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Abstract: We analyze whether the central banks of a selected sample of emerging economies respond
to exchange rate movements. We use economies that are inflation targters and exporters of a limited
number of commodities. The latter renders them vulnerable to terms of trade shocks. The sample
comprises Brazil, the Czech Republic, India, Indonesia, Russia and South Africa. We also investigate
the role played by the terms of trade in explaining their business cycles. We estimate, for each
economy separately and using Bayesian techniques, a regime switching open new Keynesian model.
This model allows the parameters of the policy rule and the structural shocks to switch between
periods of low and high regimes. We perform posterior simulation and find that, when compared to a
constant parameters model, the regime switching fits the data better. The results indicate that, in some
periods, the different economies respond strongly to exchange rate, while in others, some respond
weakly. A terms of trade improvement leads to a currency appreciation. However, this is reversed for
those economies that respond strongly to exchange rate movements. This leads to a rise in output
and inflation even for economies that do not respond strongly but play a major role in international
trade. This is the case of Russia. The terms of trade are found to play a major rule in explaining
business cycles in emerging economies. Thus, although these economies follow an inflation targeting
framework, they may set their respective policy rate in a manner to take into account exchange rate
developments. This insulates themselves against adverse terms of trade shocks.

Keywords: monetary policy rule; regime switching; emerging economies; exchange rates

JEL Classification: C68; E52; F41

1. Introduction

There is a tendency for central banks to react to exchange rate movements despite adopting a
flexible exchange rate regime. Indeed, Levy-Yeyati and Sturzenegger [1] note that several countries
that have a flexible regime intervene in the market to influence their exchange rates. This creates
a wedge between the "de jure" and the "de facto" regimes.1 This observation may also be true for
economies that have adopted the Inflation Targeting (IT) framework despite the requirement that
precludes the targeting of other indicators such as wages, the level of employment and the exchange
rate [see 2]. Emerging economies may be tempted to respond to exchange rate movements. Indeed,
they are characterised by higher volatility. Their trade balances to output ratio are significantly more
countercyclical. Given that they are small economies that export a limited number of commodities,
foreign shocks such as the terms of trade are an important source of domestic business cycles
fluctuations [3,4]. Their export earnings are highly unstable due to frequent and sharp fluctuations in
international prices of their commodities [5]. Therefore, exchange rate movements pose a risk when
balancing the objectives of price stability and economic growth, hightening the necessity of an explicit

1 The de jure is the announced exchange rate regime while the de facto is the actual regime implemented.
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role for it in monetary policy [6]. Alstadheim et al. [7] opine that commodities exporters have an
incentive in altering their exchange rates given their volatile terms of trade.

Do central banks set their policy rates to respond to exchange rate movements? The results
are mixed.2 Lubik and Schorfheide [3] estimate a constant parameters dynamic stochastic general
equilibrium (DSGE) model for Australia, Canada, New Zealand and the United Kingdom (UK). They
find that only the central banks of Canada and UK react to exchange rate movements. However, using
the same set of economies and a DSGE model that incorporates nominal and real frictions, [6] finds
that these economies do not react to exchange rate movements. Alstadheim et al. [7] add Norway and
Sweden to the previous set. They estimate a regime switching DSGE model and find that the policy
parameters and the volatility of the structural shocks have not remained constant. In some periods,
the respective central banks respond to exchange rates fluctuations while in others, some do not. For
emerging economies, Mohanty and Klau [8] estimate a Taylor rule for a sample of emerging economies.
They find that, in general, the central banks react to exchange rate volatility. For some central banks,
the goal of exchange rate stability tends to supersede those of inflation and output stability. Ortiz and
Sturzenegger [9] and Alpanda et al. [10] estimate a constant parameters DSGE model for the South
African economy. They both find that no explicit weight is put on currency depreciation.

We analyze whether the central banks of a sample of emerging economies respond to exchange
rate fluctuations. We focus on economies that have adopted the IT as their monetary policy framework.3

These economies are expected to follow, at least in the "de jure" sense, a flexible exchange rate regime.
However, given that they export a limited number of commodities, they may have an incentive to
smooth exchange rates. The sample comprises Brazil, the Czech Republic, India, Indonesia, Russia and
South Africa. We use an open DSGE model in the spirit of Lubik and Schorfheide [11] and Gali and
Monacelli [12]. The model is estimated, using quarterly data and Bayesian techniques, separately for
each economy. As in Alstadheim et al. [7], we allow the parameters of the policy rule and the volatility
of the structural shocks to switch endogenously between low and high regimes. Indeed, economies go
through regime changes and shift in volatility that a constant parameters model will fail to capture. We
conduct a posterior simulation of a constant parameters and a regime switching model; and compute
the log marginal data density based on the Laplace approximation. We find that the regime switching
model fits the data better. The estimation results indicate that both policy parameters and volatility
of the structural shocks have not remained constant. All these economies respond to exchange rate
movements, at various degrees, in both low and high regimes. The Czech Republic has the strongest
response in both regimes. In the high regime, an exchange rate deviation from its target leads the
Czech central bank to raise the interst rate by more than the deviation. South Africa has the second
highest response in the high regime, followed by India, Indonesia and Russia. Altough Brazil has a
moderate response to exchange rate deviation, the country has the second strongest response in the
low regime, followed by South Africa. India, Indonesia and Russia put a meager weight on exchange
rate in the low regime. Interestingly, we also find that the Czech Republic is the most opened economy.
Contrary to Alstadheim et al. [7]’s findings, these emerging economies respond strongly to inflation
too, highlighting the importance of both price and exchange rate stability. Following a terms of trade
improvement, we find that the currency appreciation is reversed for economies that respond strongly
to exchange rate movements. This reversal, for economies like the Czech Republic, spurs output and
inflation. However for economies that play a major role in international trade, like Russia, output rises
despite the strong currency appreciation. The variance decompositions show that the terms of trade
play a major role in explaining the various domestic business cycles. This provides an incentive to
emerging economies to smooth exchange rates.

2 Our focus in this article is on research using structural models.
3 The emerging economies are those classified as emerging markets as per the FTSE Russel index. It distinguishes between

developped, emerging (primary and secondary) and frontier markets. The economies used in this article fall under both
primary and secondary emerging markets. They were selected based on data availability.
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The remainder of this article is organized as follows. In section 2, we look at some stylized facts
of these emerging economies. In section 3, we present the regime switching DSGE model. The data
and Bayesian estimation are covered in section 4 while the results are discussed in section 5. Section 6
concludes this article.

2. Some stylized facts

The emerging economies considered in this article, as stated previously, are inflation targeters
and commodities exporters. These economies have used, prior to the IT adoption, various monetary
frameworks ranging from monetary aggregates to exchange rates targeting. As a commonality, they
all have a history of high inflation and other imbalances.

The Republic of Brazil went through a series of policy changes following the poor economic
performances of the 1980’s and early 1990’s. During this period, the country experienced external
financing problems, accelerating inflation and economic stagnation [13]. In the mid 1980’s, inflation
stood above 200% due to poor policies and measures taken to generate trade surpluses [14]. In 1994,
the establishment of the "Real Plan", a stabilization programme with the aim of curbing the past poor
performance; led to a fall of inflation, reaching an average of 1% in 1996 [15]. However, following
strong pressures on foreign exchange reserves, the country moved from a crawling peg to a flexible
exchange rate in January 1999. This move signaled the adoption of the IT framework that came in
mid-1999 [16].

The Czech Republic had a monetary policy centered on a fixed exchange rate regime and monetary
aggregates targeting before the IT adoption. The country managed to maintain a stable exchange rate
owing to low capital inflows and met the monetary targets. In the mid 1990’s, inflationnary pressures
grew up due to the rise of capital flows. This weakened economic growth and monetary policy had to
be tightened. Following am exchange rate crisis and a severe recession in 1997, the fixed exchange rate
regime had to be abandonned. In late 1997, the IT framework was adopted with the goal of achieving
an inflation rate between 3.5%-5.5% by the end of the year 2020 [see 17].

In 1985, India adopted a monetary targeting framework with feedback following a period where
policy was centered on credit regulation. The growth rate of broad money was used as the intermediate
target and projected in a manner consistent with expected GDP growth and some acceptable inflation
rate [18]. However, money demand became unstable in the 1990’s due to the liberalization of the
financial market and the increase in the country’s openess. In 1998, the country moved to a multiple
indicators approach that includes all economic and financial variables having an influence on monetary
policy objectives. In 2015, the parliament of India mandated the Reserve Bank to pursue an IT
framework, with the target sets at 4% with a band of 2% - 6%. The arrangement came into effect in
August 2016, with the country making a formal transition towards a flexible IT [19]. Since the adoption,
the inflation rate has remained generally within the band [20].

The primary mandate of the central bank of Indonesia is to achieve and maintain the stability of
the country’s currency. This mandate encompasses both price and exchange rate stability. The act of
1999 sets the independence of the Bank of Indonesia and provided a basis for the application of the IT
framework [21,22]. This was following years of high inflation. Indeed, in the 1980’s, inflation stood at
9.40% on average before falling at 8.65% between 1990 and 1997 [23]. From the year 2000, the country
used a form of IT with the base money as the operating target [see 24] before formally adopting it in
July 2005.

Russia experienced several years of high inflation, especially pre-2000. In the early 1990’s, the
heritage of the central planning, among other factors, rendered inexistant an effective monetary policy
framework [25]. In 2012, the inflation rate came down to 5.1% from a staggering 8.4% in the previous
year. However, due to economic sanctions and low oil prices, it rose to 6.8% in 2014. This led the
Russian central bank to move from an exchange rate targeting to an IT in June 2014. However, the
framework was officialy adopted in 2015, with the goal of reducing inflation and keeping it close to a
target of 4%. This higher target, compared to most countries, was justified by the high and unanchored
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inflation expectations; and the necessity of mitigating the risk of deflationary trends. The Russian
monthly inflation rate fell to an average of 3%, year on year, in 2017 from a 15% in 2015 [26]. Due to
the late international sanctions following the war in Ukraine, inflation has risen, reaching 15%.

South Africa’s monetary policy was focused on various indicators before the adoption of the IT
framework. The central bank used, among others regimes, the bank credit extension, the exchange rate
and the monetary aggregate targeting [27]. The country moved to a formal IT framework in 2000 with
the aim of keeping inflation within a target range of 3-6%. Since its adoption, Mandeya and Ho [28]
stress that inflation has significantly decreased from an average of 9.4%, before the adoption, to 5.3%.
Despite this reduction, the inflation rate has lingered over the target range for some periods. In the
early years of the adoption and between 2007-2009, the country recorded an inflation rate above the
upper target [29].

We can note from the previous facts some key elements. Firstly, these economies have witnessed
episodes of high inflation prior the adoption of the IT. The move to this framework has coincided with
a sensible reduction of inflation. Indeed, Fraga et al. [30] indicate that countries that have adopted the
IT have managed to lower significantly their inflation rates. Secondly, the announcement of the move
to the IT does not coincide with its actual adoption. Certain economies have introduced gradually
this new monetary policy framework. Lastly, some economies have used some forms of monetary
frameworks, such as the exchange rate targeting, in conjonction with the IT. These facts make it is too
restrictive to assume that both policy parameters and volatility of structural shocks have remained
constant during the entire sample.

We present in Table 1 the volatility of some key variables before and after the official adoption
of the IT framework.4 Not all economies have managed to reduce their inflation volatility after the
adoption of the IT framework. Indeed, Indonesia and Russia have recorded a rise although not
substantial. India is the only economy that has recorded a fall of exchange rate volatility although
meagre after the IT move. A quick comparison with the other variables shows that exchange rate has
the lowest volatility. This result supports the "fear of floating" that characterises emerging economies.
Holland [31] considers a lower exchange rate volatility relative to the interest rates one as a proof of
exchange rate intervention. Russia and South Africa are the only two economies to record a fall of
terms of trade volatility. Except for India, the remaining economies have not only a sizable output
volatility but also have faced a rise after the IT adoption. Again, these changes in volatility will make
the constant parameters model too restrictive.

The previous facts support the regime switching model as the appropriate framework to capture
both changes in the policy parameters and in the volatility of the structural shocks. Even a strategy that
splits the sample into two will be difficult to implement. Indeed, the dates of the announcement of the
move to the IT framework do not necessarily correspond to its actual adoption and implementation.
The facts also highlight the changes in volatility that have occured during the entire sample. Moreover,
although the low exchange rate volatility may suggest some intervention in the foreign exchange
market, central banks may also respond on and off to exchange rate deviation. In the next section, we
present the model and the estimation framework.

4 We split the sample into pre and post-IT adoption. The date of the adoption corresponds, for most, to a move to a flexible
exchange rate regime. Due to lack of data pre-IT, we do not comment for the Czech Republic. However, a regime switching
can still capture changes in policy and volatility even during the IT era.
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Table 1. Measurement variables volatility

BRA CZE IND INDO RUS SA

GDP 1.61/8.78 5.12 3.61/1.98 1.05/12.46 7.25/8.37 5.28/6.80
Inflation 5.48/3.29 2.11 3.87/3.55 3.74/5.04 3.42/5.05 3.77/3.31
Interest rate 4.08/5.39 1.50 0.61/0.73 0.69/3.07 3.01/2.99 2.24/1.97
Exchange rate 0.02/0.07 0.02 0.03/0.02 0.04/0.04 0.04/0.07 0.04/0.05
Terms of trade 1.36/1.85 0.52 0.85/1.71 2.23/1.30 6.05/5.28 5.65/2.73

Note: Standard deviation prior IT to the left and post IT to the right. The variables are in log deviation of their
means.

3. A regime switching DSGE model

3.1. The model

The model is an open new Keynesian DSGE along the work of Gali and Monacelli [12] and Lubik
and Schorfheide [3]. It is extended to accomodate regime switching in both the parameters of the
monetary policy rule and the volatility of the structural shocks as in Alstadheim et al. [7]. The open IS
curve is given by the following expression (1) :

yt = Etyt+1 − (τ + λ)(it − Etπt+1)− ρzzt − α(τ + λ)Et∆qt+1 +
λ

τ
Et∆y∗t + ε

y
t ; (1)

where yt is output, it is the nominal interest rate, πt is inflation, zt is the growth rate of a technological
progress At, qt is the terms of trade, y∗t is the rest of the world output and ε

y
t is an autoregressive (AR)

demand shock. In the same equation, α denotes the degree of openness, τ is the intertemporal elasticity
of substitution and λ = α(2 − α)(1 − τ). The exogenous processes y∗t and zt follow the AR processes
given by:

y∗t = ρy∗y∗t−1 + ε
y∗
t ;

zt = ρzzt−1 + εz
t ;

where ε
y∗
t and εz

t are the respective exogenous shocks for world output and technology respectively.
The different exogenous processes are N (0, 1).

Equation (2) represents the open economy New Keynesian Phillips Curve (NKPC). It models the
supply side of the economy and is expressed as:

πt = Etπt+1 + αβEt∆qt+1 − α∆qt +
κ

(τ + λ)
(yt − ȳt) + επ

t ; (2)

where β is the discount factor, ȳt ≡ −α(2 − α)(1 − τ)/τy∗t denotes potential ouput, κ is the structural
slope of the NKPC as in Lubik and Schorfheide [3]; and επ

t is an AR domestic cost push shock.
The real exchange rate st is given by st = ∆et − πt + π∗

t ; where πt and π∗
t denote domestic and

world inflation respectively. Given that the real exchange rate is proportional to the terms of trade, we
get the equation (3) below.

∆et = πt − (1 − α)∆qt − π∗
t (3)

Following Lubik and Schorfheide [3] and Alstadheim et al. [7], the terms of trade are expressed as a
law of motion of its growth rates.

∆qt = ρq∆qt−1 + ε
q
t (4)
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Monetary policy is conducted following a Taylor rule augmented by the nominal exchange rate
depreciation. We not only analyze whether an economy responds to exchange rate depreciation, but
also if it follows a strict or flexible IT framework. The Taylor rule is given by expression (5) below.

it = ρi(SPol
t )it−1 +

(
1 − ρi(SPol

t )
) (

γπ(SPol
t )πt + γy(SPol

t )yt + γe(SPol
t )∆et

)
+ εi

t; (5)

where γπ , γy and γe ≥ 0 are the weights put on inflation, output and exchange rate respectively; ρi
denotes the interest rate smoothing parameter and εi

t is the exogenous monetary policy shock. We
allow the parameters of the Taylor rule to be governed by an independent two-states Markov process
given by:

SPol
t ∈ {Low, High};

such that (SPol
t = Low) < (SPol

t = High). According to this, the high response, (SPol
t = High),

corresponds to the regime where the central bank responds strongly to the deviation of exchange rate
depreciation from its target; while the low response, (SPol

t = Low), denotes the opposite. The Taylor
rule parameters switch altogether albeit not necessarily in the same direction.

We allow the volatility of the different structural shocks to switch according to an independent
two-states Markov process given by:

SVol
t ∈ {Low, High};

such that (SVol
t = Low) < (SVol

t = High); where (SVol
t = High) corresponds to the regime of high

output volatility and (SVol
t = Low) denotes the regime of low output volatility. Again, the different

structural shocks do not switch necessarily in the same direction. Next, we look at the estimation
strategy of the regime switching DSGE model.

3.2. The Markov switching rational expectation framework

The regime switching DSGE model, as in Maih [32], solves:

Et

h

∑
rt+1=1

Prt ,rt+1 (It) d̃rt (xt+1(rt+1), xt(rt), xt−1, εt) = 0; (6)

where Et denotes the expectation operator, d̃rt : Rnv → Rnd is a nd × 1 vector of possibly nonlinear
functions of their arguments, rt = 1, 2, . . . , h is the regime at time t; Prt ,rt+1 (It) is the transition
probability from regime rt in the current period to regime rt+1 in the next period; xt is a nx vector of all
endogenous variables; and εt denotes the nε vector of structural shocks. The transition probability is
endogenous and a function of (It), the information set at time t. The solution of the problem is of the
form:

xt(rt) = T rt(wt) (7)

However, there is no solution in general to the problem given in (6). Therefore, we rely on a
perturbation scheme, developped by Maih [32], to approximate the decistion rule in (7). This is
done by inserting the functional form of the decision rule into (6) and its derivatives. The vector of the
state variables is given by:

wt ≡
[

x′t−1, σ, ε
′
t

]′
;

where σ denotes a perturbation parameter. The first order solution takes the form:

T rt(w) ≃ T rt(w̄rt) + T rt
w (wt − w̄rt); (8)
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where w̄rt indicates the steady states values of the state variables in regime rt. The solution is computed
using the efficient Newton algorithm of Maih [32]. This framework allows the model to be in different
regimes at different points in time and each regime is governed by a specific rule [7].

4. Data and Bayesian estimation

This article focuses on a sample of emerging economies that are commodities exporters and use
the IT as their monetary policy framework. The emerging economies considered are Brazil, the Czech
Republic, India, Indonesia, Russia and South Africa. The parameters of the model are estimated for
each economy separately for a constant parameters and a regime switching model. All the estimations
are conducted in Matlab using the Rationaliy In Switching Environments (RISE) toolbox of Maih [32].

4.1. Data

The differents models are estimated using quarterly data and the sample size for each economy
depends on data availability.5 The data span from 1996Q2 to 2019Q4 for Brazil, 2000Q2 to 2019Q4 for
both the Czech Republic and Indonesia, 1996Q2 to 2019Q4 for India, 1996Q2 to 2020Q4 for Russia and
1994Q2 to 2020Q4 for South Africa. The model for each economy comprises 7 observable variables:
Real GDP, inflation, nominal short term interest rate, nominal effective exchange rates, terms of trade,
foreign output and foreign inflation. All the data are from the FRED database of the Federal Reserve
Bank of St Louis except the nominal effective exchange rates and the terms of trade.6 The nominal
effective exchange rates series, in monthly frequency, are from the Bank of International Settlement (BIS)
based on the country broad time-varying weights.7 The series are transformed into quaterly averages
and the reciprocal computed so that an exchange rate increase indicates a currency depreciation. The
terms of trade series, except for South Africa, are from the World Bank development indicators and
transformed into quarterly frequency.8 The quaterly South African terms of trade series are from the
South African Reserve Bank. Both foreign output and inflation are computed as a weighted average of
the top three trading partners of each economy. We use the broad time-varying weights, rescaled to
100%, from the BIS. The foreign output is transfomed in percentage growth rates while foreign inflation
is annualised. We compute the growth rates of GDP as the log differences of GDP in percentage. The
inflation rates are the annualised log differences of CPI. The changes in terms of trade are computed as
the log differences of terms of trade in percentage. The exchange rate depreciation is the log differences
of the real effective exchange rates while the short term interest rate is used in percentage level.

4.2. Priors and estimation

To bring the model to the data, we relate the unobservable state variables and the observed
variables, forming a state space model. For our constant parameters model, the Kalman filter allows
the obtention of the unobserved state variables and the likelihood of the data. However, this is not
feasible for our regime switching model. For this model, we follow Maih [32] who uses a modification
of the [33]’s filter to compute an approximate likelihood.

With a likelihood at hands, we can now combine it with our priors to get a posterior. The priors
are formulated using the quantiles of the different distributions. We consider the 90% probability
intervals of these distributions and use loose priors for all the parameters, except the discount factor
which is calibrated to 0.995.9 We then maximize the posterior to obtain the different modes. Due to
the difficulty of sampling this posterior, we use the stochastic search approach of the Artificial Bee

5 The cutoff date is explained by the lack of recent data on terms of trade.
6 All the series, except the nominal effective exchange rates, are seasonally adjusted.
7 We have used the broad weights set as it provides the largest sample size for the economies under study.
8 Except for South Africa, the terms of trade for the remaining economies are only available in annual frequency.
9 Contrary to Alstadheim et al. [7] who use a tight prior for α, the openness parameter, we allow a loose one given that open

DSGE models literature for emerging economies is still at its infancy stage.
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Colony (ABC) optimization to conduct posterior maximization. This optimization algorithm simulates
the foraging behaviour of a bee colony [34,35]. We then simulate the posterior using the Random
Walk Metropolis Hasting (RWMH) algorithm. We run two parallel Markov chains. For each chain, we
make 210,000 draws, with a burnin of 10,000. We keep the 5th draw of each chain. We compute the
log marginal data density (MDD) based on the Laplace approximation from the simulated posteriors.
Each process is conducted separately for each economy and for both the constant parameters and the
regime switching models.

5. Results

To answer our main question, we start by estimating a constant parameters model. In this model,
both policy parameters and volatility of structural shocks are time invariant. However, as stated earlier,
this constant model is too restrictive. Next, we estimate a regime switching DSGE model. In this
model, the policy parameters and the volatility are allowed to switch between periods of low and high
regimes. Although there is a possiblity of having more than two states, it has been seen that allowing
only for two suits the data better (see Liu et al. [36], Debortoli et al. [37]. We contrast between these two
models by comparing their log MDD.

5.1. Time invariant rational expectations

We estimate separetely for each economy the constant parameters DSGE model. Table 2 presents,
in addition to the different priors, the posterior modes for the policy parameters and the volatility of
the structural shocks. All the different economies pursue anti-inflationary policies given their large
weights put on inflation. Moreover, they also react strongly to exchange rate deviation. The Czech
Republic has the largest weight on exchange rate, followed by Russia and Brazil. All these economies,
but the Czech Republic and Indonesia, respond strongly to output deviation too, with Russia having
the largest response. For this latter economy, the goal of output stability tends to supersede those of
price and exchange rate. These results are contrary to those of Alstadheim et al. [7] who find a weaker
response to inflation deviation due to the inclusion of exchange rate in the Taylor rule. Our findings
therefore highlight the importance of both price and exchange rate stability for emerging economies.

Looking at the structural shocks, the terms of trade have the largest volatility for India, Russia
and South Africa. For these economies, this volatility is more than double of those of output and
inflation. For Brazil, the Czech Republic and Indonesia, the terms of trade are among the top two
largest volatility. These results indicate, as stressed by Uribe and Schmitt-Grohé [4], that the terms
of trade are an important source of business cycles fluctuations for emerging economies. In the next
section, we present the estimation results of our regime switching DSGE model.

Table 2. Priors and posterior modes - Constant parameters model

Parameters Prob. Dist Low High BRA CZE IND INDO RUS SA

ρi Beta 0.500 0.950 0.855 0.940 0.949 0.799 0.941 0.924
γπ I. Gamma 0.800 3.000 1.780 1.183 1.146 2.008 1.137 1.455
γy I. Gamma 0.005 3.000 0.490 0.023 0.985 0.005 1.874 0.516
γe I. Gamma 0.005 3.000 1.435 3.000 0.101 0.092 1.830 0.005
σi I. Gamma 1.e-05 10.00 0.007 0.001 0.001 0.001 0.014 0.002
σy I. Gamma 0.005 15.00 0.012 0.005 0.005 0.008 0.005 0.006
σπ I. Gamma 1.e-05 10.00 0.002 0.001 0.006 0.005 0.006 0.005
σz I. Gamma 1.e-05 10.00 0.008 0.001 0.014 0.004 0.021 0.014
σq I. Gamma 1.e-05 10.00 0.011 0.004 0.015 0.007 0.036 0.017

5.2. Regime switching rational expectations

The constant parameters model is too restrictive as it does not take into account the changes
in policy and volatility of structural shocks that may have occured. We therefore estimate a model
with switches in policy parameters and in volatility for each economy separately. We first present
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the log MDD of the constant parameters and the regime switching model obtained using the Laplace
approximation after posterior simulation. Table 3 presents the results of this exercise. We can note
that the model with switches in parameters and volatility has the largest MDD compared to the
constant model. Therefore, for each economy, the regime switching fits the data better than a constant
parameters model. Next, we present and discuss the estimation results of this model.

Table 3. Model comparison

Model BRA CZE IND INDO RUS SA

Constant -1450.1 -833.4 -1442.3 -1176.6 -1266.5 -1662.4
Switching -1409.3 -816.5 -1342.2 -1131.0 -1126.2 -1528.0

The priors and the posterior modes for the regime switching model are reported in Table 4. The
results indicate that the parameters of the policy rule have not remained constant. Starting with
our parameter of interest, the response to exchange rate, the different central banks respond to its
deviation at various degrees. The Czech Republic has the strongest response in both low and high
regimes. In the high regime, this response is more than double of the remaining economies. South
Africa, India, Indonesia and Russia are successively the next economies with a high response in the
high regime. In the low regime, Indonesia and Russia have a weaker response. Despite having the
weakest response in the high regime, Brazil has the second strongest response in the low regime after
the Czech Republic. A quick comparison of the response to exchange rate with the results from the
time invariant model indicates that the regime switching has larger weights, in the high regime, for
India, Indonesia and South Africa. For the latter economy, the response in the low regime is still larger
than the one of the time invariant model. Looking at the response to inflation deviation, despite the
inclusion of the exchange rate in the policy rule, these economies respond strongly to a deviation.
The weights on inflation, as in the time invariant model, obey the Taylor principle. Again, this is
contrary to Alstadheim et al. [7]’s findings. The Czech Republic does not seem to respond strongly
to inflation in the high regime. It is possible that by responding strongly to exchange rate, the Czech
central bank may be succesful in insulating the economy from a terms of trade shock and stabilizing
inflation. Therefore, the Czech central bank may not need a strong response to inflation deviation
compared to the other economies. Indeed, Table 1 indicates that the Czech Republic has the lowest
inflation and exchange rate volatility post-IT adoption. The response to inflation and exchange rate
deviation supports the importance of both price and exchange rate stability for emerging economies.
The goal of output stability is not neglected. Indeed, all these economies, but Brazil, respond strongly
to output deviation in the high regime. However, for Brazil, the Czech Republic and India; the goal of
exchange rate stability seems to supersede the one of output. Given these different responses, these
economies do not follow a strict IT framework. There is a high degree of interest rate smoothing for
all these economies in both regimes. This indicates that financial stability is also important. Given
these findings, we can conclude, as in Alstadheim et al. [7], that the regime switching framework has
allowed a better identification of the different parameters.

The volatilities of the structrual shocks have not remained constant too. They are larger in the high
regime for all economies but India and Indonesia. Except for the latter economies, the probability of
moving from the regime of high output volatility to the low one is larger than the opposite. Therefore,
periods of high volatility, although recurrent, tend to be short-lived. We will come back to this when
looking at the smoothed probabilities regimes. Russia has the largest terms of trade volatility in
both low and high regimes. In the high regime, this volatility is more than double that of the other
economies. Furthermore, in the low regime, the Russian volatility is still higher than the volatility
of the remaining economies in both regimes. Moreover, within Russia, the terms of trade have the
highest volatility after foreign output. This may be due to the fact that Russia is among the world’s top
producers and exporters of oil and gas. Besides, the country has experienced multiple international
economic sanctions that have disrupted its foreign trade. Russian inflation volatility is the second
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highest, in the high regime, after South Africa. A weaker response to exchange rate compared to the
other economies may have hindered the ability to shelter the domestic economy from a volatile terms
of trade, leading to a volatile inflation. India and South Africa are the next economies with a higher
terms of trade volatility. For India, the high volatility occurs, instead, in the low output volatility
regime. This regime coincides with a low response to both inflation and exchange rate in the policy
rule, explaining the terms of trade volatility observed. The South African inflation volatility is the
largest in the high regime. Athough the country has the second strongest exchange rate response in
this regime, this period is short-lived (see Figure 1). Given its sizable terms of trade volatility relative
to the other economies, a high inflation volatility is inevitable. The Czech Republic has the lowest
estimated productivity, terms of trade and inflation volatility. At any point in time, the Czech central
bank responds strongly to either inflation or exchange rate. These responses may lead to some price
stability.

For the parameters that are regime invariant, only the productivity process seems less persistent
for these economies. However, the terms of trade are more persistent than those obtained by Lubik
and Schorfheide [3] and Alstadheim et al. [7] for developed economies. The measure of openness,
α, indicates that the Czech Republic is the most opened economy, followed by Brazil. Interestingly,
the former is the economy that responds the most to exchange rate deviation while the latter has the
second strongest response in the low regime. As indicated by Lubik and Schorfheide [3], exchange
rates have stronger domestic effect, the more opened the economy is, leading to an anti-inflationnary
policy. The intertemporal elastiticy of substitution is similar to those obtained for small economies in
the literature (See Lubik and Schorfheide [3] and Alstadheim et al. [7]).

There are two main findings. First, the terms of trade are among the top two volatile shocks. This
supports the view that they are a significant source of business fluctuations for emerging economies as
outlined by Uribe and Schmitt-Grohé [4]. Second, these economies attempt to smooth their respective
exchange rates. The economies that respond strongly to exchange rate are therefore able to insulate
themselves against volatile terms of trade. This, coupled with a robust response to inflation, reduces
inflation volatility. Next, we look at the smooth probabilities for both policy parameters and structural
shocks.
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Table 4. Priors and posterior modes - Regime switching model

Parameters Prob. Dist. Low High BRA CZE IND INDO RUS SA

τ Beta 0.010 0.999 0.074 0.858 0.192 0.201 0.881 0.495
κ Gamma 0.010 10.00 0.024 0.030 0.054 0.010 0.010 0.084
α Beta 0.010 0.999 0.217 0.224 0.118 0.117 0.038 0.066
ρq Beta 0.010 0.999 0.951 0.964 0.907 0.932 0.956 0.925
ρy∗ Beta 0.010 0.999 0.611 0.895 0.986 0.545 0.986 0.992
ρπ∗ Beta 0.010 0.999 0.580 0.986 0.875 0.480 0.552 0.498
ρz Beta 0.010 0.999 0.591 0.500 0.319 0.512 0.491 0.186
coef_tp_L_H Beta 0.010 0.500 0.017 0.055 0.010 0.024 0.037 0.011
coef_tp_H_L Beta 0.010 0.500 0.041 0.010 0.061 0.062 0.028 0.018
ρi(SPol

t , L) Beta 0.500 0.950 0.624 0.813 0.950 0.860 0.922 0.908
ρi(SPol

t , H) Beta 0.500 0.950 0.878 0.932 0.935 0.747 0.891 0.761
γπ(SPol

t , L) I. Gamma 0.800 3.000 1.512 1.438 0.993 1.511 1.284 1.365
γπ(SPol

t , H) I. Gamma 0.800 3.000 1.339 0.982 1.658 1.351 1.613 1.403
γy(SPol

t , L) I. Gamma 0.005 3.000 0.124 0.146 0.085 0.056 0.136 0.398
γy(SPol

t , H) I. Gamma 0.005 3.000 0.027 0.395 0.395 0.503 0.390 0.853
γe(SPol

t , L) I. Gamma 0.005 3.000 0.184 0.205 0.074 0.048 0.036 0.106
γe(SPol

t , H) I. Gamma 0.005 3.000 0.263 1.930 0.611 0.467 0.352 0.731
vol_tp_L_H Beta 0.001 0.500 0.027 0.019 0.244 0.120 0.080 0.053
vol_tp_H_L Beta 0.010 0.500 0.125 0.159 0.053 0.043 0.257 0.138
σi(SVol

t , L) I. Gamma 1.e-05 10.00 0.002 0.001 0.003 0.003 0.002 0.001
σi(SVol

t , H) I. Gamma 1.e-05 20.00 0.011 0.002 0.001 0.002 0.011 0.002
σy(SVol

t , L) I. Gamma 0.005 15.00 0.005 0.005 0.005 0.007 0.006 0.005
σy(SVol

t , H) I. Gamma 0.005 20.00 0.007 0.008 0.005 0.008 0.007 0.007
σπ(SVol

t , L) I. Gamma 1.e-05 10.00 0.004 0.001 0.026 0.017 0.006 0.003
σπ(SVol

t , H) I. Gamma 1.e-05 20.00 0.017 0.009 0.012 0.002 0.021 0.024
σz(SVol

t , L) I. Gamma 1.e-05 10.00 0.007 0.001 0.026 0.013 0.014 0.013
σz(SVol

t , H) I. Gamma 1.e-05 20.00 0.010 0.007 0.012 0.003 0.054 0.021
σq(SVol

t , L) I. Gamma 1.e-05 10.00 0.010 0.003 0.020 0.016 0.022 0.013
σq(SVol

t , H) I. Gamma 1.e-05 20.00 0.012 0.008 0.015 0.003 0.059 0.020
σy∗ (SVol

t , L) I. Gamma 1.e-05 15.00 0.004 0.031 0.008 0.008 0.037 0.014
σy∗ (SVol

t , H) I. Gamma 1.e-05 20.00 0.037 0.125 0.003 0.034 0.164 0.099
σπ∗ (SVol

t , L) I. Gamma 1.e-05 15.00 0.003 0.001 0.006 0.005 0.003 0.002
σπ∗ (SVol

t , H) I. Gamma 1.e-05 20.00 0.008 0.005 0.003 0.002 0.005 0.004
stderr y I. Gamma 1.e-05 20.00 5.347 5.286 2.462 10.00 7.556 7.487
stderr π I. Gamma 1.e-05 20.00 1.366 1.331 3.408 2.853 0.007 0.035
stderr y∗ I. Gamma 1.e-05 20.00 3.463 0.006 3.013 4.887 0.007 2.132
stderr π∗ I. Gamma 1.e-05 20.00 0.007 0.705 0.007 0.007 0.007 0.007

Note: L=Low regime; H=High regime; tp=transition probability.

Figure 1 depicts the smoothed probabilities of being in the high regime, SPol
t = High. This is the

regime having a strong response to deviation of exchange rate from its target. The different economies
have switched, at some point in the sample, between periods of low and high response. Brazil was
in a low response regime from 1999 up to the end of 2006. Indeed, in 1999, Brazil abandoned the
crawling peg and, consequently, adopted a flexible exchange rate regime in the month of January; and
moved to the IT in July of the same year. From late 2006, the country moved to the high regime until
2017. This move coincides with the rise in foreign reserved starting form 2006 aimed at, according
to Sandri [38], intervening in the foreign exchange market. The Czech Republic has been in the low
regime for a brief period between 2007-2008. For most of the sample, despite the adoption of the IT
framework in 1997, the country has responded strongly to exchange rate movements. Part of this
period corresponds to the exchange rate commitment started by the country in 2015 with the aim of
keeping the exchange rate against the Euro at or above a fixed rate [39]. India moved to a low regime
in 1999. This year corresponds exactly to the period the exchange rate became market determined in
the country, following the 1997-1998 East Asian crisis (see for example Tripathy [40]). The Indonesian
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economy has evolved, for most of the sample, between the two extreme regimes. From 2005, year of
the adoption of the IT, the economy moved gradually to the low regime response. However, this move
was short-lived. As stated earlier, the Bank of Indonesia monetary policy goals are price and exchange
rate stability. It uses foreign exchange intervention to stabilize the domestic currency and control
inflation. After evovling between the two regimes, Russia moved to the low regime in mid-2009.
However, in 2014, year of the adoption of the IT framework, the country moved to the high regime.
South Africa has evolved since the end of 1999, and for most of the sample, in the low regime. This
period corresponds to the adoption of the IT framework by the South African Reserve Bank.

Figure 1. Smoothed Probabilities of High Response - SPol
t = High
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The smoothed probability for the high volatility regime, SVol
t = High, is depicted in figure 2. This

is the regime with a high output volatility. It is worth noting that the other shocks may not neccessarily
move in the same direction than output. This is the case for India and Indonesia, see Table 4. For
the former economy, all the different shocks have a lower volatility when in the high regime while
for the latter, only foreign output switches in the same direction than domestic output. The different
economies have recorded a high output volatility during the period covering the 2007 Global finanical
crisis. Moreover, the impact of the East Asian crisis of 1997-1998 is evident looking at the Indian Figure.
For Brazil, the model captures well the heightened volatility during the crisis of 1997-1998 that led to
the abandonment of the crawling peg. In addition, the deep recession that occured between 2015 and
2016 is also, to some extent, apparent in the figure. Russia has experienced several periods of high
volatility due to the various international sanctions. We can also note the rise in volatility following
the 2014-2015 Russian financial crisis due to a combination of various factors such as international
sanctions, a sharp fall in oil prices with its consequences on the Russian currency [see 41]. The impact
of the 2019 Coronavirus pandemic is visible in South Africa. The country went into a lockdown to
contain the spread of the virus. In the second quarter of 2020, the South African GDP fell by 16.9%.10

In the next section, we discuss the impact of a terms of trade shock on these economies taking into
account their responses to exchange rate.

10 Author’s own calculations using the quartlery Real GDP of South Africa in domestic currency and seasonally adjusted from
the Federal Reserve Bank of St Louis.
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Figure 2. Smoothed Probabilities of High Volatility - SVol
t = High

5.3. Impulse response functions

We examine whether the policy rule with a response to exchange rate deviation amplifies or
reduces the effects of terms of trade on the different variables. We consider an improvement of the
terms of trade stemming from an increase of export prices relative to import. We expect the respective
domestic currencies to appreciate following this improvement. As highlighted by Alstadheim et al.
[7], the impact on output and inflation depends on the exchange rate response. The currency will
appreciate by much less if the economy is in a regime of high exchange rate response. This will reverse
the initial exchange rate response and both output and inflation will increase.

Figure 3 depicts the generalized impulse response functions (IRFs) on output, exchange rate,
domestic inflation and short tern interest rate for each economy. The improvement of the terms of
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trade leads to an appreciation of all the respective domestic currencies. Given that the Czech Republic
has the strongest response to exchange rate in both low and high regimes, the domestic currency has
recorded the least appreciation. This spurs both output and inflation. Russia has the lowest response
to exchange rate, especially in the low regime. Therefore, the Russian currency appreciation is the
most pronounced. However, despite this large appreciation, Russia has the largest output increase
which spurred inflation. This rise may be explained by the strategic nature of Russian exports. Indeed,
as explained earlier, Russia is among the top world’s producers and exporters of oil and gas. India
has the second largest appreciation. Indeed, the country has spent a large part of the sample in a
low regime with a very modest response to exchange rate. The strong appreciation leads to a fall of
output and inflation. This is also the case for South Africa which has the second largest response
to exchange rate in the high regime but spent the large part of the sample in the low regime with a
moderate weight. However, despite the appreciation, both output and inflation rise. Brazil has the
largest response, although not pronounced, in the low regime after the Czech Republic. The currency
appreciation leads to a fall of output and inflation. Indonesia is the second economy with the least
appreciation. Indeed, the country has evolved for the large part of the sample in a regime of strong
response to exchange rate, leading to a less pronounced fall of output and inflation. The IRFs indicate
a large fall of the Brazilian interest rate. Let us recall that the stylized facts, see section 2, indicate that
Brazil has the largest interest rate volatility. Moreover, from the estimation results, see Table 4, the
policy rate has the highest volatility when Brazil responds strongly to exchange rate deviation.

The IRFs’ results indicate that the currency appreciation, following a terms of trade improvment,
is dampened for economies that respond strongly to exchange rate movements. This leads to a rise
in both output and inflation. However, for emerging economies that are large exporters of strategic
commodities, a stronger appreciation does not hinder output growth. Next, we look at the variance
decompositions of the different variables.
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Figure 3. Generalized IRFs of a Terms of Trade Shock

5.4. Variance decompositions

We assess the importance of the different shocks by computing the variance decompositions of our
variables of interest. Table 5 reports the results. The Brazilian, Indian, Indonesian and South African
outputs are mostly explained by world output innovations. However, for the Czech Republic, both
world inflation and terms of trade are the most important drivers. For Russia, monetary policy and
terms of trade contribute significantly to output volatility. Looking at the inflation rate, this variable
is largely explained by world output in India and South Africa while in the remaining economies
the different innovations do not play a significant role. The interest rate is mainly driven by terms of
trade in Brazil, by world inflation in the Czech Republic, by world output in both India and South
Africa; and by monetary policy and terms of trade in Indonesia. Interestingly, it is only in Russia that
monetary policy innovations explain more than 80% of interest rates volatility. The role of the terms of
trade in explaining domestic business cycles fluctuations can be seen by its large contribution into the
respective exchange rates volatility. Indeed, the results indicate that more than 70% of the exchange
rate volatility of the different economies, but South Africa, are explained by the terms of trade. Even
for the latter economy, the contribution is a staggering 56%.

The results of the variance decompositions in general, and those of the terms of trade in particular,
support the role played by foreign shocks in explaining business cycles fluctuations in emerging
economies. According to Lubik and Schorfheide [3], a large terms of trade contribution into exchange
rate volatility, as we find in this article, supports a response of central banks to exchange rate
movements. Therefore, these emerging economies attempt to smooth exchange rate to insulate
themselves against international price movements. The decompositions results are similar, among
others, to those of Kose [5] and Lubik and Schorfheide [3] for small economies.
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Table 5. Variance decompositions

Shocks Policy Terms of Trade Technology World output World inflation

BRAZIL

Output 1.443 1.205 3.052 92.598 0.029
Inflation 3.605 6.998 2.465 3.415 0.094
Interest rate 15.419 63.859 2.708 5.560 0.115
Exchange rate 0.184 92.662 0.126 0.174 2.606

CZECH

Output 18.039 30.969 0.783 4.289 38.991
Inflation 1.558 13.436 0.007 0.266 83.378
Interest rate 2.717 0.772 0.013 0.027 96.360
Exchange rate 2.094 71.774 0.010 0.358 23.943

INDIA

Output 11.272 1.209 8.775 73.292 0.215
Inflation 24.451 2.913 1.421 60.680 0.750
Interest rate 6.611 3.644 0.216 89.117 0.064
Exchange rate 1.661 89.751 0.097 4.122 3.704

INDONESIA

Output 3.272 1.130 4.993 81.085 0.029
Inflation 1.078 1.739 0.213 0.854 0.009
Interest rate 29.985 24.167 2.366 17.711 0.217
Exchange rate 0.101 87.487 0.020 0.080 3.307

RUSSIA

Output 44.237 32.203 16.346 0.275 0.044
Inflation 2.726 12.191 0.107 0.606 0.003
Interest rate 82.073 0.684 4.658 1.182 0.051
Exchange rate 0.034 98.757 0.001 0.007 0.162

SA

Output 0.788 0.425 0.518 94.648 0.028
Inflation 0.244 1.988 0.023 90.882 0.010
Interest rate 0.199 1.175 0.032 97.874 0.005
Exchange rate 0.107 56.414 0.010 39.923 0.534

6. Conclusion

Do central banks respond to exchange rate movements? We answer this question for a sample
of emerging economies that are commodities exporters and have adopted the IT as their monetary
policy framework. These economies may be vulnerable to terms of trade movements as they export a
limited number of commodities and have therefore an incentive to react to exchange rate movements.
However, given their adopted monetary policy framework, they should not target any other variables
besides inflation. In addition, we analyze the importance of the terms of trade in explaining their
domestic business cycles fluctuations.

We estimate, separately for each economy, a regime switching open DSGE model using Bayesian
techniques and quarterly data. We compare between a constant parameters and our regime switching
model using the Laplace marginal data density after a posterior simulation. We find that the regime
switching model fits the data better. The estimation results indicate that in certain periods, these
emerging economies respond strongly to exchange rate movements while in others, some have a
weaker response. We analyze the impact of a terms of trade improvement on different variables. We
find that the different currencies appreciate following the shock. However, the stronger the response
to exchange rate, the weaker the appreciation. The appreciation reversal leads to a rise in output
and inflation for those economies that respond strongly to exchange rate and those who are major
players in international trade such as Russia. Lastly, we use the variance decompositions to analyze
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the importance of the different innovations. We find that the terms of trade play a major role in
explaining the business cycles fluctuations of these economies. Their large contribution into exchange
rate volatility supports the finding that these economies respond to exchange rate movements.

In this article, we have identified the exchange rate stability as an additional monetary policy
objective that can even supersede, for certain economies, the traditional goals. We have contrasted
the impact of shocks on these economies that respond differently to exchange rate movements. We
have identified the innovations that explain the business cycles of these economies. Thus, the regime
switching framework has been able to better identify the regime changes in both policy and volatility
of structural shocks for small open emerging economies that have different exposure to international
trade.
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