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Introduction

This paper describes research comparing the response of inflation to changes in exchange rate competitiveness
in various regions of the world. It is motivated by several objectives. Thefirst of these is to determine whether
an empirical relationship between the rate of inflation and the level of the real exchange rate, which was
documented for Mexico by Kamin (1996), also holds for other countries. It iswell known that a one-time
devaluation (revaluation) of the nominal exchange rate may result in atemporary increase (decrease) in
inflation. It isless widely understood, particularly among policymakers and other economic practitioners, that
keeping the level of the real exchange rate depreciated (appreciated) for an extended period may lead to a
sustained increase (decrease) in inflation.! To the extent that such arelationship holds, it poses difficulties for
policy-makers, since it implies that there may be a conflict, at least in the short and medium-term, between the
pursuit of price stability and maintaining external competitiveness. Asindicated in Chart 1 (and as substantiated
by formal statistical testsin Kamin (1996)), such alinkage between inflation and the real exchange rate appears

to hold for Mexico, but it is not clear whether this relationship operates in other countries as well 2
Chart 1
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1 Theexistence of linkages between the level of the real exchange rate and the rate of inflation has been more commonly established in
the theoretical literature. In particular, the literature on real exchange rate targeting has emphasised the danger of explosive inflationary
paths that can result when policy-makers attempt to target the real exchange rate at a misaligned level (see Adams and Gros (1986),
Montiel and Ostry (1991) and Calvo et a. (1994)).

2 Thereissome, albeit unsystematic, evidence of this relationship holding for other countries. Edwards (1989) finds that countries using
crawling-peg exchange rate policies to maintain real devaluations had higher rates of inflation compared with those countries
implementing one-time devaluations. Kiguel (1992) argues that in Colombia in 1990, as well as in Mexico during the 1980s, surges in



The second objective of this paper is to ascertain whether, assuming that a relationship between
inflation and the real exchange rate does apply to other countries besides Mexico, the parameters of this
relationship differ systematically from region to region. The motivation for this question is the observation that
inflation and the real exchange rate have evolved in very different waysin Latin America and Asiain the past
few decades. Asindicated in the upper left-hand panel of Chart 2, many Latin American countries substantially
devalued their exchange rates with the onset of the debt crisisin the early 1980s in order to reduce large current
account deficits — this was associated with a marked surge in inflation. In response, some of these countries
subsequently fixed their exchange rates, leading to sharp reductions in inflation but substantial real
appreciations. In Mexico, this appreciation proved unsustainable, and a large devaluation boosted inflation rates
in 1995 and 1996.

In Asia, real exchange rates also depreciated substantially in the 1980s, reflecting the need to
reduce large current account deficits in some cases, as well as the fall of the US dollar later in the decade. In
contrast to the Latin American experience, however, the response of inflation to devaluation in Asia was
relatively subdued. While Asian inflation rates picked up moderately in the late 1980s, as shown in lower left-
hand panel of Chart 2, they remained well below average levels at the start of the decade. Perhaps as a result
the Asian countries kept their currencies relatively depreciated in order to encourage exports, and did not
experience the sharp real appreciation registered in Latin Anterica.

The different experiences of Latin America and Asia point to the possibility of systematic
differences in the relationship between inflation and the real exchange rate, as summarised in the right-hand
panels of Chart 2. Assuming that these differences stand up to formal statistical testing, a third objective of this
paper is to analyse the factors that might contribute to different inflationary responses to competitiveness. One
potential factor is prior inflation history — in countries with histories of high inflation, inflationary shocks may
translate more quickly into changes in inflation expectations and in wage and price contracts, leading to more
rapid changes in actual inflation. Another potential factor is the openness of the economy — the more open the
economy, the more likely it is that a change in the exchange rate will lead to changes in costs and hence in
prices.

inflation reflected undervalued exchange rates. Calvo et a. (1994) identify correlations between the temporary components of inflation
and the real exchange rate in Brazil, Chile and Colombia.

3 An dternative (albeit complementary) explanation for regional differences in exchange rate policy is that in Asia, overvaluation
disadvantaged large numbers of rural tradables producers, whereas in Latin America only arelatively few large landowners were hurt by
overvaluation, while large numbers of urban workers benefited (at least in the short run). Therefore, Asian policy focused on keeping the
real exchange rate competitive, while Latin American governments favoured overvaluation (see Sachs (1985) and Edwards (1995)).
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The plan of this paper is as follows. Section 1 presents a ssmple analytical framework to show how
a linkage might operate between the rate of inflation and the level of the real exchange rate, and derives an
econometric equation to estimate this relationship. Section 2 applies this equation to countries in three regions —
Latin America, Asia, and the industrialised world. In Section 3, differences between the regions in the estimated
responsiveness of inflation to the real exchange rate are evaluated. This section first considers whether these
differences in estimated responsiveness might be spurious, perhaps resulting from the effect of differences in
regional productivity growth on the econometric estimates. It then examines the role of prior inflation history
and of openness in conditioning the responsiveness of inflation to exchange rates. Section 4 summarises the
main results of the research.



1. Analytical framework and estimation strategy

Table 1 reproduces the inflation equation estimated for Mexico by Kamin (1996). It differs from a
conventional output-gap-based Phillips curve, shown below in equation (1), in two respects.

AlogP =a+ flog(Y/Y*)+Alog P, €N
P :CPl
Y : rea output

Y* : potential real output

A : difference operator

First, and less importantly, the equation reproduced in Table 1 incorporates lags of foreign
inflation and nominal exchange rate depreciation in order to better capture the dynamics of inflation in a
monthly model of a small open economy. Second, the equation includes not only a measure of the output gap
but also the level of the real exchange rate, defined so that increases represent depreciations. As may be seen,
the coefficient on the level of the real exchange rate is highly significant, even when lagged inflation and the
rate of nominal exchange rate depreciation are controlled for. Moreover, these results are not changed by 1V
estimation of the equation, which is designed to control for the possible endogeneity of the contemporaneous
rate of nominal exchange rate depreciation.

In sum, the equation reproduced in Table 1 confirms, at least for Mexico, the significance of the
linkage between the rate of inflation and the level of the real exchange rate illustrated in Chart 1. How can such
a linkage be understood? There are a variety of theoretical models that imply a relationship between
competitiveness and inflation. The following is a very simple example of such amaodel, designed to provide the
most basic understanding of the role played by the real exchange rate in the determination of inflation in open

€conomies.



Table1
Estimation resultsfor monthly inflation model for Mexico

Dependent variable A log (P)

oLS Y

Constant 0.16 0.16
(4.94) (4.82)

RER-1 0.04 0.04
(4.95) (4.82)

YGAP.1 0.08 0.08
(4.20) (4.20)

Alog (P)-1 0.50 051
(7.88) (7.23)

Alog (P)-2 0.18 0.18
(3.11) (3.04)

Alog (P)-11 0.21 0.21
(3.52) (3.52)

Alog (P)-12 -0.21 -0.21
(-3.46) (-3.47)

Alog (E) 0.08 0.07
(8.04) (2.64)

Alog (E)-1 -0.02 -0.02
(-1.66) (-1.45)

Alog (E)-3 0.03 0.03
(2.66) (2.61)

Alog (E)-9 0.02 0.02
(2.12) (2.10)

Alog (P2 0.54 0.53
(2.74) (2.74)

Adjusted R squared 0.90 0.90
Regression standard error 0.008 0.008

Durbin-Watson statistic 2.05 2.05

Note: t-statistics in parentheses. P= Mexico CPI; P*= US CPI; E= nomind exchange rate (pesos/dollar); RER=rea exchangerate;
YGAP= output gap (based on industrial production).

Source: Kamin (1996).



1.1 A simpletwo-good model

Assume a small open economy that produces, consumes and exports a home good (H) and imports
and consumes a foreign good (F). The price of the foreign good P- is determined by the exchange rate E (local

currency per dollar) and the (exogenous) foreign currency price of foreign goods P,:* . The price of home goods
P, isdetermined by equilibrium in the market for home goods.

To determine the equilibrium price of home goods, we start with producers that maximise profits
by choosing the level of labour use L, and hence the level of output Q,, , subject to declining marginal products

of labour for a given level of capacity or potential output GH ;4 accordingly, the demand for labour declines
with increases in the real product wage W/P. Conversely, the supply of labour rises with the real consumption
wage W/P, where the consumer price level P is aweighted average of home goods prices Py and foreign goods
prices Pe.

Based on these assumptions, we can derive a supply curve for home goods as a function of the
relative price, or equivalently, the real exchange rate, Pe/Py. (/2,,, refersto the elasticity of a with respect to b.)

Increases in foreign prices raise the cost of living P and hence wages W, thereby raising the real product wage
in the home goods sector, W/Py. This causes the supply of home goods to decline. A full derivation is provided

in the appendix.
S:=S.(R/R::Qu) @)

and
"%, pip, <0 & q, >0
The demand for home goods by residents D, and by foreigners D,: are assumed to depend on both

relative prices and total domestic demand or absorption A and A*. For simplicity, assume that foreign and
domestic demand for home goods share the same elasticity with respect to relative prices, and that their
elasticity with respect to absorption is unity in both cases.

D, =D, (R./Ry; A) €)
D; = D;(PF/PH; A*)
Tk, p.1p, :qD;,PF/PH >0

,7DH,A = ,7D:_|,A* :1

4 Asexplained in the appendix, Q,, may be thought of as representing the quantity of home goods that can be produced with the existing

capital stock and technology, as well as with the "norma" or trend level of the labour supply. Insofar as the actual supply of labour may
differ from itstrend level, depending on the level of the real wage, so may actual home goods output differ from its potential level.



Equilibrium in the market for home goods requires that supply equal the sum of domestic and
foreign demand:

S, =D, +D, 4)
We log-differentiate equation (4), allowing for changesin the level of potential output (jH aswell.

The differential in the growth of foreign and home goods prices — equivalently, the change in the real exchange

rate — can then be expressed as a simple negative function of the weighted average growth in domestic and
foreign absorption relative to potential home goods owpaitother words, increases in absorption relative to
domestic potential output raise the price of home goods relative to foreign goods, thereby appreciating the real
exchange rate.

(ISF _'SH):_é{(a&‘*'(l_é)A*)_éH]:‘s[A’_éH] %)
o= (DHD+HD;)
o= 1

'k, pip, ~ 1k, pp,

>0

Based on equation (5), the relationship between the log-level of the real exchange rate and the log-
level of the gap between absorption and potential output is shown Hgw;P,) represents the value of the

real exchange rate consistent with home goods equilibrium:
Iog(|5F /P, ) = - &l og(A’/(jH ) (6)

Y = constant term

Note that equation (6) does not specify which variable — home goods prices, the nominal exchange
rate or domestic absorption — adjusts when the home goods market departs from equilibrium. It is our
hypothesis that, in the first instance, the nominal exchange rate and absorption are determined primarily by
expectations and by fiscal and monetary policies, while the price of home goods moves in response to
deviations between actual and equilibrium ratios of foreign to home goods prices. Equation (7) depicts a partial

adjustment process, based on this reasoning, in which changes in home goods prices are proportional to the gay
between the actual ratio of foreign goods prices to home goods prices and the equilibriu(PratiB, ) .

Alog(Py ) =/\(Iog(PF /Py ) _q —Iog(I5F I Py )t _1) @)

5 The simplicity of this function depends upon the assumption that ’75H O =1. This can be shown to hold if increases in potentia

output growth 6H result from equiproportionate increases in capital and labour.

6 A similar partial adjustment formulation is employed by Adams and Gros (1986) in their analysis of real exchange rate tageting.



A>0
Substituting equation (6) into equation (7), the rate of inflation of home goods prices can be expressed as a
function of both the ratio of absorption to potential output and the level of theratio of foreign to home goods

prices.
AIog(PH )t =)l|og(PF I Py )t 1 —)lz,1/+)l(c:log(A’/(3|_|)t _1 (8)

Equation (8) constitutes the primary rationale for the relationship between the rate of inflation and
the level of the real exchange rate documented in Chart 1 and Table 1.7 Intuitively, a depreciation of the rea
exchange rate relative to the level that clears the market for home goods, by raising foreign goods prices
relative to home goods prices, shifts demand toward home goods while raising wages and hence production
costs — both of these forces lead to increases in home goods prices until the real exchange rate reverts to its
original level.

The relationship between the real exchange rate and inflation can also be shown graphically, as in
Figure 1. For a given level of potential output, the HH curve represents the locus of points that lead to
equilibrium in the home goods market: increases in absorpticaise the demand for home goods, causing the
real equilibrium exchange rate to appreciate. Points above the HH curve, gagerésent points of excess
demand for home goods, since the ratio of foreign to home goods prices exceeds its equilibrium level; at such
points, home goods prices rise, causing, for a given nominal exchange rate and absorption, the real exchange
rate to appreciate to,XConversely, points below the HH curve, such gsr&present points of excess supply
of home goods, causing declines in home goods prices until the real exchange rate depregiates to Y

It is important to keep in mind that the HH curve represents the locus of equilibrium points for the
home goods market only — being on the HH curve does not necessarily lead to equilibrium in the balance of
payments. For example, Kamin (1996) argues that Mexico, prior to its 1994 devaluation, was in internal balance
—that is, on the HH curve — even as the real exchange rate was excessively appreciated compared with the level
needed for external balance. Hence, while it is the real exchange rate (and absorption) relative to the HH curve
that determines the rate of inflation, being on the HH curve by no means guarantees balanced payments flows or
exchange rate sustainability.

It is also worth noting that equation (8), like the conventional Phillips curve, does not include such
traditional determinants of inflation as monetary and fiscal policies. While monetary and fiscal policies may be
fundamental causes of inflation, they are viewed — as in the standard textbook analysis — as causing inflation

7 Strictly speaking, Alog(P) represents only the home goods component of CPI inflation, while Pg/ Py is not exactly the same measure
as the multilateral real effective exchange rate shown in Chart 1. As we show in the next section, however, the rate of change of home
goods pricesis likely to be highly correlated with CPI inflation, while the ratio of foreign to home goods prices is a monotonic function of
the multilateral real effective exchangerate.



Figurel

| H Excess demand for home goods: A Py >0
PH \
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Excess supply of home A Py<o H

A
through their effect on inflation’s proximate determinants, the exchange rate and absorption. For example, an
easing of monetary policy may lead to higher inflation by increasing aggregate demand (raising A’) and by
depreciating the exchange rate (thereby raising Pg); therefore, while monetary policy itself is not captured by
equation (8), both of itsimportant effects are. In this sense, equation (8) represents a narrow description of the
inflation process, focusing only on its proximate determinants. Even so, it may yield important insights into the
behaviour of inflation in open economies, just as the expectations-augmented Phillips curve remains an
important tool for analysis and forecasting in more closed-economy settings.

1.2 Derivation of the estimated inflation equation

There are a number of alterations to equation (8) that must be made before it can be estimated
econometrically. First, our data are for CPI inflation — a weighted average of home and foreign goods inflation
— not home goods price inflation. Using small letters to indicate logs:
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Ap=adlp, + (1- a)ApF )
Therefore, substituting the expression for home goods inflation in equation (8) into equation (9):
Ap, = -aAy+alp; - p,)_, + Ada-a, ) +(1-a)ap; +(1-a)ae (10)

Additionally, the multilateral real effective exchange rate log of (RER) used in our study is a
function of the log of the ratio of foreign to home goods prices specified in the theoretical model:

11
RER=E- _F —%P—Fg "
P PP 0RO
Replacing the ratio of foreign to home goods prices with the RER yields:
Ap, = —aAy+ Arer_ + a)ls(a’—qH )t_l +(1-a)Ap +(1- a)le (12)

For many of the countries in our sample, accurate times series of sufficient length on domestic
absorption are not available. Therefore, we use actual real GDP (Qn) as a proxy for weighted-average
absorption (A), so that the ratio of absorption to potential GDP is proxied by the output gap. A comparison of
absorption and GDP in countries where both of these series are available confirms that the two series are highly
correlated.

Finally, we alow for the possibility that the rate of inflation may show persistence by including a
lagged dependent variable. Therefore, the final estimating equation becomes:

Ap, = —aAy+ Arer_ + a}ls(qH -0, )t_l +(1-a)ap*, +(1- a)he + Ap,, (13)

Note that this equation is a more general, open-economy version of the conventional Phillips curve
model. In cases where the coefficients on Ae, Ap* and rer are zero, the model collapses to the Phillips curve.
Also, analogously to the conventional expectations-augmented Phillips curve, it can be shown that, providing
the coefficients on Ap.; and Ae sum to unity, there is no stable long-run trade-off between the level of the real
exchange rate and the rate of inflation. Just as attempts to keep unemployment below its natural rate may induce
continuous rising inflation in a conventional Phillips curve model, so may attempts to keep the real exchange
rate more depreciated than its market-clearing rate, for a given output gap, lead to ever-increasing inflation in
this expanded framework.8

8  This is consistent with the result derived by Adams and Gros (1986) that the rate of inflation is unstable under real exchange rate
targeting. Conversely, the model developed by Montiel and Ostry (1991) shows that an undervalued real exchange rate target leads to a
permanent, but stable, higher rate of inflation.
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1.3 Thedata

The study is based on annual data for the period 1970 to 1996, subject to availability. The data
were drawn from the BIS database. The variables used include:

P . end-year CPI
E . end-year nominal multilateral trade-weighted exchange rate
(arise indicates depreciation)

RER : end-year real (CPI-deflated) multilateral trade-weighted exchange rate

(ariseindicates depreciation)
p* . end-year multilateral trade-weighted average of foreign CPIs
YGAP : logof ratio of real GDP to potential real GDP. Potential real GDPis

estimated by applying the HP filter to actual real GDP.

Data from the following countries were used.

Asia Hong Kong, India, Indonesia, Korea, Malaysia, the Philippines, Singapore,
Taiwan, Thailand.

Latin Americaz  Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Mexico, Uruguay,
Venezuela

Industrialised: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, Japan, the Netherlands, New Zealand,

Portugal, Spain, Sweden, Switzerland, the United Kingdom, the United States.

2. Multi-country estimation results

Equation (13) was estimated using pooled data for al of the countries listed above, as well asin
separate regressions for the different regions, using "fixed effects’ regressions. These regressions alow the
intercept term to be estimated separately for each country, but constrain al slope coefficients to be the same.
(Thisisequivaent to specifying the dependent variable in terms of deviations of inflation from country means.)
The estimation results are shown in Table 2. For each region, the equation was estimated both OLS and, to
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control for the endogeneity of the contemporaneous change in the nominal exchange rate, 1V; however, in
almost all instances, the use of 1V estimation instead of OLS made little difference to the results. ©

Table2
Fixed effects panel regressions - annual data

Dependent variable: A log (P)

All countries Latin America Asia Industrialised
OoLS Vv OoLS Y] OLS Y] OoLS AY]
Alog (P).q 0.21 0.19 0.19 0.18 0.16 0.19 0.34 0.44

(16.82) |(14.04) | (7.56) | (7.17) | (255) | (2.48) |(10.41) |(11.47)
Alog (P*) 094 | 094 0.92 0.95 0.93 0.35 0.67 0.56

(19.44) | (16.74) | (861) | (867) | (7.76) | (228) |(14.68) | (8.09)
Alog (E) 070 | 072 | 075 | 075 | 016 | 016 | 015 | 011

(60.75) | (42.89) |(32.61) |(2347) | (4.29) | (2.80) | (9.30) | (5.76)
log (RER)-1 017 | 0.26 0.26 0.30 0.04 0.04 0.08 0.07

(10.27) |(11.85) | (553) | (5.94) | (2.10) | (1.88) | (7.33) | (5.56)
YGAP.1 031 | 0.28 061 | 045 | 056 040 | 0.8 0.16

(355) | (270 | (1.97) | (143) | 481) | (342 | (451) | (451)

Note: t-statistics in parentheses. P= end-year CPI; P'= foreign weighted P; E= multilateral nominal effective exchange rate (up means
depreciate); RER= multilateral real effective exchange rate (up means depreciate); YGAP= log (real (GDP) - log (potential real GDP).

Instruments for IV: A log (P)-1, A log (P*), Alog (E)-1, log (RER)-1, YGAP_1, terms of trade (lagged, if panel contains

industrialised countries), US real short-term interest rate (lagged if panel contains industrialised countries), lagged change in ratio of

current account to GDP.

Focusing first on the equation estimated for all countries, al of the estimated coefficients are
statistically significantly different from zero and of the expected sign. Increases in foreign price inflation lead to
a proportionate increase in domestic inflation, while increases in nominal exchange rate depreciation and in the

9 Therate of nominal exchange rate depreciation was the only variable instrumented for, as the rate of foreign inflation is exogenous to
nearly al of the economies in the sample, and the lagged values of inflation, the real exchange rate and the output gap are predetermined.
In principle, if the error term is serially correlated, there could be a correlation between the error and either the lagged real exchange rate
or the lagged output gap that could induce simultaneity bias. In practice, the presence of the lagged dependent variable reduces the
probability of this occurring, particularly given that the data are annual. Kamin (1996) finds no evidence of error autocorrelaion in the
monthly inflation equation for Mexico.
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output gap also boost inflation.19 The coefficient on the lagged dependent variable is relatively low, indicating a

fairly low degree of persistence in inflation — this may in part reflect the fact that annual data are being used,
thereby reducing the importance of dynamics compared with higher-frequency data. Finally, the coefficient on
the log-level of the real exchange rate is of the correct sign and is highly significant: a depreciation of the real
exchange rate, holding all else constant — including the rate of nominal exchange rate depreciation — leads to a
higher rate of CPI inflation.

The results based on the full country sample apply, broadly speaking, to the separate regional
regressions, but there are important differences. In particular, the coefficients on both the real exchange rate and
the rate of nominal exchange rate depreciation are much higher for Latin America than for Asia or the
industrialised countries. The higher coefficient on the level of the real exchange rate is of particular interest. It
suggests that in Latin America, attempts to maintain the real exchange rate at a highly depreciated level are
more likely to lead to higher inflation than is the case in Asia or in the industrialised countries. This difference
could help to explain why Asian countries have been able to maintain the competitiveness of their exchange
rates on a consistent basis, while in many Latin American countries the focus of macroeconomic policy has
tended to alternate between supporting external performance, at the cost of price stability, and reducing
inflation, at the cost of external competitiveness.

Thefirst column of Table 3 presents aformal test of the statistical significance of differencesin coefficient
values across regions. Each of the explanatory variables in the basic model is interacted both with a dummy
variable for Asian countries (= 1if Asian, = 0 if not) and adummy variable for industrialised countries (= 1 if
industrialised, = 0 if not). Therefore, the non-interacted coefficients represent those for Latin America alone,
while the coefficients on the interaction terms represent the difference between the coefficient applying to that
region and the coefficient for Latin America. The resultsindicate very strongly that the responsiveness of
inflation both to the rate of nominal exchange rate depreciation and to the level of thereal exchangerateis

much higher in Latin Americathan in Asia or the industrialised countries.

Notwithstanding recent strong interest in comparing the economic performance of Latin American
and Asian countries, there has been relatively little research focusing specifically on differences in the
inflationary process in the two regions. It may be worthwhile to compare the results shown in Table 2 with
those of two recent cross-country studies of inflation summarised in the IMF's October 1996 World Economic

10 Theoretically, as shown in equation (13), nominal exchange rate depreciation and foreign price inflation should have the same i mpact
on domestic inflation. In practice, however, their estimated coefficients are quite different, so no attempt is made to impose the theoretical
parameter constraint.
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Table3
Testsfor regional differences

Dependent variable: A log (P)

(1) (2)1 (3)2
Aloa (P 0.19 0.18 0.18
(16.95) (14.64) (13.66)
Aloa (PH) 0.92 0.94 1.00
(19.30) (20.31) (19.91)
Alog (E) 0.75 0.13 0.56
(73.13) (1.70) (18.21)
log (RER)-1 0.26 0.28 0.25
(12.39) (9.67) (11.24)
YGAP.1 0.61 0.55 0.49
(4.42) (4.25) (3.70)
ASADUMMY x A log (P)-1 -0.00 0.08 0.02
(-0.03) (0.92) (0.15)
AS A DUMMY x A loa (P¥) -0.08 -0.04 -0.58
(-0.44) (-0.26) (-2.58)
ASIA DUMMY x A log (E) -0.60 -0.47 -0.50
(-10.46) (-8.38) (-8.41)
ASA DUMMY x A log (RER)-1 -0.22 -0.21 -0.21
(-6.82) (-6.71) (-6.11)
AS A DUMMY X YGAP.1 -0.18 -0.16 -0.04
(-0.88) (-0.81) (-0.20)
INDUSTRIAL DUMMY x A log (P)-1 0.15 0.23 0.18
(1.56) (2.39) (157)
INDUSTRIAL DUMMY X A log (P¥) -0.25 -0.10 -0.60
(-0.74) (-0.63) (-3.06)
INDUSTRIAL DUMMY x A log (E) -0.59 -0.45 -0.52
(-11.84) (-8.88) (-9.48)
INDUSTRIAL DUMMY x A log (RER)-1 -0.18 -0.17 -0.18
(-4.74) (-4.44) (-4.21)
INDUSTRIAL DUMMY X YGAP.1 -0.43 -0.44 -0.29
(-2.37) (-2.54) (-1.61)
INFLATION HISTORY x log (RER).1 - 0.09 0.02
(6.36) (4.94)
OPENNESSx log (RER)-1 - -0.02 -0.00
(-3.06) (2.57)
INFLATION HISTORY X A log (E) - 0.39 0.10
(10.38) (8.23)
OPENNESSx A log (E) - 0.15 0.00
(5.97) (2.42)

1 Based on means from start of sample to year t-1 of INFLATION HISTORY and OPENNESS. 2 Based on one-year lagged five-year
moving average of INFLATION HISTORY and OPENNESS.
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Outlook (WEOQ). Thefirst of these studies compares the responsiveness of inflation to the output gap in Asian
and Latin American countries.!! It finds this responsiveness to be statistically significant in most Asian
countries, but only in afew Latin American countries. Thisis consistent with our findings, shown in Table 2,
that the output gap is, at best, only barely statistically significant for Latin America. On the other hand, the size
of the coefficient on the output gap islarger in Latin Americathan in the other regions, asalso indicated in

Table 3, leaving some ambiguity as to whether or not output gaps genuinely affect inflation in Latin America.

A second study reported in the 1996 WEO compares the determinants of industrialised and
developing country inflation using a multi-equation statistical model. It finds exchange rate shocks to be
important to inflation in both regions, consistent with the estimated significance of exchange rate variables
shown in Table 2 of this paper. The study also finds output gap shocks to be much more important, relative to
exchange rate shocks, in the industrialised countries than in the developing countries. Loosely speaking, this
would appear to be consistent with the differences in inflation behaviour identified in this paper between Latin
America, on the one hand, and Asia and the industrialised countries, on the other. Our results suggest that, if
countries are to be aggregated according to their inflation performance, Asian countries might better be grouped
with the industrialised countries than with the Latin American countries. 12

3. Accounting for differencesin inflation behaviour

In this section, various explanations for the difference in inflation behaviour between the regions
are considered. The first possibility, addressed in Section 3.1 below, is that differences in the estimated
response of inflation to the real exchange rate are spurious. Under this hypothesis, the equilibrium real
exchange rate is more variable in some regions than in others — perhaps reflecting differences in the incidence
of productivity shocks — and this makes it more difficult to identify the relationship between inflation and real
exchange rates in some regions than in others. The second possibility, discussed in Section 3.2, is that the
response of inflation to gaps between the actual and equilibrium real exchange rate really does differ between

11 Theresults are based on a methodology described in Coe and McDermott (1996).

12 |n a separate study, Hoffmaister and Roldos (1997) apply VAR analysis to macroeconomic performance variables in Latin America

and Asia. They find that in both regions inflation is determined largely by domestic nomina shocks, with external shocks and domestic

supply shocks having little importance. There is some evidence that fiscal shocks are more important to inflation in Asia than in Latin

America, but otherwise little difference in the inflationary process is identified. These results do not conflict with those in this paper —

which indicate significant differences in inflationary behaviour between the regions — since in the Hoffmaister and Raddaskram

nominal shocks affect both the exchange rate and the output gap, and no attempt is made to distinguish between the two channels
Conversely, this paper shows that it is the relative importance of exchange rates and output gaps in affecting inflétere bettveen

regions.
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the regions. A number of factors are considered that might influence this response, including prior inflation
experience and the degree of openness of the economy to foreign trade.

3.1 Theroleof productivity growth effects

It is well established in theory that differential rates of sectoral productivity growth may lead to
changes in the equilibrium real exchange rate. In a tradables/non-tradables framework, for example, the
Balassa-Samuelson effect predicts that higher productivity growth in the tradables than in the non-tradables
sector will lead to a decline in the equilibrium ratio of tradables to non-tradables prices — that is, a real
appreciation. Similarly, in the foreign goods/home goods framework described in Section 1, as shown in
equation (8), weak productivity growth and hence low supply growth in the home goods sector — which is
analogous in various respects to the non-tradables sector — relative to absorption will also generate an increase
in the relative price of home goods and hence an equilibrium real appreciation.

Since inflation is affected by the gap between the actual and the equilibrium (that is, home goods
market-clearing) real exchange rate, if the equilibrium real exchange rate is changing, the response of inflation
to the actual real exchange rate may be more difficult to estimate. Consider the HH curve representing home
goods equilibrium in Figure 1. If this is evolving over time, then any given combination of the real exchange
rate and aggregate demand — that is, any point on the graph — may be associated with excess supply of home
goods (and hence deflation) at one point in time, and excess demand (and hence inflation) at another. Unless the
factors shifting the HH curve — productivity shocks, shifts in the composition of demand, etc. — are controlled
for, it will be difficult to estimate a stable relationship between inflation, the real exchange rate and aggregate
demand.

In principle, the equations shown in Table 2, by including the gap between aggregate demand and
potential output as an explanatory variable, should control adequately for shocks to productivity: such shocks
would be reflected in changes in potential output and hence in the output gap. In practice, however, some of the
assumptions used to derive the estimating equation may not hold: actual output may not be a good long-term
proxy for absorption, the HP filter measure of potential output may not fully capture productivity movements,
or distinctions between productivity growth in the tradables and non-tradables sector — not addressed in the
model used in this paper — may be important. Under these circumstances, it might be difficult to identify the
true relationship between inflation, the real exchange rate and absorption, and this could lead to low and
statistically insignificant coefficients on the real exchange rate variable. To the extent that one region — say,
Asia — was subject to more and larger productivity shocks than another — say, Latin America — this could lead to
a lower estimated responsiveness of inflation to the real exchange rate in the former region compared with the
latter.
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To test for this possibility, the equations presented in Table 2 were re-estimated using three
different proxies for the cumulative effect of differential productivity growth on the equilibrium real exchange
rate: (1) atimetrend; (2) the cumulated growth of GDP minus the cumulated growth of GDP in G-7 countries, a
proxy for differential productivity growth in home and foreign goods;!3 and (3) the cumulated growth in exports
minus the cumulated growth in GDP, a proxy for differential productivity growth in the tradables sector relative
to the sum of tradables and non-tradables sectors. The results (not shown) indicated that the first two measures
were insignificant in all equations. The third measure was significant only in the Latin America regression and
in the "al countries' regression; moreover, itsinclusion did not significantly ater the other coefficientsin those
regressions. Hence, there is no evidence that shifts in the equilibrium real exchange rate resulting from
differential productivity growth or other supply-side shocks have led to inaccuracies, or differences across
regions, in the estimation results shown in Table 2.14

3.2 Theroleof inflation history and economic openness

The results described in Section 3.1 above suggest that estimated differences across regions in the
speed of adjustment of prices to gaps between the actual and the equilibrium real exchange rate are not
spurious. In this section, we consider two factors that may explain these estimated differences in inflationary
response. The first of these is the prior inflation history of a country. Sustained high levels of inflation, as they
become embedded in the psychology and institutions of wage and price-setting, may themselves increase the
sensitivity of inflation to subsequent inflationary shocks. When inflation is high and variable, the length of
wage contracts tends to shorten, prices are revised with greater frequency, and expectations of future inflation
become a more important determinant of current wage and price-setting. In these circumstances, factors tending
to signal rising prices are likely to induce a greater inflationary response than would be the case in a low-
inflation environment. The exchange rate has played a particularly important role in this respect since it is the
most visible, frequently adjusted gauge of future movements in aggregate prices. 15

13 This follows Edwards (1989), who uses GDP growth as a proxy for technological progress in an equation to explain the equilibrium
real exchangerate.

14 This should not be entirely surprising, as evidence for the Balassa-Samuel son effect, or other theories linking productivity growth with

real exchange rates, has been mixed. De Gregorio et a. (1994) do find strong evidence that productivity growth affects the real exchange

rate in OECD countries. However, Ito et al. (1997) find much weaker evidence for this effect in Asian countries. Moreover, Edwards

(1989), in explaining the real exchange rate in a panel of 12 developing countries, found that the coefficient on his proxy for technological

progress — GDP growth — actually had the wrong sign, compared with the prediction of the Balassa-Samuelson effect. Finally, in their
VAR analysis of Asian and Latin American countries, Hoffmaister and Roldos (1997) find little evidence that real exchaage rates
importantly affected by domestic supply shocks.

15 Dornbusch et al. (1990) explore this process in detail. Leiderman and Bufman (1996) also present evidence suggestiagréeat the d
of pass-through from exchange rates to prices is higher in high-inflation countries.
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Hence, an important determinant of the current responsiveness of inflation to exchange rate
changes may be the prior history of inflation itself. This prior history is measured in two different ways. First,
inflation history is measured as the mean inflation rate in a country from the start of the sample until the year
immediately preceding the contemporaneous year. This specification presupposes that inflationary memories
are highly persistent. A second measure of inflationary history is the mean inflation rate over the past five years
only.

In addition to inflation history, a second possible factor determining the responsiveness of inflation
to the exchange rate is the openness of the economy. In principle, a completely closed economy should exhibit
no responsiveness of inflation to exchange rate changes, since neither import costs nor export prices would have
any bearing on the supply of or demand for domestic products. Conversely, an economy with a high share of
foreign trade should be much more sensitive to both the real and the nominal exchange rate.

The openness of the economy is defined as the log of the ratio of merchandise imports to GDP.
Anaogoudly to the inflation history variable, two measures are calculated: (1) the mean over the entire
preceding sample, and (2) the mean over the past five years.

Table 4 indicates estimation results for the basic inflation equation, once the various measures of
inflation history and openness are interacted both with the rate of exchange rate depreciation and with the
lagged log-level of the real exchange rate. The coefficients on these interaction variables are expected to be
positive: a history of higher inflation and a higher degree of openness are expected to increase the
responsiveness of inflation to the exchange rate.

The estimation results support the role of past inflation in affecting the contemporaneous response
of inflation to both the real exchange rate and nominal exchange rate depreciation. Regardless of which measure
of inflation history is used, the coefficients on the interaction terms in the regression applied to all countries are
positive and significant.16 The results are somewhat more mixed in the separate regional regressions. The
coefficients on the inflation history terms are usually, but not always, positive, and their statistical significance
variesaswell.

The regression results provide particularly weak support for the role of openness in conditioning
the responsiveness of inflation to the exchange rate. In the equation estimated for al countries, the coefficient
on the openness interaction term is positive and significant in only one of four instances. The results for the
separate regional regressions are similarly mixed.

16 The finding that exchange rates exert a stronger influence on inflation in higher-inflation countries is consistent with the finding that
tests of purchasing power parity (PPP) are more likely to confirm that PPP holds in high-inflation economies than in low-inflation
economies (see surveys by Froot and Rogoff (1995) and Rogoff (1996)).
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Table4
Testsfor inflation history and openness

Dependent variable: A log (P)

Alog (P)-1

Alog (P*)

Alog (E)

log (RER)-1

YGAP.1

INFLATION HISTORY x
log (RER)-1

OPENNESSx
log (RER)-1

INFLATION HISTORY x
Alog (E)

OPENNESS x
Alog (E)

All countries | Latin America Asia Industrialised
(a) (b) (a) (b) (a) (b) (a) (b)
0.21 0.20 0.17 0.16 0.26 0.16 0.39 0.28
(16.45) | (14.04) | (6.31) | (5.62) | (4.02) | (2.40) |(10.67) | (6.78)
0.97 0.97 0.95 0.98 0.83 0.72 0.67 0.56
(21.50) | (18.95) | (9.64) | (9.21) | (6.99) | (4.75) |(13.03) | (8.75)
0.07 0.52 0.15 0.49 0.17 | -0.07 | -0.07 0.13
(0.87) [(15.39) | (0.83) | (6.87) | (0.68) | (-0.39) | (-0.78) | (2.31)
0.16 0.16 0.71 0.33 0.03 0.04 0.06 0.06
(7.16) | (9.65) | (5.39) | (5.96) | (1.04) | (2.05) | (5.35) | (5.40)
0.28 0.26 0.44 0.59 0.40 0.47 0.17 0.22
(3.66) | (3.09) | (1.57) | (2.10) | (4.13) | (4.56) | (4.40) | (5.75)
0.13 0.03 0.04 | 0.02 0.09 | -0.01 0.07 | -0.03
(9.32) | (597) | (1.33) | (2.23) | (1.96) | (-0.33) | (354) | (-2.52)
-0.02 0.00 | -0.16 0.00 | -0.00 | -0.00 0.00 0.00
(-2.71) | (0.56) | (-3.92) | (3.06) | (-0.44) | (-0.88) | (0.26) | (0.31)
0.51 0.16 0.35 0.11 0.58 14 22 0.80
(12.95) | (12.16) | (4.10) | (4.05) | (0.53) | (1.54) | (4.67) | (2.22)
0.12 0.00 0.16 0.00 | -0.03 0.00 | -0.00 | -0.00
(453) | (0.32) | (2.66) | (2.03) | (-0.45) | (0.91) | (-0.04) | (-2.67)

@ INFLATION HISTORY = mean A log (P) from start of sample period to year t-1.

OPENNESS

=mean log (imports/GDP) from start of sample period to year t-1.

(b) INFLATION HISTORY = mean A log (P) from year t-5 to year t-1.

OPENNESS

= mean log (imports’GDP) from year t-5 to year t-1.
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While inflation history may help to explain why inflation in some countries is more responsive to
the exchange rate than in others, it is not clear that this factor accounts for the entirety of the estimated
differences in inflation responsiveness between Latin America, Asia and the industrialised countries. To
determine whether inflation history and openness can explain part of the regiona differences in inflation
responsiveness, the inflation history and openness interaction terms shown in Table 4 were added as
explanatory variables in the equation shown in the first column of Table 3.

The results are presented in the second and third columns of Table 3. They indicate that even after
the inflation history and openness interaction terms are added to the equation, differences between Latin
America and the other two regions in the estimated response of inflation to the exchange rate — as represented
by the coefficient on the regional dummy interaction terms — remain statistically significant. Therefore,
whatever factors account for the differences in inflationary behaviour between Latin America, Asia and the
industrialised countries, they have not been identified in this analysis.

Conclusion

Based on the research described above, the following conclusions can be made. First, there clearly
is a role for the level of the real exchange rate, along with the output gap, in the determination of inflation in
many economies. Even with lagged inflation and the rate of nominal exchange rate depreciation held constant,
the coefficient on the lagged real exchange rate was statistically significant in nearly all of the equations that
were estimated. This suggests that for many economies, analyses and forecasts of inflation based on Phillips
curve type measures alone — such as unemployment rates or output gaps — may be misleading.

The estimated importance of the effect exerted by the real exchange rate may pose a dilemma for
policy-makers wishing to achieve both price stability and export competitiveness: not only will an exchange
rate devaluation lead to a temporary increase in inflation, but, if the level of the real exchange rate is maintained
at its new, more depreciated level through subsequent nominal devaluations, this may lead to a sustained higher
level of inflation as well. Conversely, in countries that have high exchange rate competitiveness but also high
rates of inflation, lowering inflation may require some appreciation of the real exchange rate, with a
corresponding loss of competitiveness.

The second conclusion supported by the analysis in this paper is that the responsiveness of
inflation to the real exchange rate appears to have been much higher in Latin America than either in Asia or in
the industrialised countries. This difference in inflationary behaviour may help to explain why exchange rate
and macroeconomic policies have been, on balance, more consistent over time in many Asian countries

compared with many Latin American countries. In Asia, pronounced real devaluations in the 1980s were not
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associated with marked upswings in inflation; this allowed Asian countries to keep their real exchange rates
depreciated, thereby maintaining competitiveness and encouraging strong export growth.

Conversely, in Latin America, large devaluations in the 1980s — made necessary by balance-of-
payments crises — led to sharp increases in inflation. These increases, in turn, forced the authorities in many
countries to allow the real exchange rate to appreciate in order to reduce inflation, thereby laying the foundation
for subsequent balance-of-payments crises in certain instances. Hence, the inability to combine competitiveness
with price stability in Latin America appears to have engendered a certain degree of instability in
macroeconomic policy focus.

Finally, the differences in the responsiveness of inflation to the real exchange rate between the
regions do not appear to be the result of estimation problems induced by changes in equilibrium real exchange
rates, nor are these differences accounted for by the two most obvious possible determinants of inflationary
responsiveness: (1) the prior inflation history of a country and (2) the openness of the economy. This suggests
that the reasons for different inflationary behaviour in Latin America and Asia may be more deeply rooted in
the underlying social, economic and political structures of the two regions. Even so, there appears to be some
evidence that prior inflation, by raising the sensitivity of institutions and expectations to inflationary shocks,
raises the responsiveness of inflation to exchange rate changes. On the other hand, the evidence that inflation is
more responsive to exchange rates in more open economies was fairly mixed. Clearly, further research into the

factors underlying differences in inflationary behaviour between Latin America and Asia would be desirable.
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Appendix: Derivation of the supply curve for home goods

Recall that the price of the foreign good B- is determined by the exchange rate E (local currency
per dollar) and the (exogenous) foreign currency price of foreign goods PF* . The price of home goods P, is

determined by equilibrium in the market for home goods.1” Producers maximise profits by choosing the level of
labour use L, and hence the level of output Q,,, subject to declining marginal products of labour for a given
level of capacity or potentia output Q. 772,,, refersto the elasticity of a with respect to b.

max P,Q, —WL

st. Q, =Q, (L/ L; GH) (Al)
and
O0</Buc<l " o =1
(jH is exogenous in this simple framework, but may be thought of as the outcome of a constant

returns production function based on exogenous capital K, an exogenous component to labour supply
(reflecting demographic factors, social and legal norms, etc.) L , and factor-neutral technology T:

Q. =T (L.K) (A2)
Bt =1

Profit maximisation leads to an implicit function for labour demand as afunction of the real product wage:
1= L(W/P,:Q,) (A3)

o yup, <O

Labour supply is assumed to be upward-sloping in the real consumption wage, which is assumed to depend on

the consumer price index P, aweighted average of home and foreign goods prices. As noted above, |abour

supply also depends upon an exogenous component L .

LS = L5(w/P; L) (A4)

P=PRIP:

17 Thismodel is similar to Borio and Rankin (1985). Kamin (1996) explains the correlation between the real exchange rate and inflation
in Mexico with a very similar model based on traded and non-traded goods. In that model, the real exchange rate represents the ratio of
tradables to non-tradables prices, whereas in the model used here, the rea exchange rate represents the ratio of foreign to home goods
prices.
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and
s e > 0 s =1
Equilibrium in the labour market requires that labour demand equal labour supply. We set equations (A3) and
(A4) equal to each other and log-differentiate, assuming the level of potential output (jH to remain unchanged.
It is straightforward to show that in equilibrium, log-changes (denoted by ” ) in the real product wage can be
expressed as positive function of the growth of foreign goods prices relative to home goods prices. Increasesin

foreign goods prices raise the cost of living, thereby raising nominal wages relative to home goods prices and
hence increasing the real product wage.

(W_ I:A)H): V(lsF - If’H) (A5)
(1_ a)an W/P
y=

11 wip 7] WP

On the basis of equation (A5), a supply function for home goods based on the relative price, or equivalently, the
real exchange rate P/P,,, can be written:

Si=S.(P/R: Q) (A6)

d
<0 an ~ >0
K, p.p, %, .

Thisis shown as equation (2) in the text.
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