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ABSTRACT

This paper uses an intertemporal optimizing model with country-specific risk premium to evaluate the real effects of inflation
in a small open developing economy. In the model, a central bank targets inflation, and the consumer requires real balances in
advance for consumption spending. We show that a positive inflation shock (either due to growth in money supply or depre-
ciation of the domestic currency) yields a decrease in real output and consumption—as inflation creates a tax wedge in the
intratemporal condition between consumption and leisure—leading to a decrease in the stock of real debt in domestic currency.
Employing these theoretical predictions and using annual data from a set of six developing countries (Chile, Ghana, Indonesia,
Kenya, Malaysia and Thailand), we estimate a sign-restriction based structural vector autoregression model along with a panel
vector autoregression model for robustness analysis. The empirical results support the trade-off of inflation with reference to the
key real variables including the external debt position, which is a significant result given the ambiguity in the empirical literature
as to whether governments can escape from debt crisis via higher inflation. Copyright © 2016 John Wiley & Sons, Ltd.
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1. INTRODUCTION

In the post-war era, high and persistent inflation has been one of the greatest challenges facing developing coun-
tries. Indeed, low inflation is the central objective of macroeconomic policy in many emerging market economies.
Although inflation in emerging market and developing economies took longer to come down, it has been low and
stable since the mid-1990s. The drop in inflation is in part due to better monetary policy, with some developing
countries officially adopting inflation targeting. Whether lower inflation has been driven by policy or other factors,
the objective of this study is to examine the real effects of such inflationary shocks on macroeconomic activity in
developing economies, including the effect on its external account, as inflation is still harmful even at relatively
moderate annual rates of 5–10% that we currently observe in many emerging market economies. We specifically
examine the response of a small open economy to inflationary shocks from two perspectives: First, we develop
an optimizing dynamic monetary equilibrium model to study the real effects of inflation, as both households and
firms are generally believed to perform poorly when inflation is high giving rise to a decline in real interest rates,
and second, the predictions of the model are used to estimate a structural vector autoregression (SVAR) model, fol-
lowing the methodology in Uhlig (2005). From both fronts, we claim that higher inflation leads to decline in real
consumption, output and external debt.
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REAL EFFECTS OF INFLATION ON EXTERNAL DEBT 399

The literature on the effects of monetary policies—both at the theoretical and empirical levels—offers inconclu-
sive evidence. A big part of the literature is dedicated to the closed economy set-up. There are a number of studies
that support the Tobin effect.1 At the same time, many other studies support the super-neutrality results, whereas
the opposite of Tobin’s results is equally popular. The open economy literature on the effects of monetary policies
has also grown accordingly. Many of the empirical models in the money and growth literature analyse the impact
of inflation on the macroeconomic variables in the long run. The bulk of these studies is conducted in the context
of highly developed economies. Because our aim is to evaluate the effects of inflation in a small open developing
economy, we will focus exclusively on previous empirical studies.

Some researchers find positive effects of inflation on economic performance. Grier and Grier (2006) investigate
the effects of both inflation and inflation uncertainty on output growth in Mexico at business cycle frequencies.
They estimate an augmented multivariate GARCH-M model for inflation and output growth using monthly data
from 1972 to 2001. They find that inflation uncertainty lowers output growth, while the direct effect of aver-
age inflation on output is actually positive and significant. This result is consistent with the Tobin effect. A few
other empirical studies find no long-run effects of inflation. Using data from high inflation countries, Israel and
Turkey, Mallick and Mohsin (2007) show that inflation has no long-run real effects on consumption, investment
and the current account. Their results are robust even after allowing for inflation volatility. In a related study,
Carneiro and Faria (2001) investigate the relationship between inflation and output for another high inflation
country—Brazil. Employing a bivariate vector autoregression (VAR) model for the period 1980:1–1995:7, they use
a Blanchard and Quah decomposition to assess the effects of temporary and permanent shocks and find that infla-
tion does not impact real output in the long run, but that in the short-run, there exists a negative effect of inflation
on output.

Furthermore, among the early studies, Barro (1996) carried out an empirical research on the relation between
inflation and economic performance using cross-sectional data from over one hundred countries. He finds that a
10% increase in the annual inflation rate leads to a 0.24% decrease in the annual growth rate of real GDP. Also,
there are country-specific studies finding that inflation has negative effects. For example, Singh and Kalirajan
(2003) empirically examine the inflation-growth nexus in India for the period 1971–1988 to show whether there
is a threshold level of inflation for India. They conclude that there is no need to be concerned about the threshold
level because any increase in inflation from the previous period negatively affects growth.

The empirical business cycle studies mostly employ VAR models. A very important step in the use of VAR
methodology is the identification of shocks. The conventional identification strategy has been criticized in several
ways. Unlike the recursive Choleski decomposition used in previous studies, this study examines the effects of
inflation shocks in a small open developing economy with external debt using Uhlig’s (2005) identification pro-
cedure. There are many compelling reasons that justify the need for this study. First, the empirical evidence on
the effects of monetary policy is inconclusive. Second, most studies rely on the ad hoc Choleski decomposition to
identify the effects of inflation shocks. Third, although a few studies develop open economy models to examine the
effects of inflation, the theoretical motivations are not completely satisfactory. Finally, there is a need to understand
the long-run effects of changes in inflation in developing economies who borrow extensively from the external debt
market. To the best of our knowledge, there is no empirical study that examines the real effects of inflation in a
small open developing economy, including external debt. The present study attempts to fill this gap.

In the present paper, we use a monetary model and adopt an optimizing framework in order to examine the
effects of inflation on aggregate consumption, employment, output and the accumulation of foreign debt in the
economy. In this infinite horizon model with a fixed rate of time preference, the representative household can
make labour-leisure decisions. Firms produce output with labour as the only input. In developing this model, a
few additional simplifying assumptions are helpful. In accordance with Obstfeld (1981a), Calvo (1981), Djajic
(1982) and Mishkin (2000), we also assume that the central bank targets inflation rate (not the rate of growth of
money per se). Second, following the asset pricing literature, we assume that households face a cash-in-advance
(CIA) constraint on their consumption expenditures. Other papers that employ CIA constraints in an open economy
setting in order to study various policy issues include Calvo (1987), Calvo and Vegh (1995, 1995), and Edwards
and Vegh (1997) has not been included in the Reference List, please supply full publication details. Calvo and
Vegh (1994), (1995) and Edwards and Vegh (1997). Also, to incorporate one of the most important characteristics
of a developing country, we assume that the model economy faces an upward-sloping supply curve of debt. This
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framework was originally used by Bardhan (1967). With this formulation, a small open developing economy can
borrow only at a risk premium (the marginal cost of debt). Thus, a country’s cost of borrowing is modelled to be
an increasing function of its debt to the rest of the world. In this developing economy, as outlined, we show that
higher inflation lowers real output, consumption and foreign debt.

At the empirical level, the objective is, therefore, to further examine the effect of an inflation shock on economic
activity using historical annual data and latest time series techniques. Specifically, we estimate a four-variable VAR
for the period 1970–2004. The variables are inflation, external debt (converted to domestic currency and expressed
in real terms), real consumption and real output. The question that we address is as follows: Does foreign debt
respond dynamically to exogenous changes in inflation? Using a panel of six developing countries, a scatterplot of
real output, real consumption and real external debt against inflation indicates a negative relationship (see Figure A1
in the Appendix). The business cycle behaviour of the system is examined by using the pure sign restrictions
approach, due to Uhlig. The main findings are that an inflation shock leads to declines in real consumption, real
output and real external debt. It is worth noting that the empirical evidence is consistent with the predictions of
our hypothetical model economy. Moreover, to strengthen our empirical claims, we also carry out a panel vector
autoregression (PVAR ) analysis. A panel data VAR methodology combines the traditional VAR, allowing for
unobserved individual heterogeneity. This way, our empirical observations are more conclusive.

The remainder of the paper is structured as follows. In Section 2, we explicitly model a small developing open
economy to examine the dynamics of inflation. We also outline the effects of inflation on key macroeconomic vari-
ables. Section 3 provides supportive empirical evidence as obtained from SVAR estimates. The main conclusions
are given in Section 4.

2. THE MODEL

The model is that of a small open developing economy with outstanding foreign debt. The economy produces a
single tradable and non-storable good. Following Obstfeld (1981b), we assume that the foreign price level of the
single good in the model is fixed at P �. The domestic price level of the good is P , and it is linked to the foreign
price by the relationship P D EP �, where E is the nominal exchange rate (the price of foreign currency in terms
of domestic currency price). The small economy cannot influence the foreign currency price. With flexible goods
prices, the rate of inflation is equal to the rate of depreciation of the domestic currency PP=P , and it is denoted by "t .

Capital mobility is imperfect because the economy cannot borrow in international capital markets at the world
interest rate. The effective interest rate charged by creditors is assumed to be an increasing function of the country’s
creditworthiness. Hence, the upward-sloping supply curve of debt facing the economy is expressed as follows:

Qrt D r
� CZ

�
bt

f .lt /

�
I Z0 > 0 (1)

where Qrt is the interest rate charged on foreign debt, bt , r� is the world interest rate, f .lt / shows the economy’s
output level and Z.:/ is the country-specific risk premium. Z is convex, capturing the possibility of a debt cut-off.
Here, it is assumed that the risk premium depends on debt-servicing ability.

2.1. The representative agent

The representative agent is assumed to have an infinite planning horizon, faces imperfect capital markets and
has perfect foresight of the future. Her decisions are to choose the levels of consumption, ct , labour supply, lt , and
adjusting the level of debt, bt ; in order to maximize the present value of lifetime utility, U; as given by

U D

1Z
0

u.ct;lt /e
�ˇtdt (2)

where ˇ the rate of time preference is assumed to be strictly positive. The utility function is assumed to be additively
separable in ct and lt , that is, u.ct ; lt / D U.ct /CV.lt /, with U 0.ct / > 0, U 00.ct / < 0, V 0.lt / < 0 and V 00.lt / < 0.
Thus, the agent is assumed to derive positive, but diminishing, marginal utility from consumption. She also derives
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positive, but diminishing, marginal utility from leisure, meaning that she obtains positive and increasing marginal
disutility from providing labour services. Abstracting from physical capital, the single traded good is produced
by labour only. The production function exhibits a positive, but diminishing, marginal physical productivity from
labour, that is, yt D f .lt / W f

0 > 0, f 00 < 0. We also assume that f .lt / satisfies the Inada conditions: f .0/ D 0,
f 0.0/ D1 and f 0.1/ D 0. Although labour supply is elastic, the population is assumed to be fixed.

The agent also receives monetary transfer with real values �t from the government. Money is introduced through
a CIA constraint, such that the agent requires real money balances mt to finance her consumption expenditures:

mt � ct (3)

The total real value of assets held by the representative agent is given as

at D mt � bt (4)

Her real flow budget constraint is

Pat D f .lt /C �t � Qrtbt � ct � "tmt (5)

where "tmt is the ‘inflation tax’ on real money balances. The agent also has the No Ponzi game condition, which
prevents explosive behaviour. This condition is a constraint on borrowing that requires that household debt should
not increase asymptotically faster than the interest rate. All the variables are in real terms2 and are measured in
terms of domestic good.

The representative agent’s problem therefore is to maximize .2/, subject to .3/ � .5/, and the initial condition
a0. Setting mt D ct in Equation (3), we obtain the following Hamiltonian:

H W U.ct /C V.lt /C �t Œf .lt /C �t � Qrtbt � .1C Qrt C "t / ct � (6)

Here, ct and lt are the control variables, and bt is the state variable with �t as the associated co-state variable.
In making her optimizing decisions, the representative agent takes Qr , ˇ and � as given. The optimal conditions
are as follows:

U 0.ct / D �t

�
1C r� CZ

�
bt

f .lt /

�
C "t

�
(7a)

V 0.lt / D ��tf
0.lt / (7b)

P�t D �t .ˇ � Qrt / (7c)

and the standard transversality condition limt!1 e
�ˇt�tat D 0. The co-state variable also captures the marginal

utility of wealth (or marginal utility of reducing debt for a borrower). Equation (7a) equates the household’s
marginal cost and benefit of postponing one unit of current consumption. Equation (7b) requires that the marginal
utility of an additional unit of leisure must equal the marginal utility of consumption forgone, priced at the real
wage rate. Rewriting Equation (7c) gives the intertemporal arbitrage relationship, which asserts that the growth
rate of the marginal utility of wealth equals the difference between the rate of time preference and the interest rate
charged on foreign debt.

Now, it should be noted from (7a) and (7b) that the equilibrium levels of c and l can be represented by the
following equations3:

ct D c.�t ; "t ; bt / (8a)

lt D l.�t / (8b)

2.2. The government

The government plays a limited role in this economy. We abstract completely from government spending on
goods and services and focus solely on the monetary side of the economy. The government (or the monetary
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authority) chooses the real monetary transfers �t , in order to achieve a desired inflation rate in the economy. These
decisions are subject to the following flow budget constraint:

Pmt C "tmt D �t (9)

which indicates that total real monetary transfers �t should be equal to total government revenues from seigniorage
. Pmt C "tmt /. It is assumed that the government is benevolent and seeks to undertake a policy that maximizes the
intertemporal utility of the agent subject to the equilibrium constraints.

2.3. Equilibrium dynamics

We are now in a position to analyse the dynamics of the economy. By combining Equations (4), (5) and (9), we
obtain the following debt accumulation equation, which is the negative of the current account balance.

Pbt D Qrtbt C ct � f .lt / (10)

Next, substituting for the short-run solutions of ct and lt from Equations (8a) and (8b) into Equations (7c) and (10),
we obtain

P�t D �t

�
ˇ � r� �Z

�
bt

f .l.�t //

��
(11a)

Pbt D

�
r� CZ

�
bt

f .l.�t //

��
bt C c.�t ; "t ; bt / � f .l.�t // (11b)

Equations (11a) and (11b) jointly determine the dynamics of �t and bt , which is presented in the phase diagram in
Figure 1, where P�t D 0 and Pbt D 0 schedules are given by, respectively

Z

�
bt

f .l.�t //

�
D ˇ � r� (12a)

�
r� CZ

�
bt

f .l.�t //

��
bt D f .l.�t // � c.�t ; "t ; bt / (12b)

The slope of P�t D 0 schedule is positive
�
D �a12

a11

�
, whereas the slope of Pbt D 0 schedule is negative

�
D �a22

a21

�
.

Here, a11 D
Z0�bf 0l�

f 2
> 0, a12 D �Z

0�
f
< 0, a21 D c� �

Z0b2f 0l�
f 2

� f 0l�, a22 D Qr C bZ0

f
C cb . From (12a) and

(12b), we also obtain that @
P�
@b
D a12.< 0/ and @ Pb

@�
D a21.< 0/, which determine the directions of the trajectories in

Figure 1. It is clear that the model has stable positively sloping saddle path, XX , in Figure 1.
To derive the equation of the saddle path, we linearize Equations (11a) and (11b) around the steady state

to obtain4 �
P�t
Pbt

�
D

�
a11 a12
a21 a22

� �
�t � N�

bt � Nb

�
(13)

For the stability of the system, the determinant of the Jacobian matrix in (13) must be negative; because if � D
a11a22�a21a12 < 0, the system has one negative eigenvalue and one positive eigenvalue. The saddle path, denoted
by XX in Figure 1, is given by the following equations:

bt � Nb D
�
b0 � Nb

	
e�t (14a)

�t � N� D

�
a12

� � a11

� �
b0 � Nb

	
e�t D

�
a12

� � a11

� �
bt � Nb

	
(14b)

where � is the negative eigenvalue of the coefficient matrix in (13). The slope of the saddle path, obtained from
Equation (14b), is given by d�

db
D a12

��a11
> 0. At this point, it will be worthwhile to highlight the role played by the

assumption that the central bank targets the inflation rate by adjusting the real transfer and not the rate of growth
of money supply. If the authority simply controls the growth rate of money supply, the inflation rate becomes
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Figure 1. The phase diagram.

endogenous thus increasing the dimension of the dynamic system. There will be another differential equation for
the inflation rate "t that would have to be solved in conjunction with Equations (11a) and (11b). In that case,
drawing the phase diagram would be very difficult.

2.4. The effects of inflation

In this subsection, we examine the real effects of inflation. We study the effects of an unanticipated, permanent
shock. The following equations represent the steady state of this economy:

U 0 . Nc/ D N�

 
1C r� CZ

 
Nb

f
�
Nl
	
!
C "

!
(15a)

V 0
�
Nl
	
D �N�f 0

�
Nl
	

(15b)

ˇ D r� CZ

 
Nb

f
�
Nl
	
!

(15c)

"
r� CZ

 
Nb

f
�
Nl
	
!#
Nb C Nc D f

�
Nl
	

(15d)

These equations jointly determine the steady state equilibrium values (denoted with an upper bar) of consumption
Nc, labour supply Nl , debt accumulation Nb and the marginal utility of wealth N� implied by a given level of inflation
and other parameter values. The steady state effects of an increase in inflation are obtained by differentiating the
steady state system, that is, Equations (15a)–(15d) with respect to ". We obtain the following results:

d N�

d"
D �

�f .V 00 C �f 00/

D
< 0 (16)

d Nb

d"
D
�b.f 0/2

D
< 0 (17)

d Nl

d"
D
�ff 0

D
< 0 (18)
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d Nc

d"
D
.f 0/2 .f � Qrb/ �

D
< 0 (19)

where D D .1C Qr C "/ f f�f 00 C V 00g C U 00.f 0/2 .f � Qrb/ < 0. The steady state effects show that a depreci-
ation of the domestic currency leads to a decrease in the long-run marginal utility of wealth, debt, labour supply
and consumption.

Before we provide the intuition behind these results, it will be valuable to evaluate the effects of higher infla-
tion on these macro aggregates with the help of the phase diagram. It is clear that P�t D 0 schedule will remain
unchanged because of higher inflation, but the Pbt D 0 schedule will shift in as in the figure. Because both the steady
state levels of debt and the marginal utility of wealth decrease, the new steady state equilibrium in Figure 1 will be
somewhere to the south-west of the initial equilibrium point A; and the new stable path X 0X 0 will lie below XX .
Immediately after the increase in the inflation rate, the economy will jump to point B. Then it will adjust gradually
from point B to Q along X 0X 0 during the transitional periods.

First, it will be instructive to derive the effects of the increase in the inflation rate on employment. To derive the
short-run effects on employment, take the derivative of Equation (8b) for time 0 to obtain dl0

d"
D l�

d�0
d"

< 0. We
also find that during the transitional periods (as the economy moves from B to Q), employment continues to fall as
Plt D l� P�t < 0: Similarly, we can also demonstrate that in the short-run, consumption must fall as the long-run effect
is negative

�
d Nc
d"
< 0

�
, and the consumption must grow during the transitional periods as Pct D c� P�tCcb Pbt > 0. The

intuition for these results is as follows. Recall, the economy is a CIA economy; the agent needs to hold real money
balance in advance for future consumption spending. Thus, higher inflation (depreciation of the domestic currency)
makes consumption relatively more expensive (in terms of leisure). As a result, consumption falls. To maximize
utility, the agent also consumes more leisure, leading to a decrease in labour supply. Because output is determined
solely by the employment level, it is obvious that the production level of the economy will fall in the short-run
and continue to decrease till new steady state is reached. With the creditworthiness of the economy declining, the
economy will face higher interest rates because of increasing risk premium. This will force the economy to reduce
borrowing, thereby improving the debt position. Also, the fall in consumption is larger than the fall in output in the
long run resulting in a current account surplus.5 It is important to note that we are able to demonstrate the effects
of higher inflation on the economy in terms of the important variables both analytically as well as with the help of
the phase diagram.6 Because we are able to derive all the results analytically, there is no need for simple numerical
evaluation. The summary of these effects on the economy is shown in Table 1.

3. EMPIRICS

3.1. Sign restriction vector autoregression

In this paper, we will employ SVAR with sign restriction approach followed by a PVAR approach. A brief
descriptions of these approaches are warranted here. The sign restriction methodology dates back to Faust (1998),
Canova and de Nicolo (2002) and Uhlig (2005). In this paper, we use the Uhlig procedure, which imposes no
zero restrictions on coefficients or other type of long-run restrictions as in traditional VAR modelling, rather the
procedure uses sign restrictions not only upon impact as in Faust (1998) but extend to a few periods after the shock.
Such sign restrictions imply that we need to consider how long these restrictions should hold after a shock. Sign
restrictions require that we define the whole space of responses, because we will be searching among all possible

Table 1. Impact of inflation on real
variables—analytical results

Variables Short-run Long-run Transition

Consumption � � +
Employment � � �

Output � � �

Debt 0 � �
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types of responses (but keep only those for which we have a prior). We summarize the sign identification procedure,
starting with a VAR as follows:

Yt D

lX
iD1

BiYt�i C ut ; t D 1; ::T (20)

where Yt is an n�1 vector of variables [LRY, LRC, LRED, INF],Bi are coefficient matrices of size n�n and finally
ut is the one-step ahead prediction error with variance–covariance matrix

P
cov. The usual SVAR approach assumes

that the error terms ut are related to the structural macroeconomic shocks �t , via a matrix A such that ut D A�t .
There can be n fundamental shocks, which are mutually orthogonal and normalized to be of unit variance. Hence,P

cov D E


ut ; u

0
t

�
D AE



�t ; �

0
t

�
A0 D AA0, where equation

P
can be described as the covariance structure. The

identification method does not aim at complete decomposition of the one-step ahead prediction error, but rather
searches over the space of possible impulse vectors Ai�i to find those impulse responses that agree with the sign
restriction. The aim is to find an impulse vector a, if there is some matrix A, such that AA0 D

P
cov, where

A D Œa1; : : : ; an�, so that a is a column of A. As a result, a is an impulse vector if and only if there is an n-

dimensional vector ˛ of unit length so that a D A0˛ and hence
P

cov D AA
0 D

nP
iD1

aia
0
i .

7; where a is a column of

A named by Uhlig as impulse vector, which contains the contemporaneous responses of the endogenous variables
to the primary shock, and ˛ is a column of � in the corresponding location. The main idea of the identification
scheme is to impose a set of inequality constraints on vector a. This clearly does not uniquely identify a but gives
us ranges of possible responses consistent with the inequality constraints.

Here, we do not need to identify all structural disturbances, but impose appropriate sign restrictions on the
impulse responses for k periods, to single out the inflation shock. As Uhlig (2005) comments, there is probably not
a single a such that the response will be at the bound for all variables j or all horizons k. The advantage of this
agnostic approach is that it makes explicit use of restrictions that come from theory. Uhlig (2005) has labelled this
procedure as ‘The Pure Sign Restriction Approach’ in that all impulse vectors satisfy the impulse sign restrictions
equally likely.8

3.2. Panel vector autoregression

In addition to the country-level analysis, we also carry out a PVAR analysis to draw conclusions about these
emerging markets in general, using the key endogenous variables in the aforementioned framework. A panel data
VAR methodology combines the traditional VAR, allowing for unobserved individual heterogeneity. This approach
is useful because it helps avoid any strong priors about competing explanations about the determinants of external
debt. A first-order VAR model can be specified as follows:

A´n;t D ƒn Cƒ.L/n´n;.t�1/ C "n;t (21)

where ´t is a k � 1 vector of endogenous variables for each of the five countries. As this equation cannot be
estimated directly because of contemporaneous correlations between ´t and "t , the standard reduced form can be
derived by pre-multiplying the system by A�1 as follows:

´n;t D �n C �.L/n´n;.t�1/ C en;t (22)

where �n D A�1ƒn, �n.L/ D A�1ƒn.L/ and en;t D A�1"n;t . The impulse response functions can now be
derived on the basis of the moving average representation of the system as follows:

´n;t D �n C
X

� in.L/et�i D �n C
X

	i .L/"t�i (23)

where 	i are the impulse response functions. Despite the large time dimension, the standard fixed-effects estimator
is inconsistent in dynamic panels if the coefficients on the lagged endogenous variables differ across countries. The
reason for this inconsistency is that restricting the slope coefficients to be the same across countries induces serial
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Figure 2. Histogram for initial impulse response—upper middle income economies.

correlation in the residuals when the regressors are autocorrelated. This serial correlation does not vanish when
instrumental variable estimation is applied (Koop et al., 1996). Thus, when all equations have lagged dependent
variables and the regressors have close to unit roots, this problem can lead estimated impulse response functions
to display extreme persistence. We, therefore, follow Pesaran and Smith’s recommendation and will estimate the
panel VAR using the mean group estimator. This estimator provides a consistent estimate of the mean effects by
averaging the coefficients across countries.

3.3. Data and empirical results

The empirical approach attempts to consider the effect of exchange rate policy in an open economy via its effect
on inflation. All observations are annual.9 The countries are as follows: Chile, Ghana, Indonesia, Kenya, Malaysia
and Thailand. The country choice is based on data availability rather than any arbitrary selection. The dataset is for
the period 1970–2004, and they are annual. The starting point of the sample period is constrained by the availability
of the external debt data being from 1970, and the end point of 2004 helps avoid the impact of the credit bubble that
led to the 2008–2009 financial crisis and impacted global debt flows. The external debt is expressed in domestic
currency terms for each country as it measures the true debt burden and then deflated as a real variable. The debt
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Figure 3. Histogram for initial impulse response—lower middle income economies.

variable for all countries is expressed in terms of their domestic currency from their total debt amount in US$ by
using respective annual average exchange rates.

A depreciation-led exchange rate policy is modelled as a one standard deviation rise in inflation as the measure
of exchange rate shock. Hence, we impose the sign restriction that an exchange rate-driven inflation shock leads
to a fall in real output and real consumption. Finally, the VAR is fitted with two lags in log levels. The variables
are also left in non-stationary form. The methodology is robust to the presence of non-stationarity, and although it
does not impose any cointegrating long-run relationship between the variables, it does not preclude their existence
either. There is no inclusion of any constant or time trend. Except for inflation series, all variables were transformed
by logarithm. The VAR system consists of these four variables at annual frequency from 1970 to 2004. The sign
restrictions imposed are those which have a positive impulse response for inflation and negative for real consump-
tion. The plots of the maximum and minimum of potential impulse responses for those a that satisfy the restrictions
are shown in Figures 2–4, and the bounds apply to each response.

In the estimation, we identify only the exchangevspace*.2pt rate policy shock. We do not aim to identify all
structural shocks, that is, we want to identify one impulse vector. The identification is achieved by imposing the
sign restrictions, and the inference is based on 10 000 draws as in Uhlig (2005). We assume that following an
exchange rate shock in the form of a depreciation, the response of inflation is non-negative, while the responses
of consumption, investment are non-positive for a certain period. No restrictions are placed on the response of the
external debt variable. The Uhlig procedure uses these sign restrictions as obtained from the theoretical model in
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Figure 4. Histogram for initial impulse response—low income economies.

the previous section, which are shown in the impulse responses in Figures 2–7. The sign restrictions imposed are
same as the sign effects derived in the theoretical model as follows:

The restrictions imposed are based on the CIA model developed in the previous section, which shows that a
positive inflation (INF) shock reduces real output (LRY) and consumption expenditures (LRC) and reduces the
real external debt level (LRED). No restriction, however, is placed on debt position, because we do not want to
prejudge the result because both domestic and external factors will influence the debt position. The responses in
Figure 2 satisfy the sign restrictions. The responses of output and consumption have been restricted not to be
positive, and inflation not to be negative for the first 2 years, following the shock. The error bands are illustrated
as the dotted lines below and above the median response line (the thick line), which are composed of the 16th
and 84th percentiles, respectively, of the impulse responses for each shock around the median response, from a
sample of 10 000 draws from the posterior. The dotted lines indicate the slope of the posterior distribution of the
impulse responses as well as providing a confidence band for these responses. In this approach, we do not estimate

Exhibit 1. Identifying sign restrictions

LRY LRC LRED INF

Positive inflation shock � � ? +
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Figure 2a. Upper middle income economies.

parameters but their posterior distributions, where introducing inequalities on the signs of the response functions is
nothing but constraining these posterior distributions.

Overall, all our empirical estimates suggest that in the long run, inflation negatively affects consumption and
output and has a favourable impact on reducing debt stock in an economy which remain consistent with the
theoretical results. The results in Figures 2–4 show how restricting the signs of the impulse responses leads to
a shaped distribution for the initial response, representing the initial responses when drawing the orthogonalized
impulse vectors. The sign restrictions imposed here are those in Exhibit 1. The results shown here have been
estimated with k D 2 (i.e. 2 years shock). This implies that the inflation shock lasts for at least 2 years. We have
divided the six representative countries into three groups of countries in terms of their per capita income as per
World Bank’s country classification. The results for these individual countries to an inflation shock are as follows
(Figures 2a, 3a and 4a):

1. The crucial target variable being external debt on which we did not impose any restriction appears to have
improved more following an inflationary shock possibly driven by exchange rate in an open economy context.
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Figure 3a. Lower middle income economies.

The median response shows a long-run decline of external debt across different groups of countries. All coun-
tries seem to demonstrate a long-run debt reduction, although the 84 percentile for Indonesia and Kenya retreat
to zero.

2. GDP in all countries react almost immediately to an inflationary shock, resulting in a decline. The response of
consumption also remains negative to an inflation shock. The results for both output and consumption suggest
little ambiguity about the negative response of output and consumption following an inflationary shock, because
the median, 16 and 84 percentile error bands illustrate a negative response both in the short and long terms.

We have also carried out PVAR estimation. All the estimations have been carried out using RATS econometric
software. The impulse response and variance decomposition results are presented in Figures 5–9, which provide
further support to our country-level results.

Aside from the aforementioned country-specific results, which although show consistent evidence with marginal
differences, we further carry out the same exercise for all countries together to increase the robustness of the impact
of an inflation shock. Given four variables in the model, we will be examining four innovations or shocks in the
system as opposed to identifying just one shock. We also keep the same variable ordering as in the aforementioned
sign-VAR exercise. So, we undertake a PVAR approach to assess the common response of the six developing
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Figure 4a. Low income economies.

countries by considering the four variables as a PVAR. The PVAR captures both the stochastic patterns and co-
movements of variables and allows us to study the dynamics in terms of deviations from the equilibrium across
countries. Figures 5–8 show the bootstrapped impulse responses to different shocks implied by the panel regres-
sion, together with plus/minus one standard error confidence bands, obtained by bootstrapping (1000 draws). The
impulse responses do converge with a systematic pattern with regard to several shocks. The reactions of output to
different shocks are similar to those found in the single-country results.

We find that an inflation shock could have a positive significant impact on real debt in the short-run, but it
reduces the real debt level as inflation goes down in the long run, whereas inflation shocks lead to a contraction
in real consumption and output (Figure 5). As PVAR does not use sign restrictions, inflation shocks nevertheless
lower external debt in the medium term.

A shock in real consumption leads to an increase in inflation and output, while increasing the debt level
(Figure 6). We also see similar impact in long-run response to a shock in real GDP for all six countries (Figure 7),
although it reduces real debt level in the short-run. Following a shock in real debt, we find that there is a posi-
tive response of output and real consumption, accompanied by a reduction in inflation in the short-run. Inflation
goes up in the long run as external debt increases (Figure 8). So to pinpoint the contribution of different shocks,
we carried out variance decomposition of these four shocks. We find that inflation shocks contribute to a higher
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Figure 5. Effects of inflation shocks in a panel vector autoregression.

Figure 6. Effects of consumption shocks in a panel vector autoregression.

proportion of variation (nearly 25%) in real consumption, real output and real debt level, aside from their own
innovations (Figure 9). This implies that a big part of variation in real variables is driven by inflation shocks in
developing countries.

Overall, for a panel of six countries, we find that inflation shock seems to have a positive relationship with real
debt level, while a positive shock in debt leads to a decline in inflation as debt and output seem to be positively
related. However, in the long run, higher output growth puts pressure on inflation and thus leads to a reduction in
debt level, effectively producing the same response as in an inflation shock. Whether it is an inflation shock or a
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Figure 7. Effects of GDP shocks in a panel vector autoregression.

Figure 8. Effects of debt shocks in a panel vector autoregression.

debt shock, the channel of transmission is still the changes in demand, as reflected in variation in real consumption
and aggregate real output.

4. CONCLUDING REMARKS

This paper developed an intertemporal optimizing monetary model for a small open economy with imperfect capital
mobility to identify the real effects of an inflationary shock (due to a permanent rise in the growth rate of money
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Figure 9. Variance decomposition of shocks in a panel vector autoregression.

supply) on consumption, output and external debt. The dynamic general equilibrium model is developed, and the
model features a CIA constraint in a production economy using labour. Households are subject to a CIA constraint
along with a standard budget constraint. The rate of interest on external real debt increases with the stock of existing
debt over GDP. The exchange rate is flexible, and the economy can borrow from the international market at a rate,
which increases with its indebtedness. The representative agent maximizes a utility function subject to a budget
constraint and a CIA assumption. In such an economy, an increase in the rate of inflation (permanent increase in
the rate of growth of money) reduces real money balance, consumption, output and the stock of external debt. The
intuition is that because of CIA, an unexpected rise in inflation lowers money balance and consumption. As the
price of consumption increases, agents consume more leisure, output falls. A fall in output increases the rate of
interest on external real debt (debt over GDP increases) forcing agents to borrow less. Using a VAR model for
developing countries, the predictions of the model are tested using a sign restriction procedure to identify inflation
shocks.

Using the sign restriction method of identifying an inflationary shock, the paper concludes that this inflationary
shock permanently decreases employment, production and consumption, which produces a reduction in external
debt position. The sign restrictions come from the CIA model in an open economy. We examined the effects of
inflation shocks on consumption, overall output and external debt in each of the six different emerging markets and
low income countries. The results suggest that an inflationary shock possibly driven by exchange rate depreciation
leads to a fall in output contributing to a decline in demand and thus improves current account position and helps
reduce external debt in these countries. There are two channels through which debt reduction can happen. First,
exchange rate depreciation can increase inflation and thus reduce domestic demand, and second, currency depre-
ciation can boost external demand and thus improve trade account and help reduce debt obligations on the capital
account.

NOTES

1. The debate regarding the relationship between growth rate of money supply (or inflation rate) and the level of capital stock started with
Tobin’s (1965) non-optimizing portfolio adjustment model, where he argued that higher rates of inflation or growth rate of money supply
could be associated with higher levels of capital stock and investment.

2. To see how to derive Equations (3) and (5), we need to consider the nominal equations first. First, definemt D
Mt

Pt
and bt D

Bt
Pt

, where

Mt and Bt are money and bond in nominal terms. From these definitions, we can easily find that Pm D PM
P
� "tmt and Pb D PB

P
� "tbt .

The nominal budget constraint is written as Ptct C itBt C PMt � PBt D Pt .f .lt /C �t /. Now, using the definitions of real balance and
real foreign debt and the Fisher equation (real interest rate as the sum of nominal interest rate, it , and inflation rate "t ), the stated nominal
budget constraint can be written as Equation (5).
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3. The partial derivatives of consumption demand and labour supply implicit in Equations (8a) and (8b) are found by differentiating (7a) with
respect to �, " and b and (7b) with respect to �. This gives c� D

f 2Œ1CQrC"���Z0bf 0l�
f 2U 00.c/

< 0, c" D �
U 00.c/

< 0, cb D �Z0

fU 00.c/
< 0

and l� D �
f 0

V 00.l/C�f 00
> 0.

4. Here, each partial derivative is evaluated at its steady state.
5. Recall, this is one good model, and all our variables are measured in real terms (per domestic output). The results could be different if we

introduce both home and foreign goods, and all the variables are measured in terms of foreign price. In that environment, depreciation of
domestic currency will make domestic goods cheaper and foreign goods relatively more expensive. This will likely create an expansionary
short-run effects on the domestic economy because of positive net exports. The long-run effects could be different.

6. There is another advantage of having a clear and simple phase diagram. Although we will not discuss it here, one could easily demonstrate
the effects of temporary policy changes in the economy by using the phase diagram.

7. See Rafiq and Mallick (2008) for more discussion on the methodology.
8. Uhlig (2005) also uses a loss function approach and shows that such an approach that randomly draws potential shock vectors and discards

those that do not obey the sign restrictions produce similar results.
9. All data have been gathered from Datastream and WDI database of the World Bank.

APPENDIX A

Figure A1. Scatter plot of GDP, consumption and debt against inflation.
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