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INTRODUCTION

Inflation Targeting has become a popular choice. The number of countries that
have adopt it the framework has been increasing steadily over the past three decades,
including low- and middle-income economies. During the late 1970s, Latin Amer-
ican countries liberalized capital flows, and after a period were hard pegs were
common (the 1990s), flexible exchange rate regimes become increasingly more
popular. Since the late 1990s, several Latin American countries have adopted a
policy framework that involves high capital mobility with relatively flexible exchange
rate regimes and Inflation Targeting. The most important cases are Brazil, Chile,
Colombia, Mexico and Peru (see Barbosa-Filho, 2015; Dancourt, 2015; Ffrench-
Davis, 2015; Ocampo and Malagén, 2015; Oreiro et al., 2009; Ros, 2015).

The popularity of Inflation Targeting is related to its presumed ability to anchor
inflationary expectations without incurring in significant output and employment
costs. The literature argues that if monetary policy is sufficiently sensitive with
respect to changes in the rate of inflation, setting a short-run interest rate at the
correct level is enough to achieve macroeconomic stability (Blanchard and Gali,
2007).

The literature also presumes that Inflation Targeting works smoothly in an open
economy set-up. Because the central bank needs to adjust the domestic interest rate
to achieve macroeconomic stability and it is assumed that a high degree of capital
mobility is desirable, the exchange rate should be allowed to float. The implicit
presumption is that exchange rate movements are not destabilizing, and in par-
ticular that depreciations are assumed to be expansionary both in the long- and in
the short-run.

The hypothesis that devaluations have contractionary effects was formulated
during a period were fixed exchange rate and low capital mobility was the norm
(Diaz Alejandro, 1963, 1965; Krugman and Taylor, 1978), but there are good
reasons to believe that the contractionary effects have not disappeared. Although
exchange rate regimes are much more flexible than in the past, central banks inter-
vene very often in the foreign exchange market to avoid undesirable exchange rate
fluctuations. Moreover, as documented by Barbosa-Filho (2015) and Ros (2015)
for the cases of Brazil and Mexico, monetary policy has been used to prevent large
depreciations, but fewer interventions have been conducted to avoid appreciations
(Libman, 2018a). This suggest that policy makers in those countries fear the nega-
tive repercussions of large exchange rate depreciations, but they welcome the ex-
pansionary effects from appreciations.

Consider the case of Brazil during the last decades. When the real exchange rate
depreciated,! inflation accelerated, while output remained stagnant, both during

UIn this paper we follow the Latin American convention. We define the nominal exchange rate as the
number of units of the domestic currency that are needed to buy a unit of the foreign currency. A
depreciation means that the exchange rate goes up, and so on. Because the original literature on
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2002-2003, and more recently, in 2014-2016 (Serrano and Summa, 2016). Although
factors such as fiscal policy and terms of trade were probably at play, this suggests
that depreciations have contractionary effects. Galindo and Ros (2008) explored
the recent Mexican case. Using VAR analysis, they found that devaluations have a
weak contractionary effect on output, at least in the short-run.

Both Brazil and Mexico have experienced slow growth. In contrast, the Peru-
vian economy has been performing quite well; growth has been fast, while inflation
has remained low and stable. Peru is well-known for its highly dollarized financial
system and the Inflation Targeting regime that was adopted during the early 2000s
was designed on the assumption that devaluations reduce output. Because exchange
rate depreciations exert a negative effect on the balance sheet of banks, the Taylor
Rule was complemented with frequent interventions in the foreign exchange mar-
ket, as well as with other unconventional monetary policy tools (such as reserve
requirements for dollar denominated deposits), to curtail excessive exchange rate
volatility.

Inspired by the different performance of main Latin American economies that
have adopted Inflation Targeting, this paper ask what are the implications associ-
ated with the presence of contractionary effects of depreciations when Inflation
Targeting is operative.? To understand the nature of the problem, consider for ex-
ample a shock that implies appreciation of the nominal exchange rate that translates
into a real appreciation (which is the case if inflation is low or moderate, see Taylor
and Taylor, 2004). If demand depends negatively on the real exchange rate, the
most likely case when depreciations are contractionary, then the appreciation gen-
erates further demand pressures. Because the increase in demand may generate
some pressures on output and employment and consequently on prices, or because
the central bank also includes the output gap in its monetary policy rule, playing
by the rules of Inflation Targeting requires an increase in the real interest rate.
Consequently, the nominal and the real exchange rate appreciates even more, ex-
panding aggregate demand, and so. The system is thus not stabilized unless the
monetary policy rule is complemented by other policy tools. Output and inflation
can be more volatile than under an alternative policy regime were the effects of
exchange rate shocks are adequately taken into account.

This paper attempts to shed additional light on this issue. A short summary of
the main contributions and results is as follows. After providing an update review
of the literature, we construct a family of VAR models for the main Latin American

contractionary devaluations was developed for a world of fixed or semi-fixed exchange rates, the term

“devaluation” was more appropriate. Here we use “depreciations” (“appreciations”) for exchange rate
changes under more or less flexible exchange rate regimes, and “devaluations” (“revaluations™) for
changes when the exchange rate is fixed or semi-fixed.

2 To clarify, we do not have a mind a scenario where output contracts because the central bank raises
interest rate after an exchange rate shock that increases inflation. Rather, we suggest that the presence
of direct contractionary effects is problematic (i.e., a multiplicity of equilibrium path or instability may
emerge when these effects are present).
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countries that have adopted Inflation Targeting.? We find evidence that supports
the view that devaluations are short-run contractionary (for about 2 to 8 quarters,
depending on the specification adopted and the country). The results are statisti-
cally significant at standard levels in Brazil and Mexico. Because these effects are
short-run in nature, they do not necessarily contradict large and growing body of
papers that suggest that the level of the real exchange rate is positively correlated
with economic growth (see Bresser-Pereira, 2012, 2013; Gabriel et al., 2020; Mis-
sio et al., 2015; Oreiro and Da Agostini 2017; Oreiro and Santana, 2018; Rodrik,
2008; and Razmi et. al., 2012).

Additionally, we build a stylized and we show that contractionary effects can
destabilize the system if interest rates exert a strong pressure on the real exchange
rate, and if the effects of depreciations on output are strongly contractionary, pro-
vided that these effects are not compensated with the direct effects of the real exchange
rate on prices. This does not imply that Inflation Targeting is unstable. Instead, it
suggests that the unconventional policies which have been adopted in Latin Amer-
ica (most notably by Peru) that delink the evolution of the exchange rate from the
interest rate, such as a capital controls, prudential regulations or interventions in
the foreign exchange market, can be of great help. An Inflation Targeting regime
that ignores the negative repercussions of large exchange rate shocks may underper-
form, as it may have happened in the Brazilian and Mexican cases.

This paper is structured as follow. After this introduction, the next section reviews
the related literature. The third section presents estimations based on VAR models.
The fourth section develops our toy model. Finally, the last section concludes.

LITERATURE REVIEW

This section reviews the related literature on Inflation Targeting and on contrac-
tionary effects of devaluations. Inflation Targeting is now an integral part of the
core macroeconomic models. Most central bank’s target inflation using a short-term
interest rate, without tracking the evolution of the money stock. Woodford (2003,
chapters 2, 3 and 4) shows how to specify models where there is no money stock
at all. The most remarkable result of this new literature is the idea that the equilib-
rium path is uniquely defined if the policy short-term interest rate is sufficiently

3 To complete the background, Chile and Colombia are among the most stables economies in the region.
Both adopted Inflation Targeting regimes in 1999, but in slightly different situations. While Chile already
had a very low inflation rate of around 3%, Colombia inflation rate was much higher (around 15%)
and the central bank was looking to consolidate the disinflation trend. Both countries currently have
low inflation rates and a very low pass-through from exchange rates to prices. This also reduces the
negative effect of exchange rate depreciations on growth, and could be the reason why their interventions
in the foreign exchange markets has been less frequent than in other Latin American countries, especially
in the Chilean case.
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sensible with respect to changes in the rate of inflation (Romer, 2000). This is known
as the “Taylor-Principle”.

In an open economy set-up, because a high degree of capital mobility is taken
for granted, in order to employ monetary policy for domestic stabilization pur-
poses, the exchange rate should be allowed to float as freely as possible (Edwards,
2006). Capital controls are considered inappropriate, and reserve accumulation
limited to the minimum necessary to curtail excessive volatility associated with
non-fundamental shocks. Implicit is the presumption that exchange rate movements
are not destabilizing, and in particular depreciations are assumed to be expansion-
ary both in the long- and in the short-run (see Chang, 2008, for a discussion).

In the Structuralist literature, it was often assumed that devaluations have con-
tractionary effects, at least in the short-run (Krugman and Taylor, 1978; Heymann
and Nakab, 2017). The contractionary devaluation hypothesis was formalized
during the 1950s and 1960s and the main mechanism is the redistributive effect
(Diaz Alejandro, 1963, 1965). When price elasticities in consumption and produc-
tion are low (Hansen, 1983), a devaluation has a strong income effect and almost
no substitution effect. If the supply of tradable goods is given and if domestic goods
required imported inputs in fixed proportion (Schmid, 1982; Gylfason and Ris-
ager, 1984), an increase in the nominal exchange rate will reduce the real wage,
increasing profits and rents. If workers have a larger propensity to spend than
capitalists and landlords, demand for home goods will fall.

Contractionary effects of devaluations can take place even if there is no redis-
tributive effect. For example, output and employment will fall if the trade balance
is initially in deficit (Robinson, 1947; Hirschman, 1949). If the public sector collects
taxes on exports and tariffs on imports, then a devaluation will redistribute income
from the private sector to the public sector; intuitively, the government has a mar-
ginal propensity to spend equal to zero, while the same figure for the private sector
is presumably positive. The redistribution from the private sector to the public
sector may reduce spending.

During the last 50 years the world has witnessed an important transformation
of the international capital market. The collapse of Bretton Woods and the emer-
gence of a system where capital moves more freely across borders has influenced
the way the prices of financial assets are determined. Exchange rates have become
much more volatile, and this may have disturbing effects on output and employ-
ment. The contractionary effects associated with financial distress linked to cur-
rency mismatches are related to the so-called “balance sheet effect”. This channel
can account for the same effects postulated by the old literature, but it can also
explain modern financial crises in emerging and less developed economies. Céspedes
et. al., (2003) offered a plausible formalization of this effect using a standard
IS-LM-BP model. They endogenized the risk premium and showed that a depre-
ciation of the domestic currency could be expansionary o contractionary, depend-
ing on the level of indebtedness and the foreign trade elasticities, among other things.
Rojas-Suarez (1987) built a model where a devaluation tightens financial conditions
for firms, reducing output and employment in the tradable and the non-tradable
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sector. Libman (2019) explored the role of the balance sheet when the central bank
targets inflation using an interest rate rule, and he found that contractionary de-
preciations can create instability.

It is also important to consider the differences between the effects of changes vs.
levels of the real exchange rate on macroeconomic variables.* Even if exchange rate
depreciations have short-run contractionary effects, some authors consider than an
undervalued exchange rate can favour growth in the long-run. For example, Rodrik
(2008) finds a positive relationship between real exchange rate level and growth,
which is stronger for developing than developed countries. Likewise, Missio et al.,
(2015), using a quantile regression method, find this positive relationship to be
non-linear but quadratic for developing countries. Oreiro et al. (2020) explain this
relationship by the long-term positive impact of exchange rate level on manufactur-
ing share and exports, while Gabriel et al., (2020) add that this relationship is
greater the larger the country’s gap in relation to the technological frontier.

The empirical literature on contractionary effects of devaluations is vast, but
the findings are mixed. For instance, Bebczuk et al. (2006) found that devaluations
are contractionary on highly dollarized economies, but expansionary otherwise,
while other studies suggest that devaluations are short-run contractionary, but
expansionary or “neutral” when the span of time considered is long enough (Ed-
wards, 1986; Kamin and Klau, 1997).

As some studies have shown, it is difficult to disentangle the effects of devalua-
tions from some other shocks that can affect the exchange rate and output at the
same time (Edwards, 1989; and Kamin, 1988). Using different samples and includ-
ing a different type of episodes may also affect the results. For example, Gylfason
and Schmid (1983), and Gylfason and Radetzki (1991) found that devaluations
are contractionary in the short and in the medium run using macroeconomic simu-
lation for 10 and 12 less developed countries, respectively. Bahmani-Oskooee (1998)
showed that devaluations have no long-run effect on output in most less developed
economies.

Galindo et al. (2003) provided a survey of empirical studies on the impact of
exchange rate fluctuations on economic activity and investment when currency
mismatches are present. Microeconomic evidence suggests that Latin American
firms tend to match the composition of their debt with the currency composition
of their income stream, in particular if a more flexible exchange rate regime is
adopted (Martinez and Werner, 2002).’

Bahmani-Oskooee and Miteza (2003) concluded that the impact is country

4We are grateful to one of the anonymous referees for suggesting that we make this difference clearer.
Without necessarily supporting any particular view, we should notice that according to our empirical
results, an exchange rate shock leads to a contraction in output that is statistically significant for 2
quarters, although we do not find any positive effect afterwards.

5 The literature that explores firm level investment is vast, and the results are mixed. For example, Serena
and Sousa (2018), Aguiar (2005), Carranza et al. (2003) found that depreciations reduce output, but
Benavente et al. (2003), Bleakley and Cowan (2002), Bonomo et al. (2003), Domac (1997), Echeverry

728 Brazilian Journal of Political Economy 41 (4),2021 « pp. 723-744



specific, depends on model specification and the on the estimation technique. Be-
cause it seems likely that the signs of the effect may depend on the country, the
results change according to the cases included. Many studies have focused on
Latin America. Using Lucas-type supply function, Sheey (1986) pooled cross-coun-
try data for countries from the region to estimate the impact on short-run output
growth of devaluations (among other shocks). The results strongly support to the
contractionary impact of devaluation.

Morley (1992) analyzed the effect of real exchange rates on output during 28
devaluations in developing countries, holding constant the terms of trade, import
growth, the money supply and the fiscal balance. He found that depreciations of
the real exchange rate reduce output over a period of two years, but does not test
to see whether this effect is subsequently reversed. An et al. (2014) studied VAR
models, including countries from Latin America and Asia, and they found support-
ing evidence for the presence of contractionary effects of devaluations.

Ambhed (2003) studied the sources of economic fluctuations in key Latin Amer-
ican countries. Surprisingly, he found that external shocks play a limited role in
driving output fluctuations in these countries. However, there is some evidence that
real exchange rates depreciate in response to adverse external shocks and this de-
preciation tends to contract output in the short run. Gutiérrez de Pifieres and
Cantavella-Jorda (2010) used pooled time series of Latin America countries, and
they find that depreciations do not lead to faster export growth. This increases the
likelihood of contractionary effects of depreciation.®

The effects of exchange rate fluctuations on output may depend not only on the
country or the region, but also on the size of the depreciation. Berganza et al. (2004)
showed that in times of crisis, when large depreciations usually take place, the ef-
fects on the balance sheets are stronger than during “normal” times. Because an
exchange rate depreciation will reduce the value of the collateral in dollars, and as
discussed in the empirical contribution of Mantey (2013) or in Kearns and Patel
(2016), the effects of the real exchange rate on balance sheet may off-set the com-
petitiveness effect (the positive effect on net exports).

The results could also depend on the time frame and the dynamics may involve
short-run contractionary effects with long-run positive effects. Bussiare et al. (2010)

et al. (2003), Galiani et al. (2003) found the opposite. There seems to be no disagreement on one
particular point: the balance sheet effect is important.

6 Several studies have analyzed the nature of depreciations in Asia. Christopolous (2004) studied eleven
Asian economies using panel cointegration techniques, and he finds that depreciations are contractionary
in the long run at least in five of them, and expansionary in three. Bahmani-Oskooee et al. (2002)
studied the East Asian case. They estimated a cointegration vector that relates output with the real
exchange rate and other policy variables, using quarterly data for 1976-1999. They find that although
real depreciation is contractionary in the long run for Indonesia and Malaysia, it is expansionary for
the Philippines and Thailand. For Korea, output growth does not significantly respond to a change in
the real value of the exchange rate. Likewise, Moreno (1999) finds that real depreciation dampens
economic activity for a panel of East Asian economies. Kim (2016) showed that the balance sheet effect
is relevant in a panel of South Korean firms.
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explored episodes of “Currency collapses”, defined as large nominal depreciations
or devaluations. They find that they are associated with permanent output losses
on the order of 6% of GDP, on average. However, these losses tend to materialize
before a drop in the value of the currency, which indicates that it is not the large
depreciation as such that is costly but the factors leading to the currency collapse.
Rajan and Shen (2006) showed that depreciations have contractionary effects dur-
ing crisis periods, but not during normal times.

The question about the effects of depreciations on output is old, but surpris-
ingly, there are little updated contributions that analyze countries that use Inflation
Targeting; as the literature review illustrates. We thus contribute to the literature
on Inflation Targeting on open economies and to the literature on contractionary
effects of devaluation, by analyzing the five Latin American countries that have
been using Inflation Targeting for almost two decades. We provide empirical estima-
tions based on VAR models and we offer new theoretical insights about the pos-
sible destabilizing effects of devaluations when a standard Taylor Rule is operative.

This paper is also related to Post-Keynesians monetary theory. Authors from
the Post-Keynesian tradition, most remarkably those who seem to embrace an
“activist” view (those who agree that a short-term interest rate can be used to
stabilize the economy, provided that it is complemented with other policies), have
analyzed the Inflation Targeting regime in a closed economy set-up, and they show
that full-employment and price stability can be achieved combining the Taylor
Rule with an additional instrument (Tadeu-Lima and Setterfield, 2008). But none
of these papers have addressed the complications associated with contractionary
effects of devaluations.

EMPIRICAL RESULTS

In this section we construct a series of Vector Autoregressive models for the five
most important Latin American countries that have been using Inflation Targeting
for almost two decades (Brazil, Chile, Colombia, Mexico, and Peru). We focus on
the effects of exchange rate shocks on output and the consumer price index span-
ning the late 1990s or the early 2000s (see Table 1) and 2019, but the remaining
of the results are available on request. The dataset used in this paper comprises
quarterly data of key domestic and international macroeconomic variables. All
data were publicly available and provided by official national statistical offices or
official data repositories. The set of domestic variables are the Gross Domestic
Product (GDP), the key monetary policy interest rate set by the Central Bank (I),
the exchange rate (ER), and the Consumer Price Index (CPI).

The dataset also covers international variables that would make economic sense
to control for. This set of variables comprises a variety of international prices of
commodities provided by the World Bank’s Pink Sheet, the Federal Funds Rate
(FFR) and the CBOE Volatility Index (VIX), both made available by the Federal
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Reserve Economic Data (FRED). The time span of the dataset matches that of the
Inflation Targeting regime for each of the countries.

We estimated an individual Vector Autorregresive (VAR) model with exogenous
variables for each country. We choose this approach because it is reasonable to
assume interactions between the endogenous (domestic) variables and because it
gives us the opportunity to check how exchange rate shocks may affect the GDP
under different specifications. A VAR model of order p with exogenous variables
can be written as:

Y,=C+AY,  ++AY, +BX, +¢, (1)

where Y, is a vector of endogenous variables, the A/’s are k x k coefficient ma-
trices, B is a k x m coefficient vector, C is a vector of intercepts, and €, is the vector
of errors.

Before the estimation of the model, we tested for the order of integration for
each variable after taking logarithms (except for interest rates). We used ADF tests
and relied on KPSS test when necessary, concluding that all log series are inte-
grated of first order and proceeded to differentiate each one to make them station-
ary (see Table A.1 for the results of the tests). We chose the optimum lag for each
VAR model based on BIC, adding new lags if errors presented signs of residuals
autocorrelation or heteroscedasticity (see Table 1).

Table 1: Data Sample and VAR Models Lags

Country Time span Lags
Brazil 1999Q2 - 2019Q4 3
Chile 1996Q1 - 201904 2
Colombia 2000Q1 -2019Q4 2
Mexico 2004Q2 - 201904 2
Peru 2003Q4 - 201904 2

Source: Authors’ own elaboration.

It is known that the correlations between each individual error are rarely equal
to zero. An orthogonalization of the error terms is needed to identify what is known
as structural shocks or innovations. We use the standard Cholesky decomposition
of the covariance matrix. On the Appendix, which is in the on-line version of this
journal, we show the Impulse Response Function (IRF) for each of the 24 possible
Cholesky orderings per country to show that broad conclusions do not rely on a
specific ordering (Figures A.1 and A.2). Next, we focus on an ordering that we
think that make economic sense and show IRF as well as the Forecast Error Vari-
ance Decomposition (FEVD) analysis to account for the magnitude of the impact
of devaluation on the GDP.

The results show that the effect is contractionary in the short-run, for about 1
to 4 periods, and up to 7 for the case of Brazil. The effects are statically significant
for Brazil and Mexico for 2 to 4 quarters, but not in the rest of countries, although
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we should keep in mind that the models have very few degrees of freedom due to
our restricted sample and 2 or 3 lags per each variable (see Figure 1). This is not
necessarily a limitation of our model. In fact, it is consistent with some of facts
discussed in the introduction which suggests that contractionary effects were pres-
ent in Brazil and Mexico.

Figure 2 shows the percentage of the Forecast Error Variance Decomposition of
the GDP that is explained by a shock to the exchange rate. In Mexico and Brazil,
a shock to the exchange rate explains approximately 15% of the total variance of
the GDP, while its impact is reduced to 7.5% in Peru and is even lower in Chile
and Colombia.

Figure 3 shows the effect of an exchange rate shock on the CPI in the short-run.
The effects are usually mildly inflationary and almost always die-out after 4 quar-
ters, and the coefficients are usually not significant, with the sole exception of
Brazil and Colombia. Figure 4 shows the percentage of the Forecast Error Variance
Decomposition of the CPI that is explained by a shock to the exchange rate. The
picture clearly shows a large contribution (more than 30%) for Brazil, and below
10% for the other four cases.

To summarize, our baseline results suggest the presence of short-run contraction-
ary effects of depreciations on output, particularly for Brazil and Mexico, and a
somewhat weak effect on CPI, with the exception of Brazil. The results are strong-
ly robust to the different 24 possible orderings.

Figure 1: Impulse Response Functions. Effects of Exchange Rate shocks on GDP
Cholesky ordering: Exchange Rate, GDP, Consumer Price Index, Interest Rate

Chile Mexico
0.002
0.000 0.000
0.002 Sur \/
-0.004
0.004
0 2 4 6 8 0 2 4 6 8
Brazil Colombia
0.001
0.001
0.000
0.000 /\
0.001
0002 -0.001
0.003 -0.002
-0.003
0 2 4 6 8 0 2 4 6 8
Peru
0.002
0.001
0.000
-0.001
-0.002
-0.003
0 2 4 6 8

Source: Authors' own elaboration.
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Figure 2: Variance decompositions. Effects of Exchange Rate shocks on GDP
Cholesky ordering: Exchange Rate, GDP, Consumer Price Index, Interest Rate

15.0%

10.0%

5.0%

0.0%

1 2 3 4 5 6 7 8

== Brazil = Chile = Colombia = Mexico = Peru

Source: Authors' own elaboration.

Figure 3: Impulse Response Functions. Effects of Exchange Rate shocks on Consumer Price Index.
Cholesky ordering: Exchange Rate, GDP, Consumer Price Index, Interest rate

Chile Mexico
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Source: Authors’ own elaboration.
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Figure 4: Variance decompositions. Effects of Exchange Rate shocks on Consumer Price Index.
Cholesky ordering: Exchange Rate, GDR, Consumer Price Index, Interest rate
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Source: Authors’ own elaboration.

A TOY MODEL

This section develops the basic framework to present the main implications for
monetary policy when depreciations have contractionary effects on output. We
show that the stability conditions are less stringent when depreciations are also
inflationary, but this also implies that policies that delink the evolution of the ex-
change rate from the interest rate can be stabilizing or even that a policy that parks
the interest rate may be a better approach than a standard Taylor Rule (Libman,
2018b). The main take home point of our model is that the presence of contraction-
ary effects of depreciations may add undesirable destabilizing effects when the
capital account is very open and monetary policy is conducted targeting a short-term
interest rate. This lesson is consistent with the recent experience of Brazil and
Mexico, the two cases where Inflation Targeting have been associated with sluggish
growth, volatile inflation and higher exchange rate volatility (see Libman, 2020).

Our specification is designed to resemble as much as possible the standard New
Consensus Model for an open economy, for comparison purposes. The model has
three main elements. The first one is the dynamic equation for inflation and output.
This rate of inflation depends on the gap between the target real wage and the ac-
tual real wage. The target real wage, in turn, depends on the state of the labor
market and on the real exchange rate; those variables capture the influence of the
bargaining power of workers and the cost of living, which following the structural-
ist literature, is positively associated with the level of the real exchange rate. Fi-
nally, we assume that the rate of employment depends on the level of output, which
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is a function of the real interest rate, the real exchange rate, and some other factors.
Those variables capture the traditional income and substitution effect, and the signs
can be influenced by the effects of depreciations on income distribution. Put it dif-
ferently, contractionary effects of depreciations associated to the redistributive effect
of Diaz Alejandro is implicit in the specification if the real exchange rate enters
with a negative sign on the aggregate demand function.

Secondly, we assume an extremely open capital account plus high substitut-
ability between domestic and foreign assets. This is clearly an unrealistic approach
(see Zhou, 2002), but it does not affect the main goal of the model. For our pur-
poses, any specification that involves a negative relation between interest rates and
exchange rates will work. Thirdly, the domestic interest rate is set according to a
standard Taylor Rule, which is a typical feature of Inflation Targeting, and thus the
short-term interest rate is a positive function of the inflation and output gaps.

Unless otherwise noticed, all the variables except for nominal and real interest
rates are expressed in natural logs. To keep the notation simple, we omit the time
subscripts, except when otherwise noticed. The price level of domestically produced
goods p is equal to a markup 7 over wage costs w:’

p=m+w (2)

Differentiating (2) with respect to time and assuming a constant markup, the
rate of inflation is equal to the rate of growth of wages T = w.® Wages evolve as a
function of past inflation 7_, and the gap between the target real wage ™ and the
observed real wage w:

w=m_1+ B’ —w)withf >0 (3)

Notice that 7 ~ m —m_; so according to (3) the rate of change of inflation de-
pends on the “wage gap” »” — w. Implicit is the assumption that expected inflation
* is equal to past inflation 7_;. A more realistic approach would probably imply
that wages are imperfectly indexed to inflation and a non-constant markup. Mod-
ifying the model along those lines only make the dynamics more complex and,
importantly, make contractionary effects of depreciation a more likely outcome,
reinforcing out conclusions: after a nominal depreciation the nominal wage and
inflation will increase by less and the real exchange rate will increase by more. To
simplify, we assumed that contemporary inflation is fully indexed to past inflation
and that the effect of the interest rate on the markup is negligible’.

7 Thus, the price level is equal to one plus the markup times the level of the nominal wage. In other
words, P = (1 +m)W. Thenp = In (P),w = In (W) andm = In (1 + M),

8 We denote by a the derivative of a with respect to time.

9 As suggested by an anonymous referee, it is more appropriate to let the markup to be endogenously
determined, for example, by assuming that the markup depends positively on the level of the interest
rates. We choose to retain the assumption that the markup is given in order to work with a relatively
simple model that resembles it as much as possible the standard New Consensus framework. On the
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The observed real wage is defined as the ratio between the nominal wage and
the domestic consumer price index, which includes domestic and foreign components: '

w=%=W—cpi=w—ap—bEwitha,b>Oanda+b=1 (4)

where E is the nominal exchange rate and also the price of imported goods (for
simplicity, we assume that the law of one price holds, and that foreign price is constant
and equal to one). Notice that using (2), it follows that w = p —m = ap + bE — m, so
we can rewrite (4) as follows:

w=p—m—ap—bE =-bQ —m (5)

where O = E — p is the real exchange rate. According to (5) the real wage is a
negative function of the real exchange rate and the markup. We adopt a linear
specification for ’, and we include the level of employment as the main determinant.
Higher (lower) levels of employment tend to increase (decrease) bargaining power,
so the target real wage tends to increase (decrease).

Employment is defined by aggregate demand, which depends on the real exchange
rate, the real interest rate, and other factors. More precisely:

U=6uy—u (i —m) —uy,Q —ul withuy,u,, 6 >0 (6)

Equation (6) says that capacity utilization tends to increase (decrease) when
demand is above (below) the current level of capacity utilization. The new term i
is the domestic nominal interest rate so 7 — 7 is the real interest rate. Notice that
we assume that depreciations have short-run contractionary effects on output and
employment, and thus a higher (lower) O cuts (expands) demand. The sign u, > 0
can be justified by any of the channels discussed in the literature review and it is
similar to the assumption that the economy is wage-lead.!!

As discussed previously, the target real wage is an increasing function of
employment,'? which depends positively on capacity utilization:

o’ = po + pyu withp; >0 (7)

empirical grounds the effects of interest rates on the price level is weak, and our own estimations
(available on request), confirm this except for the case of Brazil.

10 The consumer price index is defined as CPI = P?S?, where P and S are the price of domestic and foreign
goods, with weights a and b (and b + a = 1). Taking logs, we obtain cpi = ap + bE, assuming cpi =
In(CPI), p = In (P) and E = In (S).

n our set-up, the real wage varies inversely with the real exchange rate: unless we allow for additional
shocks, such as changes in the markup, the real wage cannot increase if the real exchange rate goes up.
Expansionary depreciations can be captured by setting #, < 0. The data for Latin America usually shows
that a higher (lower) real exchange rate is associated with a lower (higher) real wage (see for instance
Gerchunoff and Rapetti, 2016, for the Argentinean case).

12 Implicit in our price equation (2) there is a production function with fixed proportion, so employment
and output vary in the same direction and proportion. If we let employment, output to labor ratio, and
the capital to labor ratio to be denoted by N, a and k, then N=auk.
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Combining (3), (5), and (7) we obtain an expectations augmented Phillips Curve:
= B(po + p1u+bQ +m) (8)

To model the balance of payments and the exchange rate, we assume that a
modified version of the uncovered interest parity holds, following a slight modifica-
tion of the framework proposed by Oreiro and Guerbberoff (2006). Thus:

e¢=1—-k)(i—i" )

where i* is the nominal foreign interest rate and e¢ is the expected rate of depre-
ciation. To simplify the notation, we set i* = 0. The term 0 < k < 1 measures the
level of capital controls. According to (9), a higher (lower) k reduces (increases) the
impact of a given interest rate differential on the expected rate of depreciation. We
assume that expectations follow a regressive pattern, and thus the expected rate of
depreciation obeys:

e® =x(Q — Q) withx >0 (10)

where Q is the long-run real exchange rate. Combining (9) and (10) we obtain:
L 11—k
Q——alw1tha—7>0 (11)

To simplify, we have set the equilibrium real exchange rate equal to one, which
implies @ = C because the variables are defined in logs. In the present set-up, this
equilibrium real exchange rate can be computed by setting capacity utilization equal
to its long-run level & into equation (6), and then solving for Q in (5).13

Finally, the nominal interest rate is adjusted according to a standard Taylor Rule.
We assume that the central bank adjusts the rate as a function of its deviations from
its optimal level, which is a function of the inflation and the deviation of capacity
utilization from its long run equilibrium U:

i=7+0,(m—7)+0,u—1u)+i"— " with 6,8, >0 (12)

Where the optimal rate is equal to domestic inflation plus two terms that are
increasing in the deviation of inflation from the target @ (which is also the steady
state) and the output gap. Notice that we set i* = 0 and 7* = 0. We included these
terms in the equation (12) as a reminder that in equilibrium 7 = T andu= 7 , so
the optimal rate minus the target rate of inflation T— 7 should be equal to foreign
real interest rate (because we assumed perfect capital mobility).

13 Notice that due to perfect capital mobility, the sign of the current account is irrelevant in the short-
run, and we can fully depict the macroeconomic equilibrium without it. In other words, any current
account deficit or surplus can be covered by capital inflows or outflows. This is not a bad assumption
for Latin American countries during the 2000s and the early 2010s. As they experienced large balance
of payments surplus, presumably the implicit equilibrium real exchange rate @ is not inconsistent with
external disequilibrium. We omit current account dynamics for our story to keep the model as simple
as possible. We should also notice that, as discussed by Gerchunoff and Rapetti (2016), the level of the
real exchange rate that is consistent with external equilibrium may not coincide with the level of the
real exchange rate that is consistent with workers and firm’s aspirations. We also omit such complication
to focus on the destabilizing effects that are the main theme of the model.
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The model can be reduced to a 2x2 system of differential equation on 7 and #,
by combining (8) with (11) and (12), and equations (6) with (11) and (12). More
precisely, notice that if we subtract inflation ® from both sides, we can write the
Taylor Rule as follows:

i—-mt=00,—1D@—m)+0,(u—1u) (13)

On the other hand, if we combine the equation for the real exchange (11) with
the Taylor Rule (13):

O=—a[f+0,(m—7)+60,(u—1n)] (14)

Equation (13) should be inserted into (6), while (13) and (14) should be in-
serted into (8), to obtain:

T =L{py+pu—ab[r+60;(r—m)+60,(u—w]+m} (15)
u=06{ug—w[(6 — D —1m) + 6, (u—u)]+ua[m+6,(r—m) + 0, (u—u)| —u} (16)

This 2x2 system has a steady state where the output gap is zero, inflation is equal
to the target, the domestic real interest rate is equal to the international rate, the
rate of depreciation is equal to domestic inflation (so the real exchange rate is
constant) and the real wage is equal to the target real wage. The Jacobean of (15)-
(16) evaluated at the steady-state is given by:

= |A11 A12 _| —Babb, B(p, — abb,)
“la21 4220 T [6[ui(6; — 1) + upaby]  8[6,(upax —uy) — 1] (17)

Notice that all the terms are ambiguous except for A11. All of them depend on
the effects of devaluations on output and inflation, and on the behavior of the
central bank. It is still possible to obtain interesting insights. Notice that if the
Taylor Principle holds, then it is natural to set 6, > 1 so the nominal interest rate
tends to increase by more than inflation when there is excess demand for goods.
Keeping that in mind, it follows that the sign of A12, A21, A22 depends on wheth-
er a higher real interest rate, which leads to a real exchange rate appreciation,
expands or cuts aggregate demand (which depends on the sign of au, — u,), and
on how strongly does the central bank targets output (captured by the term 6,).

Setting 77 = 0 and u = 0, the isoclines relative to equations (15) and (16) are
respectively:

dr —-p1+abf,

du - —-ab64 (18)

dn _ 6(ui—uza)-1

du = T (19)
u u1(91 1) u2a91

Notice that the slopes represented in (18) and (19) can have any sign. Intuitively,
the stable case resembles the standard aggregate demand - aggregate supply model
with the “correct” slopes. The unstable cases are associated with an aggregate supply
curve and an aggregate demand curve which are downward and upward slopped,
respectively. Intuitively, the aggregate supply curve can be downward slopped if high
output leads to a strong increase in the real interest rate, which triggers a real exchange
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rate appreciation; if the effect of the exchange rate on prices is very strong, inflation
falls. In the same vein, the aggregate demand curve can be upward slopped if higher
inflation leads to a higher real interest rate, which creates pressures towards real ex-
change rate appreciation. When depreciations are strongly contractionary appreciations
are expansionary, so output will tend to increase in order to restore the balance in the
goods market. Figures 5, 6 and 7 show the stable (TR < 0 and DET > 0) and two
unstable cases (TR < 0 and DET < 0), which corresponds to the case where the ag-
gregate supply and the aggregate demand curve have the wrong slope, respectively.

Figure 5: Dynamic Behavior (Stable Case)
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Source: Author's own elaboration.

Figure 6: Dynamic Behavior (Unstable case )
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Source: Author's own elaboration.

Figure 7: Dynamic Behavior (Unstable case )
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Source: Author's own elaboration.
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In order to get additional intuitions, let us focus on the case where the central
bank does not target output, so 0, = 0, which simplifies the analysis. The trace and
the determinant of (17) satisfy:

TR = —Babb, — & (20)

DET = Bab0,6 — 6[uq (6 — 1) + u,a6,18p, (21)

It follows that a sufficient condition for stability is that the Determinant is
positive. This is always true if the effects of monetary policy on output through its
effect on the real exchange rate (captured by au,) are relatively weak (or when
depreciations are expansionary #, < 0, which is the only case were a parameter can
have a negative sign in our model) and if the central bank does not react to strong-
ly to changes in inflation 0, < 1. Strongly contractionary effects of depreciation can
thus be destabilizing, even if the central bank follows the Taylor Principle (0, > 0).
A sensible option to avoid instability is to minimize the effects of interest rate
policy on the real exchange rate. Specifically, consider equation (11), which can we
written as follows @ = —(59iIf, If the sensibility of the real exchange rate with
respect to changes in nominal interest rate o is small (which means that & is high),
the effects of devaluations on output are also small and stability becomes more
likely. We can thus consider sales and purchases of foreign assets (which increase
x) and some forms of capital controls (an increase in k) as policy option to prevent
some of the destabilizing dynamics described above.

Returning to the general case where 0, > 0,with large contractionary effects of
depreciations, now it is possible to obtain A22 > 0. This is enough to create a sys-
tem with one or two positive roots, which is unstable or there exists only one path
that converges to equilibrium. But even when A22 < 0, there could also be only one
trajectory that converges if the cross terms A21 and A12 have the same sign. This
can happen if depreciations are contractionary and if the pass-through from ex-
change rate to prices is low. Expansionary depreciations with very high pass-through
will have the similar effect.

The implication that the system may not be stable should not be taken literally,
but it suggests that using a standard Taylor Rule may increase the volatility of infla-
tion and output, and the presence of strong contractionary effects of depreciations
are an additional source of concern. In the best performing cases, this problem was
address by the utilization of unconventional macroeconomic policies that limited
the destabilizing effects of large exchange rate fluctuations.

CONCLUSIONS

In this paper we have discussed the implications of contractionary depreciations
for an economy that targets inflation and manages monetary policy following a
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standard Taylor Rule. On the empirical front, we focused on the five most impor-
tant Latin American countries that have been using Inflation Targeting for almost
two decades, namely Brazil, Chile, Colombia, Mexico, and Peru. Exploring the
data from the recent period, we constructed a series of VAR models and we showed
that devaluations are contractionary in the short-run in Brazil and Mexico (and
inflationary in Brazil).

These findings have important implications for the design of an optimal mon-
etary policy. We have shown this by building a stylized model where devaluations
are both contractionary and inflationary, and were instability cannot be ruled out.
It is thus not surprising that many central banks adopted unconventional policies
to complement the Taylor Rule, and that central banks do not change the target
interest rate very often, or they do it cautiously and with important lags.

Related to the model and the empirical results, Brazil and Mexico, performed
much worse than Chile, Colombia and Peru in terms of growth and inflation (see
Libman, 2020). These differences in performance can be attributed, presumably
among other things, to the failure to adopt policies that take into account the pres-
ence of contractionary effects, or simply to the fact that these contractionary effects
were strong and/or Brazil and Mexico suffered from large exchange rate shocks.

The main lessons of this paper are thus twofold. First, unconventional monetary
policies, which are increasingly recognized as a useful complement to the adminis-
tration of the interest rate, may be required to fully stabilize an open economy that
adopts Inflation Targeting. Second, the calibration of macroeconomic policies re-
quires to take the contractionary effects of depreciations seriously.
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