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Abstract

In a standard New-Keynesian model for a small open economy, we derive the efficient CPI inflation-
based Taylor rule. We conclude that the natural rate of interest, based on CPI inflation, must be
directly linked to the foreign interest rate, as well as to domestic productivity shocks. In this way this
rule ensures that the real ex-ante CPI interest rate moves in the face of domestic and foreign shocks
so as to induce efficient movements in consumption. The empirical evidence, on the other hand,
shows that inflation-targeting central banks respond to movements in the foreign interest rate (Fed
funds rate), besides reacting to expected CPI inflation and to the domestic output gap.

Resumen

En un modelo Neo Keynesiano estandar para una pequefia economia abierta, derivamos una regla de
Taylor eficiente basada en inflacién del IPC. Concluimos que la tasa natural de interés, basada en
inflacién del IPC, tiene que estar directamente relacionada a la tasa de interés externa, asi como a
innovaciones de productividad doméstica. De esta forma, esta regla permite que la tasa de interés
real ex-ante, basada en la inflacién del IPC, se mueva ante shocks domésticos y externos, de modo
de inducir movimientos eficientes en consumo. La evidencia empirica, por otro lado, muestra que los
bancos centrales con metas de inflacion responden a movimientos en la tasa externa (tasa de fondos
del FED), ademas de reaccionar a la inflacion del IPC esperada y a la brecha de producto doméstica.
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for insightful suggestions and fruitful discussions. We have benefited from comments by seminar participants at the Central
Bank of Chile, the Norges Bank, the Einaudi Institute, the Bank of Italy, the University of Chile, the LAMES-LACEA
2012 meeting, and the Catholic University of Chile. We thank Carlos Medel, Matias Morales and Carlos Salazar who, at
different stages of the project, provided outstanding research assistance. The views expressed here are those of the authors
and do not necessarily reflect the position of the Central Bank of Chile or its board members. Emails: rcaputo@bcentral.cl;
Iherrera@bcentral.cl.
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1 Introduction

There is vast theoretical literature that characterizes the behavior of inflation-targeting (IT)
central banks. In a closed economy New Keynesian model, with sticky prices, the efficient
allocation can be implemented if inflation is fully stabilized (see [Clarida et all (1999) and |Gali
(2008)).! As shown by |Clarida et all (2001), and |Gali and Monacelli (2005), in the context
of a small open economy the problem is isomorphic to the closed economy case: the efficient
allocation is reached if domestic inflation is fully stabilized. This allocation can be implemented
by following a simple Taylor rule in which the policy rate reacts only to domestic variables:
domestic inflation, the output gap and the natural rate of interest (which depends only on
exogenous productivity shocks). In this case, fluctuations in the exchange rate and in CPI
inflation are efficient as long as domestic inflation remains on target. As a result, the efficient
Taylor rule should not react to movements in foreign variables.

Now, there are some practical limitations that make it difficult for central banks to follow
the domestic inflation-based Taylor rules prescribed by theory. First, exogenous productivity
shocks are difficult to identify in practice, so estimating the natural rate of interest is elusive.
Second, in general domestic inflation (or GDP deflator inflation) is not known with the frequency
and opportunity required to implement monetary policy. Third, CPI-inflation is a much more
widely known concept and more commonly used by the general public as a reference to gauge
inflation trends or setting indexed contracts. It is in this context that most IT central banks
in small open economies have adopted CPI inflation as the explicit policy target (see Table
). The implementation of this regime is characterized by a flexible IT approach, in which the
central bank attempts a gradual return to the policy target in the face of inflationary shocks (see
Svensson (1999)). Furthermore, there is evidence that IT central banks lean against exchange
rate movements. This reaction goes beyond the impact that the exchange rate has on CPI
inflation and output, and it may reflect concerns on competitiveness or financial issues.?

In the light of the previous evidence, and considering the unprecedented expansionary policies

followed by central banks in advanced economies in the aftermath of the 2008 financial crisis and

In this setup, stabilizing inflation removes two distortions associated to sticky prices. First, it stabilizes average
markups at their frictionless level, ensuring that employment and output are at their efficient level. Second, price

stickiness induces relative prices to move in a way unwarranted by changes in preferences and technologies. This

2See |Clarida et all (1998) and [Lubik and Schorfheidd (2007) for evidence in developed economies and

Mohanty and Klau (2004) and |Aizenman et all (2011) for evidence in emerging markets.



their spillovers into emerging market economies, this paper addresses two unsettled issues. First,
in the simple sticky price model of |Gali and Monacelli (2005) we derive a CPI inflation-based
Taylor rule capable of implementing the flexible price allocation.? In this context, we show that
the efficient domestic inflation-based Taylor rule is equivalent to a CPI inflation-based Taylor
rule that includes the foreign interest rate among its determinants. To our knowledge, such
an instrument rule has not been derived in the context of New Keynesian small open economy
models. Hence, our paper contributes to the literature on optimal instrument rules in small
open economies. Second, we empirically investigate the extent to which IT central banks react
to movements in the foreign policy rate (Fed funds rate) even after controlling for CPI inflation
and other, target and non-target, variables. This is an intuitive way of identifying the importance
of external factors in the conduct of monetary policy, given the fact that the Fed funds rate is,
as opposed to the exchange rate, an exogenous variable in small open economies.

There are a number of papers that, departing from the assumptions in |Gali and Monacelli
(2003), find that CPI inflation targeting is efficient. For instance De Paoli (2009) shows that the
presence of an internal monopolistic distortion and a terms of trade externality drives optimal
policy away from domestic inflation targeting. In particular, in some cases, it is efficient to
partially stabilize both the real exchange rate and domestic prices, leading to a policy of CPI
targeting. This policy is such that it maximizes a combination of the gains from terms of
trade externality and domestic price stability. [Campolmi (2012), on the other hand, shows
that introducing sticky wages, in an otherwise standard small open economy model, rationalizes
CPI inflation targeting. This policy smoothes inefficient fluctuations in real wages, reducing
the volatility of both wages and domestic inflation. As a consequence, CPI inflation targeting
reduces the inefficient wage dispersion caused by the wage staggering, and also indirectly reduces
inefficient movements in domestic inflation. Finally, [Engel (2011) shows that when there is
pricing to market, the elimination of the staggered price distortion requires the policymaker to
target CPI inflation, rather than producer price inflation. * In a different context, characterized
by a two-country general equilibrium framework, (Corsetti and Pesenti (2005) show that optimal
monetary rules should stabilize a CPI-weighted average of the markups of all firms selling in the

domestic market. The intuition behind this result is that policies aimed at internal stabilization

3Under_some assumptions, the flexible price allocation is also the efficient one.
4See [Corsetti et all (2010) for an exhaustive review of deviations from the New-Keynesian standard setting,

where the targeting rules characterizing the optimal policy are not only in domestic output gaps and inflation,

but also in misalignments of the terms of trade and real exchange rates, and cross-country demand imbalances.



can raise the volatility of world demand and the exchange rate. Foreign exporting firms will
attempt to reduce the volatility of their export revenues, derived from a more volatile exchange
rate, by increasing the price in the domestic market.

Unlike the previous contributions, the focus of our paper is to derive the efficient CPI
inflation-based instrument rule given the welfare criterion in the standard |Gali and Monacelli
(2005) model. In particular, we investigate the role of foreign elements in an efficient CPI
inflation-based Taylor rule, when the flexible domestic price allocation is efficient.

Our conclusions are as follows. First, we show that, in the (Gali and Monacelli (2005) model,
a CPI inflation-based Taylor rule can implement the flexible price (and the efficient) allocation
under some specific circumstances. In particular, for this rule to be efficient the natural rate of
interest, based on CPI inflation, should be directly linked to the foreign interest rate, as well as
to domestic productivity shocks. In this way this rule ensures that the real ex-ante interest rate,
based on CPI inflation, reacts to domestic and foreign shocks so as to induce efficient movements
in consumption. A corollary of our results is that the natural CPI interest rate depends on two
exogenous variables: domestic productivity shocks and the foreign real interest rate. Second,
based on Taylor rules estimations for a panel of 23 IT countries, we find that central banks
respond to movements in the foreign interest rate (the Fed funds rate), besides reacting to
expected CPI inflation and the domestic output gap. This result is robust to controlling for
movements in the exchange rate, as well as other variables capturing the international business
cycle. It is also robust across different groups of countries: developed and emerging economies.

This paper is organized as follows. In Section 2 we present the standard New-Keynesian
model for a small open economy. Section [3] derives the efficient CPI inflation-based Taylor rule
in the context of the |Gali and Monacelli (2005) model, and assess the relevance of foreign rates
in such a rule. In Section ] we estimate simple forward-looking Taylor rules for a panel of 23 IT
countries. Those rules are estimated using quarterly data for the period in which IT has been
implemented in each country. In this section we also test some of the predictions derived from

our theoretical specification. Finally, concluding remarks are presented in Section [l



2 A New-Keynesian small open economy model

Our efficient CPI-inflation Taylor rule is derived from the the canonical version of the model
developed by |Gali and Monacelli (2005).5 This is an open economy general equilibrium model
with flexible wages, sticky prices and monopolistic competition.

In this economy, households maximize expected utility from consumption and leisure. From
the first order conditions of this process, it is possible to obtain the Euler equation for consump-

tion:

et = By (ct41) — % (it — B¢ (m41) — p), (2.1)

where ¢; denotes the percentage deviation of consumption from steady state, i; is the nominal
policy rate and m; represents the CPI inflation. The o coefficient is the inverse of the elasticity
of substitution and p is the logarithm of the discount factor, (.

In this open economy a proportion « of consumption is allocated to imported goods. In
this context, it can be shown that CPI inflation, m, is a linear combination between domestic

inflation, 7g; , and foreign inflation, 7p;:

= (1— )Ty + ampy. (2.2)

The output market clearing condition, on the other hand, is such that y; depends on con-

sumption, ¢;, and the terms of trade, sy, defined as the price of domestically produced goods
relative to imported goods. In this way, output can be expressed as:

ow
Yt = ¢t + 7«% (2.3)

where w = o7y + (1 — a)(on — 1). Parameter n > 0 measures the substitutability between
domestic and foreign goods, from the viewpoint of the domestic consumer, while v measures the

substitutability between goods produced in different countries.

2.1 Equilibrium dynamics: a canonical representation

The linearized equilibrium dynamics for the small open economy has a representation in terms

of the output gap, z;, and domestic inflation, 7 . The variable x; represents the difference

5For more detail see Appendix A or the original paper.



between the actual output level, y,, and its flexible price level, 7,. As in |Gali and Monacelli
(2005), we refer to this representation as the canonical one and it is given by the following

equations:

1 . _
xp = By (xp41) — — (it — By (TH+1) —TH) (2.4)
THt = BEA{TH+1} + KaTt (2.5)
T =p—0al' (1 = pa)ag + aoy ((w—1) + W) By (Ay; ) (2.6)

Equation (24]) is the dynamic IS equation in which the output gap depends on the real ex-
ante interest rate. This equation is derived from the Euler equation for consumption, eq.(2.1]),
combined with the risk sharing condition, and the market clearing condition for output, eq.(2.3]).
Two important differences emerge when comparing this IS equation with the Fuler equation for
consumption in (2.I]). First, the relevant real ex-ante interest rate in the dynamic IS equation

is defined in terms of domestic inflation rather than CPI inflation. Second, given that o, =

g

=a)Tou" the sensitivity of the dynamic IS equation to movements in the interest rate depends

not only on the intertemporal elasticity of substitution, o, but also on the degree of openness,
a. In particular, if w > 1 (which is true for high values of  and ), an increase in openness
reduces 0., thus rising the sensitivity to interest rate movements.

Equation (2.5]) is the New Keynesian Phillips curve for the small open economy. This equa-
tion reflects the optimal price-setting strategy of a representative firm that sets prices in a
staggered way. In particular, it is assumed that firms reset prices with probability 1-6. In this
case, the slope of ([2.0)) is ko = (0a+®)A, where A = w . As noted by|Gali and Monacelli
(2005), the degree of openness affects the dynamics of inflation only through its influence on
the size of the slope of the Phillips curve. In particular, under the assumption that w > 1, an
increase in openness reduces the impact of output gap movements on domestic inflation.

Equation (2.6]) represents the real natural rate of interest derived under the assumption that
output is at its natural level and 7mg; = 0. In general, the natural rate of interest will depend
on expected foreign output growth, F; ( Ay; +1), in addition to productivity shocks, a;.

Finally, to close the model, |Gali and Monacelli (2005) assume the central bank follows an
instrument rule in order to set its policy rate. In particular, they propose a domestic inflation-

based Taylor rule:



it =THt+ PrTHL + OyTy (2.7)
The system (2.4) to ([2.7) has a unique RE equilibrium, in which the flexible price allocation
is implemented (i.e z; = g, = 0), if the policy coefficients ¢, and ¢, are such that

by

br+ L1 ) >1 (2.8)

o

The previous condition, usually referred to as the Taylor principle, ensures that the central
bank will respond with sufficient strength to deviations of inflation and output gap from their
target levels. As noted by |Gali (2008), to the extent it prevents the emergence of multiple

equilibria, this condition is viewed as a desirable feature of any interest rate rule.

3 Can CPI inflation-based Taylor rules be efficient?

Prescriptions from the |Gali and Monacelli (2005) model are clear. The flexible price allocation
can be implemented if the central bank follows the simple rule in (27). Furthermore, under
certain conditions, the allocation induced by this rule is also the efficient one. From a practical
point of view, however, this rule has some limitations. First, most I'T countries explicitly target
CPI inflation. Second, the empirical evidence suggests that central banks react to expected
inflation. Hence, the rule in ([2.7]) is of little use as a benchmark in those cases. To overcome
such limitations, we explicitly derive the conditions under which a forward-looking CPI inflation-
based Taylor rule will induce the flexible price allocation. In particular, in the context of

Gali and Monacelli (2005)’s model, we investigate the properties of a rule like

i =T+ 0SBy (mig) + 5 g (3.1)

We proceed in three steps. First, we derive the natural rate of interest based on CPI inflation,
the variable 7; in ([B.I). Second, we determine the conditions that the policy coefficients, ¢S*7
and qbyCP I should satisfy in order to induce the flexible price allocation. Finally, we assess the
dynamic response of the economy to different shocks, under this rule, in the particular case in

which the flexible price allocation is also the efficient one.



3.1 CPI-based natural rate

From the identity for inflation, eq. (22)), we can derive a relationship between the real ex-ante

CPI inflation-based interest rate, r;, and the domestic inflation-based real rate, 7

T = TH,t - OéEt (Ast—l—l) (32)

The above expression is also valid in the flexible price equilibrium, so

Tt =TH — ody (ASi41) (3.3)

where Ty = iy — Ey (Ty41) is the natural CPI inflation-based real rate. The flexible price level
of CPI inflation is not necessarily equal to zero and its behavior will depend on the nature of
the shock hitting the economy. As will be shown in appendix [Bl, from the UIP condition and

the identity in (B3] we can establish the following relationship between the two natural rates

Tt =(1—)Fgs + arf (3.4)

Hence, 7; is a linear combination between 7r; and the ex-ante real foreign rate, rf. As
expected, as long as « converges to zero both natural rates tend to coincide. Now, combining
the definition of 7x 4 in (Z6]) with (34]), it can be shown that 7, depends on two exogenous and

independent processes. In particular 6

Tr = (1= Aa)T{% 4 Aarf, (3.5)
where 7905 is the natural rate that will prevail if the economy is closed, that is in the case
in which o = 0. This rate is given by 7€ = p — Jii—i(l — pa)ag, so only productivity shocks

will affect it. The CPI-based natural rate will also depend on the foreign real rate. The impact
of this latter variable on 7; will crucially depend on \,. As shown in the appendix [B], this

coefficient is increasing on « and has the following form:

a(o + ¢) + aBp
(c+¢)+aBp

In the previous expression, all coefficients are positive, except ©® = w — 1 which has an

Ao =

ambiguous sign. If w > 1, then )\, is positive and less than one.” Hence, in this case the CPI

5See appendix [Bl for a derivation.
"The condition w > 1 is satisfied for high values of 1 and 7.



inflation-based natural rate is a linear combination between the closed economy natural rate
and the foreign real rate. Thus, reductions in the foreign interest rate have a negative impact

on Ft.8

3.2 Determinacy conditions for forward-looking rules

We have shown that the natural real rate, based on CPI inflation, depends on both domestic
productivity shocks and the real foreign rate. In the flexible price equilibrium, this should be
the natural rate relevant in the Euler equation for consumption, eq.(2.1]).

Now, to assess the extent to which a rule like (8] is able to implement the flexible price
allocation, we proceed as follows. First, we derive the conditions that a forward-looking domestic
inflation-based Taylor rule should satisfy for determinacy. Then, we transform this rule in order
to get an expression analogous to (B.1).

We know that the flexible price equilibrium is characterized by z; = 7y = 0 and 7, = T 4.
As noted by |Gali and Monacelli (2005), the condition i; = Fp+ cannot be interpreted as a rule
the central bank should follow mechanically to implement the flexible price allocation, because
such a rule will imply an indeterminate equilibrium, and hence, will not guarantee that the
outcome of full domestic price stability will be attained.

The indeterminacy problem can be avoided, and the uniqueness of domestic price stability
outcome restored, by having the central bank follow a rule that makes the interest rate respond
with sufficient strength to expected domestic inflation and/or the output gap. This simple

forward-looking Taylor rule takes the form

it =THt + OBy (TH41) + Gyt (3.6)

Following the methodology in [Bullard and Mitra (2002), we derive the determinacy condi-

tions associated to the rule in ([B.6]). These conditions are as follows %:

8If w < 1, the Ao coefficient may become negative. However, from the net export equation (A.L1), the fact
that w < 1, under the assumption that ¢ > 1, implies that the response of net exports to movements in the real
exchange rate (and in the terms of trade) is negative. This negative relationship, however, is not supported by
the data (see Mendoza (1995)). More generally, if the correlation between terms of trade and net exports is to be
positive (the so called Harberger-Laursen- Metzler) and if o > 1, it necessarily implies that w > 1. In this case it
should be true that 0 < Ao < 1, so the response of the CPI inflation-based natural rate to foreign interest rate

shocks is, unambiguously, positive.
9See derivation in Appendix [Cl



¢y >0, (3.7)

el = 1) = 6,1+ ) <2(1 + H)o (33
and
bt 21— g) >0 (39)

o

The above conditions guarantee the uniqueness of the equilibrium, implying that x; = 7g; =
0 and iy = Tp,. Hence, the Taylor rule ([B.6]), which implies strict domestic inflation targeting,
induces the real and nominal variables in the model to behave like they would in the absence of

nominal rigidities.

3.3 CPI inflation-based rule

Using (2.2) and (3.6]) it is possible to derive a CPI inflation-based Taylor rule:

it =THt+ On Lt (THt11) + dy21
=Tt + OBy (Ti11) + Syt + (1 — ér) By (AS¢11)

The above forward-looking rule contains an additional term, a(l — ¢r)FE; (AS;11) which is
not present in the simple Taylor rule in (B1]). This element can be excluded from the rule if we

impose the condition that ¢, = 1. By doing this, we obtain the following simple Taylor rule
i =T + By (m41) + ¢ (3.10)

Now, in order to ensure determinacy the above rule should satisfy conditions (B.7)) to (B39).
Hence, if we impose ¢, = 1, these conditions collapse to ¢, > 20,. As a consequence, a rule
like (3I)), in which ¢¢77 =1 and qbyCP I'> 20,, ensures both determinacy and the attainment of
the flexible price equilibrium.

Clearly, the forward looking CPI inflation-based Taylor rule (8.10)) is more restrictive than its
domestic inflation counterpart. In particular, the response to output has always to be positive
and greater than 20, to ensure determinacy. Also, the response to expected CPI inflation cannot
be different from 1. As a consequence, this rule efficiently accommodates movements in CPI

inflation.



3.4 Impulse Response Analysis

To understand the mechanisms behind the CPI inflation-based rule in ([BI0), we assess the dy-
namic implications of different shocks when the flexible price equilibrium is also the efficient one.
In particular, as in|Gali and Monacelli (2005), we work with the special parameter configuration
o =mn =+ =1 (which implies w = 1). In this case, the employment subsidy that exactly offsets
the combined effects of the two distortions that are present in the open economy -namely market
power and terms of trade distortions- can be derived analytically. Hence, in this particular case,
the flexible price allocation, characterized by x; = mp ¢ = 0, is also the efficient one.

When w = 1, the domestic inflation-based natural rate, 7y, depends only on domestic
productivity shocks, whereas the CPI inflation-based natural rate, 7; , depends on productivity
shocks as well as on shocks affecting the foreign interest rate. In this particular case, these rates

can be expressed as follows:

Tt =p—ol(1— pga (3.11)

Ti=01—a)(p—ol'(l—pa)ar) + ar} (3.12)

In order to compare the two natural rates, we present the path followed by the main macro
variables under three different shocks. First we consider a positive domestic productivity shock,
then a foreign productivity shock and finally a foreign supply shock. The model is solved
under the efficient CPI inflation-based rule in 3.I0). The policy coefficients are ¢S*7 = 1 and

yCPI —0.5.10

A domestic productivity shock leads, in the flexible price equilibrium, to a persistent re-
duction in the nominal interest rate. As a consequence, the CPI natural rate, 7, declines in a
proportion (a) of the decline in 7g; (see Figure [[). The decline in 7; increases consumption
to a level which is consistent with the flexible price allocation. On the other hand, the real
exchange rate and the terms of trade increase, expanding exports to the rest of the world. Both
the increase in consumption and exports are coherent with a higher natural output level.

Before analyzing the impact of a foreign shock, it is worth mentioning that the rest of the
world is characterized by a model which is similar to the small open economy one, with the only

exception that the degree of openness, o, is assumed to be close to zero. The preferences are

0For the rest of the coefficients, we use the same calibration as in |Gali and Monacelli (2005).

10



the same, and the central bank of the rest of the world implements the efficient allocation by
ensuring that foreign inflation and the foreign output gap are equal to zero.'!

Positive foreign productivity shocks cause a reduction in the foreign real interest rate in
order to stabilize foreign inflation and the output gap at zero. Now, this decline in the foreign
rate induces a nominal appreciation, prompting a reduction in both the terms of trade and
the price of consumption (CPI). The consumption basket is relatively cheaper, so domestic
consumption should increase. This increase in consumption is induced by a decline in the real
CPI inflation-based natural rate (see Figure [Il). The decline in exports (which are relatively
more expensive) compensates the increase in consumption (and imports), such that output and
net exports remain unchanged at their natural level.

A foreign supply shock, on the other hand, generates a policy trade-off in the rest of the
world. In particular, this shock leads to a contraction in the foreign output gap in order to fully
stabilize foreign inflation. To induce this contraction, the real foreign interest rate increases. In
the domestic economy this generates a nominal depreciation, which increases the terms of trade
and the price of the consumption basket (CPI). The CPI inflation-based interest rate increases
in order to induce an efficient reduction in domestic consumption. Exports increase in a way
that the trade balance and the level of output are unchanged.

Overall, the natural rate based on CPI inflation, 74, is affected by foreign and domestic
shocks. Its movements are intended to induce efficient changes in domestic consumption, and
do not mimic the movements in the natural rate based on domestic inflation, 7 ;. In terms of
policy implementation, if for some reason, domestic inflation is not observable or the target is
set in terms of CPI inflation, a central bank following a CPI inflation-based Taylor rule should
properly consider the relevant natural rate. In particular, following a CPI inflation-based Taylor

rule that incorporates 7z ¢ as the natural rate, instead of 7, will imply an inefficient allocation.

4 Are foreign rates relevant in IT countries? Empirical evidence

As discussed previously, theoretical papers (Gali and Monacelli (2005) and |Clarida et all (2001))
stress the relevance of a simple domestic inflation-based Taylor rule, because of its analytical
convenience and because there are arguments justifying domestic inflation stability in the context

of sticky prices. In contrast, most IT central banks set their targets in terms of CPI inflation.

MNotice that, by construction, the domestic output gap, domestic inflation and the net exports are at zero. As

a consequence, the change in relative prices is induced by changes in the nominal rate.

11



As a consequence, the empirical literature on Taylor rules has used CPI inflation as one of the
determinants of the policy rate (Clarida et all (1998), IClarida et al! (2000), Mohanty and Klau
(2004), [Lubik and Schorfheide (2007) and |Aizenman et al! (2011)). These papers also assess the
relevance of foreign elements for the conduct of monetary policy in small open economies. In
general, however, the main focus is on the relative importance of exchange rate movements (the
exception being |Clarida et all (1998)), rather than assessing the relevance of foreign interest
rates. The advantage of considering foreign rates is that they are exogenous to the economy,
and may anticipate future movements in the exchange rate.

In order to assess the empirical relevance of the simple CPI inflation-based Taylor rule derived
in the pervious section, and to determine the importance of foreign rates, we estimate, for a set

of IT countries, an instrument rule of the form:

Qi = i + Plig—1 + OBy (Mo — 7 01) + by (Wi — Tig) + Giif + 0Xig + vig (4.1)

The above is a forward-looking Taylor rule in which the policy rate, %;, reacts to expected
inflation deviations from target, F (77,-7t+1 — WZHI), and to the output gap, (th — @Lt). We
also consider the foreign interest rate, ¢, as one of the determinants of the policy rate. Variables
in X;; may contain additional endogenous or exogenous variables: exchange rate fluctuations,
the U.S. output gap, and so on.

This forward-looking specification is widely used in empirical research and, as noted by
Clarida et al. (1998), it has several virtues. First, explicitly incorporating expected inflation in
the reaction function makes it easier to disentangle the link between the estimated coefficients
and central bank objectives. In fact, it is not clear from the simple contemporaneous Taylor
specification whether the central bank responds to the output gap independently of concern
about future inflation, or if the output gap is, per se, a target. Second, by having the central
bank respond to forecasts of inflation, output and other contemporaneous variables, we incor-
porate a realistic feature of policy-making, namely that central banks consider a broad array of
information.

Our specification, on the other hand, incorporates an inertial element in the rule. This
is introduced in order to reflect the fact that monetary policy changes only gradually as new
information becomes available. In this context, the coefficients in (4IJ]) can be interpreted as

short-run policy responses.'?

12T ong-run coefficients can be obtained by dividing the estimates by 1%,).
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Following |Aizenman et al! (2011), we estimate (4.1)) using panel data techniques. Our ap-
proach, however, innovates in several dimensions. First, we consider a panel of developed and
developing countries (and not just developing countries). Second, we use data only from the
period in which IT has been formally in place. Third, we estimate a forward-looking version
rather than a policy rule that reacts to contemporaneous values of inflation as inlAizenman et al.
(2011) '3. Finally, we do not incorporate countries in which an official IT regime has not been

adopted.

4.1 Data

We consider a group of 7 developed and 16 developing countries (see Table [I). The data
considered for each country starts in the quarter in which the respective central bank explicitly
adopted IT and ends in the last quarter of 2010. The policy rate, on the other hand, is the rate
that the central bank targets. This may differ across countries. For instance the policy rate in
Switzerland is the 3-month Swiss Franc Libor rate, whereas in Norway the policy rate is the
overnight deposit rate at the central bank. This distinction is relevant because the specification
in (41 aims to capture the explicit monetary policy response to different variables.

The inflation rate is defined as the year-on-year variation of the relevant price index. The
target is the one explicitly announced by each central bank and it can be time-varying. The
output gap considered is the deviation of output from an HP filter, whereas the foreign rate
is the nominal Fed funds rate, i S. Some other variables considered are the U.S. output gap
(y7% —7Y9), the multilateral devaluation rate (de;), the percentage change in the WTT oil price
(dWTIY?) and the OCDE inflation rate (7{¢PFE).

Before estimating the Taylor rule, we check whether the series are stationary. As shown in
Table 2l the hypothesis of common unit root can be rejected for the series considered, either
using the DF or the PP test. If series are considered across groups of developed and developing

countries, the unit root hypothesis is also rejected.

4.2 Estimation Approach

There are two problems that emerge when estimating a forward-looking Taylor rule like (d.T]).

The first one is that in a panel with a lagged dependent variable, estimations are biased when the

130ur results are robust to considering a Taylor rule that responds to contemporaneous inflation.
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time dimension of the panel, T, is small.!* The second problem is that the correlation between
the error term in (4.1]) and expected inflation deviation used as regressor, may generate biased
and inconsistent estimates, independently of the size of T

In order to correct the previous problems, we proceed as follows. We use a country fixed-
effects least-squares estimation procedure (LSDV) to correct the bias generated by the presence
of a lagged dependent variable.!® As shown by lJudson and Owen (1999), the LSDV estimator
performs well in a panel with a large T'. In particular, the LSDV estimator has a smaller bias
than the Anderson-Hsiao and Arellano and Bond estimators when 7' = 30.16

Now, in order to correct the bias generated by the correlation between the error term and
the explanatory variable, we estimate the LSDV using a GMM-IV approach as in |Clarida. et al.
(1998) and IClarida et al! (2000). In particular, we remove the unobserved expected inflation

deviation by rewriting the policy rule (£I]) in terms of realized variables, as follows:

i = i+ Plii—1 + bn (Tt — T pgn) + by (i — Uig) + Girif +0Xiy +eis, (42)

were the error term, €;4, is a linear combination of the forecast errors of inflation and the
exogenous disturbance, v;;. We define a vector of variables u;; within each central bank’s
information set, at the time each one chooses the interest rate, that is orthogonal to v; ;. Hence,
E [eit|u;s] = 0. The previous condition, along with equation (4.2]), implies the following set of

orthogonality conditions we exploit for estimation:

E (e — pi — plig—1 — br (Tipr — T 1) — Sy (Wi — Tig) — iviy — 6Xiguig] =0 (4.3)

In order to estimate the parameters of interest, we use the generalized methods of moments
(GMM), instrumenting expected inflation deviations as well as any other endogenous regressor.'”
The set of instruments, u;;, we use includes lagged values of country specific output, inflation
deviations, the policy rate, exchange rate changes, as well as contemporaneous and lagged values

of common variables: the Fed funds rate and the percentage change in the WTTI oil price.

1See [Nickell (1981) and |Aizenman et all (2011)).

51n equation ([@I) the country fixed effect is introduced through the p; coefficient.

'6This is the reason why we consider only IT countries with at least 30 observations.

'"The exchange rate is also endogenous; hence, when this variable is included, the error term ¢;,; also incorpo-

rates forecast errors of the exchange rate. In other words, exchange rate movements are also instrumented.
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4.3 Results

Results from estimating (4J]) are presented in Table Bl When all 23 countries are included
(column (1)), we find a positive and significant policy response to the Fed funds rate. In
particular, the long-run response to this variable is 0.945. This result holds even after controlling
for other external factors like the U.S. output gap, the exchange rate and changes in the WTI
oil price. In general, the empirical literature on Taylor rules does not assess the role of foreign
rates in determining the monetary policy stance. As a consequence, it is difficult to compare our
results to previous findings. To our knowledge only |Clarida et al! (1998) assess the role of foreign
rates in simple forward-looking Taylor rules, concluding that they play a role in determining the
policy rate in the cases of the Bank of England, the Bank of France and the Bank of Italy in
the period that goes from 1980 to 1990. Our results are in line with those findings, although we
consider a completely different period and a larger set of countries. The response to nominal
devaluation is negative (and significant) for developed economies and positive, although not
statistically different from zero, in emerging economies.

We find a high degree of policy inertia, measured by the lagged interest rate coefficient.
This value suggests that roughly 20% of the new information that central banks have within
each quarter is reflected in the policy rate. This confirms the conventional wisdom that central
banks move the policy instruments slowly as new information becomes available. On the other
hand, the response to inflation deviations from target and to the output gap are positive and
significant. The long-run response to inflation is slightly greater than 1.0, whereas the long-run
response to output deviations is smaller (0.5). Qualitative results, namely a high degree of policy
inertia combined with a comparatively larger response to inflation than to output are in line with
previous findings for the U.S. (Clarida et all (2000)), some developed economies (Clarida et al.
(1998) and [Lubik and Schorfheide (2007)) and emerging countries (Mohanty and Klau (2004)
and |Aizenman et al! (2011)).

4.4 Subsample analysis: Developing and developed countries

To assess the extent to which our results may differ across countries, we split the sample into
two different groups: emerging economies (16 countries) and developed economies (7 countries).
In the case of emerging economies, column (2) in Table Bl the policy response to the Fed funds
rate is positive and significant, with a the long-run response of 1.2. On the other hand, the

response to exchange rate movements and to changes in the WTTI oil price are not statistically
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different from zero. This is an indication that, once the effects of these variables on expected CPI
inflation are taken into account, the monetary authority does not react to them. The response
to the U.S. output gap, on the other hand, is negative and significant. This may be an indication
that, in emerging economies, the business cycle moves in different directions than in the U.S..
The policy response to expected inflation deviation is positive, significant and slightly greater
than 1.0 in the long run. As before, the response to the domestic output gap is positive and
significant and is, in the long run, smaller than the response to inflation.

For developed economies, column (3) in Table B, we find a positive, and significant, policy
response to the Fed funds rate. This response is smaller than the one found for emerging
economies. In terms of other foreign variables, we find a negative response to changes in the
WTT oil price. This suggests that, for this group of economies, movements in the oil price (after
controlling for the impact they have on expected inflation) may be contractionary and hence may
induce a monetary policy easing. In that respect, a WTTI oil price increase could be interpreted
as a negative supply shock in the case of developed economies. The policy response to exchange
rate movements, on the other hand, is negative and statistically different from zero.

In the case of developed countries, the long-run response to inflation is positive and signif-
icant. The response to the U.S. output gap is positive and significant whereas the reaction to
the domestic output gap is not statistically different from zero. This may be an indication of
a strong synchronicity between business cycles in the U.S. and developed economies.!® If we
exclude the U.S. output gap from the regression, the domestic output gap coefficient becomes
positive and statistically significant.

In the case of developed economies, the Hansen J-Test is close to zero in our initial specifi-
cation (column (3) in Table (3])). This is an indication that the error term is correlated with the
instruments. This can happen either because an instrument has been excluded or because an
explanatory variable, not included in the regression, is included as an IV. We explore this latter
alternative and include in the regression some of the instruments. We find that, in the case in
which the lagged value of the Fed’s policy rate is included in the regression, the Hansen J-Test
rejects the hypothesis of correlation between the instruments and the error term (see column (4)
in Table ([3))). In this case, the lagged FED policy rate has a negative and significant impact on

the policy rate. Overall, the long-run response to the FED fund rate does not change from the

¥We find collinearity between the U.S. output gap and the domestic output gap for the group of developed

economies.
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previous specification. Finally, we test the extent to which central banks in developed countries
react to expected inflation rather than to the expected inflation gap, given the fact that the
inflation target is, in most cases, a constant (column (5) in Table [3). Under this specification,

the validity of instruments is not rejected and all previous results hold.

4.5 Robustness Exercises

Our results indicate that IT central banks, both in developing and developed economies, move
the policy instrument in response to movements in the Fed funds rate.'® They also respond, in
a systematic way, to expected inflation, the domestic output gap and, in some cases, to some
other external variables.

So far we have used the Fed’s nominal rate, and there are three reasons to consider alternative
specifications. First, the nominal Fed funds rate reacts, among other things, to movements in
U.S. inflation. If those movements are correlated with domestic inflation, they may explain the
observed correlation between domestic and foreign policy rates. Second, there may be common
elements, like a worldwide decline in inflation, to which both the Fed funds rate and the domestic
rate may have reacted. If this is the case, the correlation between rates may be induced by a
third common variable. Finally, as suggested by the theoretical specification in (B.I0]), in a
forward-looking CPI inflation based rule, is it efficient to react to the foreign real rate in order
to stabilize domestic inflation.

To address the previous issues, we first replace the Fed’s nominal policy rate by the ex-ante
real rate, r%. Data on this variable is based on the real rate constructed by the Fed.2 We
estimate the forward-looking specification using the Fed’s real rate for all countries (see column
(1) in Table M]). Results show that, even in this case, the policy response to the foreign rate

is positive and statistically different from zero.?!

Now, to test the hypothesis that domestic
and foreign rates are reacting to a common (global) variable, we introduce in the regression a
measure of global inflation. This is the average inflation rate in OECD countries. As shown in

column (2) in Table (@), the policy response to this common variable is positive and significant.

19We test whether there is a response to the ECB interest rate and found that specifications containing the

Fed’s policy rate are preferred (i.e. the response to the ECB policy rate is not significant).
20We use the information on real rates based on inflation expectations one year ahead. This series is published

by the Cleveland FED. This, in turn, is constructed using the methodology developed in [Haubrich et al! (2011).
2In addition to the Fed’s real rate, we also introduce U.S. inflation. The results are virtually unchanged: the

domestic policy rate reacts to the Fed’s real rate. Results are not presented, but are available upon request.
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In this case, the response to the real ex-ante foreign rate is still positive, although its long-run
value declines importantly. The rest of the coefficients have the same sing as before, but smaller
long-run values. Based on the previous results, we conclude that global inflation is an element
to which central banks have reacted but, even when this element is taken into account, central
banks still react to movements in the real foreign rate.

Finally, there may be other common elements, besides global inflation, which may explain
the observed correlation between domestic and foreign rates. We introduce a linear trend in
order to control for this additional (non observed) common element. As shown in column (3) in
Table (@), once this linear trend is included the response to the real foreign rate is still positive
and statistically different from zero. The rest of the coefficients do not change significantly,
although the response to global inflation is not different from zero. This latter result suggests a

certain degree of collinearity between our measure of global inflation and the linear trend.

4.6 Testable Implications

The simple forward-looking Taylor rule in (3.I0) provides three testable implications. First,
central banks should respond to the real ex-ante foreign rate. Second, this response is increasing
in the relative importance that foreign goods have on the consumption basket (the « coefficient
representing the degree of openness in the economy). Third, the response to expected inflation
should be 1.

To test the previous implications, we estimate (1], but instead of using the nominal Fed
funds rate, we use the real ex-ante version of it, rY S. The results, presented in Table B, indicate
that IT countries react to 79, besides responding to expected inflation and to the output
gap. The long-run elasticity to the foreign real rate is larger for emerging economies than for
developed countries. The rest of the coefficients are similar to the findings reported in the
baseline estimates in Table [3

Now, to test the extent to which the response to the real foreign rate is increasing in the
degree of openness, we proceed as follows. First, we estimate (4.1l using the real Fed’s fund
rate for emerging and developed countries. In each case, we allow for a country-specific response
to the foreign real rate. Then we compare this country-specific elasticity, ¢;,«, to a proxy
variable for openness. This latter variable corresponds to the exchange rate to CPI inflation
pass-through coefficient reported by Devereux and Yetman (2010). This variable is computed

at a country-specific level and shows the impact that changes in the nominal exchange rate
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have on CPI inflation. As shown in Figure (2)) there is a positive and statistically significant
correlation between ¢;,+ and the pass-through coefficient. If we exclude outlier countries with
either large pass-through coefficient (Peru) or negative ¢;,+ coefficient (Hungary and Brazil),
the qualitative results do no change: there is a positive and significant correlation between ¢; .
and the pass-through coefficient (Figure (3)).

Finally, we test the hypothesis that the long-run policy response to expected inflation, %’“ﬁ,
is equal to 1. As shown in Table [6] the null hypothesis cannot be rejected for the complete set
of countries nor for emerging and developed economies considered separately.

Overall, we find that IT central banks react to the ex-ante real Fed funds rate and that
this reaction is increasing in the degree of exchange rate pass-through. Furthermore, the policy

response to expected inflation is not statistically different from 1. These findings are consistent

with the efficient forward-looking CPI inflation rule in (3.10).

5 Conclusions

This paper addresses two unsettled issues. First, in the simple sticky price model of|Gali and Monacelli
(2005) we derive a CPI inflation-based Taylor rule capable of implementing the flexible price
allocation. Second, we empirically investigate the extent to which IT central banks react to
movements in the foreign policy rate (the Fed funds rate) even after controlling for CPI inflation

and other, target and non-target, variables.

We show that a CPI inflation based Taylor rule can implement the efficient allocation under
some specific circumstances. In particular, for this rule to be efficient, the natural rate of interest
must be directly linked to the real foreign interest rate, as well as to domestic productivity shocks.
The policy response to CPI inflation, on the other hand, is such that it accommodates, to some
extent, movements in CPI inflation whereas the response to output gap movements should
be positive. In this way, this rule ensures that the real ex-ante interest rate, based on CPI
inflation, moves in the face of domestic and foreign shocks so as to induce efficient movements
in consumption. This is in sharp contrast with the natural rate relevant for domestic inflation
Taylor rules, which depends only on productivity shocks.

The empirical evidence we provide in this paper, based on Taylor rules estimates for a panel
of 23 IT countries, shows that central banks respond to movements in the foreign interest rate

(the Fed funds rate), besides reacting to expected CPI inflation and the domestic output gap.

19



This result is robust to controlling for movements in the exchange rate, as well as other variables
capturing the international business cycle. It is also robust across different groups of countries:
developed and emerging economies. Moreover, the policy reaction to foreign interest rates is
increasing in the degree of openness, which is in line with our theoretical results.

Overall, our results provide a rationale for the systematic policy response to movements in
the foreign interest rate we observe in practice. In this context, we show that this response to
foreign rates is coherent with a central bank that tries to stabilize domestic inflation and output

in a context in which CPI inflation is the explicit policy target.
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APPENDIX

A Gali and Monacelli (2005) Model

A.1 Households

The representative household maximizes expected utility from consumption and leisure. Given
the sequence of flow budget constraints of the household, the optimal allocation of consumption

and labor is given by the following expressions:

o= Bu (1)~ ~ (i — By (mn) — p) (A1)

wy — pr = oc + Py (A.2)

Equation (A.T]) is the conventional Euler equation in which consumption, ¢;, depends on its
future expected value and it is inversely related to the real ex-ante CPI-based interest rate, i; —
Ey (m+1). The o coefficient represents the inverse of the intertemporal elasticity of substitution.
Equation (A.2)), on the other hand, is the competitive labor supply schedule. This determines
the quantity of labor supplied, n;, as a function of the real wage, w; — p;, given the marginal
utility of consumption, oc;. The ¢ coefficient is the inverse of the labor supply elasticity. Finally,

p = log(3) where 3 is the discount factor.

A.1.1 Domestic inflation, CPI inflation, terms of trade and real exchange rate

In this open economy, a proportion a of consumption is allocated to imported goods. In this
context it can be shown that the price of the consumption basket, p;, is a linear combination

between the price of domestically produced goods, pp ¢, and the price of imported goods, pr:

pe = (1 —a)pus+ apry. (A.3)

Hence, CPI inflation is a linear combination between domestic inflation, 7, and foreign

goods inflation, mr;, expressed in domestic currency:

Tt = (1 — Oé)ﬂ'H,t + AT FE . (A4)
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On the other hand, the terms of trade, s; are defined as the log-difference between the prices

of foreign and domestic goods

St = Prt —PHt (A-5)

where pr; = e; + p; if we assume that the law of one price holds for individual goods at all
times. The variable e; represents the nominal effective exchange rate and pj is the world price
index. Now, from (A.4) and (A.5) it follows that domestic inflation and the terms of trade are

linked according to:

Ty = THt + OéASt. (AG)

Finally, using (A.3) and (A.H), it can be shown that the real exchange rate, defined as

qt = et + pf — p¢, is proportional to the terms of trade:

q = (1 —a)s. (A7)

A.1.2 International Risk Sharing and the UIP Condition

An Euler equation analogous to (A.T]) holds also for the rest of the world. Under the assumption
of complete markets for securities traded internationally, the stochastic discount factor for the
domestic economy is also the relevant one for households in the rest of the world. In this context,

it can be shown that:

Ct = C: + ;qt
) <1 _a> (A.8)
=c¢ + S¢,
o

which is a simple relationship linking domestic consumption with world consumption, c; ,

and the real exchange rate (terms of trade). This relationship, which holds in many international
RBC models (see Backus and Smith (1993)), states that domestic consumption should increase
if the real exchange rate depreciates, that is, consumption should be relatively high in countries
where it is relatively cheap.

Now, under the assumption of complete international financial markets, the equilibrium price
of a riskless bond denominated in foreign currency can be combined with the price of a similar

bond in domestic currency to obtain the familiar expression for the UIP condition:
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it — Z: = Et {A€t+1} . (Ag)

A.2 Aggregate Demand

Goods market clearing in the small open economy requires that domestic output be consumed
by domestic households and by the rest of the world. Now, taking into account the optimality
conditions that determine the demand for output, both by domestic households and the rest of

the world,?? the output market clearing condition can be expressed as:

aw
Yo = ¢+ a2 (A.10)

where w = 0y + (1 — a)(on — 1). Parameter n > 0 measures the substitutability between
domestic and foreign goods, from the viewpoint of the domestic consumer, while v measures the

substitutability between goods produced in different countries.

Finally, let nx; = (%) <Yt — Plth’t) denote net exports in terms of domestic output ex-
pressed as a fraction of the steady-state output, Y. A first-order approximation yields nz; =
Yyt — ¢4 — asg, which combined with (A.I0) implies a simple relation between net exports and

terms of trade

nTy = o (E - 1) St. (A.11)

g

A.3 Firms

A representative firm in the home economy produces a differentiated good with a linear tech-

nology whose only input is labor:

Y = Qg + Ny (A12)

where a; is an AR(1) productivity process that evolves according to a; = pya;—1 + €;, where
€ is an i.i.d productivity shock.
Given this production function, real marginal costs depend on the real wage, deflated by

domestic prices, and productivity:

2For more details on optimality conditions, see (Gali and Monacelli (2003).
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meg = —v + Wy — PHy — Q¢ (A.13)

where v=-log(1-7), with 7 representing an employment subsidy whose role is to remove the
distortion associated to monopolistic competition.

Now, using (A22), (A8), (AI0), (AI2) and the fact that ¢ = y;, the real marginal costs

can be expressed as:

me; = —v+ (00 + @)y + (0 — 0a)y; — (1 + ¢)ay, (A.14)

where Oq — (1_+

Tow > 0. Hence, as in the close economy, the marginal cost is increasing in

domestic output and decreasing in technology. World output, on the other hand, has a positive
impact on domestic marginal costs as long as o > og,.

Firms are assumed to set prices in a staggered fashion, as in |Calvo (1983). In particular, a
measure 1-6 of randomly selected firms sets new prices each period. The firm’s probability of
re-optimizing in any given period is assumed to be independent of the time elapsed since it last
reset its price. As shown by |Gali and Monacelli (2005), the optimal price-setting strategy for a

firm resetting its price in period t, gives rise to a forward-looking Phillips curve of the form:

Tt = BE AT 1} + Ame (A.15)
where ( is the discount factor, A = w and mc; is the log deviation of the real

marginal cost from its flexible price level. The intuition behind this Phillips curve is that if
prices can be re-optimized only infrequently, price setters will incorporate the expected path
of future marginal costs into their pricing decisions. In an open economy those marginal costs
depend on both domestic and external variables.

In the absence of nominal rigidities, firms set prices such that the markup is constant,
mecy = —p, for all t. Imposing this latter condition on (A.14]) and solving for domestic output

gives an expression for the natural level of output, 7,, defined as

7= Q+Tas + aVy; (A.16)

_ 1+ —1)oa
where Q) = c:;ﬁo’ I = Uafw, and ¥ = —%. It follows, from (A14]), that the output

gap, T = y; — U, is proportional to marginal costs:

mey = (0o + )2t (A.17)
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B CPI Inflation-Based Natural Rate

From the UIP condition, equation (A.9), and ([B:3) we can establish the following relationship

between the the two natural rates

Tt = (1 —a)Fgt + arf. (B.1)

Combining the above equation with the expression for 7g; (equation ([2.6)), and using the

fact that in the rest of the world E; (Ay;) = L} gives

Tt

7t = (1 —a)[—0ala(l — pa)]as + [(1 —a)ao, (0 + ) . a} .

O-*

Now, considering that o, = m, Iy = Jl(jfw O=w-1and ¥ = —Uii‘jp, the above

expression can be simplified to

im e (S (e )

o+ ¢ —ap+ apw o+ ¢+ apd

(ﬂ—aﬂa+@><—d1+@ﬂ—ﬂd>%+<aw+¢ﬂﬁﬁw>*

Ty
(0 +¢) + ap® o+ (0 +¢)+aBp (B.2)

:u_&g(ﬁﬂtfg_mv%+&@

= (1= Aa) T 4 Aar

(0+¢)+aOyp ot
the particular case in which © = w — 1 > 0, the condition 0 < A\, < 1 is satisfied. Hence, in this

where \, = <w) and Fglose = <m> a;. Furthermore, |A\,| < 1. Now, in

case the CPI inflation based natural rate is a linear combination between the closed economy

natural rate and the foreign real rate.
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C Determinacy Conditions for a Forward-Looking Taylor Rule

The open economy model can be characterized by four equations. The IS (2.4]), the New Keyne-
sian Phillips Curve (2.35]), the natural rate (2.6]) and the forward-looking rule based on domestic

inflation (3.6]). Using this latter equation to eliminate i;, we can write the system in the form

T Fii(x
t A t+1( t+1) (Cl)
TH.t Eii(mr+1)
O'a¢ (1_¢(;\')
at at
where A = | 7% ey
KaTa ka(l—¢x)
Ua+¢y O'a+¢y + /8
The characteristic polynomial of A is given by p(\) = A2 + ai\ + ag, where ag = of i(?by

_ o Ka(l_d)fr
and a; = — (o;my + o

eigenvalues of A to be inside the unit circle for uniqueness. The previous conditions are satisfied

if:

) + ﬂ). Since the variables z; and m; are free, we need both

‘CL()‘ <1 (02)

lai] < 1+ ag. (C.3)
Condition implies that ¢, > (8 —1)o, and ¢, > 04(1+ 3). Without loss of generality,
both conditions are satisfied (when [ tends to 1) if:
¢y >0 (C4)
On the other hand, condition (C.3]) implies that:
Ka(br —1) — ¢y (1 + 5) < 2(1 + B)oa (C.5)

and

fa(fpr —1) + ¢y(1=5) >0 (C.6)

Hence, the forward-looking Taylor rule implements the efficient equilibrium if conditions

to (C.6) are satisfied.
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Table 1: List of Inflation-Targeting Countries

Country | Date of Implementation | Policy Rate Target
Developed countries
Australia 1994.q3 cash rate CPI
Canada 1991.q1 o/n discount rate CPI
Norway 2001.q1 o/n deposit rate at CB CPI
New Zealand 1990.q1 cash rate CPI
Sweden 1995.q1 repo CPI
Switzerland 2000.q1 3-month CHF Libor CPI
U.K. 1992.q1 Repo CPI
Developing Countries
Brazil 1999.q1 SELIC o/n CPI
Chile 1991.q1 o/n discount CPI
Colombia 1999.q3 TBS o/n rate CPI
Czech Rep. 1998.q1 2-week repo CPI
Hungary 2001.q1 2-week deposit CPI
Iceland 2000.q1 7-day repo CPI
Indonesia 2001.q1 1-month SBI CPI
Israel 1992.q2 headline CPI
Mexico 1999.q1 1-day bank funding 3 CPI
Peru 1994.q1 o/n deposit rate at CB CPI
Philippines 2001.q1 reverse repo CPI
Poland 1998.q1 28-day intervention CPI
South Africa 2000.q1 repo CPI
South Korea 1998.q1 o/n call CPI
Thailand 2000.q1 14-day repo Core CPI
Turkey 2002.q1 o/n borrowing CPI

Source: official central bank information.
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Table 2: Joint Unit-Root Tests

Dickey-Fuller

Phillips-Perron

Variable Z P L Z P L
it 0,0000  0,0000 0,0000 | 0,0000 0,0000 0,0000
Yi — e 0,0000  0,0000  0,0000 | 0,0000 0,0000 0,0000
e 0,0000  0,0000 0,0000 | 0,0000 0,0000 0,0000
T — Tt 0,0000  0,0000 0,0000 | 0,0000 0,0000 0,0000
de: 0,0000  0,0000 0,0000 | 0,0000 0,0000 0,0000
dWTIVS | 0,0000 0,0000 0,0000 | 0,0000 0,0000 0,0000
yYS —g¥S | 0,0000 0,0000 0,0000 | 0,0000 0,0000 0,0000
Vs 0,0000  0,0007  0,0000 | 0,2955 0,8499  0,3178
rys 0,0000 0,0001  0,0000 | 0,0031 0,1123 0,0078
nQCDE 0,0097 0,2101  0,0195 | 0,0898 0,5843 0,1182

p-values for each statistic

Z: statistic based on a normal distribution

P: statistic based on a chi-squared distribution

L: statistic based on a logistic distribution
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Figure 1: Responses to Different Shocks under the Efficient Rule
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Table 3: Forward-Looking Taylor Rules Estimates (2-Step GMM with Country FE)

Explanatory Variables All Countries | Emerging Developed
(w/ lagged for.rate) (w/o target)
(1) ) 3) (4) (5)
T¢—1 0,783%** 0,782%** 0,885%** 0,91 1% 0,915%**
[0,0358] [0,0409] [0,0216] [0,0215] [0,0212]
Yt — Yy 0,110%** 0,143%** -0,0487
[0,0376] [0,0448] [0,0401]
Tt41 0,0688**
[0,0319]
Tip1 — T4l 0,236%** 0,256*** 0,0561%* 0,0494*
[0,0486] [0,0555] [0,0319] [0,0294]
de; -0,129%** -0,0669 -0,120%** -0,102%** -0,106%**
[0,0275] [0,0616] [0,0182] [0,0153] [0,0157]
de; X 1{Emerging} 0,0615
[0,0639]
dawTIi?S -0,986* -0,768 -0,894%** -0,855%** -0,899%***
[0,572] [0,861] [0,300] [0,260] [0,260]
yUS —gvs -0,127* -0,295%* 0,209%** 0,185%** 0,184%%*
[0,0690] [0,115] [0,0493] [0,0309] [0,0310]
Vs 0,205%** 0,267%F% | 0,0980%** 0,305%** 0,326%**
[0,0404] [0,0685] [0,0196] [0,0444] [0,0453]
iv% -0,238%** -0,255%%*
[0,0507] [0,0518]
LONG-RUN COEFFICIENTS
y—7y 0,507 0,656 -0,423
T 0,809
T—T 1,088 1,174 0,488 0,555
yUs —gUs -0,585 -1,353 1,817 2,079 2,165
Vs 0,945 1,225 0,852 0,753 0,835
No. Observations 1,106 677 422 422 429
No. Countries 23,00 16,00 7,00 7,00 7,00
Avg. Observations per Country 48,09 42,31 60,29 60,29 61,29
Adjusted R-Squared 0,81 0,81 0,88 0,90 0,90
RMSE 1,55 1,90 0,59 0,54 0,55
Log Likelihood -2043,00 -1388,00 -375,20 -337,10 -346,00
Hansen J-Statistic p-Value 0,53 0,91 0,03 0,06 0,15
Underidentif. LM-Statistic p-Value 0,00 0,00 0,00 0,00 0,00
HAC Standard Errors in Brackets 33

**%: Significative at 1%-level
**. Significative at 5%-level

*: Significative at 10%-level



Table 4: Robustness Check: Real Fed Funds Rate, World Inflation and Trend (2-Step GMM

with Country FE)

Explanatory Variables Real US Rate World Inflation Trend
(1 ) ()
T¢—1 0,839%** 0,760%** 0,765%**
[0,0291] [0,0377] [0,0364]
Yt — Yy 0,129%%* 0,0833** 0,0968***
[0,0384] [0,0374] [0,0352]
M1 — 41 0,221%*%* 0,215%** 0,218%**
[0,0502] [0,0493] [0,0463]
dey -0,135%** -0,148%** -0,128%***
[0,0314] [0,0273] [0,0259]
de; X 1{Emerging} 0,0311 0,0843 0,136**
[0,0645] [0,0580] [0,0545]
dwWTIYS -1,205%* -0,67 -0,31
[0,611] [0,534] [0,501]
ys —gvs -0,0666 -0,0852 0,0374
[0,0691] [0,0685] [0,0644]
rs 0,163%** 0,140%%* 0,0765%*
[0,0427] [0,0397] [0,0353]
gOECD 0,282%%* 0,0487
[0,0544] [0,0648]
t -0,0189***
[0,00471]
LONG-RUN COEFFICIENTS
Yy—y 0,801 0,347 0,412
T—T 1,373 0,896 0,928
yUs —gUs -0,414 -0,355 0,159
rvs 1,012 0,583 0,326
No. Observations 1106 1106 1106
No. Countries 0,801 0,821 0,836
Avg. Observations per Country 23 23 23
Adjusted R-Squared 48,09 48,09 48,09
RMSE 1,63 1,54 1,48
Log Likelihood -2096 -2038 -1988
Hansen J-Statistic p-Value 0,213 0,975 0,871
Underidentif. LM-Statistic p-Value -2,10E4-03 -2,04E4-03 -1,99E4-03

HAC Standard Errors in Brackets
***: Significative at 1%-level
**: Significative at 5%-level

*: Significative at 10%-level
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Table 5: Forward-Looking Taylor Rules Estimates using Real Fed Funds Rate (2-Step GMM

with Country FE)

Explanatory Variables All Countries Emerging Developed Developed
(w/ lagged for.rate) (w/o target)
(1) (2) (3) (4)
Gt—1 0,839%*** 0,825%** 0,912%%* 0,913***
[0,0291] [0,0360] [0,0184] [0,0198]
Yt — Yy 0,129%** 0,161%**
[0,0384] [0,0470]
Ti41 0,0573*
[0,0348]
T4l — Te41 0,221%%* 0,242%** 0,0503*
[0,0502] [0,0576] [0,0312]
det -0,135%** -0,1 -0,0940%** -0,106%**
(0,0314] [0,0680] [0,0164] [0,0181]
det X 1{Emerging} 0,0311
[0,0645]
dwTIYS -1,205%* -1,145 -0,556** -0,701%*
[0,611] [0,968] [0,263] [0,279]
yVs —gUs -0,0666 -0,195% 0,190%** 0,200%**
[0,0691] [0,113] [0,0340] [0,0345]
rtUS 0,163%** 0,213%** 0,231%** 0,251%**
[0,0427] [0,0733] [0,0469] [0,0505]
r7S -0,164%%* -0,179%**
[0,0514] [0,0558]
LONG-RUN COEFFICIENTS
y—1 0,801 0,920
T 0,659
T—T 1,373 1,383 0,572
yUs —gus -0,414 -1,114 2,159 2,299
rUS 1,012 1,217 0,761 0,828
No. Observations 1,106 677 429 431
No. Countries 23,00 16,00 7,00 7,00
Avg. Observations per Country 48,09 42,31 61,29 61,57
Adjusted R-Squared 0,80 0,79 0,90 0,89
RMSE 1,63 1,99 0,55 0,56
Log Likelihood -2096,00 -1418,00 -345,90 -361,10
Hansen J-Statistic p-Value 0,21 0,39 0,03 0,05
Underidentif. LM-Statistic p-Value 0,00 0,00 0,00 0,00

HAC Standard Errors in Brackets
***: Significative at 1%-level
**. Significative at 5%-level

*: Significative at 10%-level
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Table 6: Testing Long-Run Responses to CPI Inflation. H : fbf"p =1

Wald Test for specifications in Table ([l)

All Countries Emerging Developed Developed
(w/ lagged for.rate) (w/o target)

X2

Prob > x?

(1) (2) (3) (4)
2,040 1,870 1,400 0,740
0,153 0,171 0,236 0,389
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