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OPTIMAL MONETARY POLICY RULES

WHEN THE CURRENT ACCOUNT MATTERS

Juan Pablo Medina
University of California, Los Angeles

Rodrigo O.  Valdés
Ministry of Finance, Chile

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).

C

Monetary Policy: Rules and Transmission Mechanisms, edited by Norman Loayza
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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.1 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.2

The paper first studies the problem of a central bank that chooses
interest rates so as to minimize the expected discounted loss of a
quadratic 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.3 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.4

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. It is 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 ECONOMY

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.5 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.6

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, rt represents deviations of the interest rate with re-
spect to its long-run trend.7

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.8 These objectives are summarized in the following qua-
dratic loss function of period t:

( ) ,2
1

222
−π −µ+µ+µ+πµ= ttrtytcctt rryccl

where πt is the gap between actual and target inflation, cct is the gap
between the actual and the target current account (as a proportion of
GDP), and yt is the gap between actual and potential output.9 The term
(rt 

_ rt-1)2 captures the costs for the central bank of frequent and sud-
den changes in monetary policy. Lastly, µπ, µcc, µy, and µr 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:

,E
0











Ωδ= ∑

∞

=τ
τ+

τ
ttt lL

where Ωt 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.

(2)

(1)
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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.10

Therefore, the optimal policy rule has the form rt = FXt, where Xt
is the vector of predetermined variables and F is a vector of con-
stants to be endogenously determined (see Backus and Driffill,
1986, and Söderlind, 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 (ϕ), and the international real interest rate (r 

t 
* ) . 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:

,11
tot
tttotttott rtottot ξ+ρ+ρ= ∗

−− (3)

,1
r
ttrt rr ξ+ρ= ∗

−
∗ and (4)

,1
ϕ

−ϕ ξ+ϕρ=ϕ ttt (5)

respectively, where 0 < ρj < 1 and ξ  jt  are i.i.d. shocks (j = tot, r*,
and ϕ).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.

r
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(according to a standard accelerationist Phillips curve). In particu-
lar, the (annualized) inflation gap evolves according to

( ) ,1 π−ωπ+πω−=π N
t

T
tt (6)

where π  Tt   is tradables inflation, π N
t   is nontradables inflation, π  is the

inflation target, and ω is a constant parameter. Tradables inflation is
determined as follows:

( )( ) ,ˆL 11
T
tttT

T
t e ξ+π+α=π ∗

−− (7)

where α'(L) is a polynomial in the lag operator L, et is the nominal
devaluation, π *t    is international inflation, and ξ Tt    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

( ) ( )[ ] ( ) ,L'|FEL' 111L
N
ttyttFt

N
t y ξ+α+Ωπα+πα=π −+π−π (8)

where α'
πF (F) is a polynomial in the forward (lead) operator. This

means that ( )11 |E −+ Ωπ tt  is a predetermined variable in period t.12

Let us define the real exchange rate (RER) as tttt ppeq ∗=
and assume, without loss of generality, that            . Then the inflation
gap equation can be written as

( ) ( ) ( )[ ]
( ) ,L

|FELˆL 111L1

π

−+π−π−

ξ+α+

Ωπα+πα+α=π

tty

ttFttTt

y

q
(9)

where αT (L) = (1 _ ω)α'
T(L), απL(L) = ωα'

πL(L) + (1 _ ω)α'
T(L), απF (F)

= ωα'
πF(F), αy(L) = ωα'

y(L) and ( ) T
t

N
tt ξω−+ωξ=ξπ 1 . 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).

0=π

'

'



72 Juan Pablo Medina and Rodrigo O. Valdés

in order to preserve homogeneity in prices we assume that
( ) ( )[ ] ( ) ( ) 11'11'1' =αω−+α+αω ππ TFL . 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:

( ) ( ) .25.0E 1 tttttt rrqq ϕ+−+Ω= ∗
+ (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 Rt can be approximated by

( ) ( ) ,E1 1 tttt RrR Ωλ−+λ= + (11)

where λ 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:

( ) ( ) ( ) ( )
( ) ,L

LLLL

1

1111

y
ttq

ttottrtRtyt

q

totrRyy

ξ+β+

β+β+β+β=

−

−−−−

(12)

where ξ  yt    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 dt   ), 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:

,100 ttt
d
tt totkykqkycc ++−−= (13)

where k0 is the ratio of the trade balance to GDP during the expan-
sion year (2 percent in 1997), and k1 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:

( ) ( ) ( ) ( )
( ) ,L

LLLL

1

1111

d
ttq

ttottrtR
d
td

d
t

q

totrRyy

ξ+γ+

γ+γ+γ+γ=

−

−−−−
(14)

where d
tξ  is an i.i.d. shock. In order to be consistent with our prior

definition of yt, we consider d
ty  as the gap between, on one hand, the

difference between actual and trend absorption and, on the other, the
output gap.13 Of 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 y

tξ and d
tξ

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 Söderlind (1999b). As mentioned
before, we consider a discretionary solution.

2.1 State-Space Representation

Following the same notation as Svensson (2000), let Xt be the (col-
umn) vector of predetermined variables, Yt 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,
xt the (column) vector of forward-looking variables, and ξt the (col-
umn) vector of shocks. Considering the lag structure embedded in
the model estimation presented in appendix A, one has
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Let n1, n2, n3, and n = n1+ n2 be the dimensions of Xt, xt, Yt, and Zt,
respectively. In the particular model we consider, n1 = 17, n2 = 4, and
n3 = 4. Let Zt = (X '

t, x '
t) 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):
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where A is a n × n matrix, B is a n × 1 column vector, Cz is a
n3 × n matrix, Cr is a n3 × 1 column vector, and K is a n3 × n3 diagonal
matrix with (µπ, µcc, µy, µr) 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:

and

(15)

(16)

(17)'
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rt = FXt , (18)

where F is a 1 × n1 row vector to be endogenously determined.
The solution also characterizes the evolution of the forward-look-

ing variables according to the following linear function:

,HXx tt = (19)

where H is a n2 × n1 matrix to be endogenously determined.
Hence the dynamics of the economy are given by equations (18)

and (19) and the following pair of equations:

,XMX 1111 ++ += ttt ?    and (20)

( ) ,XFCHCCY 21 trzzt ++= (21)

where M11, Cz1, Cz2 are n1 × n1, n3 × n1 and n3 × n2 matrices, respec-
tively, corresponding to the partitions of
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according to Xt and xt.
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 µr > 0. Table 1 presents the weights (µs) of the loss function
for each of these central bank types.14

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 Xt, 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.15

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.

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 rt-1 and that for Rt-1.

Table 1. Preference Parameters for the Four Central
Bank Types

Type of central bank µ π µ cc µy µr

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.
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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.

Table 2. Optimal Policy Functions by Central Bank Type

Central bank type

Strict Flexible
Variable Hawk Dove condor condor

tot t –0.02 –0.01 –0.11 –0.10

tot t -1 0.02 0.03 0.05 0.05

tot t -2 0.01 0.02 0.01 0.01

r*
t 0.87 0.43 0.52 0.34

ϕ t 0.72 0.32 0.43 0.27

q t -1 –0.13 –0.06 –0.09 –0.06

q t -2 –0.09 –0.04 –0.07 –0.04

q t -3 –0.11 –0.05 –0.06 –0.04

πt 0.45 0.28 0.24 0.17

π t -1 0.32 0.19 0.17 0.11

π t -2 0.19 0.11 0.10 0.07

π t -3 0.09 0.05 0.04 0.03

y t 0.57 0.60 0.31 0.33

y t -1 0.12 0.07 0.06 0.04

r t -1 0.28 0.12 –0.04 –0.07

R t -1 –0.27 –0.37 –0.15 –0.20

y  dt 0.00 0.00 0.13 0.12

Source: Authors’ calculations.



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

Simultaneous 1 percent schock to the output gap and the absorption-output gap

Figure 1. (Continued)

Source: Authors’ calculations.



Optimal Rules when the Current Account Matters 81

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 rt = FXt, 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.16

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:
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where, as before, πt is the inflation gap in period t, d
ty  is the absorp-

tion-output gap, rt is the real (or indexed) interest rate (again mea-
sured as a deviation from its long-run trend), and πεt  and y

tε  are
serially uncorrelated mean-zero stochastic shocks. The quantities αy,
βr, and βy are constant parameters.

As before, the central bank’s problem at time t is to choose a
sequence of interest rates { } ∞

=τ+ 0ttr  so as to minimize the intertem-
poral loss function in equation (2). Let x t be the vector with the state
variables, . 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:
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where a, bL, and bH are positive constants. The asymmetric current
account objective is described by bL < bH.

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

( )'x d
ttt y,p=
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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:
αy = 0.5, βy = 0.6, βr = _0.5, S.D.( πεt ) = 0.8 percent, S.D.( y

tε ) = 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.

Table 3. Loss Functions of Alternative Central Bank Types

Central bank type

Variable Quadratic Asymmetric One-sided

a 1.00 1.00 1.00
bL 0.50 0.20 0.00
bH 0.50 0.80 1.00
δ 0.95 0.95 0.95

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.

Source: Authors’ definitions.



Figure 2. Optimal Policy Functions with an Asymmetric
Current Account Objective

Source: Authors’ calculations.
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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.18

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.



Figure 3. Effects of Volatility on Optimal Policy Functions
with an Asymmetric Current Account Objective
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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 ( )ttx Ωτ+E  as ttx τ+ .

A.1 Terms of Trade

The estimated equation for the terms of trade is
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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 2R 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
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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 2R 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:
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A.4 Inflation (Levels)

The estimated equation is
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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 2R of the equation = 0.59, and the F statistic = 11.52. The inflation
target, wages, Rt-1 , and lags are used as instruments.
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A.5 Inflation Gap (Transformation)

The equation is as follows:
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A.6 Long-Term Real Interest Rate

The estimated equation is as follows:
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The estimation method is TSLS, the sample period is 1987 Q3 to
1998 Q4, and robust Newey-West t tests are used. The 2R of the
equation = 0.74, the F statistic = 110.1, and the Durbin-Watson
statistic = 1.64. Instruments used are πt, 

d
ty , tott, and lags.

A.7 Output Gap

The estimated equation is as follows:
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The method of estimation is OLS, the sample period is 1987 Q3 to
1998 Q4, and robust Newey-West t tests are used. The 2R 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:

The method of estimation is OLS-PDL for q, the sample period is
1986 Q2 to 1998 Q4, and robust Newey-West t tests are used. The 2R
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:
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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:
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0.29 − 0.91 − 0.02 − 0.02 − 0.03 − 0.02
(2.4) ( − 3.3) ( − 0.05) ( − 0.08) ( − 2.0) ( − 0.3)
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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:

.111
π
+++ ξ+π=π tttt

Moreover, shifting the inflation equation one period forward and tak-
ing expectations based on information up to time t, one arrives at an
equation that can be solved for tt 3+π  as a function of known variables
and of tt 2+π  and tt 1+π . With these considerations one can write the
matrix A of equation (15) in the following way:

( )[ ]

,

250250
11

0

A

21

21

5419

18

17

18

13

13

11

10

9

20

7

6

19

5

4

2

1

41









































































−−
λ−

ρ
ρ

ρ+ρ

=

ϕ

A
E

E.E.E
E/

A
E

E
A
E
E
E
E
E
E
E

E
E

E
E

EE

r

r
tottot

.

.



Optimal Rules when the Current Account Matters 93

where Ej represents a 1 × n row vector with 1 in position j and zeros
otherwise, and Aj. is row j of matrix A. Furthermore,
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The B vector, in turn, is given by

( )[ ] .'0,0,25.0,1,2/ 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, λ−λ−γr

The Cz matrix and the Cr vector of equation (16) are given by
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Finally, the K matrix of equation (17) is given by
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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.
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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.1 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.2 In other words, a soft-
edged regime could be understood as a “thick” point target regime.

C

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?3 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).
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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.4

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 it is
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.5

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.6

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:

,11
�

��
������� ttytt y    and (1)

,11
y
ttrtyt ryy ������

��

(2)

where �t is the gap between inflation in period t and its long-run tar-
get, yt is the output gap, rt is the real (or indexed) interest rate (mea-
sured as a deviation with respect to its long-run level), and �

�t   and y
t�

are (possibly correlated) serially uncorrelated mean-zero stochastic
shocks. In the equations �y, �r, and �y 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 � ��

���� 0tr  so as to minimize the following expected
intertemporal loss function:
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where � is a discount factor, l(.) is an instantaneous loss function,
and xt is a vector of state variables xt = (�t, yt)'.

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:
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where b, c, aj and j�  ( j = L, H) are constants.
This loss function includes the standard quadratic function with

weights a and b in inflation and output gap variability, respectively.
In this case 0���� HL  and aL = aH. It also includes less standard
setups such as target zones (for example, 0,0 ���� HL , and c = 1)
and asymmetric weights (for example, aL < aH). Table 1 summarizes
the five baseline cases we consider.7

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.8

In sum, the problem is to choose a sequence � ��

���� 0tr that 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, rt = h(xt), where xt 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.

(4)



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”

aL Weight on downward inflation variability 1.0 1.0 1.25 or 4.0 1.0 0.5

aH Weight on upward inflation variability 1.0 1.0 1.25 or 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

L� Distance of lower bound of range from center 0 –1 –1 –1 0
(percentage points)

H� Distance of upper bound of range from center 0 +1 +1 +1 0
(percentage points)

� Discount factor 0.95 0.95 0.95 0.95 0.95



Optimal Rules under Inflation Range Targeting 101

state variables (see, for example, Sargent and Ljungqvist, 1999). In
this case xt = (�t, yt)'.

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 rt = F

'

xt 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

9. Judd (1998) analyzes discrete-state space dynamic programming.

Figure 1. Loss Functions under Alternative Definitions of
Range-Targeting

Figure 2. Asymmetric and Discontinuous Loss Functions
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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 rt into a dis-
crete-state space economy. We first assume that the economy can be
in any of m possible states collected in a set � = {(�1, y1), (�2, y2),…,
(�m, ym)}. We further assume that the interest rate rt can take n
different values arranged in a set � = (r1, r2,…, rn ).

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 y
t�  follow a bivariate normal dis-

tribution with variance-covariance matrix �. It is then straightfor-
ward to calculate the conditional distribution of the vector  xt = (�t,
yt)' conditional on  (�t-1, yt-1)  and rt-1 as the bivariate normal distri-
bution with mean of

and the following variance-covariance matrix:
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To construct the transition matrix associated with each interest
rate in �, we divide a rectangle (a
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rectangles form the set �. For each feasible interest rate rk �
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can define the transition probability  pi j

k  as the likelihood of a move-
ment from state (�i, yi) at time t _ 1 to state (�j, yj) one period ahead,
given that  rt _ 1 = rk. This probability is given by
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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

�
) �

(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 �j 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.

1.3 Discrete-State Space Dynamic Programming

With the economy represented in a discrete-state space, the original
problem of the central bank becomes:
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1 , for all i = 1,…, m and for all k = 1,…, n.

The Bellman equation associated with this problem is
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which, given the transition probabilities, can be written as
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for all i = 1,…, m and for all k = 1,…, n. Here V(�t, yt) is the optimal
value of the objective function starting from an inflation �t and
output gap yt. 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(�, y) mapping the state of the
economy (�, 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) = (tv1, tv2,…, tvm) in which each ele-
ment tvi is given by
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Thus the Bellman equation can be represented by
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which can be solved by iterating until convergence the following
recursion:
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That is, for each pair (�t, yt), the function h yields the optimal
interest rate rt 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.10 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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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).

Table 2. Estimates of Parameters in Inflation and Output
Gap Equations for Chile, 1986-98, and Values Chosen for
Model Calibrationa

Parameter estimates

Parameter Using quarterly data Using semiannual data Calibration

Inflation (Phillips curve)
�y 0.49 0.54 0.50

(0.20) (0.16)

�( �

�t ) 0.030 0.011 0.008

2R 0.08 0.43

Output gap
�y 0.61 0.32 0.60

(0.07) (0.11)

�r –0.43 –0.55 –0.50
(0.16) (0.32)

�( ) 0.015 0.015 0.010

2R 0.46 0.23

Correlation ( , y
t� ) –0.05 0.21 0.00

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

11. These grids imply that there are more than 58 million pi 
k j ' s.

Figure 3. Optimal Policy Functions with a Quadratic
Loss Function

Reaction to inflation deviation
output gap deviation = 0

Reaction to output deviation
inflation gap deviation = 0

Reaction to inflation deviation
output gap deviation = 1 percent

Reaction to output deviation
inflation gap deviation = 1 percent

Source: Authors’ calculations.



108 Juan Pablo Medina and Rodrigo O. Valdés

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

Reaction to inflation deviation
output gap deviation = 0

Reaction to output deviation
inflation gap deviation = 0

Reaction to inflation deviation
output gap deviation = 1 percent

Reaction to output deviation
inflation gap deviation = 1 percent

Source: Authors’ calculations.
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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 5. Optimal Policy Functions under Harder-Edged
Range Targeting

Reaction to inflation deviation
output gap deviation = 0

Reaction to output deviation
inflation gap deviation = 0

Reaction to inflation deviation
output gap deviation = 1 percent

Reaction to output deviation
inflation gap deviation = 1 percent

Source: Authors’ calculations.

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
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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 is immaterial 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

Reaction to inflation deviation
output gap deviation = 1 percent

Reaction to output deviation
inflation gap deviation = 1 percent

Source: Authors’ calculations.
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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 (that is, aL = 1, aH = 2).

Figure 7. Optimal Policy Functions with an Asymmetric
Loss Function

Reaction to inflation deviation
output gap deviation = 0

Reaction to output deviation
inflation gap deviation = 0

Reaction to inflation deviation
output gap deviation = 1 percent

Reaction to output deviation
inflation gap deviation = 1 percent

Source: Authors’ calculations.
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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 aL = 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. CONCLUDING 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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1. The central bank’s ninety-day rate was used until 1995. The one-day interbank
rate has been in use since then.

197

MONETARY POLICY IN CHILE:
A BLACK BOX?

Ángel Cabrera
FORECAST S.A.

Luis Felipe Lagos
Pontificia Universidad Católica de Chile

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,1 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 I 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,

C

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.3 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-
CPI-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

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

Year Actual Trenda

1990 1.9 1.4
1991 _0.4 _1.1
1992 2.0 0.7
1993 5.6 3.6
1994 3.2 3.8
1995 2.1 5.0
1996 5.5 5.3
1997 5.3 6.5
1998 6.5 5.8

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

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

Percent of GDP
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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.”6

On another occasion Zahler stated:

“...it is 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:

� � ,bad *
����� YR (1)

where dR is the first difference of the interest rate, Y is the output
gap,7 

� and �* 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:

� � ,d �

��
����� jt

e
jttI (2)

where dIt 
is the change in the monetary policy instrument in period t,

��et  +j and ��*t
 
 +j

 and represent expected inflation and the inflation target
for period t + j, 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.9 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:
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Substituting equation (3) into equation (4), we have

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.

(3)

(4)

.abbab 110
t

t
n
t

Y
GTCR ��

�

�
��
�

�
���	


�
(5)



206 Ángel Cabrera and Luis Felipe Lagos

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.10 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.11 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 Chilea

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).

Source: Authors’ calculations based on Central Bank of Chile data.
a. Change over the preceding twelve months.
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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 (�) will accelerate with respect to the expected rate (�e).
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:

� � .0c,c ������
�

ptt yy (6)

Figure 2. Changes in Inflation of Nontradables and the
Spending-GDP Gapa

Source: Authors’ calculations based on Central Bank of Chile data.
a. Change over the preceding twelve months.
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Assuming static expectations (the basis of the accelerationist hypoth-
esis of the Phillips Curve), 1���� t

e
t , and therefore the change in

inflation will equal.13

� � .cd pt yy ��� (7)

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.15 As for the Chilean case, Mendoza and
Fernández (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.16

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.17 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.18 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.19 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).
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between domestic and foreign interest rates and to stimulate capital
inflows to validate these expectations.20

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.21

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.22 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.23 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 Végh
(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.24 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.25 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:
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24. Some examples are the works of Rosende and Herrera (1991), Bernanke
and Blinder (1992), Mendoza and Fernández (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 �y and �z are innovations or “white noise.”
This system of equations, known as the structural VAR, may be de-
scribed as shown below:
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where � � Σεε �ttE  .

When both sides of equation (10) are premultiplied by 1
0B� , the

autoregressive vector is obtained in its reduced form:
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Here the main fact worth singling out is that, given tt ε1
0Be �

� , 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 B0 matrix is inferior triangular,
with unit coefficients in the principal diagonal, and matrix � 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 (B0,
�, �) 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 B0 allows us to calculate the orthogonalized residuals
through the relationship �t = B0et, 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.26

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 B0 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.27

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.29

• 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,31

and as levels and first differences (of levels or of the twelve-month
variation rate, depending on the type of variable).32 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.

33. A complete report of the impulse response functions of this and the other
models estimated is available from the authors.

Table 2. Characteristics of the Models

Model Variables includeda Lags Sample period

Central bank’s TASA BC; CICLO; V12WUC; V12IPCSUB; seasonal Five January 1986 to
reaction function dummies; deterministic trend December 1996

Australian model LTTUC; TASABC; TBE; CICLO; LTCN; LIPCNT; Four April 1989 to
LTCRINE; seasonal dummies; deterministic trend June 1997

Credit model LTTUC; TASABC; TBE; V12M1A; V12COLOC; Three January 1987 to
V12GASTO; V12PIB; V12TCN; V12IPCSUB; June 1997
V12DHAB; seasonal dummies; deterministic trend

Monetary model: LTTUC; TASABC; TBE; V12M1A; V12IGPA; Three January 1987 to
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 1987 to
parity model  seasonal dummies; deterministic trend December 1997

a. See appendix C for definitions of the variables.



Figure 3. Impulse Response Functions for the Central
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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,34 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.
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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.35 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 Fernández (1994).
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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
Monetary-Asset Price Model
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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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what is commonly called “overheating.”36 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.

Figure 7. Impulse Response Functions for the
Phillips Curve Model
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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
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estimated duration of roughly six quarters.37 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
Fernández (1994) find a positive response of inflation to a shock of
the same sign in the interest rate. Mendoza and Fernández 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
questionable. 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.39

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 nominal
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
quarters, an effect that fades out in the seventh quarter after the
shock.40 More consistent with our results on this matter, Mendoza
and Fernández (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.41 In contrast, Mendoza and Fernández (1994) and
Valdés (1997) find no significant response of the real exchange
rate to shocks in the interest rate.42

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),43 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.44 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

45. See Coe and McDermott (1997).



236 Ángel Cabrera and Luis Felipe Lagos

The hypothesis that gets the least empirical support from the
models estimated is the interest rate parity hypothesis.46 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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90-day PRBC interest
rate (1985 to April
1995); interbank rate
(from May 1995 on)
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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.

Essential Features of Monetary Policy according to Selected Authors
APPENDIX  A



Author

Rosende and
Herrera (1991)

Mendoza and
Fernández (1994)

On the real exchange rate

No results from the VAR
relating to the effects of
monetary variables on the
real exchange rate are
reported.

No systematic responses
to shocks in the UF
interest rate or to the
growth-rate of M1A are
reported.

On inflation

A 120-basis-point increase in
the interest rate has a
negative effect on price-level
deviation from trend in the
range of 0.43 to 0.75
percentage point and lasts
around six quarters

After four quarters, 45
percent of the variance in
price-level deviations is
attributable to shocks on real
exchange rate, and 12 percent
to shocks to the interest rate.
Money explains a mere 0.64
percent of variance

The interest rate has no
Granger causality on the
inflation rate for twelve
months

M1A has no Granger
causality on inflation, but
inflation does cause M1A.

Weak evidence exists that
the gap between actual and
potential output has a
Granger causality on
inflation

Effect of monetary policy
On economic activity

A 120-basis-point increase in the interest
rate reduces the deviation of output from its
trend by 0.97 to 1.25 percentage points after
four quarters. This effect is transitory,
lasting roughly six quarters

A positive 3.2-percentage-point shock to
the money supply increases the deviation of
output from its trend by an estimated 0.36 to
0.89 percentage point over four quarters.
After four quarters, shocks to money explain
an estimated 22 percent of the variance of
GDP, whereas shocks to the interest rate
explain 14 percent. In the medium run (eight
to sixteen quarters) the real exchange rate
explains nearly 43 percent of output variance

The interest rate has no Granger causality on
the output gap

The M1A’s twelve-month growth rate has
Granger causality on the output gap, but not
vice versa

Unexpected inflation has Granger causality
on the output gap (impulse response analyses
show that the relationship is negative)

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

Methodology

The 90- to 365-day inflation-
adjustable deposit rate is used as
a proxy for the monetary policy
instrument

Quarterly data are used for
the period from 1978 Q1 to 1990
Q2

A VAR system is estimated
that includes the exchange rate,
interest rate, the real exchange
rate (central bank), CPI, M1A,
GDP

Variable deviations from the
trend are used (Kydland and
Prescott’s filter)

The 90- to 365-day inflation-
adjustable deposit rate is used as
a proxy for the monetary policy
instrument

Quarterly data are used for
the period from January 1986 to
March 1994

Granger causality test:
interest rate-intermediate
objectives (money, output gap);
intermediate objectives- inflation;
interest rate- inflation. VAR:
interest rate;

APPENDIX B
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Eyzaguirre and
Rojas (1996)

No systematic effect is found
on inflation from an increased
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 to an 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

An increase of 100 basis
points in the credit rate
is expected to reduce the
growth rate of spending
by 1 percentage point in
the short run. This effect
increases to 1.5
percentage points after
five to six 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,
innovations in
productivity, the credit
rate, and the spending-
output gap explain 20 to
24 percent each of the
variance of the real
exchange rate. In
contrast, the differential
between domestic and
foreign rates explains no
significant fraction of the
variance

twelve-month variation rate of M1A; actual
seasonally adjusted output gap-trend; twelve-
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 to 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

Author On the real exchange rateOn inflation
Effect of monetary policy

On economic activity Methodology

APPENDIX B (continued)

Mendoza and
Fernández (1994)
(continued)



Author On the real exchange rateOn inflation
Effect of monetary policy

On economic activity Methodology

R. Valdés (1997)

50 percent of variance in
nontradables inflation
after four quarters

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-point rise in the rate
reduces the gap 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
growth rate by 0.5
percentage points
(maximum effect after
seven months)

Transitory negative effect
(between months 7 and 18)
on spending-output gap.

No significant effect

 spending-output gap, wages, the exchange rate,
and tradables inflation; variance analysis of
nontradables inflation forecast errors

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” VARs: 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.

APPENDIX B (continued)

Eyzaguirre and
Rojas (1996)
(continuation)
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APPENDIX 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

DV12IPCSUB First difference of the twelve-month percentage variation in the IPCSUB

DV12TCN First difference of the twelve-month percentage variation in the TCN

DV12IPCNT First difference of the V12IPCNT variable

DV12TCRINE First difference 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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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. CPI, 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

V12IGPA Twelve-month variation in the real IGPA

V12IPCNT Twelve-month percentage variation in the nontradables CPI

V12IPCSUB Twelve-month variation in the core CPI

V12M1A Twelve-month variation in the money aggregate M1A

V12PIB Twelve-month variation in GDP

V12TCN Twelve-month variation in the nominal exchange rate

V12TCRINE Twelve-month variation in the real exchange rate

V12WUC Twelve-month variation in nominal wages (from the National Institute of
Statistics)

APPENDIX C (continued)
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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.

C

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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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.
c. 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.

Average Standard deviationb

Country group Real output growtha Inflation Real output growth Inflation
1985-89
All countries 3.21 8.65 9.08 10.44
All inflation targetersc 2.26 10.83 7.47 15.01
All nontargetersd 3.81 7.24 10.12 7.49
All EU countries 2.35 10.22 7.35 13.69
EU nontargeters 3.23 3.83 10.65 3.60
Non-EU nontargeters 4.86 13.38 9.17 14.51

1993-97
All countries 4.28 3.53 7.22 3.68
All inflation targeters 4.80 3.41 6.92 3.31
All nontargeters 3.95 3.60 7.41 3.92
All EU countries 4.84 3.32 7.09 3.25
EU nontargeters 3.82 2.44 8.29 1.90
Non-EU nontargeters 4.18 5.68 5.83 7.55

Difference between 1985-89 and 1993-97
All countries 1.08 _5.12 _1.87 _6.75
All inflation targeters 2.54 _7.42 _0.55 _11.70
All nontargeters 0.13 _3.64 _2.71 _3.57
All EU countries 2.49 _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

Table 1. Output Growth and Inflation and Their Variability
before and after 1990 in Inflation-Targeting and
Nontargeting Countries (percent per year)

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.
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1. Fry and others (1999, p. 66) also make this point.

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.1 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.
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Figure 1. Trade-off between Output and Inflation Variability
in Twenty-Three Countries

Figure 2. Trade-off between Output and Inflation Variability in
Inflation-Targeting Countries, before and after Implementation

Source: Authors’ calculations.
a. Deviations from trend.

Source: Authors’ calculations.
a. Deviations from trend.
b. Deviations from 2 percent per year.
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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.2 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

(1)

where E denotes the mathematical expectation, � is inflation, y is
the logarithm of aggregate output, �* and y* are the desired levels of
inflation and output, and � 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).

� � � � � �� � ,1E
2*2* yyL ���������
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deviations of output and inflation from their desired levels.3 The
parameter � 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 (rt) instru-
ment controlled by the policymaker. We write these in the following
simple way:

(2)

, (3)

where dt and st are shocks to aggregate demand and aggregate sup-
ply, respectively. These are the fundamental sources of exogenous
disturbances to the economy.4 The parameter � 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.

� � tttt sdr ������

� � ,tttt sdry ����
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5. The resulting expression is given by b* = [_�� + (1 _ 
�)�]/[��+ (1 _ 

�)�2]. 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 st
can be written in terms of output, yt, and inflation, �t. Simple substitution would
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 _ �b*)2 ���� and     = (� + b*)2       , where �����is
the variance of the supply shocks and b* is the optimal reaction to st given in note 5.

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 � 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

. (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 (�) and aggregate supply curves (�),
as well as the policymaker’s aversion to inflation variability (�).5

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.6 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
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variance of output and inflation in the same proportion.7 As a result,
we can derive the following ratio:

(5)

This expression has several interesting properties. First, we note that
when � = 0 (that is, the policymaker cares only about output variabil-
ity), �2

y /�
2
�
 = 0. Likewise, for � = 1 (the policymakers cares only about

inflation variability), �2
y /�

2
�
 = �. Significantly, varying � 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/�) and is unaffected by the slope of the aggregate demand
curve (�) and the variance of aggregate supply shocks.

Figure 3 plots two representative frontiers to show how the slope
depends on �. The solid line plots a frontier for a country with a
relatively flat aggregate supply curve (� = 5), whereas the dashed line
depicts the frontier for a country with a steeper aggregate supply
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Figure 3. Representative Frontiers of the Trade-off between
Inflation and Output Variability

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.

Source: Authors’ calculations.
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curve (� = 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, �. First, however, we need to know
�, 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 �.

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.9 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.10 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 � for the countries we study. The
case of ��= 5 is close to that of Australia, France, Germany, Italy, and Switzerland.
The second case, ��= 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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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 (�), which
we need to infer the policymaker’s preferences. The sacrifice ratio
is the cumulative percentage loss in output for a 1-percentage-
point reduction in inflation. Here we report the sacrifice ratio over
a horizon of twelve quarters.

Figure 4. (continued)

Source: Authors’ calculations.
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Inflation-targeting countries
Australia   _0.48   _1.78   7.90   4.65
Canada   _0.96   _3.96   3.11   1.80
Chile   _1.78   _1.03   1.79   0.84
Finland   _1.51   _3.05   5.92   3.76
Israel   _0.11   _0.51   2.90   1.42
New Zealand   _0.93   _3.41   1.36   0.67
Spain   _0.68   _0.95   3.29   1.22
Sweden   _1.92   _2.58   4.68   2.35
United Kingdom   _0.84   _0.36   18.17   13.76

Average   _1.02   _1.96   5.46   3.38

Other countries
Austria   _0.51   _1.58   0.40   0.22
Belgium   _1.21   _2.72   0.66   0.13
Denmark   _0.80   _1.68   1.52   0.70
France   _0.93   _0.28   8.65   6.15
Germany   _4.39   _3.05   10.37   5.72
Ireland   _0.73   _0.67   4.62   2.83
Italy   _1.82   _0.52   9.27   4.89
Japan   _1.76   _8.41   2.14   1.09
Korea   _0.73   _2.29   1.38   1.35
Mexico   _0.15   _1.19   0.83   0.69
Netherlands   _3.56   _1.23   4.76   2.03
Portugal   _0.82   _0.90   230.2   122.55
Switzerland   _3.04   _1.34   5.65   5.08
United States   _0.36   _1.30   1.75   1.10

Averagec   _1.53   _2.02   4.00   2.46

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 � 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.

Table 2. Impulse Response Functions in Inflation-Targeting and
Nontargeting Countries

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.

Maximum impact Sacrifice Inverse aggregate
Country On output On inflation ratioa supply slope (�)b
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3. POLICYMAKERS’ AVERSION TO
INFLATION VARIABILITY

We are now ready to estimate policymakers’ aversion to inflation
variability (�). Equation (5), together with estimates of the aggregate
supply slope and the ratio of the variance of output and inflation, yields
an estimate of �. 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 � 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 �s 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 �s 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 � 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 � using subsamples of
the data. Figures 5 through 7 plot the results of an exercise in which
we computed the value of � 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 � 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 � and reduce our estimate of �2

y/�2
�
. For any given value of �2

y/�
2
�

 , a
higher ��will imply a higher value of �, 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 ��relative to what we would obtain using GDP.
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� is unchanged.12 On each graph we include a horizontal line for the
value of � 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.

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 � would
not affect our results, as this simply serves to scale the level of �, not affecting the
changes.

Inflation-targeting countries
Australia    0.81    0.78
Canada    0.75    0.72
Chile    0.55    0.49
Finland    0.96    0.96
Israel    0.72    0.56
New Zealand    0.53    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    0.49
Belgium     0.43    0.43
Denmark    0.61    0.59
France    0.95    0.94
Germany    0.94    0.93
Ireland    0.94    0.93
Italy    0.91    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

Averagec    0.75    0.73

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

Source: Authors’ calculations.
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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 � falls following
implementation, and the United Kingdom, where there is no ma-
terial change.

Figure 5. Five-Year Rolling Sample Estimates of Aversion to
Inflation Variability in Inflation-Targeting Countries

Source: Authors’ calculations.
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Of the nine EU countries that did not explicitly target inflation
in the 1990s, all but one show an increase in the estimate of �
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 �.
For the other two there are modest declines.

Australia   0.78     1993Q2   0.83   0.80

Canada   0.72     1991Q2   0.73   0.87

Chile   0.49     1990Q4   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

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 in full sample period inflation targeting Before shifta After shiftb

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.
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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 � 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 � are highest in the nontargeting EU countries.

Source: Authors’ calculations.

Figure 6. Five-Year Rolling Sample Estimates of Aversion to
Inflation Variability in Other EU Countries
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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

Figure 7. Five-Year Rolling Sample Estimates of Aversion to
Inflation Variability in Other Countries

Source: Authors’ calculations.

Table 5. Changes in Average Aversion to Inflation Variability
in Inflation-Targeting and Nontargeting Countries

Source: Authors’ calculations.
a. Non-EU nontargeters are Japan, Korea, Mexico, Switzerland, and the United States. Other groups are defined
as in table 1.

Full sample
Country groupa period 1984-89 Last 5 years
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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 � from 0.75 to 0.83. The non-EU nontargeting countries
show a modest decrease.13

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 ��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 Identification 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 A1 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,15

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.16

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.

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.

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

Chilea 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

Table A1. Specification of the Model

Country Variables Cointegration
rank Lags Sample period



Denmark Three-month interbank market rate, industrial
production (seasonally adjusted), CPI inflation,
Krone-DM exchange rate 2 2  1984Q1-1997Q3

Finland Call money rate, industrial production, CPI
inflation, Markka-U.S. dollar exchange rate 2 2  1984Q1-1997Q4

France Three-month money market rate, industrial
production, CPI inflation, French franc-DM
exchange rate, long-term rate on government bonds 3 2  1984Q1-1997Q4

Germany Three-month money market rate, industrial
production (seasonally adjusted), CPI inflation,
DM-U.S. dollar exchange rate, IMF commodity
price index 3 2  1979Q3-1997Q4

Ireland Three-month treasury bill rate, industrial
production, CPI inflation, Punt-DM and
Punt-Sterling exchange rates 3 2  1984Q1-1997Q3

Israel Short-term treasury bill rate, industrial
production (seasonally adjusted), CPI
inflation, Shekel-U.S. dollar exchange rate,
real money 3 2  1986Q2-1998Q3

Italy Three-month treasury bill rate, industrial
production, CPI inflation, Lira-DM exchange
 rate, IMF commodity price index 3 2  1984Q1-1997Q4

Japan OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
real M3 2 2  1981Q1-1997Q4

Korea Daily money market rate, industrial production
(seasonally adjusted), CPI inflation, Won-U.S.
dollar exchange rate 2 2  1984Q3-1997Q3

Mexico OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
Peso-U.S. dollar exchange rate, IMF commodity
price index 3 2  1984Q1-1997Q4

Netherlands Three-month interbank market rate, industrial
production, CPI inflation, Guilder-DM exchange
rate, German short-term interest rate 3 2  1984Q1-1997Q4

New Zealand OECD-MEI short-term interest rate, industrial
production, CPI inflation, New Zealand dollar-U.S.
dollar exchange rate 2 2  1984Q3-1997Q4

Portugal Five-day money market rate, industrial
production, CPI inflation, Escudo-DM
exchange rate, German short-term interest rate 3 2 1983Q4-1997Q3

Table A1. (continued)
Country Variables Cointegration

rank Lags Sample period



Spain Three-month money market rate, industrial
production, CPI inflation, Peseta-DM exchange
rate, real ALPb 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
government bonds 3 2  1984Q1-1997Q4

Switzerland OECD-MEI short-term interest rate, industrial
production (seasonally adjusted), CPI inflation,
real M3 2 2  1984Q1-1997Q4

United Kingdom Three-month treasury bill rate, industrial
production, RPIX inflation,c 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 commodity price index 2 2  1980Q1-1997Q4

Table A1. (continued)
Cointegration

Country Variables rank Lags Sample period

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.

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. Dummy Variables
Country Dummy variables



Table A2. (continued)

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

Canada 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
as a separate variable, these influences have to be dummied out here

Chile 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

Denmark Exchange rate and interest rate: exchange rate crisis in 1992-93. Inflation: increase
in indirect taxes in 1986

Finland Exchange rate and interest rate: exchange rate crisis in 1992-93. Industrial
production: recession from 1990 to 1994

France None

Germany 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

Ireland 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
deficit in 1987Q1. Exchange rate: crises in 1992 and 1995

Israel Exchange rate: devaluations in 1987Q1, 1989Q2, and 1991Q2

Italy Exchange rate and interest rate: crises in 1992-93 and 1995. Inflation: jump in 1990

Japan 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-
tion tax in 1997Q2

Korea Inflation: acceleration in 1990Q2. Exchange rate: acceleration of depreciation in
1996Q3

Mexico 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
1994-95

Netherlands 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

Country Dummy variables



New Zealand Exchange rate: 20 percent devaluation in 1984Q3, wide swings after the float in
March 1985. Inflation: indirect tax increases in 1985Q1, 1986Q4, and 1989Q3

Portugal Exchange rate: speculative attacks in 1992-93

Spain 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

Sweden 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 reform in
1990Q1 widened the value-added tax base substantially; subsequent change in the
value-added tax in 1991

Switzerland Interest rate: after the stock market crash in 1987, the central bank lowered interest
rates to their lowest level since 1979

United Kingdom 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

United States 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

Table A2. (continued)
Country Dummy variables

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)
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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, Galí, 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.1 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 �� � Pt/Pt _1 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, Galí, 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.4

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, Galí, 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.5

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.



279Optimal Monetary Policy in a Small, Open Economy

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 et. 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 return r.

Households are infinitely lived, with preferences given by

where E0 denotes the expectations operator conditional on time-zero
information,��� (0,1) is the personal discount factor, ct is consumption
at time t, and Lt is labor supply at time t. To purchase consumption
goods, households are subject to the following cash-in-advance constraint:

where Pt is the price level, Mt denotes beginning-of-period cash bal-
ances, wt denotes the real wage, and Nt denotes the household’s choice
of one-period bank deposits. These deposits earn nominal rate
Rt, which is paid out at the end of the period. The household’s
intertemporal budget constraint is given by
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Here At denotes the household’s investment in foreign assets that
earn the constant real rate of return r, with �(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.���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:

where �t is a measure of aggregate productivity, and Ht 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 Rt.

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

where Gt denotes the (gross) money supply growth rate,
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:
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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

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 + tct) = Rt. 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).6 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

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 t and t + 1 (�t+1 � Pt+1/Pt). 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

(7)

where ����0 , Rss = �ss /�, and � � [0,1) .

Then, in the flexible-price model, there is real determinacy if and
only if 0 � � < 1. In any event there is always nominal indeterminacy
as �t 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 �s as log deviations, we have

(8)

Exploiting the recursion in equation (8), we have

(9)

Using equation (6), this then implies that

(10)

or

(11)

For real determinacy we need this mapping to be explosive. Hence
there is real determinacy if and only if 0 � � < 1. If this is the case,
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then �t+j is determined for j ��1. From equation (7), this pins down Rt+j
for j � 0, so that equations (1) through (4) uniquely pin down the
inflation rate and real behavior. Since equation (11) starts with �t+1,
the initial price level, �t , is free (QED).

An immediate corollary to the above theorem is that an interest
rate peg (� = 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 � 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 � = 0 and all the weight is
placed on the inflation rate between t and t + 1:

Under this policy rule, increases in expected inflation increase
the nominal rate. But for active policies (� > 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 � > 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 �t is free for all values of ��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.

Proposition 2: Suppose that monetary policy is given by a for-
ward-looking rule that includes the current inflation rate:

(12)

where  ����0 , Rss = �ss /�, and �� [0,1) .
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Then in the flexible-price model there is real indeterminacy for all
values of � � 0.

Proof:  The proof proceeds as before, leading to the following dif-
ference equation:

Under appropriate conditions this is explosive, so that �t+j is pinned
down for j � 1. But even in this case �t is free and hence so is Rt. Thus
we have real indeterminacy. Once again, if � = 0, we have an interest
rate peg and there is no real indeterminacy (QED).

The nominal indeterminacy from before is now real. Before, �t
being free had no real effect, but now, given our interest rate rule, Rt
is free. Since Rt acts like a tax on consumption, the fact that Rt 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 (� = 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

(13)

where  ��� 0 , Rss = �ss /�, and ��  [0,1) .

Then in the flexible-price model there is real determinacy if and only
if � = 0 or � > 1.  In the case of � > 1, there is also nominal determinacy.

Proof:  Following the strategy pursued in proposition 1, we are
led to the following difference equation:

For real determinacy we thus need � > 1, which then implies that
�t+j is pinned down for j � 0 (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 (� > 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:

(14)

where ��� 0 , Rss = �ss /�, and �� [0,1) .

Then in the flexible-price model there is real determinacy if and only
if � = 0 or 1 < � <  (1 + �)/(1 _ �). In the case of 1 < � <  (1 + �)/(1 _ �),
there is also nominal determinacy.

Proof:  Following the strategy pursued in proposition 3, we are
led to the following difference equation:

For determinacy, the term in brackets must be outside the unit
circle. There are two regions to consider. First, if �(1 _ �) < 1, the brack-
eted term exceeds unity whenever � > 1. If �(1 _ �) > 1, we must consider
the other side of the unit circle. Now for determinacy we must have
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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 �), 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 LIMITED 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.7 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.8 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 � > 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
(Nt) is made one period in advance, so that equation (3) is replaced with

The positive implications of these models are well-known. For ex-
ample, suppose that

Then straightforward calculations imply

With Nt 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:

Combining this with the asset accumulation equation (1), we have

(16)

(17)

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 Uct 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: Nt is a predeter-
mined nominal variable. Combining the two binding cash constraints,
and using the household’s labor choice decision, we have

(18)

Since Mt and Nt are predetermined, this provides an additional restric-
tion; in the flexible price model Nt is free and equation (18) does not re-
strict real behavior. In particular, if a policy rule pins down the current
price level Pt , 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 �t � Pt /Pt _1. 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 �.

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.
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 < � <  (1 + �)/(1 _ �).

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.9
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-PRICE MODEL 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.10 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

(19)

To finance its consumption purchases, the household uses
cash accumulated in advance and thus faces the following cash
constraints:

(20)

(21)

where Mit denotes holdings of the home (i = 1) and the foreign (i = 2)
currency; Pit denotes the nominal price of goods i = 1, 2; Wt denotes
the nominal wage expressed in home currency; and Nit denotes bank
deposits denominated in the two currencies i = 1, 2. The intertemporal
constraint (expressed in home currency) is thus given by

where Rit denotes the nominal interest rate denominated in the two
currencies i = 1, 2; st is the end-of-period nominal exchange rate;
and Xt 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 N2t
= 0. Similarly, since our focus is on steady-state issues, we abstract
from real foreign asset accumulation (At). This is done without loss
of generality.

The first-order conditions to the household’s problem include

(22)

(23)

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 et is the real price of good 1 in terms of good 2.)
The firm then sells the two goods at their respective prices Pit.
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:

(24)

Interest rate parity is given by

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

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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(27)

where        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

(28)

where c2 is the steady-state level of the imported good.11 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

(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:

For our benchmark calibration, we set to 1 both the intertemporal
elasticity of substitution (1/�) and the elasticity of substitution between
the two consumption goods (1/	); we set the labor supply elasticity
(1/
) to 0.333 and the labor share to � = 2/3.  We also normalize � = 1,
e = 1, and � = 1. The latter implies an import share of [c2/(c2 + c1)] = 0.47.
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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 R2 = 1.06. We then choose 
 so that,
with R1 = 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/
), the two consumption goods (1/	), and dif-
fering import shares (variations in �). 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/�)

Optimal interest rate

Labor supply elasticity
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1.060

1.055

1.050

1.045

1.040

1.035

1.030

Figure 2. Optimal Interest Rate and Elasticity of Substitution
Between c1 and c2 (1/�)

Optimal interest rate

Elasticity of substitution
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

1.050

1.045

1.040

1.035

1.030

1.025

1.020

1.015

1.010

Source: Author’s calculations.

Source: Author’s calculations.
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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/	 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/
 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

Figure 3. Optimal Interest Rate and Foreign
Consumption Share (��

Optimal interest rate

Foreign consumption share
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

1.045

1.040

1.035

1.030

1.025

1.020

1.015

Source: Author’s calculations.
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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

(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
question 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

� � .221212 ttttt cPcPX ��
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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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