signal extraction model) and the menu-
cost (or costly adjustment) model are considered together, the authors
find it difficult to discriminate empirically between whether the
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flatter slope is due to a lower standard deviation of inflation, as im-
plied by the Lucas model, or a lower mean of inflation, as implied by
the menu-cost model. Nevertheless, their empirical evidence is sug-
gestive of a flattening of the Phillips curve in an environment of low
and stable inflation.

If the Phillips curve becomes flatter at lower rates of inflation,
then disinflations that begin at lower inflation rates should be more
costly. However, for demand shocks, a flatter Phillips curve means
that inflation will move away from its target more slowly, so that the
variance of inflation may fall. Debelle (1996) examines the last three
Canadian disinflations and finds a negative relationship between the
initial level of inflation and the resulting sacrifice ratio. In particular,
he finds that the sacrifice ratio associated with the 1974-76 disinflation
is 0.4 when the initial level of inflation was 11.5 percent; that the
ratio for the 1981-85 disinflation is 2.0 when inflation was 12.9 per-
cent; and that the sacrifice ratio of the 1990-93 disinflation is 3.5 when
inflation was 5.3 percent.

For a given inflation expectations formation process, a flatter
Phillips curve shifts the trade-off frontier (for inflation and output
variability) such that output volatility is higher, especially for rules
with a short forecasting horizon (Amano, Coletti, and Macklem, 1999).
The latter is to be expected, as the stronger response of short-hori-
zon rules, as opposed to longer-horizon rules, to prospective infla-
tionary pressures creates more output variability. As the Phillips
curve becomes flatter, the marginal cost, in terms of output variabil-
ity, of better inflation control increases. Unlike changing credibility
where there was a significant effect on the calibration of the rules,
flattening the Phillips curve does not have a pronounced effect on
which rules are good ones.

4.3 Changes in Fiscal Policy

From the mid-1970s to the mid-1990s, unsustainable structural
deficits produced a steady increase in the ratio of net government
debt to gross domestic product in Canada, from 5 percent in 1974
to 70 percent in 1996.13 Over this period, Canada’s net debt-to-
GDP ratio moved from fourth highest among the Group of Seven
major industrial countries to second highest.

13. Unless otherwise specified, net government debt is net consolidated debt
across federal, provincial, and municipal governments as measured on a national
accounts basis.
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In response, Canadian fiscal authorities launched a variety of mea-
sures in the 1990s that were intended to first stabilize and eventually
reduce the debt ratio. Beginning with its 1994195 budget, the Canadian
federal government set short-term deficit targets to provide economic
agents and financial markets with an anchor for where fiscal policy
was going. Over the five years in which the deficit targets have been in
place, the Canadian federal government has consistently overachieved
its announced target. In addition, six of Canada’s ten provinces and
both of its territories have enacted either legislation or constitutional
constraints on government deficits, taxes, expenditure, or debt (see
Millar, 1997). These measures (together with cyclical improvements
in economic activity) have reduced the overall government deficit from
approximately 8.0 percent of GDP in 1992 to a small surplus in 1998.
The overall government net debt-to-GDP ratio in Canada has fallen,
with further reductions expected. As a result, the constraints on the
federal government’s ability to behave countercyclically in the recent
past are becoming less and less binding.

A more countercyclical fiscal policy allows a beneficial shift in the
efficient policy frontier in the sense that, for a given level of inflation
volatility, output volatility is lower (and vice versa) with only small
changes in which monetary policy rules are most efficient. When fis-
cal policy can be more countercyclical, the beneficial effects for the
efficient frontier arise from the ability to use automatic stabilizers,
with their faster effects than monetary policy on aggregate demand,
and from the complementarity of fiscal and monetary policy in re-
sponding to most shocks.

5. SoME CONCLUDING REMARKS

This paper has discussed the Bank of Canada’s current view of
the monetary policy transmission mechanism in Canada and the re-
search on which it is based, as well as some of the Bank’s current and
ongoing research on policy rules, or more accurately, policy reaction
functions. The main objectives in the research on various elements
of the monetary policy framework at the Bank of Canada is to find
practical ways of addressing the major types of uncertainty in formu-
lating monetary policy.

Uncertainty has become particularly important as a research and
practical issue in recent years for several reasons. In Canada and



The Monetary Policy Transmission Mechanism tn Canada 387

in many other countries, there has been a shift in focus from how to
achieve low inflation to how to conduct monetary policy in an envi-
ronment of low and stable inflation. In such an environment the treat-
ment of risks has become more symmetric. At the same time,
increased international linkages have added to the uncertainties, but
on the other hand, technological advances have increased economists’
capability to deal with uncertainty.

The major types of uncertainty facing policymakers are uncer-
tainty about shocks, uncertainty about parameters, uncertainty about
data, and uncertainty about models. Shock uncertainty has three el-
ements: additive (random) uncertainty, uncertainty about the persis-
tence of shocks, and uncertainty surrounding the results from
deterministic simulations implying the need for confidence bands.
Parameter uncertainty reflects the fact that the responses of key
variables to changes in the monetary policy instrument are not known
with certainty. Data uncertainty results from the difficulty of mea-
suring precisely such things as inflation and the output gap. Model
uncertainty arises because the true model of the economy can never
be known for sure.

At the Bank of Canada, experience and research have led the
staff to identify three actions that can help policymakers deal with
uncertainty and provide a sharper focus to discussions at key meet-
ings on monetary policy:

+ The main reaction function used should capture the policymakers’
trade-off among the variance of inflation relative to target, the vari-
ance of the output gap, and the variance of (changes in) interest rates,
to address parameter and data uncertainty. However, to take account
of model uncertainty, an alternative reaction function of the Taylor-
Ball-Srour type should be developed and used regularly.

+ Astorisks, it is helpful to follow a three-part approach. The first is
to use confidence bands, based on past projection errors and simulation
analysis, around inflation and output predictions in the base case and in
alternative scenarios. The second is to develop alternative scenarios of
key risks, which typically concern the size and persistence of additive
shocks. The third is to develop no-change-in-policy scenarios (in which
monetary conditions are held constant for two to four quarters), to high-
light the cost of delaying policy actions.

+ Other information should be reviewed for its consistency with
the base case being presented for consideration by the policymakers.
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In Canada this includes reports from the Bank’s regional representa-
tives on their reading of the economy, and the presentation of the
implications for the path of monetary conditions of an alternative
paradigm based on monetary and credit aggregates (to address model
uncertainty).
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Disinflation in Israel has been a relatively slow process. It took
more than a decade for the annual rate of inflation to fall from about
18 percent in the late 1980s to less than 4 percent in the late 1990s.
For 2000 and 2001 the government has set an inflation target range
of 3 to 4 percent. Whether low inflation will be a permanent feature
of the Israeli economy remains to be seen. Some important aspects of
the economy—such as the principles guiding monetary policy and
asset market allocations—have adjusted themselves to the new,
single-digit-inflation conditions. Yet many key transmission mecha-
nisms that were introduced in the era of double- and triple-digit infla-
tion remain in place. Leading examples are widespread indexation of
wages and financial assets to the consumer price index (CPI), as well
as a relatively rapid pass-through from changes in nominal exchange
rates to changes in prices. Nevertheless, Israel’s experience suggests
that it has been possible to disinflate and to conduct monetary policy
as it is conducted in most inflation targeting countries. Underlying
these successes has been a virtuous circle in the interaction between
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disinflation and economic institutions. As disinflation became more
credible over the years, an increasing number of transmission mecha-
nisms were adapted to these conditions; the latter, in turn, contrib-
uted to making disinflation more credible and to increasing the efficacy
of monetary policy.

Under these conditions, however, the conduct of monetary policy
has faced numerous difficulties. First, there has not been a wide con-
sensus on the need to bring about a convergence of domestic inflation
to rates in the industrial countries. This lack of consensus has cre-
ated ambiguity about the nature and role of inflation targets, about
the conduct of monetary policy, and about the role of fiscal policy in
achieving the inflation target. In fact, the mid-1990s saw a consider-
able overburdening of monetary policy, which had to offset, at least
partially, the potential impacts of fiscal expansion on the rate of infla-
tion (Bufman and Leiderman, 1998). Some politicians have disputed
the stance adopted by monetary policy, to the point of proposing leg-
islative changes that would effectively reduce central bank autonomy.!
There is no doubt that lack of full support from fiscal policy and ambi-
guity about nominal targets have damaged the credibility of the
disinflation process and have increased the difficulties encountered
by monetary policy. To effectively reduce the rate of inflation, the
central bank has had to maintain a more conservative stance than
otherwise, and to take on what has become in part an educational
role. That is, it has had to explain to other policymakers and to the
public at large the importance of having inflation in Israel converge
gradually to the level prevailing in the leading countries in a global-
ized world economy. Second, most of the time inflation targeting has
coexisted with targeting of the nominal exchange rate, further rais-
ing ambiguity about the guiding principles and priorities for mon-
etary policy. Over the years it has become increasingly clear that the
inflation target is the key objective of monetary policy, and the nomi-
nal exchange rate is seen more and more as an indicator variable set
primarily by the market.

In addition, Israel has had to develop a well-specified forecasting
scheme for conducting policy under inflation targeting. It turns out
that the econometric relationships that seemed to work well in the
high-inflation period (before mid-1985) were subject to structural
breaks due to frequent regime changes in the poststabilization period.

1. See Frenkel (1999) on the role of central bank independence in achieving
price stability.
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In particular, it is likely that the extent of exchange rate pass-through
to prices will be reduced over time as inflation targets become more
credible and as the flexibility of the exchange rate regime is enhanced.
Inflation forecast targeting requires the policymaker to continuously
monitor comparisons of inflation forecasts against the inflation tar-
get, and discrepancies between these two serve as a trigger for poten-
tial monetary policy action. Thus the inflation forecast is a key building
block of the policy paradigm under inflation targeting. In the case of
Israel, some of the difficulties were overcome by using market-based
inflation expectations as one important (yet imperfect) indicator for
the market’s assessment of the inflation outlook into the future.

These challenges are not unique to Israel. They are shared not
only by numerous emerging market countries but also by industrial
countries.? For example, when New Zealand adopted inflation tar-
gets in 1989, it did so in the context of broad structural and policy
reforms, most of which rendered previously estimated models quite
obsolete. And when the United Kingdom adopted explicit targets in
the fall of 1992, it did so after a period of nominal exchange rate
targeting within which the transmission mechanism was quite differ-
ent from that of inflation targeting coupled with flexible exchange
rates. Moreover, in all cases the initial stages of inflation targeting
suffered from lack of credibility and from substantial ambiguities,
resulting in a time path for inflation expectations well above that of
the actual rate of inflation.

In spite of these cross-country similarities, a striking difference
between Israel and the industrial countries is that in Israel, a coun-
try with a relatively recent history of high inflation, political and pub-
lic support for inflation targeting and for inflation reduction has been
relatively weak. Not long ago, officials from the finance ministry
and other official entities publicly criticized inflation targeting. Thus
ambiguity and a lack of initial credibility, together with a nonsup-
portive role of fiscal policy for disinflation, created at some point in
the past conditions less than favorable for the success of inflation
targeting. Even so, substantial disinflation has occurred in recent
years under inflation targeting, and monetary policy in Israel contin-
ues to be conducted within a framework very similar to that in indus-
trial countries.

2. See, for example, Leiderman and Svensson (1995) and Morandé and Schmidt-
Hebbel (1999).
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In this paper we analyze Israel’s inflation targeting policies since
1992, with an eye toward those characteristics that may well apply to
other countries. Section 1 lays out the main stylized facts about re-
cent disinflation and details about the inflation targeting scheme. Then
section 2 discusses the transmission mechanism in the inflation pro-
cess and reports new estimates of equations for determinants of the
rate of inflation. Special attention is given to the changing nature of
the pass-through from exchange rates to prices and its dependence
on the state of the business cycle and the magnitude of exchange rate
fluctuations. Section 3 estimates a representation of the Bank of Israel’s
policy rule, and section 4 concludes.

1. INFLATION TARGETING AND THE INFLATION
Process: THE FActs

Starting at the beginning of the 1980s, the rate of inflation
in Israel rose persistently and at an increasing rate, reaching well
into triple-digit territory. This continued until mid-1985, when the
Economic Stabilization Program was introduced. Figure 1 depicts the
major developments in inflation since then. From 1986 to 1991
average inflation was 18 percent per year, not so much as a result of
an explicit policy decision (such as an inflation target) but more as a
residual consequence of the targeting of other variables, such as the

Figure 1. Evolution of the Rate of Inflation in Israel
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nominal exchange rate and international reserves. The rate of inflation
was then sharply reduced to an average of 10 percent per year in the
period from 1992 to 1996. Lately there has been a further reduction in
inflation, to 7 percent in 1997, and year-over-year inflation to mid-1998
was a bit below 4 percent. However, the drop in the rate of inflation was
interrupted by marked increases in consumer prices in the last third of
1998. These were associated with a sharp depreciation of the shekel in a
context of crisis and volatility in world financial markets, mainly related
to the financial crisis in Russia and the failure of the hedge fund LTCM in
the United States. Nevertheless, thanks to a tightening of monetary
policy and the help of other factors, these price increases were reversed
in early 1999, and current forecasts are for a rate of inflation in 1999 of
less than 1.5 percent, well below the official target of 4 percent (see Bank
of Israel, 1999a and b).

An inflation target was first introduced in Israel in the context of
the shift to a crawling exchange rate band in late 1991. The inflation
target came in through the back door, as it were. It first appeared
only as an input in setting the exchange rate’s rate of crawl, specified
in a forward-looking manner as the difference between the inflation
target and a forecast of foreign inflation.? Both the exchange rate
regime and the inflation target are set by the government (mainly
following the recommendation of the finance minister) upon consul-
tation with the Bank of Israel, which by law has instrument indepen-
dence. As a result, there has been considerable ambiguity about the
nature and operational meaning of inflation targets as a precommitment
device for monetary policy and for fiscal policy as well. This ambiguity
was especially strong in the initial years of inflation targeting but has
decreased substantially over time, as the central bank has credibly
made the inflation target the key objective of monetary policy.

Table 1 summarizes the history of inflation targeting in Israel. In
some years targets were set in terms of a range and in others as a
point target. In all cases the overall CPI was used in specifying the
target, which seems especially appropriate in an economy subject to
extensive indexation of wages and financial assets to the overall CPI.
In general, targets for a given year have been set only a few months
before the end of the preceding year, and rarely have there been ex-
plicit multiyear targets. A salient characteristic of the setting of infla-
tion targets in Israel is the generally “adaptive” behavior on the part of
the authorities: the target for the next year has typically been set at a

3. See Bufman, Leiderman, and Sokoler (1995).
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rate very close to the observed, year-over-year, rate of inflation at the
time. In practice, this has meant that progress toward disinflation has
typically preceded further reductions in the level of the inflation tar-
get. The inflation target for 1999 is 4 percent, and the target for 2000
and 2001 has been set as a range of 3 to 4 percent (see also Sokoler,
1997).

Table 1 indicates that, although there have been deviations of
inflation from target in some years, from a multiyear perspective the
targets have been achieved on average. From 1992 to 1998 inflation
averaged 9.9 percent per year, very close to the average of the yearly
targets at 9.7 percent. Figure 2 shows several episodes of marked
intrayear deviations from target both of actual inflation in the previ-
ous twelve months and of twelve-months-ahead expected inflation.
(Market-based expected inflation in figure 2 is derived from the yields
on indexed and nonindexed bonds traded in the local capital market.)
Major episodes of inflation acceleration well above target occurred in
1994, in the first half of 1996, and in the first half of 1999. In all these
cases the credibility of the regime was put to a very serious test:
inflation expectations escalated to about 15 percent in the first two
episodes and to about 10 percent in the third. On the other hand, the
rate of inflation was well below the annual target in the first two-
thirds of 1998 and in the last quarter of 1999.

As already discussed, inflation targets in Israel coexist with
another nominal policy commitment, namely, the crawling exchange

Table 1. Inflation Targets and Inflation Performance in Israel?
Percent per year

Year Inflation target Actual inflation
1992 Upto14-15 9.4
1993 10 11.2
1994 8 14.5
1995 8-11 8.1
1996 8-10 10.6
1997 7-10 7.0
1998 7-10 8.6
Average, 1992-98 9.7 9.9
1999 4 1.5b
2000-01 3-4 n.a.

Source: Bank of Israel.
a. Inflation is measured by the change in the consumer price index.
b. Forecast.
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Figure 2. Actual Inflation, Inflation Targets, and Inflation
Expectations in Israel
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rate band for the new Israeli shekel (NIS) against a basket of foreign
currencies. The NIS exchange rate and its band are depicted in figure
3. Over the years there has been a substantial shift in the direction of
liberalization of foreign exchange transactions, including capital flows,
together with a gradual move toward increased flexibility of the nomi-
nal exchange rate regime. Less than five years ago the exchange rate
band was relatively narrow, and the authorities engaged in consider-
able intramarginal, sterilized intervention in the foreign exchange
market. Today, in contrast, daily exchange rates are set primarily by
private market forces with no central bank intervention and in the
context of a very wide currency band (see Leiderman and Bufman,
1996). In fact, since mid-June 1997 there has been a gradual (daily)
widening of the currency band, whose width will be about 40 percent
of the central parity by the end of 1999.

Israel’s experience in the last five years illustrates that, under
conditions of high capital mobility, the coexistence of an exchange
rate band and inflation targeting may make the role of monetary
policy more difficult than otherwise. Using only one instrument
(the monthly setting of the central bank interest rate on repur-
chase agreements, or repos), the monetary authority is expected
to achieve both these targets simultaneously. On several occasions
(for example, in the first half of 1997), the level of the repo rate
required to achieve the inflation target exceeded that consistent
with lack of pressure on the exchange rate band. This situation was
associated with considerable capital inflows and sizable sterilized
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Figure 3. Path of Exchange Rate against the Currency
Basket in Israel
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intervention in the foreign exchange market to defend the lower (that
is, most appreciated) limit of the band. Over the years the authorities
have dealt with these policy dilemmas by increasing the emphasis of
monetary policymaking on inflation targeting while increasing the
degree of exchange rate flexibility.

2. THE MONETARY PoLicy TRANSMISSION MECHANISM

In principle, the channels for the potential effects of monetary
policy on key macroeconomic variables in a small, open economy are
well known. A change in the monetary policy stance—as captured,
for example, by a change in the central bank’s overnight rate—may
have a short-run impact on the level and composition of aggregate
demand, especially through its impact on short- and long-term real
interest rates, on the real exchange rate, and on the liquidity avail-
able to consumers and investors. Changes in monetary policy can
also influence forward-looking inflation expectations and the nomi-
nal exchange rate, which in turn affect the wage- and price-setting
mechanism (for example, through changes in domestic pricing of trad-
able goods and services). Clearly, financial markets and the impact of
monetary policy changes on economic agents’ balance sheets are key
components of the transmission mechanism.
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The analysis of these interdependent and simultaneous effects
requires the formulation of a model in which each channel of the trans-
mission mechanism and its feedback effects from and to the other chan-
nels is properly specified. Accordingly, relatively small-scale
macroeconomic models have been formulated and estimated in vari-
ous central banks in recent years. These typically consist of an aggre-
gate demand equation, a price-setting equation that takes into account
(among other things) the impact of the output gap on price pressures,
a money demand equation, a wage-setting equation, a real exchange
rate equation, a term structure of interest rates (relating short and
long rates), an interest rate parity condition, a specification of inflation
expectations, and a monetary policy reaction function. Under certain
conditions these models can be accurately estimated, and the resulting
parameters can be used to assess the quantitative importance of the
various transmission channels as well as to simulate the impact of
monetary policy shocks.

In Israel, the specification and estimation of such small-scale
macroeconomic models faces the methodological difficulties arising
from relatively frequent structural breaks due to regime changes. In
spite of this, there are current efforts under way at the Bank of Israel
to deal with these issues (see, for example, Azoulay and Elkayam,
1997; Djivre and Ribon, 1999; Kahn, Kandel, and Sarig, 1998; and the
research papers by various authors in Leiderman, 1999). At the same
time, efforts have been devoted to estimating some of the individual
components of the overall macroeconomic model, such as money de-
mand and the Phillips curve, with satisfactory results.

We focus here on models for analyzing and forecasting movements
in the rate of inflation in Israel, which can play a key role in the
inflation targeting scheme. To a large extent, monetary policy con-
sists of what Svensson (1999) has termed “inflation forecast targeting”
(see Bufman and Leiderman, 1998). That is, monetary policy deci-
sions mainly depend on an assessment of whether, in the absence of
policy changes, it is highly likely that the inflation target will be met.
For example, to the extent that the inflation forecast is above the
inflation target, a tightening of monetary conditions is called for. Al-
though the existence of market-based data on inflation expectations
can be exploited in this forecasting and policy exercise, as implied by
the analysis in Bernanke and Woodford (1997), the proper conduct of
monetary policy requires reliance on other indicators and forecasts of
the inflation outlook as well.
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2.1 Estimates of a Quarterly Inflation Equation

Most existing quarterly econometric models of the price-setting equa-
tion in Israel relate quarterly movements in the rate of inflation to a set
of explanatory variables that includes measures of monetary conditions
such as the ex ante central bank real interest rate (which, in turn, makes
use of market-based inflation expectations) and the nominal exchange
rate; indicators of “imported” inflation (such as foreign prices); measures
of the level of economic activity such as the output gap or the rate of
unemployment; and others (for a review of research by various authors,
see Leiderman, 1999). Although estimation of these models has yielded
reasonable results, within-sample simulations suggest that, to a large
extent, these models are not able to economically account for a sizable
part of observed key turning points in the disinflation process, such as
from the end of 1991 to mid 1992 and from late 1997 until mid-1998 (see
Bar-Or, 1999). Therefore default dummy values are often added to cap-
ture the fall in the rate of inflation and to enable a more precise estima-
tion of the parameters. It seems plausible that, to a large extent, these
dummies capture the effects of one-time shifts in the stance of fiscal
policy with respect to the inflation process. Although quarter-to-quarter
impacts of fiscal policy variables on the evolution of the rate of inflation
have been difficult to detect, research by Dahan and Strawczynski (1997)
has shown that salient changes in the evolution of inflation in the 1970-
96 period were preceded by substantial and persistent changes in the
same direction in the fiscal policy regime, as reflected in changes in the
structural public sector deficit and in the public debt.

Our work relies on a reduced-form representation of the quar-
terly rate of inflation, which differs from most previous work mainly
in the specification of the pass-through mechanism from exchange
rates to prices. Specifically, in the proposed model the contempora-
neous and lagged pass-through is from the nominal exchange rate to
prices of all goods, not just tradables. Because of Israel’s high-infla-
tion history, there exist even today, in spite of lower inflation, vari-
ous formal and informal indexation mechanisms linking domestic
prices and wages to the nominal exchange rate, beyond the impact of
the latter on domestic prices of traded goods and services. Hence
nominal exchange rates and foreign prices are entered separately in
the inflation equation. In addition, the proposed model of the pass-
through coefficient allows for this coefficient to vary with time, de-
pending on the state of the economy over the business cycle (see
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Bufman and Leiderman, 1998, and Bar-Or, 1999); that is, the extent
of pass-through is larger in booms than in downturns. We also exam-
ine the extent to which the exchange rate pass-through coefficients
depend on the size of the underlying exchange rate change, that is,
whether exchange rate movements beyond a given threshold level
give rise to a stronger or quicker pass-through than do milder ex-
change rate changes. Concretely, we estimate an equation of the form

T, =By +B,D2 + B,DPOIL, + B,TY,_, +B,1, + Bsrie + Beit, )
+ ([37 +Bgt, )8t +Bog,, + N,

where © denotes the quarterly rate of change in the consumer price
index excluding fruits and vegetables. The fruits and vegetables price
index (whose weight in the CPI is only 3.5 percent) is seasonal and
extremely volatile, and was strongly affected in the sample period by
the existence or lack thereof of a closure of the borders with the
territories, which prevented the entry of Palestinian workers. D2 is a
dummy variable for the second quarter of each year. DPOIL is the
rate of change of fuel prices in Israel. The variable nf is the rate of
change of the price index for imported consumer goods. Variable r
denotes the real ex ante interest rate, calculated using the nominal
interest rate set by the central bank and market-based inflation ex-
pectations. Variable u is the rate of unemployment (seasonally ad-
justed), and € is the quarterly rate of change of the NIS-U.S. dollar
exchange rate. We allow for the coefficients on exchange rate depre-
ciation—both contemporaneous and lagged—to depend, through
dummy variables, on the size of the exchange rate change. We added
to equation (1) coefficients f,, and B,, on these dummies, which cor-
respond to the period 1998Q4-1999Q1. Estimating this equation by
the least squares method, correcting for heteroskedasticity, on a
sample of data from 1990Q1 to 1999Q3 yields the results in table 2.4

For an economy as historically volatile as that of Israel, the
results are quite satisfactory in terms of both the estimated indi-
vidual coefficients (table 2) and the overall within-sample fit of the
equation (figure 4). In addition, their broad features conform to those
of earlier work. In particular, if we disentangle the nominal interest
rate and the ex ante market-based measure of inflation expectations,

4. Stability tests of equation (1) support the notion that no structural breaks
occurred within the sample.



Table 2. Regression Estimates for the Quarterly
Inflation Equation

Parameter in equation (1) Coefficient Standar error
B, 0.038 0.005
B, 0.009 0.002
B, 0.016 0.006
B, 0.149 0.039
B, -0.263 0.051
B, -0.170 0.042
By -0.130 0.041
B, 0.620 0.151
By —4.325 1.304
B, 0.205 0.040
Bl 0.093 0.045
By, -0.229 0.045
R 0.926
Adjusted R? 0.896
Standar error of regression 0.005
DW 1.877

Source: Authors’ calculations.

Figure 4. Actual and Fitted Inflation and Residuals?

Percent per quarter
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Source: Authors’ calculations.
a. Fitted inflation is that calculated from equation (1).
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the coefficients on both these terms, when entered separately, are
quite similar, thus providing support for the present specification. An
innovative feature of the results is the finding that the pass-through
coefficients depend on the state of the business cycle and on the size
of the exchange rate change, as discussed further below.

To interpret the estimated parameters for the transmission
mechanism in the inflation process, we discuss now some of the im-
plied “partial derivatives” of inflation with respect to various factors,
each of which is treated separately from the others. Our estimates
imply that, other things equal, a depreciation of 1 percent per quar-
ter of the NIS against the dollar in a given year would result in a
2.1-percentage-point rise in the rate of inflation, mostly in the same
year. This calculation assumes that there is no output gap, that is,
that the rate of unemployment is about 6.5 percent. However, if the
economy were in a slowdown, with a rate of unemployment close to 9
percent, inflation would accelerate by only 1.6 percentage points in
response to the same exchange rate shock. In other words, the over-
all (current and lagged) pass-through from exchange rates to prices is
estimated at about 0.5 under full employment and 0.4 in a downturn.
Further, the pass-through is spread almost equally over the current
and previous quarter in a slowdown, but is faster under full employ-
ment (with a coefficient of 0.3 on the contemporaneous term and 0.2
on the one-quarter lag).

To examine whether the size of exchange rate fluctuations mat-
ters for the pass-through, we attached, as mentioned above, dummy
variables to the direct exchange rate pass-through for the last quar-
ter of 1998 and the first quarter of 1999—a period of sharp exchange
rate turbulence. We found that, relative to the earlier sample esti-
mates, in this specification all of the pass-through effects shifted
to the contemporaneous term. This indicates that, when exchange
rate shifts are sizable, prices respond more quickly.?

Figure 5 depicts the implied within-sample, time-varying, overall
pass-through coefficient from the NIS-dollar exchange rate to the CPI.

5. We also explored additional specifications of equation (1). First, we checked
whether the pass-through associated with the foreign inflation variable varies with
the business cycle, as specified for the exchange rate variable. Second, we explored
whether the size of the fluctuation in the rate of unemployment has an impact, per
se, on the pass-through coefficient. Third, we tested for whether there was a differ-
ence between the pass-through effects arising from currency depreciations and
those arising from appreciations. Fourth, the effects of the ex ante real interest rate
on the rate of inflation were allowed to depend on the state of the economy. We
found no evidence in support of any of these alternative specifications.



406 Leonardo Leiderman and Hadas Bar-Or

Figure 5. Time-Varying Overall Pass-through Coefficient
from the Nis-Dollar Exchange Rate to the CPI
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Source: Authors’ calculations.

The dependence of the pass-through on the state of economic activity
is quite evident. In the early 1990s the overall pass-through plunged
from 0.45 to almost 0.25 at the end of 1991 and the beginning of 1992,
a period during which unemployment surged. This was mainly the
result of an influx of immigrants, which greatly increased labor sup-
ply. On the other hand, the marked recovery in economic activity
thereafter got translated into a rise in the pass-through coefficient,
which reached a peak of almost 0.55 in mid-1996. The slowdown in
the most recent period has led to a decline in the degree of pass-
through.

As for the direct effects of monetary policy changes, we find that a
rise of 1 percentage point in the ex ante real interest rate from the
previous year’s level is associated with a decrease in the rate of infla-
tion of 1.7 percentage points (about 1.4 in the same year and 0.3 in the
subsequent year). A rise in prices abroad of 1 percent per quarter dur-
ing the year would lead to a rise of 0.6 percentage point in the rate of
inflation, which would be spread evenly over two years. Further, a rise
in the rate of unemployment by 1 percent from the previous year’s
level would be associated with a reduction of 0.7 percentage point in
the rate of inflation in that year. Of that, 0.52 percentage point would
be due to the direct effect on inflation, and the rest due to the moder-
ating effect on the pass-through from exchange rates to prices.b

6. No dummy variable was introduced for the interaction term between the
rate of unemployment and exchange rate depreciation because of insufficient
degrees of freedom.
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Before we move on to further applications of the parameter esti-
mates, it is well to discuss some of their potential limitations and ways
to overcome these limitations. Although in principle an equation such
as (1) may be subject to simultaneity (that is, the regressors may be
correlated with the error term), more detailed analysis suggests that
this issue may not be very relevant for the present application. First,
when Granger causality tests are run for the variables in the sample, in
monthly terms for lags of one and two months, we find no evidence for
significant causality from the rate of inflation to the rate of depreciation,
or to the real interest rate (for detailed results, see Bar-Or, 1999). Yet
we do find significant causality from the real interest rate and the rate of
depreciation to the rate of inflation.” Second, if equation (1) is estimated
using two-stage least squares, the resulting coefficients are very similar
to those reported in the table but are less precisely estimated.

Moreover, the following empirical considerations hold. First, the
rate of unemployment is typically a lagging indicator for macroeco-
nomic conditions in Israel and is not related to the contemporaneous
rate of inflation. Second, for a large part of the sample period there
was nominal exchange rate targeting, using foreign exchange market
intervention, and thus there was very limited exchange rate adjust-
ment in response to shocks; that is, the path of the nominal exchange
rate was predetermined to a large degree. Also, in many macroeco-
nomic models, financial markets clear faster than goods markets. Fi-
nally, as far as the real interest rate variable is concerned, the central
bank’s setting of nominal interest rates probably reacts more to lagged
values of inflation expectations and of inflation shocks than to their
current values, and market-based inflation expectations are known to
be largely adaptive. The combination of these characteristics reduces
the scope for simultaneity.?

2.2 Quantifying the Role of Various Factors in the
1997-98 Disinflation

Asindicated, an important drawback of previous empirical mod-
els is that they could not account well for important turning points

7. As is well known, it is not possible to determine the direction of contempo-
raneous causality by means of Granger tests.

8. As far as the potential for multicollinearity is concerned, contemporaneous
cross-correlations among the various explanatory variables are quite small and
not statistically significant.
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in the process of inflation as measured by quarterly data. Consequently,
they had to rely on dummy variables to prevent these turning points
from causing imprecise parameter estimates. Here we illustrate how the
present inflation equation is able to account well, within the sample, for
the marked reduction in the rate of inflation in the period from 1997Q4
to 1998Q3. Inflation in that period fell to about 4.2 percent per year,
compared with 8.8 percent per year in the period 1996Q4 to 1997Q3. The
relevant data for this task are provided in table 3; see also Bar-Or (1999).
The data are organized in the form suggested by taking first differences
in equation (1) and measuring by An the drop (of 4.6 percentage points) in
the rate of inflation to be accounted for.

Table 3 shows that the estimated equation captures the reduction
in the rate of inflation quite well.? A tightening of monetary condi-
tions, as captured both by a higher ex ante real central bank interest
rate and by a contemporaneous slower rate of depreciation of the NIS
against the dollar, was quantitatively the key factor accounting for
the reduction in inflation. In addition, the economic slowdown (as cap-
tured by a higher rate of unemployment) and the marked fall in fuel
prices abroad helped lower inflation in the period under discussion.

Table 3. Contributors to Inflation Performance in the
1997-98 Disinflation?

Percent
Estimated
1996Q4-1997Q3  1997Q4-1998Q3  contribution

Inflation rate 8.8 4.2 4.6
“Explained” inflation rate 9.2 4.6 46
Foreign inflation -5.1 4.7 -0.1
Oil price change -9.2 -31.4 0.4
Depreciation of NIS against the dollar 11.5 5.9 1.7
Ex ante real interest rate 4.1 5.2 2.0
Unemployment rate 7.6 8.5 0.6

Source: Authors’ calculations.

a. Raw data are the source for the first two columns. The third column is derived by applying first differences
to equation (1), using the estimated parameter values. “Explained” inflation is the one corresponding to the basic
equation underlying this analysis.

9. In addition, as shown in Bar-Or (1999), the estimated equation yields satis-
factory results in out-of-sample forecasts. Using actual values of the right-hand-
side variables, estimates of equation (1) up to 1997Q3 predict a reduction of 4.5
percentage points in the rate of inflation, compared with an actual reduction of 4.6
percentage points. Also, the contribution of the explanatory variables to the
disinflation is very similar to that found within the sample, as shown in table 3.
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2.3 Inflation Forecasting

We now turn to the potential use of equation (1) to forecast infla-
tion. Doing so requires formulating forecasts for the right-hand-side
variables, such as the rate of currency depreciation, foreign-price in-
flation, the rate of unemployment, and so on. Although forecasts of
the external variables can probably be taken from foreign sources, a
proper derivation of forecasts of the internal variables would require
working with a fully simultaneous macroeconomic model within which
interdependencies among various forecasts could be taken into ac-
count. As indicated above, work in developing overall macroeconomic
models for the Israeli economy is under way at the Bank of Israel,
and further research is needed before a relatively satisfactory small-
scale macroeconomic model will be available to derive macro fore-
casts. Because of this constraint, we focus here on a relatively limited
use of equation (1) in forecasting inflation, based on various assump-
tions about the evolution of the right-hand-side variables.

Consider the forecasting of inflation for the four quarters from
1997Q4 to 1998Q3 based on information and other forecasts that
were available as of the third quarter of 1997 and based on the
parameter estimates of equation (1) obtained up until 1997Q3. On
the basis of forecasts by the International Monetary Fund at that
time, we assumed that the rate of change in world fuel prices
would be 0.4 percent in the first of the four quarters and -1.6
percent in the remaining three quarters. We further assumed that
prices of Israel’s imports would fall at a rate of —0.4 percent per
quarter. In addition, on the basis of a small-scale macroeconomic
model of the real side of the economy developed at the Research
Department of the Bank of Israel, we assumed that the rate of
unemployment for the relevant four quarters would be 7.9 percent
in the first quarter and 8.1 percent in the next three quarters.

The next task is to specify the path of the exchange rate. As is
well known, typically there are no satisfactory models for predicting
exchange rate fluctuations on a monthly or even a quarterly basis,
whether in Israel or in the industrial countries. Much of what ap-
pears to move foreign exchange markets is “news,” which by defini-
tion is hard to predict. What we can do at this stage, however, is
derive various forecasts for the rate of inflation based on several
alternatives for the rate of currency depreciation in the pertinent
future. However, to be specific, consider the forecasts based on what
was a relatively plausible assumption at that time about the path of
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the exchange rate, namely, appreciations of 0.4 percent and 0.1 per-
cent in the first two quarters of the forecast horizon, and deprecia-
tions of 1.6 percent in each of the following two quarters.

It remains to forecast the ex ante real interest rate on central
bank funds. In the very short run this can be treated as a policy
variable, and as such it should be compatible with achieving the infla-
tion target. Using an ex ante real interest rate of 5 percent, in line
with rates observed since mid-1996, we derived an inflation forecast
of 5 percent for the four-quarter horizon; this was lower than the
inflation target range of 7 to 10 percent.

Again, one could derive alternative forecasts based on differing
assumptions about the evolution of the exchange rate and of the ex
ante real interest rate. We believe that more work exploring the
forecasting properties of an equation such as (1), and comparing it
with the forecasts of other models, is an important avenue for useful
research in this area, as is the development of a fully specified, small-
scale, simultaneous-equation macroeconometric framework.

3. AssEsSING MoONETARY PoLicy RULES

Here we attempt to formalize some aspects of monetary policy de-
termination. Clearly, no simple mathematical rule can truly describe a
process that involves frequent sharp, unexpected changes in economic
circumstances, for example from an LTCM-type default or crisis in an-
other country. With these caveats in mind, it is still instructive to ex-
plore the performance of various monetary policy rules, such as those
estimated by Taylor (1993) and by Clarida, Gali, and Gertler (1998) for
monetary policy of the main industrial economies, using data for Israel.

Figure 6 shows the path of the nominal interest rate as well as of
market-based inflation expectations and the implied expected real
interest rate for the period from 1988 to the present. It can be seen
that, together with the gradual decrease in inflation expectations,
especially after 1996, there has been a move toward a more uniform
range of ex ante real interest rates than in the early 1990s, to levels
of about 5 to 7 percent in annual terms. To a large extent, throughout
the 1990s monetary policy evolved from a main emphasis on nominal
exchange rate targeting in the early 1990s to inflation targeting and
enhanced exchange rate flexibility in recent years. It is for these
reasons—that is, possible changes in the monetary policy rule within
the sample—that we perform our analysis here on monthly data
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Figure 6. Effective Nominal and Real Interest Rates and
Expected Inflation in Israel?
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Source: Authors’ calculations.
a. Nominal interest rates are those on liquid resources of the central bank.

(which is the periodicity of interest rate decisions) for the relatively
more uniform period from 1994 onward.!?

3.1 Interest Rate Changes and the Role of
Inflation Expectations

The existence of reliable data on market-based inflation expec-
tations is very useful in an inflation targeting context like that of
Israel. In fact, substantial changes in these expectations have typi-
cally triggered sharp monetary policy responses. For example, the
episodes of late 1994 and early 1995, the second half of 1996, and
late 1998 (figure 6) illustrate marked increases in central bank rates
in the face of sharp increases in inflation expectations. In the first
two cases the rise in expected inflation was mainly due to a fiscal
expansion together with overheating of the domestic economy, all
of which led to a buildup of price pressures. In late 1998 the rise in
the interest rate was associated with increased inflation risks due
to very rapid depreciation of the NIS during world financial crises.

Tables 4, 5, and 6 report statistical and historical information
on interest rate changes by the Israeli central bank, as well as on
the main characteristics of fluctuations in the rate of inflation.

10. Interestingly, most of the applied research on monetary policy rules for
industrial countries uses quarterly data, in spite of the fact that monetary policy
decisions are made much more frequently.



Table 4. Statistical Characteristics of the Bank of Israel’s
Official Interest Rate
Percent per year except where indicated otherwise

January 1994 January 1994  July 1996
to July 1999 toJune 1996  toJuly 1999

Simple average 13.41 13.72 13.17
Standard deviation 1.82 1.95 1.68
Normalized standard deviation 0.14 0.14 0.13
Maximum 17.00 17.00 17.00
Minimum 9.50 10.50 9.50
Average increase 0.97 0.78 1.55
Average decrease 0.54 0.72 0.49
Standard deviation of increases 0.65 0.46 0.882
Standard deviation of decreases 0.29 0.42 0.22
No. of months 67 30 37
Frequency of changes (months) 1.6 1.7 1.5
Frequency of turning points (months) 7.4 7.5 7.4
No. of increases 16 12 4
No. of decreases 26 6 20

Source: Authors’ calculations.
a. The figure is 0.4 if November is excluded.

Table 5. Statistical Characteristics of the Inflation Rate
in Israel
Percent per year except where indicated otherwise

January 1994 January 1994 July 1996
to July 1999 toJune 1996  toJuly 1999

Average 9.31 11.18 7.79
Standard deviation 2.89 2.09 2.54
Normalized standard deviation 0.31 0.19 0.33
Maximum 14.45 14.45 12.93
Minimum 3.03 7.75 3.03
No. of months in period 67 30 37

Source: Authors’ calculations.



Table 6. Bank of Israel Interest Rate Changes

Date of Change in interest rate Level of interest rate after
announcement (percentage points) change (percent per year)
December 28, 1993 10.50
May9, 1994 0.42 10.92
May 23,1994 0.60 11.52
June 27,1994 0.54 12.06
July 26, 1994 0.44 12.50
August 29, 1994 1.50 14.00
September 25, 1994 1.50 15.50
November 28, 1994 1.50 17.00
February 21, 1995 -0.70 16.30
March 19, 1995 -1.50 14.80
April 24,1995 -0.80 14.00
May 29,1995 -0.50 13.50
July 24, 1995 —-0.30 13.20
September 21, 1995 0.50 13.70
October 23, 1995 0.50 14.20
December 25, 1995 -0.50 13.70
January 29, 1996 0.30 14.00
April 21, 1996 0.80 14.80
May 27,1996 0.70 15.50
June 24, 1996 1.50 17.00
July 29, 1996 -0.70 16.30
August 26, 1996 —-0.50 15.80
September 24, 1996 -0.30 15.50
October 28, 1996 -0.30 15.20
December 23, 1996 —0.50 14.70
January 27,1997 -0.50 14.20
February 24, 1997 —-0.30 13.90
June 18,1997 -1.20 12.70
August 25,1997 0.70 13.40
January 26, 1998 —-0.50 12.90
February 23, 1998 -0.30 12.60
March 23,1998 -0.40 12.20
April 27,1998 -0.30 11.90
May 25,1998 —-0.30 11.60
June 22, 1998 —-0.30 11.30
July 27, 1998 -0.30 11.00
August 6, 1998 -1.50 9.50
October 26, 1998 2.00 11.50
November 12, 1998 2.00 13.50
February 22, 1999 -0.50 13.00
March 29, 1999 -0.50 12.50
April 26, 1999 -0.50 12.00
July 25,1999 -0.50 11.50
November 22, 1999 -0.30 11.20
December 27, 1999 -0.50 10.70

Source: Bank of Israel
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The highest value of the nominal interest rate on central bank funds
in the period since 1994 was 17 percent per year, in the middle of 1996.
The lowest was 9.5 percent per year, in August 1998. It can be seen
that, out of the sixty-seven months in our sample, the average fre-
quency of interest rate changes was almost two months. Moreover,
turning points in the trend of interest rates—from increases to de-
creases, and vice versa—have been frequent, occurring every 7.4
months on average. From table 5 it can be seen that the inflation
environment during the sample period was relatively volatile; thus
it is plausible that the volatility in the fundamentals influencing the
inflation process prompted frequent interest rate reactions. An-
other interesting feature of the results is that, in absolute (percent-
age point) terms, increases in interest rates were typically larger
than decreases in rates. This asymmetric pattern would seem quite
plausible in an economy in which there are still forces (from the
high-inflation periods in the past) toward inflation bias, and where
gradual disinflation is a policy objective. In such a context, there is
a stronger interest rate response in the face of rises in inflation
than in the face of decreases in inflation.

As indicated, market-based inflation expectations are a key vari-
able in the inflation targeting policy regime. That this is the case is
quite evident from central bank official statements and reports (see,
for example, the Bank of Israel’s annual reports and inflation re-
ports) and from typical analysis in the media. In fact, some newspa-
pers report the previous day’s market-based measure of inflation
expectations. The limitations of this indicator are well known and
have been taken into account in the policy process. Moreover, as
suggested by the analysis of Bernanke and Woodford (1997), the proper
conduct of inflation targeting requires using not only market-based
expectations but also the central bank’s own forecasts. One key limi-
tation of market-based inflation expectations is the fact that market
data on yields on indexed and nonindexed bonds actually measure
the sum of expected inflation and the risk premium. Only under the
assumption of a constant and zero risk premium is it possible to
attribute month-to-month changes in the difference between these
yields to changes in expectations of inflation.

A second limitation is that, to a large extent, measured inflation
expectations are backward-looking and reflect adaptive behavior by
the public; this is evident from figure 2. The level and fluctuations
in twelve-months-ahead expected inflation appear to be closely cor-
related with those of inflation in the last twelve months. Hence a
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variable that in principle should contain a strong forward-looking ele-
ment is largely determined by past performance, although it is well known
that for some stochastic processes of the rate of inflation, “adaptive” ex-
pectations can be “rational” after all. This means that it would probably
be hard to detect expected future turning points in the inflation process
solely on the basis of market-based expectations.

A third limitation is that, in a regime where the authorities con-
duct inflation forecast targeting, with market-based inflation expecta-
tions as one of the key indicators, and where there has been gradual
learning about the anti-inflation stance of the authorities, it is very
difficult to determine the properties of market-based inflation expec-
tations. A sudden rise in expected inflation can trigger a strong inter-
est rate response, which in turn succeeds in stopping the inflationary
pressures, so that by, say, the end of the year, inflation is back to the
target. Under these conditions, a comparison of expected and actual
inflation will lead to a sizable forecast error. Figure 7 depicts twelve-
months-ahead expected inflation and actual inflation as recorded twelve
months thereafter. It can be seen that there are periods of consider-
able measured forecast errors and that these errors exhibit relatively
strong serial correlation. Again, whether these observations corre-
spond to “irrational” expectations or to rational expectations under
frequent changes in fundamentals and gradual learning about the au-
thorities’” inflation forecast targeting cannot be determined on the ba-
sis of these data alone. In any case, casual observation suggests that,
as the 1990s advanced, there indeed was a learning process under
inflation targeting by both the authorities and the public at large.

Figure 7. Expected and Actual Inflation in Israel
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Source: Authors’ calculations.
a. Expected inflation is derived from capital market data on indexed and nonindexed bonds and is shifted twelve
months forward.
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3.2 Estimating a Forward-Looking Analogue of a
Taylor Rule for Israel

As stressed above, no simple formula can summarize the com-
plexity of the interest rate determination process. With this impor-
tant caveat in mind, recent influential research by Taylor (1993) has
developed a relatively simple empirical rule that describes quite well
ex post the behavior of the U.S. federal funds rate under the Federal
Reserve’s policies as a function of the output gap and the rate of infla-
tion. Svensson (1999) developed the conditions under an inflation tar-
geting regime that will lead to policy rules of the type estimated by
Taylor. In both these analyses it was assumed that the central bank
makes no use of any available market-based measures of inflation
expectations. Here we consider estimates of a relatively plausible
interest rate rule for Israel, which exploits the existence of market-
based inflation expectations. The rule takes the following form:

L=a, +a, [0(2“? + (1 —a, )T[t—l ] +a, (yt—l - yzD—:a )+ a,l, @)
+atUd, +8, .

In this equation, y - ¥* denotes the gap between the last available
annual rate of change in the Bank of Israel’s economic activity index
and a twelve-month annual average calculated from the preceding
month backward, and trend is a time trend variable that in part will
capture the gradual move to increased monetary tightening over time.
The presence of the lagged dependent variable represents the well-
known case for partial interest rate smoothing, and the variable

O, TG +(1_G2 )T[t—l’

stands for the inflation “environment.” This reflects a combination of
a backward-looking element (the last known value of annual infla-
tion) and a potentially forward-looking one (the last known value of
expected inflation as of the time of the interest rate decision). Lagged
inflation is of importance mainly because of the widespread index-
ation in Israel of wages and financial assets to the CPI, which works
with a lag, and expected inflation enters as a variable that potentially
includes forward-looking elements. In this specification an increase
in inflation expectations and/or an increase in last known annual
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inflation would trigger a rise in interest rates.!! Although in principle
the equation should actually include the gap between the inflation
environment and the inflation target, this has no major practical
importance here because the latter was relatively unchanged in the
sample period (see table 1). As is well known, a linear specification
such as equation (2) arises, for example, when the central bank’s
preference function is quadratic in deviations of the inflation envi-
ronment from target and in the output gap.

In the econometric implementation, we ensured that the timing of
the right-hand-side variables reflected that of the last available infor-
mation before the policy decision was made. In Israel the CPI for a
given month is released on the fifteenth day of the subsequent month.
Then, on the last Monday of the month, the central bank announces its
decision regarding the interest rate on central bank funds for the sub-
sequent month. For example, the CPI for June 1999 was released on
July 15, and the central bank interest rate for August was announced
on July 26. Only on rare occasions have there been deviations from
this procedure. Thus the lagged inflation term corresponds to two
months before the present month. Also, the last known monthly indi-
cator of economic activity is that for a three-month lag, and the last
known market-based inflation expectations correspond to the five weeks
that precede the interest rate decision. Parameter estimates based on
a sample of monthly data from 1994 to the present are given in table 7.

Table 7. Regression Estimates of the Monetary Policy Rule,
January 1994 to July 1999

Parameterin

Equation (2) Coefficient Standard error
o 0.0130 0.050

o 0.5000 0.000

[ 0.7470 0.000

0y 0.0790 0.005

ol 0.4970 0.000

(o 0.0003 0.000

R? 0.946

Adjusted R? 0.942

DW 1.910

Source: Authors’ calculations.

11. Previous work on the Bank of Israel’s reaction function appears in Gottlieb
and Ribon (1997), Djivre and Ribon (1999), Goldberg (1999), and Levanon (1998).
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It can be seen that, on average, a rise in the inflation environ-
ment of 1 percentage point in a given month triggers a rise in the
central bank rate of 0.5 percentage point. This indicates that in the
very short run—say, a month—a rise in expected inflation does trig-
ger a rise in the nominal interest rate, yet the impact coefficient is
less than unity, and the implied ex ante real rate partially falls in
that month, all else equal. To an important extent, this partial re-
sponse is consistent with a considerable degree of interest rate smooth-
ing: when conditions require a change in the interest rate, that change
appears to be spread over several months. Accordingly, if the same
increase in expected inflation does persist over a whole quarter, the
overall response of the nominal interest rate will be close to 1.0,
which is line with the estimates obtained by Levanon (1998) and Djivre
and Ribon (1999).

Within the inflation environment variable, the strongest weight
(0.75) is given to market-based inflation expectations. Figure 8 depicts
the actual, fitted, and residual values for equation (2). The equation
tracks relatively well the evolution of the central bank interest rate
within the sample.12

Figure 8. Actual and Fitted Interest Rates and Residuals?
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Source: Authors’ calculations.
a. Fitted interest rate is that calculated from equation (2).

12. We have also explored the possible inclusion of foreign interest rates and
of the rate of domestic-currency depreciation as additional regressors in equation
(2). The results, however, did not support their inclusion. It is plausible that mar-
ket-based inflation expectations, already included as a regressor in the equation,
capture well the potential effects of both these variables on the rate of inflation.
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If estimation is conducted for the more recent sample period from
July 1997 to July 1999, the coefficients change in a clear-cut pattern
(table 8). First, there is now a stronger impact of the inflation environ-
ment variable on the central bank rate. Second, within the inflation
environment variable there is now a stronger effect of forward-looking
inflation expectations, and lagged inflation is no longer a significant
explanatory variable beyond these expectations (we captured this by
setting o, = 0). Finally, there is a stronger reaction of contemporane-
ous interest rates to lagged interest rates. All of these considerations
imply that a permanent 1-percentage-point rise in expected inflation
would lead to a rise in the ex ante central real bank real interest rate,
which is consistent with an inflation-stabilizing role of monetary policy
(see Clarida, Gali and Gertler, 1998).

3.3 “Strict” or “Flexible” Inflation Targeting?

An important issue in characterizing central bank policy under
inflation targeting is to determine—in Svensson’s (1999) terminol-
ogy—whether targeting is “strict” or “flexible.” Strict targeting does
not allow for countercyclical monetary policy, in that the output gap
does not enter the interest rate rule beyond its impact on inflation
forecasts. Flexible targeting does allow for such a countercyclical re-
sponse. In official statements Bank of Israel officials have made it
clear that their current policy is one of strict inflation targeting.

Table 8. Regression Estimates of the Monetary Policy Rule,
July 1997 to July 1999

Parameter

Equation (2) Coefficient SE
o -0.030 0.052
o, 0.548 0.000
0y 0.204 0.001
a 0637 0.000
o 0.0007 0.000
R? 0.932
Adjusted R? 0.920

DW 2.024

Source: Authors’ calculations.
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A common argument has been that, in an economy with such a
high-inflation history, strict targeting is needed in the first stages of
disinflation, because of the weak credibility of monetary policy and the
need to build the reputation needed for a disinflation to be effective.
This argument implies that countercyclical policy would be contem-
plated if and when monetary policy comes to enjoy strong anti-infla-
tion credibility. However, the fact that there is a significant, nonzero
coefficient on the economic activity variable in the interest rate equa-
tion would suggest that, in practice, there is a partial countercyclical
element to monetary policy. Yet whether or not this is the case cannot
be determined with the present information alone. To the extent that
the inflation environment variable is only an imperfect proxy for true
expected future inflation, and to the extent that the latter does depend
on the level of economic activity, the latter can appear in the equation
with a nonzero coefficient. By itself this need not be interpreted as a
deviation from strict inflation targeting. Thus, further work is needed
to attempt to empirically discriminate strict from flexible inflation tar-
geting. These and the other features of the results conform quite well
with the findings of Clarida, Gali, and Gertler (1998) for monetary policy
in the United States and in other industrial countries.

4, CONCLUDING REMARKS

To conclude, it is useful to illustrate the strong interactions be-
tween the transmission mechanism in the inflation process and mon-
etary policy rules under inflation targeting; the episode immediately
following the Russian crisis and the failure of LTCM in the second half
of 1998 provides a convenient example. At that time, growing concern
on the part of international investors about their investments in emerg-
ing countries led them to reduce their positions in those countries.
Israel was among them: some foreign positions in the local stock mar-
ket were liquidated and the funds transferred abroad. These develop-
ments led to a strong depreciation of the NIS within the very wide
currency band, both against the currency basket and against the dol-
lar, reaching about 15 percent on average from August to October 1998.
In fact, in a space of just three days—October 6 to 8, 1999—the NIS fell
against both the basket and the dollar by close to 10 percent, a surpris-
ing and unusual event in the contemporary Israeli foreign exchange
market (see Bank of Israel, 1999b).
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Following these dramatic events, during which the foreign ex-
change market, although not accustomed to shocks of this magni-
tude, continued to function in orderly fashion, the next policy concern
was about their potential implications for inflation acceleration. In
the high-inflation past, currency devaluations were typically one-time
events that had a strong and permanent impact on prices and on
inflation expectations. In an economy with advanced methods of wage
and financial indexation, there was a very quick pass-through from
changes in the exchange rate to actual and expected changes in the
rate of inflation. However, in this episode one might have expected a
relatively weaker pass-through because of the increased flexibility in
the exchange rate regime, the weaker state of economic activity, and
the stronger credibility of anti-inflation policy by the central bank. In
other words, there were good reasons to believe that some degree of
exchange rate overshooting had occurred and that eventually some
degree of appreciation would offset the previous developments.

Figure 9 depicts the daily behavior of the U.S. dollar-NIS
exchange rate and of twelve-months-ahead inflation expectations dur-
ing this volatile period. The rapid depreciation was accompanied by a
sharp upward shift in inflation expectations. There were also very
large increases in consumer prices in September, October, and No-
vember 1998. In October alone, consumer prices rose by 3 percent
(figure 10). Given the substantial risk of an acceleration of inflation

Figure 9. Exchange Rate and Twelve-month Inflation
Expectations in Israel
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Figure 10. Monthly Rates of Change in the CPI in Israel?
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well beyond the official target, the question for monetary policy was
how and when to react to these events. And in doing so the authori-
ties had to allow room for the possibility that these events might
represent only a one-time jump in the price level and not necessarily
an increase in the rate of inflation, as in the high-inflation past.

A first element in the policy dilemma was whether to intervene
in the foreign exchange market to smooth out exchange rate fluctua-
tions. Despite many calls for intervention in policy and public discus-
sions, the central bank opted not to intervene, especially given that
such intervention might well create additional incentives for capital
outflows and for speculation against the central bank’s actions. The
central bank saw the situation as an opportunity to allow private
market forces to fully determine the exchange rate, while internaliz-
ing the true extent of exchange rate risk in the new, more flexible
regime. Nor did the central bank increase interest rates in Septem-
ber and October, as it believed the episode likely represented more of
a one-time price-level jump than a permanent increase in the rate of
inflation. Only toward late October, when substantial turbulence in
domestic financial markets arose, did the Bank of Israel raise its in-
terest rate by 2 percentage points. However, since this change was
not followed by stabilizing trends in the foreign exchange market and
in inflation expectations, a “surprise” additional interest rate rise of 2
percentage points followed in early November.
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This policy move contributed to a reversal in the previous trend
of the nominal exchange rate and in inflation expectations. As figure
10 shows, the rate of inflation soon moved back to its earlier level;
this was accompanied by a sizable appreciation of the NIS (about 5
percent from December 1998 to March 1999), and inflation expecta-
tions adjusted downward. This opened some room for interest rate
reductions in 1999. Our estimates indicate that although the overall
pass-through to inflation may have remained unchanged in this epi-
sode, there has been an increase in the contemporaneous exchange
rate coefficient, and a decrease in the lagged coefficient. One possible
explanation is that the exchange rate shifts were so large that they
prompted quicker price responses than before.

In sum, we believe these developments provide support for the
policy strategy of focusing on the inflation target and allowing for
market determination of the nominal exchange rate, with no inter-
vention in the foreign exchange market (unless the market is not
operating in an orderly fashion). Four months after the dramatic, 4-
percentage-point rise in the central bank rate, the central bank was
able to begin reducing interest rates without jeopardizing the infla-
tion target. By mid-1999 there was a common assessment that infla-
tion had returned to about 4 percent per year (although the rate of
inflation for 1999 itself was forecast to be well below that figure).
This was internalized by the government’s decision to set the infla-
tion target for the years 2000 and 2001 in the range of 3 to 4 percent.

It would be desirable in future work to explore analytically and
empirically various aspects of inflation targeting that have emerged
from Israel’s experience. One of these is possible asymmetries in
monetary policy actions in the course of a disinflation process, whereby
the policy response to deviations of inflation above the target is stron-
ger than those when inflation is below the target. Another is the
evolution of the exchange rate pass-through mechanism as it relates
to the process of disinflation, to the increased flexibility of the ex-
change rate regime, to the changing credibility of monetary policy
and of the inflation target, and to the effective degree of external
openness of the economy. Finally, a third topic for future study is the
role of credibility of the inflation target, and of monetary policy, in
choosing the degree of fixed versus flexible inflation targeting.
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Monetary policy in South Africa’s emerging market economy, given
capital account liberalization and severe constraints on fiscal policy,
has the major responsibility for curbing inflation and currency insta-
bility while trying to ensure sufficient growth for longer-term political
stability and the reduction of poverty. South Africa’s monetary policy
is going through a rapid transition away from an old-fashioned, partly
monetarist view that assumed a simple connection between the money
supply and inflation. Accumulated international evidence does not sup-
port this view, and in South Africa itself the force of circumstance has
recently compelled a move away from these ideas. The shift to a re-
gime with an explicit, publicly announced inflation goal in late 1999
demands good forecasting models of inflation, using all available infor-
mation to guide policy rather than a single intermediate target such as
a monetary aggregate.! Important, too, is a shared understanding with
the private sector of the effectiveness of monetary policy for inflation,
as well as greater policy transparency and more open public discussion
of the underlying issues (see, among others, Leiderman and Svensson,
1995; Bernanke and Mishkin, 1997; Bernanke and others, 1999).
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The quarterly macroeconometric model used by the South Afri-
can Reserve Bank (SARB) has not wholly been opened to outside scru-
tiny;2 by contrast, in the United Kingdom models developed by the
Treasury and the Bank of England are published and discussed at
conferences and academic panel meetings. Discussions suggest that
the SARB’s large macro model® appeared to omit two of the most
important interest rate transmission channels: that via wealth ef-
fects, and hence domestic asset prices; and that via expectations.*
Consequently, it is difficult to arrive at a well-informed view of the
size and dynamics of the effects of monetary policy. Further, these
models gave insufficient attention to the consequences of regime
shifts, such as financial liberalization, and more generally to the highly
influential Lucas critique of the use of policy modeling (Lucas, 1976).
Such defects in earlier U.K. models played a major role in the costly
macroeconomic policy failures of the late 1980s and early 1990s. This
paper analyzes the conduct of monetary policy by the SARB, both
through a description of the historical record and through formal
modeling of various extended Taylor rules for interest rate policy
formation.

Table 1 shows the different monetary policy regimes in place in
South Africa since the 1960s. The first regime, in effect until the
early 1980s, was one based on liquid asset ratios, with quantitative
controls on interest rates and credit. This regime was reformed gradu-
ally toward a cash reserves-based system by about 1985. Preannounced,
flexible monetary target ranges were used from 1986 onward, and
the central bank’s discount rate was used to influence the cost of
overnight collateralized lending and hence market interest rates.
Financial liberalization beginning in the early 1980s, and a more open
capital account in the 1990s, much diminished any usefulness of such
targets. In later years they were therefore formally supplemented by
a broader set of indicators (see South African Reserve Bank Quarterly
Bulletin, October 1997). It is likely that such indicators played a role
in previous years as well.

2. An exception is a technical workshop in September 1998, attended by
private sector and academic participants, at which certain sectoral equations of
the pre-2000 models were discussed, some of which have been published piece-
meal in the South African Reserve Bank Quarterly Bulletin.

3. A model comprising 400 equations was in use until 2000. This has been
replaced by a far smaller model, which is now responsible for the main forecasts of
the SARB (also not published).

4. The inflation sector of the model (see Pretorius and Smal, 1994) does, how-
ever, include one asset price (the exchange rate) and a simple expectations proxy in
the inflation equation, based on lagged inflation and the change in the money supply.
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Table 1. Sequence of Monetary Policy Regimes in South Africa

Years Monetary Policy Regime

1960-81 Liquid asset ratio-based system with quantitative controls on interest rates
and credit

1981-85 Mixed system during transition (see appendix for details)

1986-98 Cost of cash reserves—based system with preannounced monetary targets (M3)

1998-9 Daily tenders of liquidity through repurchase transactions (repo system), plus
pre-announced M3 targets and targets for core inflation

2000- Repo system with inflation targeting (CPI-X)

Source: Authors’ calculations. For more details see section 1.

Starting in early 1998, a new system of monetary accommodation
was introduced, with daily tenders of liquidity through repurchase
transactions. Monetary growth guidelines continued to be announced,
on a three-year rather than an annual basis. Target ranges for core
inflation were informally announced beginning in 1998, and an infla-
tion targeting regime was instituted in 2000 (see table 2).

Table 2. Money Growth and Inflation Targets in South Africa

Percent
Money growth Inflation
Year Guidelines  Actual Coretarget®  Actual total — Actual core  CPIX
1986 16-20 9.3 18.6
1987 14-18 17.6 16.1
1988 12-16 2173 12.9
1989 14-18 22.3 14.7
1990 11-15 12.0 14.4
1991 8-12 12.3 15.3 18.9
1992 7-10 8.0 13.9 16.8
1993 69 7.0 9.7 12.6
1994 69 15.7 9.0 8.9
1995 6-10 15.2 8.7 7.9
1996 6-10 13.6 7.4 7.2
1997 6-10 17.2 8.6 8.8
1998 6-10 14.6 1-5 6.9 7.5 7.1
1999 6-10 10.2 1-5 5.2 7.9 6.9

Source: South African Reserve Bank Quarterly Bulletin, various issues.

a. Core targets were informally announced. The core inflation rate is the overall consumer price index (CPI) for
the metropolitan and other urban areas, excluding certain food prices, interest costs, value-added tax, and
municipal rates. In February 2000 a CPIX target of 3-6 percent was announced for 2002, in the context of a new
inflation targeting regime. The CPIX inflation rate is the overall CPI for metropolitan and other urban areas,
excluding interest rates on mortgages.
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Our principal interest in this paper is in the second of these re-
gimes (the one immediately preceding inflation targeting), when the
short-term interest rate first became the main monetary policy in-
strument of the SARB. Setting of monetary policy was particularly
opaque in this regime and has never been studied in the context of
rigorous empirical models. It is not clear which indicators influenced
interest rate policy in practice, or what weights attached to them.
Our aim is to clarify the historical record.

Further, despite the major changes in policy now in process and in
prospect, continuities with past policies are inevitable. The new interest
policy rules under inflation targeting can be seen as variants, using differ-
ent weights, of the interest rate feedback rules we have found to describe
past behavior. Our analysis is intended to contribute toward an under-
standing of the likely continuities as well as changes in policy. Moreover,
many structural economic features persist across different regimes.

Section 1 of the paper describes the institutions of South African
monetary policy: the central bank, monetary policy regimes and op-
erating procedures, exchange rate regimes and the capital account,
and targeting policies. Section 2 gives narrative evidence across par-
ticular episodes of how policy has operated in practice. Periodically,
major shocks in the form of significant gold price changes and politi-
cal crisis or change have resulted in large changes in capital flows,
which have complicated monetary management.

Section 3 analyzes quarterly extended Taylor rules as quantita-
tive descriptions of monetary policy in the 1986-97 period (using our
own forecasting models up to 1998 for output and inflation, to derive
efficient instruments). The basic Taylor rule with partial adjustment
and incorporating a foreign interest rate gives a poor description of
policy. Indeed, at face value, such a rule suggests an apparently per-
verse policy with respect to inflation. However, this ignores the reac-
tions of interest rates to excess money growth, which is found to be
significant in a further extension of the model, reducing the apparent
perversity. We show that a satisfactory policy description needs to
control for financial liberalization, which, with the removal of quanti-
tative controls on interest rates and credit and restrictions on com-
petition, was associated with a substantial rise in real interest rates
in South Africa after 1980. Weak evidence was found for structural
breaks reflecting balance of payments considerations. Even with the
more satisfactory model, it is plain that forecast inflation received a
lower weight in the reaction function in the 1986-97 period than in
most of the economies studied by Clarida, Gali, and Gertler (1998a).
Section 4 summarizes the findings and concludes.
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1. INSTITUTIONS OF SOUTH AFRICAN MONETARY PoLicy
1.1 The South African Reserve Bank

The legal independence of the SARB is guaranteed by the South
African constitution (approved by the Constitutional Court in De-
cember 1996), which states: “The primary object of the SARB is to
protect the value of the currency in the interest of balanced and
sustainable economic growth in the Republic. The SARB, in pur-
suit of its primary object, must perform its functions independently
and without fear, favour or prejudice, but there must be regular
consultation between the Bank and the Cabinet member respon-
sible for national financial matters.” The constitution can only be
altered by a two-thirds parliamentary majority; any other attempt
to dilute the independence or alter the objectives of the SARB would
be contested in the Constitutional Court. In practice, before 1996
the central bank operated largely with autonomy, although it was
not always immune from political interference. Arguably, the con-
stitution formalized the stated ultimate goal of monetary policy
between 1989 and 1995, that of low inflation (see, for example,
Stals, 1995a).

The constitution further clarifies that the SARB shall be regu-
lated in terms of an act of Parliament, which determines the exact
powers and functions of the SARB and the conditions governing their
exercise or performance. Both the transparency and the account-
ability of monetary policy, as regulated by the Reserve Bank Act
(1989, with subsequent amendments), have improved with the move
to inflation targeting in 1999 and 2000. The act requires the publica-
tion of monthly statements of assets and liabilities and submission
of an annual report to Parliament, and periodically the governor of
the SARB appears before the Standing Committee on Finance. How-
ever, during the policy regime with loose monetary guidelines, the
law was not explicit about what level of inflation offered sufficient
price stability, the time horizon within which it should be achieved,
and with whom the ultimate responsibility for price stability rested.
Thus there were no explicit benchmarks against which the perfor-
mance of the SARB could be judged, and this diminished account-
ability. By contrast, under the new, inflation targeting regime, the
target range of 3 to 6 percent specified by the Ministry of Finance is
for a particular price index and is to be reached on average for 2002.
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This is the clear responsibility of the Monetary Policy Committee of
the SARB.?

Since its establishment in 1921, the SARB has been privately
owned. Its shares are listed on the Johannesburg Stock Exchange,
and there is a ceiling on the number of shares that one person or
institution may hold. After transfers to reserves, dividend payments,
and other provisions, the surplus of earnings is paid to the govern-
ment. The Reserve Bank Act states that the SARB’s management
and functions are ultimately the responsibility of the SARB’s full four-
teen-member Board of Directors,® which meets four times a year at
present. The minutes of board meetings are not published.

In practice and by law, the operation of the main monetary policy
tool, the so-called bank rate, between 1986 and 1999 was at the be-
hest of the governor, after consultation with the deputy governors
(see section 1.3).” Minutes of these meetings were not published. The
minister of finance could also be consulted, but policy could be al-
tered without the minister’s approval, and minutes of the minister’s
meetings with the SARB were not published. The president of South
Africa appoints the governor and three deputy governors for terms of
five years.® Typically, however, the tenure of governors and deputies
has been longer than this,? which may have enhanced the indepen-
dence of the SARB but may also have concentrated power in the hands
of too few.

5. There are, however, currently some weaknesses in the institutional design
of the SARB’s inflation targeting regime, which may compromise transparency and
accountability. Notably, there are no explicit rules governing what happens when
targets are breached, as there are for the Bank of England; rather, there is a vague
provision to make allowance for exogenous supply shocks (SARB, 2000, point 3.4).

6. The board consists of the governor, three deputies, three additional offi-
cials appointed by the government, and seven persons elected by the SARB’s
private shareholders (four representing finance or commerce, two representing
industry, and one representing agriculture). Note that an exclusion clause was
first publicly announced in October, 2001.

7. This arrangement continues, de jure, under the inflation targeting regime,
where the governor and deputy governors are the sole voting members of the
fifteen-member Monetary Policy Committee and thus hold final decisionmaking
power on monetary policy. In practice, however, decisions on interest rate policy
are reached by consensus after extensive discussions by the committee, and the
committee’s Monetary Policy Statement is drafted by the entire committee. Un-
like at the Bank of England, the minutes of these meetings are not published.

8. The finance minister may dismiss governors but, under current law, only
for malfeasance or incapacity.

9. Governors T. W. De Jongh (1967-80), Gerhard de Kock (1981-89), and Chris
Stals (1989-99) and Deputy Governor Chris De Swardt (1990-), all served longer than
five years. The new governor, Tito Mboweni, began his term in August 1999.
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Apart from the fact that monetary policy rested in the hands of a
few people or, ultimately, one person, the process by which decisions
were arrived at between 1986 and 1999 is unclear. As will be seen
below, a wide range of intermediate variables, such as private credit
growth and the level of and change in reserves, have in recent years
supplemented the money growth “guidelines” in influencing interest
rate decisions aimed at lowering inflation. However, it is not known
what weights applied to these indicators in the interest rate rule, or
how these weights changed after exogenous shocks or policy regime
changes. This rendered policy quite opaque.

1.2 Exchange Rate Regimes

South Africa’s exchange rate policy during the 1970s mirrored
volatile developments on the international front, and throughout the
period a number of significant regime shifts occurred (see appendix
table A6).10 Until 1979 the exchange rate was fixed, with the rand
pegged to either the U.S. dollar or the pound sterling. Alterations in
the rate were determined by policymakers and took the form of dis-
crete step changes. Exchange controls restricted residents’ capital
flows, and proceeds from the sale of assets by nonresidents were placed
in blocked rand accounts, which made the repatriation of capital diffi-
cult. In 1976 the system was modified to allow for the transfer of
assets between nonresidents.

Greater flexibility was introduced in 1979 with a dual-currency
exchange rate system, following the recommendations of the interim
De Kock Commission (De Kock and others, 1978). An official (“com-
mercial”’) exchange rate was announced on a daily basis in line with
market forces. The second, “financial” exchange rate applied to most
nonresident portfolio and direct investment transactions, with all
other transactions channeled through the commercial rand market.
The intended impact of the dual system was to break the direct link
between domestic and foreign interest rates, as well as to insulate
the capital account from certain categories of capital flows.

In 1983 the commercial rate was set free to be determined in the
market, subject to direct intervention by the SARB, and the dual rates
were unified as recommended by the De Kock Commission (De Kock
and others, 1978, 1984). Controls on nonresident capital movements

10. This section draws on Aron, Elbadawi, and Kahn (2000).
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were removed, and although those on residents remained, a more
lenient attitude was taken to applications by residents to make direct
investments abroad.

The unified currency remained stable for a few months but then,
following the gold price decline in 1983, began a sharp descent. In 1985,
following a prolonged period of political upheaval, U.S. banks recalled
their loans, precipitating a debt crisis, followed by a debt standstill, and
subsequently a series of four debt rescheduling agreements. The unified
rand fell even further, and eventually the financial rand was reintro-
duced and capital controls on residents were tightened. The dual-cur-
rency system remained in existence until its unification a decade later,
in March 1995, under a managed float. The nature of the SARB’s vary-
ing implicit exchange rate targets are discussed in section 1.4.

1.3 Monetary Policy Regimes and Operating Procedures

Broadly speaking, there have been three monetary policy regimes
since the 1960s (table 1 and appendix). Our quantitative interest rate
models focus on the second of these. As noted in the introduction, the
first regime, operated until the early 1980s, was a liquid asset ratio-
based system with quantitative controls on interest rates and credit.
Little importance was attached to the interest rate as a corrective
tool, the main form of monetary control being the use of liquid asset
requirements. Commercial banks were obliged to hold certain assets
defined as “liquid” as a specified minimum proportion of their depos-
its (appendix table A3). The limited supply and low yields of these
assets were expected to curtail bank lending and money supply growth.
Beginning in 1978 the SARB fixed its accommodation rates at a mar-
gin above the market rates of the previous week (this practice ceased
in December 1983). The result was an upward ratcheting of interest
rates during money market shortages (when banks needed accom-
modation): market rates followed the accommodation rates, which,
in turn, followed the market rates (De Kock and others, 1978, 1984).
Since the main instrument of credit control was direct limits on the
banking system, considerable disintermediation occurred, particularly
between 1976 and 1980, distorting the credit supply figures.

Increasing dissatisfaction with the liquid asset ratio-based sys-
tem led to enactment of a range of reforms beginning in the early
1980s (appendix table A3), moving toward a cash reserves-based sys-
tem following the recommendations of the De Kock Commission (De
Kock and others, 1978, 1984). The removal of some direct controls
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(such as those on deposit rates) in March 1980, and bank credit ceil-
ings later that year, resulted in reintermediation and a decline in the
velocity of circulation. There were also technical changes to asset
requirements over a few years, and the role of the discount rate was
redefined. This second regime was in full operation by mid-1985.

Under the cash reserves system, preannounced monetary targets
were used for the first time beginning in 1986 (see section 1.4), to be
achieved indirectly through adjusting interest rates.!! The main policy
emphasis was on using the central bank’s discount rate to influence the
cost of overnight collateralized lending and hence market interest rates.

In practice, to reduce the demand for bank credit, the SARB in-
creased the bank interest rate at which it provided discount-window
accommodation to banking institutions against collateral in the form
of various government bills. The supply of credit (a major component
of money supply changes in South Africa) could be influenced by open
market operations and various other policies acting on overall liquid-
ity. By creating a persistent “money market shortage” and setting the
bank rate at a relatively high level, the SARB was able to link commer-
cial bank interest rates fairly closely to the bank rate. According to the
SARB, monetary control thus operated indirectly by slowing the de-
mand for money, with an estimated lag for its ultimate effect on infla-
tion of over twelve months (see, for example, Stals, 1995a).

Under the third system of monetary accommodation, introduced
in 1998 and based on daily tenders of liquidity through repurchase
transactions, monetary growth guidelines continued to be announced,
as well as an inflation target. Domestic and international financial lib-
eralization further reduced any usefulness of the monetary targets.
The government also wished to avoid the political sensitivity of direct
interest rate setting in a context of volatile capital flows. The repur-
chase interest rate is determined at auction. In theory, rather than
controlling the price of liquidity by setting the discount rate, monetary
policy effectively rations the quantity of liquidity. The SARB signals its
policy intentions on short-term interest rates to the market through
the amount offered at the daily tender for repurchase transactions (see
South African Reserve Bank Quarterly Bulletin, June 1999). A full pro-
vision of the estimated daily liquidity requirement of banks indicates a
neutral position, whereas marginal over- or underprovision of the esti-
mated liquidity requirement signals that the SARB would prefer the

11. In 1990 the term “money supply targets” was replaced by “money supply
guidelines.”
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repurchase rate to stabilize at prevailing levels. Significant over- or
underprovision of liquidity signals a preference for movement in the
repurchase rate, the degree of which depends on the extent of ration-
ing. Auctions with a predetermined fixed interest rate, much used in
the early days of the new system, now only operate under exceptional
circumstances, when the SARB seeks an immediate and substantial
change in money market interest rates (for example, in the face of a
large external shock). However, in practice there has been little differ-
ence in interest rate behavior between the current and the previous
regime: even under price auctioning, the commercial banks collectively
have remained heavily influenced by SARB-directed preferences for
the level of the interest rate.

1.4 Explicit Monetary and Implicit Exchange
Rate Targets

Monetary Targets. Explicit monetary growth targets for M3 were
announced annually from 1986 to 1998, following the recommenda-
tions of the De Kock Commission (De Kock and others, 1984).12 The
choice of M3 centered on its supposedly relatively stable relationship
over time to current GDP, on the view that it was less sensitive than
other money aggregates to disintermediation and reintermediation,
and on the assumption that, being so broad, it reflected changes in
the budget deficit, private credit extension, and the balance of pay-
ments. Target ranges were set annually using a three-month moving
average of the aggregate and were announced in the March budget to
cover the period from the fourth quarter of the previous year to the
fourth quarter of the current year.

The setting of the target aimed both to accommodate projected
real GDP growth and to contain inflation, although the procedure
used to choose the target was not transparent. As at the German
Bundesbank (Clarida and Gertler, 1997), these targets were intended
as guidelines rather than strict rules. The SARB had discretion to
breach the targets, for instance in the face of external trade and fi-
nancial shocks. There was no penalty for doing so, nor was a public
explanation required (as it is for the Bundesbank).

The target growth zones and money growth outcomes for 1986-98
are given in figure 1. Large deviations are apparent during the 1980s,

12. M3, newly defined for targeting purposes, is a broad definition of
money that includes notes and coins held by the public as well as all types of
deposits—short-, medium-, and long-term—of the domestic private sector with
South African banking institutions. Since March 1998, M3 growth guidelines
have operated over a three-year rather than an annual basis.
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and persistent overshooting from 1994 onward, after the resurgence
of capital inflows to South Africa. Starting in the 1990s the guidelines
were supplemented by an eclectic set of indicators, including the ex-
change rate, asset prices, the output gap, the balance of payments,
wage settlements, total credit extension, and the fiscal stance (South
African Reserve Bank Quarterly Bulletin, October 1997).

Exchange Rate Targets. Starting in 1979 the SARB engaged in ac-
tive intervention in both spot and forward foreign exchange markets,
although low levels of reserves at certain times limited its extent. There
is some evidence that, during 1979-88, exchange rate intervention was
directed at maintaining profitability and stability in the gold mining in-
dustry by smoothing the real rand price of gold faced by producers de-
spite large fluctuations in the dollar price of gold (Kahn, 1992).13

After August 1989, under a new governor, Chris Stals, the SARB
appeared to be actively seeking to stabilize the real effective exchange
rate, partly out of concern for the international competitiveness of
South Africa’s manufacturing exports. The apparent aim was to pre-
vent excessive real appreciation of the rand when the currency was
tending to appreciate in nominal terms. There was, however, no ex-
plicit official policy to stabilize the real exchange rate.

Figure 1. South Africa: Actual and Target Percent per year
Money Growth
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Source: South African Reserve Bank Quarterly Bulletin, various issues.

13. It was only after December 1988 and for a limited period between Septem-
ber 1983 and January 1985 that the SARB paid the gold mines in dollars (50
percent of gold production was paid in dollars during 1983-85) and reduced its role
in the foreign exchange market.
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Intervention was less successful at stabilizing the exchange rate
in the uncertain atmosphere before the elections of April 1994, when
huge capital outflows occurred. However, during the first twenty-one
months after the elections, the nominal rand-dollar exchange rate
moved by no more than 2 percent from 3.65 rand to the dollar. From
April 1995 to January 1996 the range was even narrower, with the
currency moving in an “implicit” band of R3.65 plus or minus 1 per-
cent. Many investors viewed the stylized fact of a steady bilateral
rate in the face of the large capital inflows as a “one-sided” implicit
nominal target (see, for example, Union Bank of Switzerland, 1996).
Officially, the SARB claimed that the rand was floating and that the
interventions were intended only to smooth temporary and revers-
ible short-term fluctuations (Stals, 1995b). After a classic exchange
rate crisis in early 1996, with a massive loss of reserves (Aron and
Elbadawi, 1999), a pattern of periodic temporary targeting of the nomi-
nal exchange rate was apparently resumed. Under inflation target-
ing such exchange rate management is expected to have a fairly low
priority.

2. MONETARY PoLicy AND OuTCOMES, 1980-98

The following brief and selective review of monetary policy and
outcomes over two decades is organized around four episodes: 1980-
85, 1986-89, 1989-93, and 1994-98. In the first episode, under Gover-
nor De Kock from 1981 on,!* credit controls were rapidly removed
and liquid asset ratios more gradually reduced from levels close to 60
percent in the early 1980s to around 25 percent by early 1985. The
definition and use of the “bank rate” (the discount rate) underwent
important changes. During the second episode, a cash reserves-based
monetary policy system operated under De Kock, and flexible money
supply targets were announced annually starting in 1986. A new gov-
ernor, Governor Stals, presided over the third and fourth episodes,
which are distinguished from the earlier two by less variable and
consistently positive real interest rates. The capital account was
opened to nonresidents after democratic elections in 1994. A period
of considerable currency volatility ensued, which helped catalyze
the change to a repurchase system of monetary policy beginning in
March 1998.

14. A useful source on this period is Gidlow (1995).
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2.1 From 1980 Q1 to 1985 Q3

The period of the early 1980s was a complicated one for monetary
policy, combining major shifts in monetary and exchange rate re-
gimes and a huge gold price shock. Further, the limited political lib-
eralization initiated in the period led to social unrest, which received
international publicity. Opprobrium for the apartheid regime and a
deteriorating sovereign risk rating were reflected in capital outflows
and disinvestment, culminating in an external debt crisis in 1985 and
international trade and financial sanctions.

During the 1970s annual inflation had averaged 9.0 percent,!®
with the principal shocks to prices coming from the 1973 and 1979 oil
shocks and the sharp gold price rise from 1979 on.!¢ The use of import
surcharges over and above the tariff regime represented a consider-
able tightening of trade policy. The surcharges were first used in April
1977, following the cessation of capital inflows in the wake of the
1976 Soweto riots. They remained in force until March 1980, when
high gold prices took the pressure off the current account. High import
surcharges were reintroduced from February 1982 to November 1983.

The SARB’s quarterly discount rate averaged 6.6 percent during
the 1970s, declining after each of the oil shocks (figure 2). However,
the main downward pressure on interest rates in 1979-80 came from
an (unsterilized) accumulation of reserves by the SARB in response
to the rising gold price, in an attempt to prevent excessive apprecia-
tion of the newly floating rand. By the first quarter of 1980 the dis-
count rate had reached a trough of 4.7 percent, despite inflation at
almost 15 percent. The low interest rates helped fuel an investment
boom, and later a consumption boom, which partly dissipated the
windfall gains. The ensuing current account deficits were financed by
a substantial buildup of foreign debt.

This inflationary trend was later reversed after a very sharp rise
in interest rates starting in 1981 (figure 2).17 This occurred in two
stages. First, under a new monetary policy regime, interest rates were
liberalized (appendix tables Al and A2), but the discount rate was

15. Inflation figures are reported for the four-quarter log change in the quar-
terly consumer price deflator, which is the variable used in our inflation forecast-
ing equations. This slightly understates the conventional percentage change mea-
surement, particularly when inflation rates are high.

16. The gold price reached a peak of $850 per fine ounce in January 1980.

17. The average quarterly discount rate during 1980 Q1 to 1985 Q2 was 14.1
percent, while annual inflation averaged 13 percent. The quarterly real prime interest
rate averaged 4.1 percent.
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automatically tied to the market rates in the manner described in
section 1. In the aftermath of the gold shock, in 1981-82, the ensuing
money market shortage produced a ratcheting up of interest rates.

In the second stage beginning in 1983, the commercial and finan-
cial exchange rates were unified, as already noted. This removed the
shield to domestic inflation and interest rates provided by the dual
exchange rate regime. Large capital outflows induced a sharp fall in
the currency. These outflows were not sterilized. In the event, the
exchange rate unification was temporary: it was abandoned at the
onset of the debt crisis in late August 1985. The effect was to prevent
further outflows of capital by foreign investors, except where there
was matching inward investment. The nominal effective exchange
rate fell from 278 to 145 (1990 = 100) during the unification period.
The feed-through to inflation became evident by late 1984, and coupled
with continuing strong consumer demand, this induced a sharp rise
in interest rates, which reached almost 22 percent in early 1985.
Quarterly real prime interest rates averaged almost 10 percent dur-
ing the unification period. The contractionary effect on the money
supply, however, was partly offset by a domestic credit expansion,
fueled by the SARB’s monetary accommodation policies and financial
liberalization (including the removal of interest rate controls and a
reduction in bank reserve requirements).

Figure 2. South Africa: Output Gap, Inflation and SARB
Bank Rate Percent
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Source: Authors’ calculations and South African Reserve Bank Quarterly Bulletin, various issues.
a. Change in log (consumer deflator).
b. Log (output) deviation from trend. For more details see section 3.2.
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2.2 From 1985 Q3 to 1989 Q2

Following the debt standstill in 1985, no new foreign bank loans
were forthcoming, apart from trade credits. Coupled with the require-
ment to repay capital and interest on the existing debt, this implied
that the capital account remained in deficit until 1994.18 Continuing
pressure on the capital account required the economy to adjust in
order to maintain current account surpluses of over 3 percent of GDP
(Leape, 1991). This adjustment was partly achieved by the sharp cur-
rency depreciation, and partly by trade policy, with large increases in
tariffs and the reimposition of large import surcharges in September
1985. There was a collapse of domestic investment by both private
firms and state enterprises.

With investor confidence declining, the SARB tried to stimulate
demand domestically. Within a year of the crisis, nominal interest
rates had more than halved, to trough at 9.5 percent. Inflation con-
tinued to rise, averaging 16.4 percent in 1986, and the real interest
rate entered negative territory in 1986 for the first time in four years.

However, with gold prices rising from late 1986 through 1988,
domestic investment and growth began to increase (figure 2), induc-
ing a current account deficit in the second quarter of 1988. Trade
policy was tightened considerably: import surcharges were increased
in 1988, at times generating more revenue than the already high
tariffs. Interest rates were raised substantially: between the first
quarter of 1988 and the second quarter of 1989, the bank rate in-
creased from 10.5 percent to 17 percent, in part influenced by sub-
stantial rises in world interest rates over the same period (figure 3).
Positive growth trends were reversed. Thus monetary policy may
have been influenced by balance of payments considerations.

Significant domestic financial liberalization was under way by the
mid-1980s (see section 3.3 and appendix tables A4 and A5), which
rapidly increased credit growth (figure 4). Money targets were an-
nounced from 1986 onward (table 2). By the end of 1986, M3 growth
had turned sharply upward, and within a year it had exceeded its
target ceiling (see figure 1). M3 growth remained outside the target
for the remainder of this episode, beginning to decline only in the
second quarter of 1989, when interest rates reached 17 percent.

18. At the time of the debt crisis, approximately 70 percent of South Africa’s
debt, which amounted to 42 percent of GDP, had a maturity of less than one year.
The final 1994 debt arrangements provided for the full amortization of the af-
fected debt by August 2001.
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Figure 3. Percent U.S. and South African Interest Rates
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Figure 4. South Africa: Index Financial Liberalization
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2.3 From 1989 Q3 to 1994 Q1

After the accession of Governor Stals in the third quarter
of 1989, real interest rates were less variable and consistently
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positive.! High rates were maintained with the twin objectives of curb-
ing inflation and maintaining a current account surplus. Nominal in-
terest rates rose to 18 percent by the end of 1989 and remained there
for a year before falling to 17 percent in 1991. Inflation remained per-
sistent until 1992, usually exceeding 15 percent in these years.

Balance of payments pressures moderated in the early 1990s,
partly because of prospects for political reform under a new leader-
ship. The high import surcharges were sustained until the elections
but were phased out by the end of 1995. In the uncertain atmosphere
before the 1994 elections there were again huge capital outflows.
Despite borrowing from the International Monetary Fund and a sig-
nificant increase in other short-term foreign borrowing, the SARB
was unable to prevent a nominal effective depreciation of close to 19
percent between January 1993 and the end of July 1994. (The corre-
sponding real depreciation was about 10 percent.)

During 1992-93 the bank rate gradually declined to 12 percent, at
which level it was sustained until the elections. (U.S. interest rates
had fallen sharply during 1991 and 1992.) Starting in 1992, a trend
decline in inflation began, with inflation reaching single figures in
early 1993. The reversal was strongly connected with trade liberal-
ization (see Aron and Muellbauer, 2000a). Under Governor Stals,
money targets declined until the mid-1990s. Money growth fell sharply,
to within or close to the official targets from mid-1990 until the elec-
tion (figure 1). Annual real GDP growth fell from 2.4 percent in 1989
into negative territory the next year, recovering somewhat only in
1993, when real growth measured 1.2 percent.

2.4 From 1994 Q2 to 1998 Q1

Following democratic elections in April 1994, the new govern-
ment committed itself to a long-term development strategy for gen-
erating rapid and widely shared growth through two highly publicized
programs.?? It also promised to achieve macroeconomic stability in

19. From 1980 to 1992, inflation displayed strong inertia, fluctuating about the
14 percent level and with a quarterly maximum of close to 18 percent. However,
with the discount rate varying from 4.7 percent in 1980, to 22 percent in 1984, to 9.5
percent by end of 1986, and then 18 percent by the end of the decade, there was
substantial variability in real interest rates.

20. The broad goals of the earlier Reconstruction and Development Programme
(RDP) were reinforced by the Government’s Growth, Employment and Redistribu-
tion strategy (GEAR), announced in June 1996.
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the short to the medium run. The initial assessment by international
capital markets was that the country would achieve a sustained growth
path, in a situation where strong and sophisticated financial mar-
kets, a robust civil society, and transparent and democratic gover-
nance were seen as comparative advantages.

However, after an initial upturn, growth performance after the
elections was disappointing. Real GDP growth was 0.5 percent in 1998
and 2.4 percent in 1997, compared with 4.2 percent and 3.1 percent in
1996 and 1995, respectively. Apart from labor market inflexibility,
trade competition, and a declining gold price from late 1996 onward,
probably the most important factor affecting growth performance was
high real interest rates.?! These were a direct consequence of rapid
liberalization of the capital account and the need to manage the ensu-
ing large, volatile capital inflows.

Capital flows to the country increased markedly after the elec-
tions, although from a very low base following more than a decade of
financial sanctions. Flows accelerated with the effective removal of
exchange controls on nonresidents in March 1995, after the dual ex-
change rate system was again unified (appendix table A7). A large
proportion of the inflows consisted of short-term flows, making the
economy vulnerable to flow reversals.

Aron and Elbadawi (1999) argue that the SARB had dual objec-
tives during the period of large net capital inflows from April 1994
until the first currency crisis in February 1996.22 These were to con-
tain inflation through an interest rate policy based on explicit mon-
etary targets, and to stabilize the nominal exchange rate, de facto,
through an implicit one-sided target. As is well known from the lit-
erature on currency crises, under persistent capital inflows a policy
trade-off arises where sustaining an exchange rate “target” may come
at the expense of higher inflation, higher interest rates, and eventu-
ally reduced output.

The SARB intervened heavily in the market to prevent the cur-
rency from appreciating, at the expense of the monetary targets (Stals,
1995b). Note that the money target floor did not alter in this episode,
but the ceiling was raised in 1995, widening the band and reflecting the
diminished status of the monetary targets under a capital account

21. See, for example, the output forecasting model in Aron and Muellbauer
(20002).

22. Subsidiary goals were to withdraw from the forward foreign exchange market
and to accumulate foreign reserves (Stals, 1994).



Estimating Monetary Policy Rules for South Africa 445

liberalized to inflows (as described in section 1.4). Sterilization of the
effects of the reserve accumulation began only late in 1994. Conse-
quently, large increases in the liquidity of the banking sector induced
an “endogenous” financial liberalization, compounding the recent ex-
plicit liberalization, for instance through the mortgage market (see
section 3.3). Private sector credit grew strongly, partly because of
demand-led pressures from new borrowers under the new political
dispensation. Adding to balance of payments pressures was a pro-
gressive liberalization of trade policy, while trade volumes responded
strongly to the ending of trade sanctions.

The excess money growth is evident in figure 1. As a consequence,
monetary policy was tightened considerably. The bank rate rose
sharply from 12 percent at the time of the elections to 15 percent by
mid-1995, minimum cash reserve requirements for banks were in-
creased, and open market operations were initiated. The trend de-
cline in inflation, which had begun around 1992, persisted after the
elections, although with some volatility (figure 2). Annual inflation
averaged 8 percent during 1994 Q2 to 1997 Q4, compared with 13.6
percent during the previous episode (1989 Q3 to 1994 Q1). However,
it then increased after the elections, reaching double digits again in
mid-1995.

Interviews conducted by the authors suggest that, toward the end
of 1995, foreign investors had become concerned about the widening
current account deficit, apparently rising inflation, the size of the
domestic public debt, and the real effective appreciation of the rand
(modest though it was). Further, it was anticipated that domestic
exchange controls would be significantly relaxed in the Budget (early
March 1996). In the event, the intended decontrol package was put
on hold until July 1997, given the currency crisis that had begun in
mid-February. By late April the rand had depreciated by 20 percent
from its mid-February level. The SARB intervened massively to try
to prevent this depreciation, with a net cumulative intervention of
$5.3 billion from mid-February to the end of April (Centre for Re-
search into Economics and Finance in Southern Africa, 1996).

Crises recurred in October 1996, November 1997, and April 1998,
triggered largely by contagion effects from the Asian crisis, but also
by declines in the prices of gold and other metals. After the April
1998 crisis, in which there was also substantial intervention, the rand
was some 40 percent below its average value between the elections
and the first crisis.
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The bank rate rose to 17 percent after the first crisis and re-
mained at that level until the end of 1997; it then fell to 15 percent
just before the April 1998 crisis, when it was raised to over 20 per-
cent (figure 2). Given that inflation averaged just over 6 percent in
1998, this implied very high real interest rates. Unsurprisingly, out-
put was seriously reduced. Investors had generally revised their ex-
pectations about emerging markets in the aftermath of the Asian
crises, but nevertheless domestic factors such as the widening cur-
rent account deficit and poor growth prospects further damaged
investor confidence in South Africa.

3. INTEREST RATE RULES: SPECIFICATION
AND ESTIMATION

3.1 Simple Interest Rate Rules

A substantial literature has accumulated on the Taylor rule (Tay-
lor, 1993),23 which describes interest rate-setting behavior by central
banks with some autonomy over monetary policy (Taylor, 1999). The
simple Taylor rule characterizes an interest rate feedback policy that
is a linear function of both the deviation of actual from target infla-
tion and the output gap (that is, a measure of the deviation of output
from capacity or trend output):

i =a+p(m - )+y(y -0 ) @

where a =7 + 1, B> 1, and y > 0. The target interest rate defined
by the rule is i; , 7 1s the long-run equilibrium real interest rate, n" is
the target inflation rate, y, is real output, and i: is trend output.?*
Inflation adjusts gradually to its target through the adjustment of
real interest rates, and with B > 1, the nominal rate adjusts more
than one for one with inflation. The role of the output gap is to adjust
countercyclically with demand shocks but to accommodate supply
shocks reflected in i,.

23. Related early work is that by McCallum (1988), and Henderson and McKibbin
(1993) examined a rule similar to equation (1) below.

24. In practice, Taylor (1993) used a backward-looking measure of inflation: the
deviation between inflation in the past year and target inflation. He did not estimate the
rule for the United States but used judgment to suggest that parameter values of B = 1.5
and y= 0.5 for 7 = 2 and n" = 2 well described U.S. interest rate policy during 1987-92.
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There is a large literature, going back to Phillips (1954), on
optimal control in dynamic, stochastic macroeconomic equation
systems. Optimal control policies for any but the simplest systems
tend to be sensitive to model misspecification and are complex and
nontransparent. Since an important aim of stabilization policy is
to influence private sector expectations, recent research has in-
stead emphasized simple, robust rules that are more easily under-
stood by the private sector. Thus part of this research effort has
been devoted to finding “good” parameter values for particular
classes of relatively simple linear feedback rules. Policy simula-
tions with macroeconometric models for a range of countries sug-
gest that variants of the Taylor rule have desirable stabilization
properties (see, for example, Taylor, 1999, and Levin, Wieland, and
Williams, 1999).

We present a generalized and forward-looking version of the Tay-
lor rule based on work by Clarida, Gali, and Gertler (1998a), which
encompasses the simple Taylor rule and other variants as special
cases. Batini and Haldane (1999) have recently emphasized the im-
portance of forward-lookingness in monetary policy, and in practice it
is highly relevant in inflation-targeting countries.?’? The target for
the nominal short-term interest rate, i*t, is given by

i =i +B[E(m, /0 ) - [ev[E(n/0,) -5 [+ Eu(2/0,). @

where E is the expectation operator and €, is a vector representing
the central bank’s information when setting interest rates at time ¢, ¢ is
the long-run equilibrium nominal interest rate, «,,, is the forecast
rate of inflation between time ¢ and ¢ + n, y, is real output, y*t and "
are desired output and target inflation, and 2, is a vector of additional
variables that may influence on policy.

Much of the literature on the Taylor rule has focused on the United
States, a large, relatively closed economy. Inclusion of the z, vari-
ables can be motivated by modeling considerations from small, open
economies, or by the use of money targets by the country in ques-
tion. Candidates for the z, variables thus include foreign interest rates,

25. Rotemberg and Woodford (1999) argue that there are circumstances where
backward-looking rules can work well. In their example, private agents are for-
ward-looking and believe that the central bank will adhere to its rule and that
economic activity depends on expected future interest rates or long-term rates,
and not just on current short-term rates.
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the money supply (or its deviation from an announced target), and
the real exchange rate (or the deviation of the nominal rate from an
announced target).26

The case for including foreign interest rates is the following.
For small, open economies subject to some degree of international
capital mobility, domestic interest rates will necessarily tend to fol-
low foreign rates if the domestic monetary authority wishes to sta-
bilize the nominal exchange rate. In the extreme case of perfect
capital mobility, under the uncovered interest parity condition, in-
ternational interest rate differentials reflect expected changes in
the nominal exchange rate and risk premiums. Analogously, for a
monetary authority wishing to stabilize the real exchange rate, do-
mestic real interest rates will tend to follow foreign real rates (see
Taylor, 1995, p. 16). Recent literature emphasizes the importance
of exchange rate targets, implicit or otherwise, in small, open econo-
mies. Indeed, the role of the exchange rate increases in importance
in policy formulation, the shorter the inflation target horizon (see
Ball, 1999).

Clarida, Gali, and Gertler (1998a) emphasize the importance of
the parameter B in evaluating policy rules. The implicit real interest
rate target corresponding to equation (2) is

U:U+(B_l)[( (T[t+n/Qt)_T[*]+y[( (yt/Qt)_y:] (3)
+&((2,/9,).

where r’; is the target for the real short-term interest rate and r is
the long-run equilibrium real interest rate. The target rate adjusts
relative to the equilibrium interest rate when inflation or output de-
viates from the target. If § exceeds 1, as in the simple Taylor specifi-
cation in equation (1), the target rate adjusts to stabilize inflation and
output; if B is less than 1, the target rate accommodates changes in
inflation (real interest rates fall).

One widely adopted modification of the Taylor rule is to permit
the central bank to smooth changes in the interest rate. Central banks
typically try to avoid interest rate volatility, in order to promote fi-
nancial market stability and avoid loss of credibility from interest
rate reversals (see, for example, Mishkin, 1999, p. 247). Clarida, Gali,

26. Clarida, Gali, and Gertler (1998a) also examine lagged inflation, to test the
simple Taylor rule against their forward-looking specification.
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and Gertler (1998a) assume a partial adjustment of the central bank’s
rate to the target rate as follows:

=(l_p)i:+pit—1+ut> ey

where v, is a random shock. Equation (2) can be simplified by setting

a=i-pn" and
- *
X, =y, ~Y,,o0r

iy =a+BE(m,,/Q,)+ VE(x,/Q,)+ EE(2,/Q,) , ®)
where z, includes the foreign interest rate (the U.S. rate, (USA in
our case). Formalizing a comment in Clarida, Gali, and Gertler
(1998a), an alternative interpretation of the interest rate target as
the weighted average of an extended Taylor rule and the foreign
interest rate is

=(1-Ma+ B (ma/Q,)+ v (x/0,)+ & (2/2, )] ©
A (i4a,).

Note that z, now refers to other variables excluding the foreign inter-
estrate. When o > 0 and B > 0, this has the effect of raising the implied
reaction to inflation in the Taylor rule, compared with equation (5).

The combination of partial adjustment with the model in equa-
tion (b) gives

P=(-)( Ao B (/@) v (/2 ) (2]

+(1=p)AC /0, )+ piy + v,
Note that the special case of inflation targeting is nested within this
specification, where the weight on the output gap and z, terms is

zero, and the policy rate responds only to expected inflation (see Batini
and Haldane, 1999).

3.2 Estimating an Extended Taylor Rule for
South Africa

Estimating extended Taylor rules can lend insight into past policy
rules when the size of the weights applied to different indicators in
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interest policy formation is unknown, or where policy may deviate in
practice from stated policy.?”

Rewriting equation (7) in terms of realizable variables gives
the following estimable function:

=8, +d,i,, + 0,0, InPF, +d,x" +5,2" +5,iU5 +¢,, 8)

where 8, = (I-p)(1-D)at , 8, =p. 8, = (1-p)(1-WP , 8, = (1-p)(1-M)y,
8, = (1-p)(1-1)§, &5 = (1-p)A, and g, is the error term. The central
bank’s short-term discount rate is i, A,In P, is the annual rate of
change of the consumer price deflator over the horizon of k quar-
ters, and x, is the output gap at ¢ + m quarters. F denotes the
forecast value of these two variables using information available at
t — 1. The horizon of k and m is at the discretion of the central bank
but will be constrained by its forecasting ability. Finally, itlf fA is the
foreign short-term interest rate (we use the U.S. three-month Trea-
sury bill rate).

We later extend the set of z, terms in this model to include de-
viations of money growth from announced targets, as well as ex-
change rate and balance of payments effects, and we control for an
important regime shift, namely, the financial liberalization of the
early 1980s.

The SARB’s end-of-quarter bank discount rate was modeled us-
ing equation (8) for the period 1986 Q2 to 1997 Q4, using an instru-
mental variables (IV) technique to instrument forward-looking
expectations.2® The discount rate, scaled by 100, is shown in figure
2. Four alternative horizons were selected.?” The first gives a back-
ward-looking model where 2 = m = 1. This can be estimated by the
ordinary least-squares method. The second uses contemporary in-
flation and output gaps, R = m = 0. The IV estimation is used on
the conservative assumption that the SARB’s information set is

27. For instance, Clarida and Gertler (1997) argue that, despite the Bundesbank’s
claims to base interest rate policy largely on ensuring that monetary growth falls
within specified target ranges, a modified Taylor rule provides a better description of
its actual behavior.

28. Clarida and Gertler (1997) use the generalized method of moments to esti-
mate the parameter vector for a Taylor rule similar to equation (8).

29. Note that in estimating equation (8) we assume that, over a short horizon,
short-term interest rates and inflation are stationary, that is, 1(0). The evidence is
given in table 3. Note that the augmented Dickey-Fuller test (Dickey and Fuller,
1979) has low power against the alternative of stationarity over the short sample.
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dated ¢ —1.39 The third model uses forward-looking inflation and the
current output gap. Thus k = 3, implying the four-quarter-ahead
inflation rate seen at t — 1, and m = 0. The final specification takes
forward-looking versions of both, k = m = 3.

Our models of the discount rate are estimated only from 1986
onward, for two reasons. First, the transition in the early to mid-
1980s from a liquid assets-based system to a cash reserve-based sys-
tem of monetary control was not accomplished immediately, and
liquid asset requirements were reduced only gradually during 1980-
85 from the abnormally high levels prevailing in 1980 (see section
1). The formal monetary growth target ranges were introduced
for the first time in 1986. Second, during the debt crisis of 1985,
interest rates were raised to extraordinary levels in a vain at-
tempt to attract foreign capital inflows and prevent default on the
external debt. Clearly a Taylor rule will fail to describe this shock.

The output gap is constructed using an extended version of sto-
chastic trend models of the type recommended by Harvey (1993; see
also Harvey and Jaeger, 1993). This can be estimated using the STAMP
program of Koopman and others (1995). We used several different
measures of the output gap. For the first measure, the model has the
following form:

logyt:a0+STOCH,+0(110gyt,1+2[3jXﬂ +€,, 9

where y, is real GDP and STOCH, is a smooth, stochastic trend reflect-
ing the underlying capacity of the economy to produce. The X , capture
cyclical factors: we use distributed lags of changes in log capac1ty utili-
zation and changes in the log real gold price for an estimation period of
1973 Q1 to 1998 Q4. The stochastic trend is defined as a moving aver-
age of random shocks. More precisely, STOCH is an 1(2) variable, which
requires twice-differencing to give a stationary series:

N*STOCH, =, , (10)

where 1, is a random shock. The technique gives good results and is
to be preferred to the widely used Hodrick-Prescott filter, be-
cause it does not rely on any arbitrary calibration of the variance

30. This is approximately correct for information available in the South Afri-
can national accounts, although this is subject to revision. Information on prices
and money and credit aggregates tends to be available with lags of a few weeks or
less, and information on interest rates is almost instantaneous.
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of the underlying shocks 1, (see Harvey and Jaeger, 1993, for a discus-
sion). Instead, all the parameters of the model are estimated from the
data.?!

The resultant output gap, defined as (logy, — o, — STOCH)/(1 - a.,),
was used to construct the first output gap measure, OUTGAP1 (fig-
ure 2). This trend was compared in estimations with the alternatives
of a cubic function of time and with split time trends. For almost all
specifications reported below, the output gap derived from the sto-
chastic trend model gives a better fit than these two alternatives.
The second measure of the output gap, OUTGAP2, also shown in
figure 2, employs a stochastic trend from a richer model of output
taken from Aron and Muellbauer (2000a).32 The principal differences
between the two measures occur in the aftermath of the 1980-81 gold
price shock and the smaller price shock in 1987, when OUTGAP2
indicates lower excess capacity in the economy, and after 1994, when
OUTGAP2 indicates greater excess capacity.??

We also used two models for forecast inflation to derive instru-
ments for the interest rate rule. A simple inflation forecasting model,
similar in conception to the SARB models used at the time, was
derived from a model linking consumer inflation, respectively, one

31. Standard augmented Dickey-Fuller tests suggest that, over 1973-98, log(yy)
is I(1), implying that Alog(y) is a stationary variable. The combination of equation
(8), where the Xj; are clearly 1(0), and equation (9), appears to contradict this,
since STOCH is 1(2). However, the hypothesis that a variable such as log(yy) is
I(1) is hard to distinguish from alternatives, for example that log(y;) has a large
autoregressive component and is stationary about a deterministic trend, or a
deterministic trend with a change in trend at some point in the sample. A low-
variance 1(2) stochastic trend resembles the latter. In other words, the hypothesis
that log(yy) is I(1) is quite hard to distinguish from the alternative of 1(0), on the one
hand, and I(2) on the other, when the 1(2) component is a smooth, low-variance
series.

32. This is a four-quarter-ahead forecasting model for the log of real GDP.
The model uses a stochastic trend to measure long-run changes in the capacity to
produce. On the demand side there are important negative interest rate effects,
although these have been altered by changes in the monetary policy regime. The
ratios of the trade surplus and the government surplus to GDP, which also re-
spond to interest rate changes, and improvements in the terms of trade, all have
a positive effect on future output. The deviation of output from the four-quarter
lag of the stochastic trend defines the output gap.

33. The main economic reason is the inclusion of the real interest rate among
the economic variables. This variable is I(1), and in the 1990s it rose strongly,
depressing output, in part by contracting capital accumulation. Conceptually, there-
fore, OUTGAP2 differs from OUTGAP1. In recent years a demand boost from
lower interest rates would generate more inflation using the OUTGAP1 measure.
The OUTGAP2 measure effectively implies that capacity would respond to lower
real interest rates, thus reducing the inflationary pressure.



Estimating Monetary Policy Rules for South Africa 453

quarter and four quarters ahead, with lags in consumer price and
wholesale price inflation, wage changes, money growth, interest
rate changes, and the output gap. This model does not have an
equilibrium correction form, so that relative price levels play no
role. A more sophisticated model is described in detail in Aron and
Muellbauer (2000a).34

The results of estimating the extended Taylor rule in equation (8)
for the four horizons are shown in table 4 (variables are defined in
table 3, and the set of instruments is shown in the footnotes to table 4).
The South African discount rate and the annual log change in the
consumer expenditure deflator, our measure of annual inflation, are
shown in figure 2. The foreign interest rate, again taken as the three-
month Treasury bill rate for the United States, and two South Afri-
can interest rates are shown in figure 3.

The results are striking. In all specifications the interest rate has
a strongly significant negative response to domestic inflation, whether
lagged or forward-looking. At the least this suggests that some impor-
tant omitted factors influence short-term interest rates in South Af-
rica. The U.S. Treasury bill rate is always significant, and the hypothesis
can be accepted that, ceteris paribus, a 1-percentage-point rise in the
U.S. rate is eventually followed by a more than 1-percentage-point rise
in the South African rate.3® The output gap is always significant. If the
U.S. nominal interest rate is excluded, the fit of the model deterio-
rates markedly. There was little difference between using the more
sophisticated and simpler forecasting inflation models as instruments,
and we report results for the former. We tested robustness over both

34. The four-quarter-ahead inflation model has an equilibrium correction form,
which clarifies medium- or longer-run influences on inflation, including opening the
economy to foreign imports. This model implies that if consumer prices deviate from
the trend of wholesale prices, an adjustment process tends to bring them closer
together again. Further, when the real exchange rate is high (that is, the currency is
strong in real terms), domestic price setters find it harder to push through price rises.
The nominal exchange rate affects inflation through both these channels since whole-
sale prices are strongly linked to import prices. The model confirms the importance of
the output gap and the influence from recent changes in the ratio of the current
account surplus to GDP, both of which are sensitive to short-term interest rates.
However, a rise in interest rates can also raise inflation in the short run, through a
rise in the real prime rate and in mortgage interest payments (a component of the
consumer price index). The one-quarter-ahead inflation forecast derives from the
four-quarter-ahead forecast made three quarters earlier, updated using the inter-
vening information on consumer prices, wholesale prices, and foreign inflation.

35. In all specifications the addition of the real U.S. Treasury bill rate, defined as
the nominal rate less annual U.S. consumer price inflation, produces an insignifi-
cant, negative coefficient. Also note that the U.S. interest rate is defined as a period
average, whereas the quarterly South African discount rate is measured at the end
of each quarter. The implication is that the U.S. interest rate dated ¢ is potentially
part of the relevant information set of the SARB. We tested for this possibility but
found it insignificant.



Table 3. Variable Definitions and Statistics

Mean, Standard deviation, I(1),*  1(2),*
1986Q2- 1986Q2- 1980Q1- 1980Q1-
Variable Definition 199764 199704 1997Q4 199704
Discount rate SARB bank rate divided 0.144 2.76E-2 343 DH.45**
by 100
U.S. Treasury Three-month U.S. 5.46E-2 1.52E-2 -341%  -5.19**
Treasury bill rate divided
by 100
Inflation Annual inflation rate of 0.120 3.48E-2 -1.60 —3.79%*
the consumer expenditure
deflator
Output gap Deviation of real GDP 1.69E-3 1.36E-2 =377+
measure from a stochastic trend
ExcessM3 Annual growth rate of M3 3.12E-2 4.96E-2 497+
growth less the annual growth
targetrate
FLIB Financial liberalization 0411 0.163
measure (see text for
full definition)
DumANC Equals 1 for 1994Q2-
1997Q4 and 0 otherwise
DumANC*excess DumANCinteracted
M3 growth with excess M3 growth
-1
7BOP Negative values only for
the ratio of the (lagged)
current account surplus to
GDP (in percent) minus 2

Source: Authors’ calculations.

a. For a given variable X, th}g augmented Dickey-Fuller (1979) statistic is the ¢ statistic on n from the following

regression: AX, =TiX, | + ' 6,AX,; + W, + Wt +¢,, where k is the number of lags on the dependent variable, v,

is a constant term, and ¢ is a trend. The kth-order augmented Dickey-Fuller statistic is reported, where % is the
last significant lag of the five lags employed. The trend is included only if significant. For null order 1(2),AX
replaces X in the equation above. Critical values are obtained from MacKinnon (1991). Asterisks * and ** denote
rejection at the 5 percent and 1 percent critical values, respectively. The stationarity tests are performed for the
variables in levels before time transformation, that is, before taking moving averages and changes. For the
variable excess M3 growth, the sample period for the stationarity tests is 1986Q2-1997Q4. The output gap
measure is OUTGAP1 (see text).
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Table 4. Results of Regressions Testing Taylor Rules with
Partial Adjustment and Foreign Rates 2

Regression equation
Explanatory variable (1) (2P (3)¢ (4)4
Intercept 0.032 0.028 0.032 0.017
(4.0) 4.1 3.5) (3.3)
Discount rate (t—1) 0.830 0.852 0.809 0.889
(22.6) (27.0) (22.0) (25.7)
U.S. Treasury bill rate (t—1) 0.287 0.281 0.387 0.353
“.2) 3.7 (4.9) @2.8)
Lagged inflation 0.194
(5.8)
Current inflation 0.188
(5.6)
Future inflation 0.225 0.180
4.9 (5.3)
Lagged output gap 0.365
3.7
Current output gap 0.373 0.424
3.1 2.8
Future output gap 0.281
CAY)
SER 0.00552 0.00614 0.00682 0.00721
R? 0.964 0.955 0944 0.938
Adjusted R? 0.960 0.950 0939 0932
DwW 2.40 242 1.84 172
F statistic® 3.00 2.27 2.50
p=0.010 p=0.041 p=0.020

Source: Authors’ calculations.

a. The dependent variable is the SARB discount rate. The sample period is 1986Q2 to 1997Q4. Absolute values
of asymptotic ¢ statistics are in parentheses. The output gap measure is OUTGAP]1, the inflation forecasting
equations are the more sophisticated models, and the broad set of instruments is used. The instruments used
for regression equations (2) to (4) are the lagged financial liberalization indicator, the lagged deviation of annual
M3 growth from target, one lag each of quarterly and annual inflation rates, two lags in the rate of change in
capacity utilization, two lags in the rate of change of the nominal exchange rate, and the lagged annual growth
rate of real private sector credit.

b. Fitted values from our equations for annual inflation and the output gap are added, using ¢ — 1 information.
c. Forecast value of the three-quarters-ahead annual inflation rate is added, using ¢ — 1 information.

d. Forecast value of the three-quarters-ahead annual rate of growth of output is added, using ¢ — 1 information.
e. The F test is a test for overidentifying restrictions on the instruments.

measures of the output gap, and for a narrower set of instruments, and
found very similar results in each case.

It would appear therefore that, in the 1986-97 period, the SARB was
concerned with stabilizing output: that is, it raised interest rates when
output or prospective output was above trend. However, it apparently
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moved interest rates perversely with inflation or prospective infla-
tion. This seems not to be the most obvious way of controlling
inflation, although to the extent that the output gap is a cause of
subsequent inflation, the focus on the output gap is likely to have
been beneficial. However, a specification test of overidentifying re-
strictions for regression equations (2) to (4) in table 4 rejects all the
specifications.3%

3.3 Further Extensions of the Taylor Rule

Since, on the evidence just presented, the extended Taylor rule rep-
resented by equation (8) clearly makes little sense for South Africa, fur-
ther extensions of the set of z, terms in equation (6) were considered.

Extensions of the Taylor Rule for Excess Money Growth. Since in
1986 the SARB declared its official policy to be one of following mon-
etary growth targets, one can include in the equation the deviation of
actual monetary growth from the announced target (taking the latter
to be the average of the upper and lower ranges set for the guide-
lines; figure 1). Experimentation suggested that the deviation of an-
nual monetary growth perceived at t — 1 was a better measure than
the current growth measure (instrumented appropriately). The re-
sults are shown in table 5. The excess money growth term has a
significantly positive effect in all four specifications. The fit of all the
equations improves compared with table 4. The counterintuitive re-
sult of a negative inflation effect remains but is much weaker, and
indeed is insignificant in the current and forward-looking inflation
specifications. Again there was little difference between regressions
using the more sophisticated and those using the simpler forecasting
inflation models, and between different measures of the output gap,
and for a narrower set of instruments than reported.

Although the results in table 5 are less implausible than those of
table 4, the combination of results from the two tables suggests that
excess money growth is negatively related to recent, current, and
future inflation, given the other variables in the hypothesized inter-
est rule relationship. Clearly the excess money growth variable in
table 5 eliminates about half the negative inflation effect in table 4.

36. The test compares the fit of the unrestricted reduced-form regression of the
dependent variable on all the instruments with the fit obtained when the endogenous
explanatory variables in equation (8) are replaced by their fitted values from ancillary
regressions of these variables on the instruments.
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Table 5. Results of Regressions Testing an Extended Taylor
Rule with Excess Money Growth?

Regression equation

Explanatory variable (1) (2P (3)° (4)?
Intercept 0.030 0.023 0.025 0.020
(4.0) (5.0) (3.6) (1.9)
Discount rate (t—1) 0.801 0.815 0.798 0.822
22.7) (30.0) (23.9) (28.0)
U.S. Treasury bill rate (f—1) 0.182 0.146 0.175 0.152
2.5) 1.2) 1.6) 1.3)
Lagged inflation -0.105
24
Current inflation -0.055
0.8)
Future inflation -0.066 -0.050
(1.3) (1.3)
Lagged output gap 0231
(2.3)
Current output gap 0.141 0.150
(1.0) (1.4)
Future output gap 0.110
(1.3)
Excess M3 growth (t—1) 0.075 0.096 0.102 0.108
2.9 4.1) @.7) (5.6)
SER 0.00508 0.00537 0.00547 0.00553
R? 0.970 0.966 0.965 0.964
Adjusted R? 0.966 0.962 0.961 0.960
DW 274 274 2.55 2.56
F statistic® 2.08 122 118
p=0.066 p=0.320 p=0.343

Source: Authors’ calculations.

a. The dependent variable is the SARB discount rate. The sample period is 1986Q2 to 1997Q4. Absolute values
of asymptotic ¢ statistics are in parentheses. The output gap measure is OUTGAP]I, the inflation forecasting
equations are the more sophisticated models, and the broad set of instruments is used. The instruments used
for equations (2) to (4) are the lagged financial liberalization indicator, the lagged deviation of annual M3 growth
from its target, one lag each of quarterly and annual inflation rates, two lags in the rate of change in capacity
utilization, two lags in the rate of change of the nominal exchange rate, and the lagged annual growth rate of real
private sector credit.

b. Fitted values from our equations for annual inflation and the output gap are added, using ¢ — 1 information.
c. Forecast value of the three-quarters-ahead annual inflation rate is added, using ¢ — 1 information.

d. Forecast value of the three-quarters-ahead annual rate of growth of output is added, using ¢ — 1 information.
e. The F test is a test for overidentifying restrictions on the instruments.

The test of overidentifying restrictions for regression equations (2) to
(4) now marginally accepts the specifications.

Controlling for Financial i iberalization in the Taylor Rule. The ma-
jor changes in the financial system in South Africa in the 1980s and
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1990s were discussed in section 1. The government initiated financial
liberalization following the De Kock Commission reports (De Kock and
others, 1978, 1984), which advocated a more market-oriented mon-
etary policy. Some interest and credit controls were removed in 1980,
and banks’ liquidity ratios were reduced substantially between 1983
and 1985. Competition rose in the mortgage market following the 1986
Building Societies Act and amendments to the act in 1987-88.
Demutualization and takeovers in 1989-90 consolidated the stronger
competition in the credit market. In the 1990s pensions were increas-
ingly used to provide additional collateral for housing loans, and from
1993 on, special mortgage accounts ("access bond accounts") allowed
households to borrow and repay flexibly from these accounts up to an
agreed limit set by the value of their housing collateral. After the 1994
elections more black South Africans obtained formal employment, par-
ticularly in the public sector, gaining access to credit that they may
previously have been denied (total formal employment, however, con-
tinued to decline). Exchange controls on nonresidents were eliminated
in early 1995: large nonresident capital inflows beginning in mid-1994
induced a temporary, endogenous financial liberalization. Finally, ex-
change controls on domestic residents, in existence since before the
1960s, were partially relaxed after 1997.

With the removal of interest rate controls, credit restrictions,
and barriers to competition, supply and demand for credit have be-
come increasingly market-determined. This has the implication, other
things being equal, that higher rates of interest are required to equili-
brate the market for credit. In Aron and Muellbauer (2000b and c)
we develop a univariate indicator of the degree of liberalization of
credit markets, which we denote as Fi IB. We include this indicator
in the Taylor rule as a measure of the regime change, since the bank
rate set by the SARB cannot be immune from the effects of financial
liberalization.

An innovation in Aron and Muellbauer (2000b and c) is to treat
financial liberalization as an unobservable indicator entering both quar-
terly household debt and consumption equations. The indicator, Ft IB,
is proxied by a linear spline function, whose parameters are estimated
jointly with the consumption and debt equations (subject to cross-
equation restrictions on the coefficients in the spline function). The
debt and consumption equations also incorporate a rich set of eco-
nomic variables including income and income expectations, impor-
tant wealth effects, and interest rate effects. The estimated parameters
for Fi IB in the model reflect the key institutional changes in credit



Estimating Monetary Policy Rules for South Africa 459

markets. Our estimated indicator shows strong rises in 1984, 1988,
and 1995, with more moderate increases in 1989, 1990, and 1996
(figure 4). It is noteworthy that both the consumption function and the
debt equation are subject to major structural breaks (failing
Chow tests) when allowance is not made for financial liberalization.

The estimation results for the extended Taylor rule, equation (8),
including both the money target variable and Fi IB, are shown in
table 6. The results improve dramatically. Fi IB has a significant posi-
tive effect in all four specifications, and the inflation effect becomes
positive throughout. The specification with current-dated inflation
and the current-dated output gap gives the strongest inflation effect,
as well as the best fit, although the effect of the output gap is weak.37
The fit is substantially worse for the specifications with future infla-
tion. However, all the variables now have the expected direction of
effect, with excess money growth and the U.S. interest rate remain-
ing significant in all specifications.?® The current output gap tends to
be insignificant when current inflation is included, and the future
output gap is insignificant when future inflation is included. Table 6
includes a selective sample of results to indicate sensitivities to an
alternate specification of the output gap, alternative inflation fore-
casts, and different sets of instruments. All four specifications easily
pass the test of overidentifying restrictions.

We also investigated the hypothesis that low domestic saving-to-
GDP ratios, which might have been expected to affect real interest
rates, influenced the bank rate. However, these effects are insignifi-
cant when included in the table 6 specifications.

We now interpret these results in the light of equation (7), using
as representative the results from equation (2a) in table 6. The coef-
ficient on the lagged interest rate, p, is estimated at 0.320. This im-
plies that the long-run coefficient on the U.S. interest rate, A, is 0.587,
whereas 3, which measures the response to domestic inflation, is 0.83.
In this equation the output gap is insignificant. When the correspond-
ing structural equation (7), which is nonlinear in parameters, was

37. We compare the results both for the sophisticated inflation forecasting model,
regression equation (2a), and a simpler model, regression equation (2b), in each case
using the broad set of instruments. The relevance of inflation relative to the output
gap is decreased for equation (2b). We found similar results for the same comparison
using regression equation (3). Comparing regression equations (4a) and (4c), table 6,
which incorporate the inflation forecast at ¢ — 1, four quarters ahead, it is noteworthy
that the simpler model gives the stronger inflation coefficient.

38. As before, including the lagged U.S. real interest rate gives positive but
insignificant coefficients.



Table 6. Results of Regressions Testing an Extended Taylor Rule with Excess Money Growth
and Financial Liberalization?

Regression equation
Explanatory variable )] (2a) (2b) (2¢)¢ 3 (4a) (4b)® (4c)?
Intercept 0.018 0.001 0.008 0.003 0.016 0.010 0.008 0.003
@.1) (0.16) 0.9) 0.6) 2.4) 1.6) (1.3) 0.4)
Discount rate (£ - 1) 0.457 0.320 0421 0.326 0.595 0.645 0.633 0.583
(3.2) (4.0) 4.3) 4.8) (8.0 10.8) (11.2) 10.6)
U.S.Treasury bill rate (t—1) 0.395 0.399 0.367 0417 0.297 0.249 0.248 0.243
(3.6) (5.5) (4.6) ©.1) (3.6) 2.8) 2.8) 2.9)
Lagged inflation 0.059
0.8)
Current inflation 0234 0.151 0.192
3.7 2.2 3.5)
Future inflation 0.029 0.068 0.084 0.148
0.6) 1.4) (1.8) 2.8
Lagged output gap 0.251
(2.6)
Current output gap 0.072 0.123 0.114 0.188
(0.6) (L.2) (1.8) @1
Future output gap 0.052 0.040 -0.022

©.7) 0.5) 0.3)




Table 6. (continued)

Regression equation

Explanatory variable (1) (2a) (2b)P (2c)¢ 3) (4a) (4b)> (4c)d
Excess M3 growth (¢ -1) 0.053 0.069 0.066 0.046 0.060 0.078 0.078 0.076

@.1) 3.3) 3.3) 2.2) 2.6) 3.8) 3.8) 3.6)
FLIB (t-1) 0.075 0.112 0.089 0.117 0.052 0.047 0.049 0.062

@5) 6.7 3.8) ©5) 29) ©9) (3.2) 4.0)
SER 0.00478 0.00432 0.00436 0.00414 0.00478 0.00494 0.00492 0.00496
R? 0974 0979 0978 0.980 0974 0972 0972 0972
Adjusted R? 0.970 0.976 0975 0978 0970 0.968 0.968 0.968
DW 2.36 2.28 244 247 2.64 2.62 2.61 2.51
F statistic® 2.30 0.56 0.84

p=0.947 p=0.781  p=0.560

Source: Authors’ calculations.

a. The dependent variable is the SARB discount rate. The sample period is 1986Q2 to 1997Q4. Absolute values of asymptotic ¢ statistics are in parentheses. The output gap
measure is OUTGAP1, the inflation forecasting equation is the more sophisticated model, and a broad set of instruments is used, unless otherwise indicated. The instruments
used for equations (2) to (4b) are the same as in the preceding two tables.

b. The simpler inflation forecasting equation is used.

c. The output gap measure is OUTGAP2.

d. The simpler inflation forecasting equation and a narrower set of instruments are used: the exogenous or lagged variables in the equation, forecast inflation, and the forecast
output gap, using ¢ - 1 information.

e. The F test is a test for overidentifying restrictions on the instruments.
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estimated by the IV method, and the output gap omitted, the esti-
mated value of B was 0.87, with a standard error of 0.19, suggesting
that the hypothesis that f = 1 is acceptable.

Extension of the Taylor Rule for Balance of Payments Constraints.
As discussed in section 2, South Africa has periodically experienced ma-
jor shocks to the balance of payments from external trade shocks and
political shocks: first under a closed capital account, and after March
1995 under a capital account fully open to foreign flows and interna-
tional contagion. These shocks may have resulted in monetary policy
being subordinated for long periods to balance of payments consider-
ations. We have attempted to test for such effects.

First, we examine the period after the debt crisis of September
1985, in which a debt standstill was followed by rescheduling arrange-
ments, which remained in force until the debt was fully paid off in
1994. We test whether interest rates were higher in this period than
could be justified simply by the fundamentals, because of massive
capital outflows (including debt repayments) and insignificant new in-
flows. We define a variable Z as the lagged ratio of the current account
surplus to GDP less a value of 3 percent, which has been suggested as
the basic surplus required for debt repayments (Leape, 1991). In figure
5 we show both Z and ZBOP, which is defined to be all the negative
values of Z and is the variable we include in our interest rule regres-
sion in table 7. However, given that South Africa made extensive use

Figure 5: South Africa: Percent of GDP Balance of
Payments Constraints
Percent of GDP
4

B 2 e o o I O O

1980 1982 1984 1986 1988 1990 1992 1994 1996

Source: Author’s elaboration.
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made of an alternative, flexible trade policy instrument to suppress
import demand (high import surcharges exceeded tariff rates in many
years; see section 2), one may not expect to see much of an effect
from ZBOP. The result is shown in regression equation (2) in table 7:
although the coefficient is negative, it is not significant.

We also tested for an implicit bilateral exchange rate target from
the second quarter of 1994 until the first currency crisis of February
1996 (see section 1.4) but were unable to find an effect over this short

Table 7. Regression Results Testing an Extended Taylor
Rule for Balance of Payments Effects?

Regression equation
Explanatory variable @ @ (6]
Intercept —0.002 -0.002 0.002
(-0.47) (0.0) 0.4)
Discount rate (t—1) 0.306 0.315 0.276
(2.5) 2.7) (2.6)
U.S. Treasury bill rate (t—1) 0.405 0.426 0.488
4.9) (5.9) (6.4)
Current inflation 0.266 0.234 0.207
(3.7) 2.9) 2.4
Excess M3 growth (t—1) 0.078 0.076 0.078
4.3) 4.2) (4.3)
FLIB(t-1) 0.116 0.111 0.124
4.3) 4.1) (5.3)
7BOP —0.162
-1.3)
DumANC*excess M3 growth -0.094
(1.8)
SER 0.00436 0.00426 0.00416
R? 0.978 0.979 0.980
Adjusted R? 0.975 0.976 0.977
DwW 2.20 2.37 2.38

Source: Authors’ calculations.

a. The dependent variable is the SARB discount rate. The sample period is 1986Q2 to 1997Q4. Absolute values
of asymptotic ¢ statistics are in parentheses. The estimations employ the narrow set of instruments (see table
6) and the more sophisticated inflation model.
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period of six quarters. However, there was some evidence (a t-statis-
tic of 1.8) for a reduced weight on excess M3 in the policy rule from the
second quarter of 1994, implying that excess money growth was ef-
fectively abandoned as a guide to intermediate policy; see regression
equation (3) in table 7. The impact of capital inflows from July 1994
onward, with accumulated reserves unsterilized until the following
year (wWhen monetary policy tightened sharply), is clear from the sharp
rise in excess M3, afterward sustained at the new high level (figure
1). As shown in Aron and Elbadawi (1999), there was a trade-off be-
tween monetary policy and exchange rate objectives in the period,
leading to a currency crisis early in 1996.

4. SUMMARY AND PoLricy IsSuEs

Monetary policy in South Africa has gone through major evolu-
tionary changes, particularly in the 1980s, when there was extensive
financial liberalization, with monetary targeting initiated in 1986, and
since 1998, with the move to inflation targeting. In this paper we have
modeled extended Taylor rules for interest policy over the period 1986-
97, using our forecasts of inflation and the output gap to 1998 in the
instrument set.

There are four key results. First, attempts to fit a Taylor rule, ex-
tended for the lagged dependent variable and the U.S. short-term inter-
est rate, do not give sensible results. Astonishingly, it appears that the
SARB changed the interest rate perversely with lagged, current, or fu-
ture inflation: the estimated coefficients are strongly significant. Only
when excess money growth and an indicator of financial liberalization
are introduced—both factors that raised real interest rates and happen
to be negatively correlated with inflation over the sample—does the
SARB’s policy rule look more sensible.

Second, in the context of a liberalization of credit and other finan-
cial markets, and given the international interest rate environment,
the SARB followed a rule that included current inflation in its interest
rate policy formulation, despite claiming to focus largely on money
growth targeting. The rule appears to target inflation and to
deemphasize the output gap. Future inflation has no weight placed on
it; this result is robust for both simple and sophisticated models of
inflation forecasts and may have been influenced by the limited devel-
opment of inflation forecasting models in the SARB. Moreover, given
the large structural changes in money and credit markets, the attempt
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to target money probably led to worse output and inflation outcomes
than if a more sensible version of the Taylor rule been followed.3?

The force of this last point is weakened, however, by the fact that
policy had competing preoccupations starting in late 1985, the princi-
pal one being the need to maintain surpluses on the current account,
given the virtual cessation of capital inflows. Our third finding is on
the relevance of structural breaks related to the difficulty of manag-
ing large capital outflows during 1986-94 after the debt crisis, and
later, the large inflows following democratic elections in 1994 and
the freeing of capital controls on foreign investors. We find evidence
that excess money growth is less important after 1994, and weak
evidence that balance of payments concerns had some influence on
monetary policy during 1986-94.

Finally, even with the interpretation of the long-run coefficient on
the inflation term given in equation (8), the weight attached to infla-
tion is below that found for policy rules in other countries, or indeed,
with pure inflation targeting. For the United States, Clarida, Gali, and
Gertler (1998b) find that, when inflation rose, the pre-1979 Federal
Reserve raised interest rates by less than the rise in inflation, so that
real interest rates fell (B is less than 1). After 1979, in contrast, when
inflation rose, real interest rates also rose, so that policy reaction was
more anti-inflationary (B is greater than 1; this policy strategy is termed
“leaning against the wind”). For a range of countries, Clarida, Gali, and
Gertler (1998a) found values for p of 1 or higher in the post-1979 period
(for example, B is estimated at 1.8 for the Federal Reserve, 2 for the
Bank of Japan, and 1.3 for the Bundesbank). We find weights in the
region of 0.8 to 1.1 for B in South Africa, using nonlinear IV estimation
for equation (7), as described in section 3.1. One can accept the hypoth-
esis of a weight of 1 on the basis of standard errors. This suggests that,
after controlling for excess money, financial liberalization, and the for-
eign interest rate, there was little “leaning against the wind” by the
central bank, but that the real interest rate was almost invariant with
inflation. This does not suggest a highly anti-inflationary stance after
1986, as has been claimed, although clearly there were competing con-
siderations concerning the balance of payments.

39. The United Kingdom had effectively abandoned monetary targeting by
1986, in large part because of the lack of stability in the relationship between money
growth and output, inflation, and interest rates. By then, it had been demonstrated
in a number of econometric studies (for example, Hendry, 1985) that inverting a
money demand equation does not give a sensible model of inflation, except perhaps
in countries with hyperinflation or budgetary problems so severe that the authori-
ties are tempted to resort to the inflation tax as a major source of revenue.



APPENDIX

Financial Liberalization in South Africa, 1960-97

Table Al. Liberalization of Interest Rates?

Date

Measure

Deposit rate controls

March 1965t0oJuly 1966 ~ Upper limits first imposed on rate of interest payable on bank and

December 1969
August 1970
March 1972

March 1980

Before 1967

1967 to mid-1975

July 1975

February 16,1982

building society deposits

Reintroduced at 7 percent per year

Dropped. Government decides to subsidize certain interest rates
Reintroduced

Dropped
Lending rate controls

Clearing bank prime rates for overdrafts:
Minimum and prime overdraft lending rates set by agreement with the
SARB at 1.5 and 2 percent above the bank rate

Minimum and prime overdraft lending rates set at 2 percent and 2.5
percent above the bank rate

A newly defined prime rate (“the lowest rate at which a clearing bank
will lend on overdraft”) is set by individual banks within the margins
of 2.5 to 3.5 percent above the bank rate (changes to be discussed first
with the SARB)

Banks released from the obligation to keep the prime rate within
specific limits (but still have to inform the SARB of intended prime
rate changes)

Loan and credit transactions:

Maxima have been in force since before the 1960s in terms of various
Usury and Finance Acts. Maximum finance charge rates are now
linked to clearing banks’ prime rates by formula, for various categories
of money loan and credit and leasing transactions.

Mortgage rates:
Informal constraints removed only in the early 1980s

Source: Bandiera and others (2000); De Kock and others (1984); SARB Quarterly Bulletin, various issues; Money
and Banking Statistics of South Africa: 1970-92.

a. Adjustments to deposit and lending rates were made at various times to the maximum rates and various
classes of intermediaries and liabilities subject to these controls, and the coverage and level of credit ceilings
was adjusted on several occasions.



Table A2. Directed Credit

Date Measure

November 1965 Total of discounts and advances by monetary banking institutions to the
private sector restricted to the level of such credit on March 31, 1965

December 1966 Ceiling reduced to 92.5 percent of the March 1965 level

August 1967 "Voluntary” controls made mandatory by proclamation

May 1968 Extended ceilings to cover bank investment in private sector securities

August 1970 Extended to nonmonetary banks to curb competition

September 1972 Intention announced to phase out ceilings, but ceilings are raised by 7.5
percent

November 1972 Credit ceilings abolished

February 1976 Credit ceilings reimposed for bank credit to the private sector

1977-80 Ceilings further tightened at various points

August 1980 Credit ceilings finally withdrawn

Source: Bandiera and others (2000); De Kock and others (1984); SARB Quarterly Bulletin, various issues; Money
and Banking Statistics of South Africa: 1970-92.

Table A3. Cash Reserve and Liquid Asset Requirements

Date Measure

Liquid asset requirements?

August 1980 Two categories of banks with differing requirements; for example, category
A: 58 percent (short-term), 35 percent (medium-term), 5 percent (long-term)

September 27, 1982 Two categories of banks: for example, category A: 54 percent (short-term),
34 percent (medium-term), 5 percent (long-term)

July 19,1983 All banks have the same percentage requirements: 48 percent (short-term),
28 percent (medium-term), 5 percent (long-term)

September 20, 1983 All banks have the same percentage requirements: 40 percent (short-term),
20 percent (medium-term), 5 percent (long-term)

December 8, 1983 All banks have the same percentage requirements: 30 percent (short-term),
20 percent (medium-term), 5 percent (long-term)

March 14,1984 All banks have the same percentage requirements: 25 percent (short-term),
18 percent (medium-term), 5 percent (long-term)

March 29,1985 All banks have the same percentage requirements: 22 percent (short-term),
16 percent (medium-term), 5 percent (long-term)




Table A3. (continued)

Date

Measure

August31, 1985

February 1991

April 1993

April 11, 1980

September 12,1980

March 31,1982

September 27, 1982

September 30, 1983

March 15,1984

July31,1985
April 1, 1986

February 1,1991
July21,1992

April 26,1993

August 1993

New method to calculate short-term liabilities results in a larger
calculated amount of such liabilities. Requirements for all banks: 20
percent (short-term), 15 percent (medium-term), 5 percent (long-term)

Definition of short-term liabilities extended to include repurchase
agreements and other liabilities not previously included. Requirement for
all banks: 20 percent of short-term liabilities

Certain types of assets (such as banker’s acceptances) lose liquid asset
status. Requirement for all banks: 5 percent of total liabilities

Cash reserve requirements

Two classes of banks: 8 percent (short-term, non-interest-bearing);
additional: 7 percent (short-term, non-interest-bearing), 5 percent (medium-
term, interest-bearing with the National Finance Corporation, NFC)

Two classes of banks: for example, class A: basic: 8 percent (short-term,
non-interest-bearing); additional: 10 percent (short-term, non-interest-
bearing), 3 percent (medium-term, non-interest-bearing), 2 percent
(medium-term, interest-bearing with NFC)

Two classes of banks: for example, class A: basic: 8 percent (short-term,
non-interest-bearing); additional: 4 percent (short-term, non-interest-
bearing), 3 percent (medium-term, non-interest-bearing), 2 percent
(medium-term, interest-bearing)

All banks: basic: 8 percent (short-term, non-interest-bearing); additional: 2
percent (short-term, non-interest-bearing), 2 percent (medium-term,
interest-bearing with NFC)

All banks have only basic requirements: 8 percent (short-term, non-
interest-bearing), 2 percent (medium-term, non-interest-bearing), 2
percent (medium-term, interest-bearing with NFC)

All banks: 8 percent (short-term, non-interest-bearing), 2 percent
(medium-term, non-interest-bearing)

Bank’s vault cash included in cash reserves

All banks: 5 percent (short-term, non-interest-bearing), 2 percent
(medium-term, non-interest-bearing)

All banks: 4 percent (short-term, non-interest-bearing)

All banks: 4 percent (short-term, non-interest-bearing); additional 1
percent (short-term, interest-bearing)

All banks: 3 percent (short-term, non-interest-bearing); additional 1
percent (short-term, interest-bearing)

All banks: 1.5 percent (short-term, non-interest-bearing), 1 percent all
other liabilities; additional 1 percent (short-term, interest-bearing)

Source: Bandiera and others (2000); De Kock and others (1984); SARB Quarterly Bulletin, various issues; Money
and Banking Statistics of South Africa: 1970-92
a. Liquid asset requirements were the principal monetary policy instrument fom 1960 through mid-1982.



Table A4. Competition in Financial Markets

Date Measure

February 28, 1983 Register of Co-operation (an agreement among commercial banks limiting
competition) ended

1983 A substantial number of new banks are allowed to start operations (few new

banking institutions had been established prior to 1980)

Takeovers and mergers
1989 Nedbank and SA Permanent Society merge to form Nedperm Bank
1991 United, Volskas, and Allied Societies form ABSA
1992 ABSA takes over Bankorp (leaves four major banking groups)
1994 onward Foreign banks enter South Africa
Financial innovation
1990s Credit cards; “access bonds” where households can borrow against housing

collateral; pension assets can be used as collateral for mortgage lending

Source: Bandiera and others (2000); SARB Quarterly Bulletin, various issues; interviews conducted by the
authors.

Table A5. Supervisory and Prudential Regulatory Changes

Date Measure

1986 Building Society Act: tax benefits and other advantages giving building
societies a monopoly of the mortgage market are phased out

1988 Amendments to banking and building society legislation make cash reserve
and liquid asset requirements the same for each. Previously building
societies required no cash reserve requirements against liabilities to the
public, substantially lower liquid asset requirements, and no
supplementary liquid asset requirements

1990 Deposit-taking Institutions Act of 1990: banks and building societies
brought under the same legislation, except for small mutual building
society sector (covered by separate act)

Source: Bandiera and others (2000); SARB Quarterly Bulletin, various issues; Money and Banking Statistics
of South Africa: 1970-92.



Table A6. Exchange Rate Liberalization

Date Measure

1961-75 Fixed exchange rate regimes of various types
September 22, 1975 Rand is devalued 17.85 percent; new rate is R1.00=$1.15

January 24, 1979 Two-tier exchange rate system established: official rate renamed the
commercial rate and put on a controlled float, applicable to foreign trade,
authorized capital transfers, and current payments including remittance
of dividend and interest payments. Free-floating financial rand applicable
to nonresidents’ financial transactions, including foreign direct
investment, repatriation of capital and profits, and outward capital
transfers by residents and emigrants

February7,1983 Dual exchange rates unified to a controlled float of an effective rand
September 2, 1985 Two-tier system reestablished, with commercial and financial rands
March 1995 Dual rates finally unified in a “managed” float

Source: Aron, Elbadawi, and Kahn (2000): Bandiera and others (2000); De Kock and others (1984); SARB Quarterly
Bulletin, various issues.

Table A7. Capital Account Liberalization

Date Measure
Nonresidents
March 1995 Dual exchange rates unified (abolition of all controls on the transactions of
nonresidents)
June 1996 Local borrowing limit for 100 percent foreign investors doubled to 100
percent of effective capital
Residents
July 13,1995 Institutional investors allowed to swap up to 5 percent of their total assets

with foreign investors (insurance companies, pension funds, and unit trusts)

June 1996 The limit on institutional investors for asset swaps is raised to 10 percent.
Financial institutions can place up to 3 percent of 1995 cash flows abroad
in 1996 by end-1996, and foreign exchange access is made easier for
corporations wishing to invest in neighboring states. Exports still have to
be repatriated within 7 days but can offset foreign exchange needs for
imports within 30 days

October 1996 Authorized foreign exchange dealers’ foreign exchange cash limits doubled
to $1.5 billion (since April 1996 they had been allowed to exceed these limits)




Table A7. (continued)

Date

Measure

March 12,1997

Reforms announced in budget speech, effective from July 1997, include the

following:

Corporates can transfer up to R30 million per new investment to
countries outside the Common Monetary Area, and up to R50
million per new investment in Southern Africa Development
Community member countries

Firms can raise offshore financing based on balance sheet
strength of their parent company

Long-term insurers, pension funds, and unit trusts
authorized—in addition to swap facilities previously sanctioned—
to transfer capital abroad in 1997 equal to 3 percent of net inflow
of funds to these institutions during 1996, with overall limit of
10 percent of total assets to be held in foreign currency-denominated
securities

Qualifying institutional investors allowed to invest 2 percent of
net domestic income surpluses during 1996 in securities listed
on stock exchanges in SADC member countries, subject to the
overall limit of 10 percent of total assets

Source: Bandiera and others (2000); SARB Quarterly Bulletin, various issues; Money and Banking Statistics

of South Africa: 1970-92.
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