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The determinants of international

reserves in the emerging countries:

a nonlinear approach

Anne-Laure Delatte* and Julien Fouquau

Rouen Business School. 1, rue Marechal Juin, 76130 Mont St Aignan,

France

In this article, we adopt a nonlinear approach to examine the dynamics of

the international reserves holdings by the emerging economies. To do so,

we estimate the demand for international reserves with a Panel Smooth

Transition Regression (PSTR) model that loosens two restricting hypoth-

eses, homogeneity and time-stability. We find evidence for the presence of

a nonlinear behaviour in the demand for international reserves, a result

that is new to the literature. The coefficients are found to change smoothly,

as a function of two threshold variables – out of five candidates tested in

total. Our specification accounts for the acceleration of foreign exchange

reserves accumulation that the linear specifications fail to explain.

I. Introduction

Global reserves increased from 1 trillion US dollars in

1990 to 6 trillion in 2008. The sources of two-thirds of

this growth were countries with emerging economies.

In fact, these countries held 7% of global reserves in

1990 and more than 30% in 2008. Ben Bernanke

argued that this increase in reserves hoarding in

emerging economies was central to global imbalances

well before the financial crisis of 2008 when he called

it the global savings glut. He noted that this glut was

responsible for the long-lasting fall in global interest

rates (Bernanke, 2005).
And yet the literature on international reserves fails

to explain this increase. Traditional reasons, such as

precautionary or mercantilist concerns are not suffi-

cient to account for it (Aizenman and Lee, 2007).

Therefore new determinants have recently been

tested. Obstfeld et al. (2008) suggested that the size

of domestic financial liabilities that could potentially

be converted into foreign currency (M2) could be

used as a predictor of reserve stocks. But their

approach does not explain the surge of reserves in

China, the top international reserves holder, where

there are still strict and enforced controls on capital

outflows.
Our intuition is that a linear estimation cannot

account for nonlinear dynamics and that we need to

relax the restricting and unrealistic assumption of

linearity and/or stability in the relationship. We

therefore adopt a nonlinear approach to investigate

the general specification proposed by Aizenman

and Lee (2007) who originally used a linear homo-

geneous strategy to explain the demand for interna-

tional reserves. We estimate the model using data

from 20 emerging countries during the 1981–2004

period.
We use a Panel Smooth Transition Regression

(PSTR) model that has the great advantage to allow

parameters to vary across countries and time. We test

the hypothesis that elasticities in Aizenman and Lee’s

(2007) specification have changed over time, a fact

that would explain the increase in reserves. The PSTR

model has the other advantage of providing an
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economic interpretation for this increase. Indeed it
offers a parametric solution to account for non-
linearity because it allows the parameters to change
smoothly as a function of a threshold variable. We
test three hypothetical explanations of the threshold
effect: precautionary concerns, mercantilist motives
and the influence of the US’s external position. The
mercantilist explanation focuses on hoarding reserves
to defend export competitiveness whereas the litera-
ture on the precautionary explanation considers
international reserves holdings to be a way to hedge
against balance of payment instabilities. In addition,
we test whether the macroeconomic conditions in the
US have an influence on the behaviour of emerging
countries’ central banks. This last hypothesis stems
from the central role played by the dollar in the
current international monetary system. The deterio-
ration of the US’s external position implies a
devaluation of the dollar. The higher the foreign
liabilities of the US, the higher the devaluation
pressures on the dollar. Other things equal, the
central banks accumulate more reserves to offset the
pressures and limit the appreciation of their currency.
In other words, we explicitly test whether the dete-
rioration of the US’s balance of payment has been
associated with an increase in the elasticities of the
relationship.

We find that the linearity tests clearly reject the
null hypothesis of a linear relationship when any
threshold variable is included in the specification.
This result is very important because it highlights
the nonlinear dynamics in international reserve
holdings. This result, reported here for the first time
to our knowledge, indicates that it is relevant to
adopt a nonlinear approach to model the
international reserve holdings. Additional results
emphasize the influence of the macroeconomic
context in the US beyond the three hypothetical
explanations tested. The coefficient of most determi-
nants increases as the US’s external position deteri-
orates. In sum, our results suggest that the recent
surge in international reserves in emerging economies
is a corollary to major US macroeconomic
imbalances.

In the following section, we present the linear
specification that we use to introduce the standard
model. Section III introduces the PSTR specification
and Section IV explains the linearity and specification
tests. In Section V, we present the data and
specification that we investigate and Section VI
reports the results of the estimation. Section VII
concludes the article.

II. Linear Specification of International
Reserves Demand

Determinants of international reserves have been
abundantly debated in the literature since the pio-
neering work of Heller (1966). They are grouped into
two broad categories, mercantilist motives and the
precautionary concerns (Aizenman and Lee, 2007).
The mercantilist argument suggests that countries
hoard international reserves to limit appreciation in
order to defend their trade competitiveness (Dooley
et al., 2003). The precautionary view on the other
hand sees international reserves hoarding as insur-
ance against unstable balance-of-payments (Bird and
Rajan, 2003).

In this article, we investigate Aizenman and Lee’s
(2007) specification that uses a linear homogeneous
strategy to compare the importance of precautionary
versus mercantilist motives in a single specification:

Re sit ¼ �0 þ �1EXGrowthit þ �2PLDevit�1

þ �3KAccit þ �4Debtit

þ �5Popit þ �6Openit þ �7TOTit þ �it ð1Þ

for i¼ 1, . . . ,N and t¼ 1, . . . ,T, where N and T
indicate the cross-section and the time dimensions of
the panel. Later we will relax the restrictions of lin-
earity and time-stability and explain our motivation
to provide a nonlinear specification. Equation 1 is
divided into three parts: the first part includes the
mercantilist determinants, the second part includes
the precautionary determinants and the third part the
control variables.

Several conclusions emerge from the specification.
First, the holding of foreign reserves motivated by
mercantilist concerns is positively correlated with
higher export growth rates (variable EXGrowthit) and
with the deviation of the real exchange rate from its
equilibrium value (Price Level Deviation noted
PLDevit). The latter observation captures the idea
that international reserves are hoarded to manipulate
the exchange rate. If this is the case, then reserves are
correlated with the deviation of the real exchange rate
from its equilibrium value. We use Purchasing Power
Parity (PPP) as a guide to what the exchange rate
should be. To do so, we follow the reference
methodology proposed by Rogoff (1996) based on
the robust Balassa–Samuelson effect, which assumes
that the real exchange rate reflects international
productivity differences.1 More precisely, it results
from regressing the real exchange rate (the domestic
price index relative to the US) on real income

1Useful references include Balassa (1964), Samuelson (1964), Froot and Rogoff (1994), De Gregorio et al. (1994) and
Frankel (2006).
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per capita. Real exchange rate misalignments are the
fitted value of this regression. Negative residuals
imply an undervaluation of the real exchange rate
and positive residuals an overvaluation relative to the
PPP equilibrium value. If countries with an under-
valued currency (negative PLDevit) accumulate
reserves with a mercantilist objective, then the corre-
lation should be negative. The regression used to
obtain PLDev is presented in the appendix. Unlike in
Aizenman and Lee (2007), we use a one-period lag in
PLDevit to avoid the simultaneity bias.2

Second, the holding of reserves motivated by
precautionary concerns is positively correlated with
the degree of capital account liberalization (KAccit)
and the log of the ratio of short-term external debt to
Gross Domestic Product (GDP) (Debtit). Indeed the
growth of capital markets and the accrued liberaliza-
tion of capital accounts have generated increased
balance-of-payment instability (Bird and Rajan,
2003). Countries with a large stock of short-term
debt and an open capital account accumulate inter-
national reserves to smooth the adjustment process in
case there is a crisis. Countries accumulate interna-
tional reserves to get extra liquidity in the event that a
crisis isolates them from international capital markets
(Aizenman and Lee, 2007) and triggers a domestic
capital flight (De Beaufort et al., 2001; Obstfeld et al.,
2008). The Debt variable is not in Aizenman and
Lee’s (2007) original specification, but we have
included it to account for Pablo Guidotti and Alan
Greenspan’s proposal to include short-term foreign-
currency debt to determine the adequate ratio of
international reserves (Greenspan, 1999).

Third, the reserves stock is positively correlated
with a country’s population because reserves increase
as the number of international transactions increases.
However, the logarithm of the population is used to
mitigate the problem that a large population does
not imply proportional international transactions
(for example, without the logarithm, India and
China would be outliers).3

In addition, reserves accumulation is positively
correlated with the log of ratio of imports to GDP
(Openit) because central banks hold international
reserves in proportion with the number of months of
imports so that they can substitute exports receipts in
case of a current account crisis (Heller, 1966; Frankel,
1974). Last, the log of the terms of trade (ToTit) is

positively correlated with reserves if countries absorb
their fluctuations through reserves holdings. The
source and definition of the variables are reported
in the Appendix.

In sum, Equation 1 includes the determinants of
Aizenman and Lee’s (2007) specification except for
the following variables. We have dropped exchange
rate volatility from the original specification because
it is time-constant and its impact is included in the
country-specific fixed effects inserted into our esti-
mation.4 Our specification excludes the Mexican and
Asian crises dummies included to test whether
emerging economies have built up reserves in reaction
to past crises to protect against future crises.
These dummies actually introduce the idea of
nonlinearity while we use a more general methodol-
ogy to account for these effects. For the sake of
robustness, we have compared our results with
Aizenman and Lee’s (2007) results. Removing the
dummies does not change the significance and value
of the other estimators (see Aizenman and Lee, 2007,
Estimation 4 in Table 2, p. 24).

We use Equation 1 as a benchmark to determine
that the coefficients are consistent with the literature
and to make sure that, in case we find nonlinearity, it
is not due to the different sample.5 Table 1, which
reports the estimation’s results of the linear specifica-
tion, confirms the consistency of our sample. Indeed
the signs of all coefficients are the same as those in
Aizenman and Lee (2007). As in the literature, we
find that debt is negatively correlated with reserves.
This result is common in linear estimations (Jeanne
and Ranciére, 2006) and is probably due to the
decrease in the external debt ratio in most countries
during periods when reserves holdings were sharply
increasing. In addition we find that the control
variable Open is not significant. However, we prefer
to keep these variables to check their significance in
nonlinear estimations.

Although exhaustive, this specification fails to
explain the increase in international reserves hoard-
ing described above. We therefore privilege a
nonlinear approach based on the intuition that only
a nonlinear estimation can account for nonlinear
dynamics. In fact, Equation 1 has two major
drawbacks. It assumes time-constant and homoge-
neous coefficients across the N countries of the
panel, i.e. �i,t¼�, i¼ 1, . . . ,N. However, the rapid

2 Indeed PLDev impacts the reserves while the reserves simultaneously impact its level. We thank the anonymous referee for
the valuable comment on this issue.
3 See Choi et al. (2007). We thank the anonymous referee for this valuable comment.
4 In Aizenman and Lee (2007), Exchange Rate (ER) volatility is the SD of the monthly percentage change in the exchange rate
against the dollar.
5We use similar data and a longer sample than Aizenman and Lee (2007) used. We describe our data collection strategy in
Section V.
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accumulation of international reserves in the past

decade suggests that the weight of estimatorsmay have

changed during the period. In addition, it is restricting

to assume homogeneity such as that all countries

accumulate the same amount of international reserves

in proportion to their external debt when countries

may actually have varying levels of risk aversion.
Generally, heterogeneity and time variability issues

cannot be dealt with at the same time. For instance,

it is possible to consider a heterogeneous or time-
unstable panel model by assuming that the param-
eters �it are randomly distributed (for a discussion of
random coefficients models, see Hsiao and Pesaran,
2004). This implies that heterogeneity is the conse-
quence of unspecified structural factors. In other
words, it is impossible to understand which factors
are heterogeneous.

On the contrary, we assume that there are different
factors that can explain the time-variability of the
coefficients. For example, the position of developing
countries in the world’s capital markets, particularly
their change from being international debtors to cred-
itors after the Asian crisis, may change the elasticities
in the model. We therefore expect the elasticities of
the mercantilist determinants to increase after 1997.
This idea clearly matches the definition of a threshold
regression model. As Hansen (1999, p. 346) explains,
‘threshold regression models specify that individual
observations can be divided into classes based on the
value of an observable variable’.

To address these issues, our solution consists of
introducing threshold effects in a linear panel model.
In this context, we use a PSTR model proposed by
González et al. (2005). The following section intro-
duces the specification that we investigate in this
article.

III. Threshold Effects in International
Reserves Holdings

In this section, we present the PSTR specification
to explain the demand for international reserves6

Re sit ¼ �i þ �0Xit þ �1Xitgðqit; �, cÞ þ �it ð2Þ

for i¼ 1, . . . ,N and t¼ 1, . . . ,T, where N and T
designate the cross-section and the time dimensions
of the panel, respectively, to simplify Equation 2
Xit¼ [Popit, Openit, Debtit, Growthit, PLDevit, KAccit,
ToTit,] is the vector of explicative variables ith
country at time t. The residual �it is assumed to be
identically and independently distributed (i.i.d.)
ð0, �2" Þ. To understand the mechanism of transition,
let us consider first a brutal transition (Panel
Threshold Regression (PTR) model) as in Hansen
(1999). In this case, the function g(�) equals an
indicator function

gðqit; cÞ ¼
1 if qit � c
0 otherwise

�
ð3Þ

Table 2. Lagrange Multiplier (LM) tests for remaining

nonlinearity

Threshold variable

US
current
account

US
saving
rate PLDev

H0 : r¼ 0 versus H1 : r¼ 1 75.7 71.3 45.6
(0.00) (0.00) (0.00)

H0 : r¼ 1 versus H1 : r¼ 2 18.1 13.3 20.8
(0.01) (0.07) (0.00)

H0 : r¼ 2 versus H1 : r¼ 3 6.67 – 19.1
(0.46) (0.01)

Threshold variable Export
growth

Capital
account

H0 : r¼ 0 versus H1 : r¼ 1 13.2 55.6
(0.06) (0.00)

H0 : r¼ 1 versus H1 : r¼ 2 11.2 19.9
(0.13) (0.01)

H0 : r¼ 2 versus H1 : r¼ 3 – 8.35
(0.30)

Notes: For each model (i.e. for each threshold variable), the
testing procedure works as follows. First, test a linear
model (r¼ 0) against a model with one threshold (r¼ 1).
If the null hypothesis is rejected, test the single threshold
model against a double threshold model (r¼ 2).
The procedure is continued until the hypothesis of no
additional threshold is not rejected. The corresponding LM
statistic has an asymptotic �2( p) distribution under H0. The
corresponding p-values are reported in parentheses.

Table 1. Linear model estimation (Equation 1)

�1 t-statistics

Pop 0.219 8.41
Open 0.007 0.61
Debt �0.001 �2.39
EXGrowth 0.002 3.80
PLDev �0.018 �1.72
Capital account 0.072 6.83
Terms of trade 0.039 3.45
R2 0.71
F-statistics 40.6
Probability (F-statistics) 0.00

Note: Equation 1 has been estimated with individual
fixed effects.

6 For other applications of the PSTR specification, see Fouquau et al. (2008) and Bessec and Fouquau (2008).
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In this model, the transition mechanism between

extreme regimes is very simple: at each date, if the

threshold variable qit (e.g. the export growth)

observed for a given country is smaller than a given

value, called the location parameter, c, the interna-

tional reserves demand of the country is defined by a

particular model (or regime); this regime is different if

the growth of exports is larger than this location

parameter. More precisely, the coefficient of PLDev

(the real exchange rate misalignment) is equal to �0
(�040) if export growth is smaller than c and to

�0þ�1 (�140) if export growth is larger. Indeed, the

more that countries export, the more they are likely

to manipulate their real exchange rate to support

their export-led growth strategy. In this article, we

test three hypothetical explanations of the threshold

effect: precautionary versus the mercantilist motives

as well as the influence of external position of the US

(cf. Section V).
However, in Equations 2 and 3, the PTR model

requires that the relationship be divided into a (small)

finite number of classes. Usually, the number of

regimes is set to a maximum of 4, for ease of

computation.
As is common in the literature on threshold panel

data, we circumvent this issue by considering a

logistic transition function (an LPSTR model) that

allows for an infinite number of regimes

gðqit; �, cÞ ¼
1

1þ exp½��ðqit � cÞ�
, �4 0 ð4Þ

where c denotes a location parameter and parameter

� determines the slope of the transition function.

In the two cases, the transition function g(�) is a

continuous function bounded between 0 and 1.

Figure 1 depicts this transition function for various

values of the slope parameter �.
The logistic function in (4) has an S-shape (Fig. 1).

It represents a smooth transition from an inferior

regime (with low export growth) to a superior one

(where the coefficient increases) with an infinite

number of intermediate regimes in between. The �
parameter determines the smoothness, i.e. the speed

of the transition from one regime to the other. When

the parameter � tends to infinity, the transition
function g(qit; �, c) tends to the indicator function

(Equation 3) and thus the PSTR model corresponds

to the PTR model. In contrast, when � tends to zero,

the transition function g(qit; �, c) is constant and the

model reduces to the standard linear model with

individual effects (the so-called ‘within’ model).
The PSTR model has the great advantage to allow

parameters to vary across time and countries given

the threshold variable. More precisely, the coefficient

is defined as a weighted average of the parameters
�0 and �1

eit ¼
�Re sit
�Xit

¼ �0 þ �1gðqit; �, cÞ ð5Þ

Consequently, this specification allows for an
evaluation of the influence of variables Xit on the
demand for international reserves according to the
level of qit. There is a caveat we need to be aware of:
the coefficient in the PSTR model can be different
from the estimated parameters defined in the extreme
regimes, i.e. the parameters �0 and �0þ�1, as
illustrated by Equation 5. It is preferable to interpret
the sign of these parameters, which indicates (i) an
increase or a decrease in the estimator depending on
the value of the threshold variable and (ii) the varying
coefficient in the time and individual dimensions
given by Equation 5.

The PSTR model can be generalized to rþ 1
extreme regimes as follows:

Re sit ¼ �i þ �0Xit þ
Xr
j¼1

�jXitgjðqit; �j, cj Þ þ �it ð6Þ

where the r transition functions gj(qit; �j, cj) depend on
the slope parameters � j and on the location param-
eters cj. In this generalization, if the threshold
variable, qit, is different from Xit, the coefficient for
the ith country at time t is defined by the weighted
average of the rþ 1 parameters, �j, associated with
the rþ 1 extreme regimes

eit ¼
�Re sit
�Xit

¼ �0 þ
Xr
j¼1

�jgjðqit; �j, cj Þ ð7Þ

In total, this specification takes into account the
estimators’ heterogeneity and time-instability. This
is because we allow the estimator to depend on

−5 −4 −3 −2 −1 0

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
1 2 3 4 5

g =1
g =2
g =10

Fig. 1. Transition function with c¼ 0. Sensitivity analysis to

the slope parameter c
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exogenous variables, i.e., the threshold variable. To
our knowledge, this econometric procedure is novel
in its application to international reserves determi-
nants. The following section introduces the linearity
test and the sequential procedure to identify the
number of regimes.

IV. Estimation and Specification Tests

The estimation of the PSTR model consists of several
stages. In the first step, a linearity test is applied and
the threshold specification with one transition func-
tion is estimated. Then, if the linear specification is
rejected, the optimal number of transition functions
is determined by conducting tests of no remaining
nonlinearity. Regardless of the choice of the transi-
tion function, the estimation of the parameters of the
PSTR model requires eliminating the individual
effects, �i, by removing individual-specific means
and then applying nonlinear least squares to the
transformed model (see González et al., 2005;
Colletaz and Hurlin, 2006 for more details).

In González et al.’s (2005) procedure, testing the
linearity in a PSTR model (Equation 2) can be done
by testing H0 : �¼ 0 or H0 : �0¼ �1. In both cases, the
test is nonstandard since the PSTR model contains
unidentified nuisance parameters under H0 (Davies,
1987). This issue is well known in the literature
devoted to time series threshold models. A possible
solution is to replace the transition function,
g(qit; �, c), with its first-order Taylor expansion
around �¼ 0 and to test an equivalent hypothesis in
an auxiliary regression. We then obtain

Re sit ¼ �i þ 	0Xit þ 	1Xitqit þ �
�
it ð8Þ

In these auxiliary regressions, parameters 	1 and
	2 are proportional to the slope parameter � of the
transition function. Thus, testing the linearity against
the PSTR simply consists of testing H0 : 	1¼ 0 in
Equation 8 for a logistic function. If SSR0 denotes
the panel sum of the squared residuals under H0, i.e.
in the linear panel model with individual effects and

SSR1, the panel sum of the squared residuals under

H1, i.e. in the transformed PSTR model with two

regimes, the corresponding LM statistic7 is then

defined by

LMF ¼ ðSSR0 � SSR1Þ= SSR0=ðTN�N� 1Þ½ � ð9Þ

Under the null hypothesis, the LM-statistic has an

approximate �2(k) distribution.8 The logic is similar

when it comes to testing the number of transition

functions in the model or equivalently the number of

extreme regimes. The idea is as follows: we use a

sequential approach by testing the null hypothesis of

no remaining nonlinearity in the transition function.
For instance, let us assume that we have rejected

the linearity hypothesis. The second step is then to

test whether there is one transition function (H0 :

r¼ 1) or whether there are at least two transition

functions (H1 : r¼ 2). Recall that a model with r¼ 2

is defined as

Re sit ¼ �i þ �0Xit þ �1Xitg1ðqit; �1, c1Þ

þ �2Xitg2ðqit; �2, c2Þ þ �it ð10Þ

The testing procedure consists of replacing the

second transition function by its first-order Taylor

expansion around �2¼ 0 and testing the linear

constraints on the parameters. If we use the first-

order Taylor approximation of g2(qit; �2, c2), the

model becomes

Re sit ¼ �i þ �0Xit þ �1Xitg1ðqit; �1, c1Þ

þ 	1Xitqit þ �
�
it ð11Þ

and the test of no remaining nonlinearity is simply

defined by H0 : 	1¼ 0. Let us denote SSR0 as the

panel sum of the squared residuals under H0, i.e. a

PSTR model with one transition function. Let us

denote SSR1 as the sum of the squared residuals

of the transformed model (Equation 11). As in the

previous examples, the LM statistic can be calculated

in the same way. The testing procedure is then as

follows. Given a PSTR model with r¼ r*, we test the

null H0 : r¼ r* against H1 : r¼ r*þ 1. If H0 is not

rejected, the procedure ends. Otherwise, the null

hypothesisH0 : r¼ r*þ 1 is tested against. The testing

7 In their LM linearity test, González et al. (2005) give also another formula of a consistent estimator of the covariance matrix
when the errors are heteroscedastic (Equation 8, p. 6). Unfortunately, this correction procedure has been developed for
balanced panels only. In this article, we use an unbalanced panel and we have extended the estimation procedure accordingly,
which is an advantage that we do not want to lose given emerging economies’ data. It implies that we cannot use their
correction procedure. However, in González et al.’s (2005) paper, both tests (with and without correction) quantitatively
converge to the same results of rejecting linearity. Moreover, this covariance matrix does not affect the asymptotic
distribution. We thank the anonymous referee for this comment.
8 In Smooth Transition Autoregressive (STAR) or PSTR models, the linearity tests follow a classical distribution under four
hypotheses. We have proceeded also as if the distribution was unknown and have employed a bootstrap method on 10 000
replications to obtain critical values as Hansen (1999) did in the PTR model. We obtain similar critical values: 12.53, 14.74
and 20.10 at 10, 5 and 1% significance errors, respectively. We thank the anonymous referee for this comment.
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procedure continues until the first acceptance of H0.
Given the sequential aspect of this testing procedure,
at each step of the procedure, the significance level
must be reduced by a constant factor, 05
51 in
order to avoid excessively large models. We assume

¼ 0.5 as suggested by González et al. (2005). The
following section presents the data and the results of
the linearity and specification tests.

V. Data and Specification Results

The estimation is based on an unbalanced panel of 20
emerging economies during the 1981–2004 period.9

The sources of the data were the World Development
Indicators (WDI) and Penn World. We constructed
the regression variables as in Aizenman and Lee
(2007) except for the real exchange rate misalignment
(PLDev) and the index of capital account openness
(KAcc). As explained in Section II, we used the
genuine measure of PPP equilibrium from Rogoff
(1996) to estimate PLDev. Instead of the index of
capital accounts constructed by Edwards (2005), we
used the publicly and longer spanned index proposed
by Lane and Milesi-Ferreti (2006). The definitions of
the variables as well as the regression used to obtain
PLDev are presented in the appendix. We added the
log of short-term external debt to GDP ratio (from
the WDI database) as an additional explanatory
variable.

As noted in Section I, linear estimations so far have
failed to explain the sudden increase in reserves. We
adopt a PSTR specification because it offers a
parametric solution to account for this nonlinearity.
Indeed, coefficients are allowed to vary according to
observable economic variables. Now we need to select
potential threshold variables to capture the model’s
nonlinearity in the following PSTR specification:

Re sit ¼ �i þ �0Xit þ �1Xitgðqit; �, cÞ þ �it ð12Þ

We consider five ‘candidates’ for the threshold
variable, qit, to test the three hypothetical explana-
tions for the threshold effect: the mercantilist
motives, the precautionary motives and the influence
of the US’s external position.

Our testing strategy is as follows. To test whether
nonlinearity is due to one of our three hypothetical
explanations, we use linearity tests of our five
threshold variables. We follow González et al.
(2005) who consider a variable as a possible expla-
nation if it rejects the null hypothesis of linearity.
Then, we establish a statistical ‘ranking’ of the
threshold variables. Indeed, as suggested by
González et al. (2005), the ‘optimal’ threshold vari-
able corresponds to the variable that leads to the
strongest rejection of the linearity hypothesis.
The linearity tests therefore lead us to relevant
threshold models. Then, we proceed to the estimation
in the following section. Prior to that, we introduce
the threshold variables that are tested here.

First, we test if linearity is rejected when export
growth (ExGrowth) and the deviation of the real
exchange rate (PLDev) are threshold variables.
If these threshold variables reject linearity, then
we can conclude that the modification of the
demand for reserves is driven by mercantilist
behaviours. In Section VI, we then examine
if one or several elasticities increase in the relation-
ship, which would explain the increase in reserve
holdings.

Second, we verify if the liberalization of capital
accounts in emerging economies explains the increase
in reserve holdings over the past decade. In short, we
test the influence of the degree of capital account
openness as a threshold variable. Similarly, we can
conclude in Section VI that the increase in interna-
tional reserves holdings results from precautionary
motives if one or several elasticities increase in the
relationship.10

Last, we test whether the external position of the
US has influenced the reserves holding function. This
last hypothesis stems from the central role played by
the dollar in the current international monetary
system. We explicitly test whether the deterioration
of the US’s external position has been associated with
an increase in the elasticities of the relationship.
Indeed, the trade deficit results in devaluation pres-
sures on the dollar. The larger the current account
deficit, the higher the pressures on the dollar. All
things equal, the central banks in emerging economies
have to accumulate more reserves to mitigate

9 The primary sample included 24 emerging economies to be consistent with the estimations in Aizenman and Lee (2007).
However, we dropped four countries due to lack of data. The remaining 20 countries are Argentina, Brazil, Chile, Colombia,
Hungary, Indonesia, Malaysia, Mexico, Pakistan, Peru, Philippines, Poland, South Africa, Thailand, Venezuela, Algeria,
China, Egypt, India and Morocco.
10 The effect of the debt ratio as a threshold variable to capture the nonlinear effect of the precautionary explanation is not
reported in this article. Indeed, it does not look like a relevant variable to explain the dynamics of international reserves. If it
were a good economic explanation of nonlinearity, the increase in reserves would be reflected in the increasing debt ratio. On
the contrary, the external debt ratio has decreased overall for emerging economies since 1997. Nevertheless, we tested its
influence and found a nonlinear effect. The economic mechanism is counter-intuitive. Results are available upon request.
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appreciation of their currencies. In other words, we
test the hypothesis that the relationship elasticities
increase with the deterioration of the US’s balance of
payment.

We alternatively test the current account balance
(as a proportion of GDP) and national savings (as a
proportion of GDP) to capture the external position
of the US. Indeed, other things equal, a decrease in
national savings implies a deterioration of current
accounts (see Krugman and Obstfeld, 2008). The
external position of the US deteriorates when the
current account balance deteriorates and national
savings decreases. Note that these last threshold
variables do not depend on individuals (qit¼ qt). This
allows us to take into account nonlinearity and time-
instability but not heterogeneity across economies.

In each model, the first step is to test the linear
specification of international reserve holdings against
a specification with threshold effects. If the linearity
hypothesis is rejected, the second step determines the
number of transition functions required to capture
nonlinearity. The results of these tests are reported in
Table 2.11 For each specification, the LM statistics
for the linearity tests (H0 : r¼ 0 versus H1 : r¼ 1) and
for the remaining nonlinearity tests (H0 : r¼ a versus
H1 : r¼ aþ 1) are computed (see Section 3 for a
detailed explanation of the specification tests). The
values of the statistics are reported up to the first
nonrejection of H0.

The linearity tests clearly reject the null hypothesis
of a linear relationship when any threshold variable
is included in the specification. This result is very
important because it highlights the nonlinear dynam-
ics in international reserve holdings. This result,
reported here for the first time to our knowledge,
indicates that it is relevant to adopt a nonlinear
approach to model the international reserve holdings.

The LM test results indicate the following statis-
tical ranking of the threshold variables. The strongest
rejection of the null hypothesis of linearity is obtained
with the US macroeconomic variables. They reject
linearity with similar LM statistic values of 75.6 and
71.3. The US’s external position is statistically better
than the degree of capital liberalization, the real
exchange rate misalignment and the export growth in
accounting for nonlinearity in the demand for inter-
national reserves. The linearity tests confirm the
novel hypothesis of an indirect influence of the US

macroeconomic conditions on the demand for inter-
national reserve holdings by emerging economies.
This result is significant and important.

The specification tests of no remaining nonlinearity
lead to the identification of an optimal number of
transition functions. The results reported in Table 2
indicate a maximum of two transition functions
(r¼ 1, that is, two extreme regimes are included in
the models including US national savings and export
growth as threshold variable, and r¼ 2, that is, three
extreme regimes are included in the other models).
In other words, a small number of extreme regimes is
sufficient to capture nonlinearity in the relationships.

The less extreme the regimes, the fewer the number
of estimators needed.

In sum, we obtain a parsimonious estimation that
takes into account as exhaustively as possible
nonlinearity and/or heterogeneity and time-instabil-
ity. In the following section, we focus on the
estimation results.

VI. Nonlinear Results of International
Reserves Holdings

The linearity tests confirm a modification in the
international reserves demand relationship. In the
following, we focus on the evolution of the coeffi-
cients to verify whether they have increased during
the period of estimation.

The coefficients in a PSTR model can be different
from the estimated parameters defined in the extreme
regimes, i.e. the parameters �0 and �0þ �1 in
Equation 5. In each model, we first interpret the
sign of parameter �1, which indicates an increase
(�140) or a decrease (�150) in the estimator along
with the variation of the threshold variable. Table 3
reports the values of �0 and �1.

12

Tables 4 and 5 synthesize the results by reporting
the direction taken by each coefficient in the regres-
sion of the functions of the threshold variable. We
have distinguished the models by the sign of the
evolution of the threshold variable during the period
of estimation. Indeed, as the US’s external position
deteriorates during the period of study and this is
correlated with a reduction of the US threshold
variables, we analyse the transition dynamic that

11We report only the LM statistics tests. However the use of a Likelihood Ratio Test (LRT) test or a LMF test does not
modify the linearity results. As explained in Section IV, in addition to the �2(k) critical values, we use a bootstrap
methodology to obtain a confirmation of the critical values for the linearity test. We find that the conclusion is not modified.
We obtain 12.53, 14.74 and 20.10 for the critical values, respectively, at 10, 5 and 1% significance errors. All results are
available upon request.
12 The t-statistics in Table 3 are corrected for heteroskcedasticity following the methodology proposed by Hansen’s (1999,
p. 353), formula.
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reflects their decrease. How do the coefficients evolve
with the deterioration of the current account and the
reduction of national savings? In the Table 4, we
report the results with the depreciation of the real
exchange rate (reduction in PLDev), which is the
general trend observed in emerging economies after
1997. In sum, Table 4 reports the effect of a decrease
in the US threshold variables and in PLDev on the
coefficients of the regression.

In turn, as capital accounts have continuously
increased in virtually all the emerging economies in

our sample, we analyse the effect of an increase
in capital account liberalization on the coefficients
in the regression. Similarly, as growth in emerging
economies has progressively become export oriented
since 1997, we report the transition dynamics that
reflect the increase in the export growth. In sum,
Table 5 reports the effect of an increase in KAcc and
ExGrowth on the coefficients of the regression.

We begin the analysis with the US variables
because they are statistically the ‘optimal’ threshold
variables. According to Table 4, the coefficients on

Table 3. Parameter estimates for the final PSTR

Threshold variable US current account US saving rate EXGrowth

Parameter �0 �1 �2 �0 �1 �0 �1

Pop 0.13 0.023 �0.006 0.11 0.08 0.16 0.07
(4.12) (1.52) (�2.44) (2.79) (2.81) (4.82) (4.11)

Open 0.061 �0.08 �0.006 0.11 �0.11 0.08 �0.07
(3.50) (�4.42) (�0.25) (3.32) (�3.25) (2.24) (�1.95)

Debt �0.13 0.01 �0.001 �0.02 0.02 0 0
(�3.71) (3.43) (�0.92) (�3.89) (3.6) (�0.12) (�0.22)

EXGrowth 0.002 0.000 �0.001 0.01 �0.01 0.01 �0.01
(1.02) (�0.13) (�1.12) (2.22) (�1.85) (1.27) (�0.93)

PLDev �0.09 0.09 0.005 �0.25 0.25 �0.04 0.02
(�3.17) (2.85) (0.38) (�3.7) (3.6) (�0.85) (0.35)

JAcc 0.05 0.06 0.04 �0.07 0.18 0.03 0.04
(1.88) (1.99) (2.41) (�1.33) (2.87) (0.73) (0.94)

ToT 0.09 �0.06 0.03 0.32 �0.29 0.25 �0.22
(1.28) (�0.93) (2.41) (2.35) (�2.15) (3.44) (�2.99)

Location parameter c – �3.77 �1.35 �12.7 �4.08
Slope parameter � – 3.28 1368 0.80 �1.10
Schwartz criterion – �6.12 – �6.29 �6.01

PLDev Capital account

�0 �1 �2 �0 �1 �2

Pop 0.214 �0.025 0.014 0.211 �0.012 0.009
(7.119) (�1.688) (0.983) (7.199) (�2.238) (0.318)

Open 0.051 �0.064 0.011 �0.018 0.033 0.16
(3.293) (�1.997) (0.336) (�1.772) (3.107) (3.152)

Debt �0.003 0.019 �0.016 0.001 �0.004 0.008
(�1.671) (3.81) (�3.461) (1.326) (�3.351) (1.342)

EXGrowth 0.003 0.018 �0.019 0.002 0.001 �0.006
(3.268) (3.875) (�4.293) (4.001) (0.661) (�0.79)

PLDev �0.019 �0.256 0.26 0.021 �0.096 0.073
(�0.643) (�0.496) (0.498) (2.21) (�4.922) (1.028)

JAcc 0.094 �0.125 0.08 0.099 �0.062 0.059
(6.245) (�1.627) (1.127) (5.15) (�1.945) (1.067)

ToT �0.059 0.076 0.015 0.029 0.044 �0.192
(�2.032) (1.392) (0.265) (3.034) (1.755) (�2.274)

Location parameter c – �0.44 �0.49 – 0.57 13.2
Slope parameter � – 24.1 18 618 – 100.0 4.65
Schwartz criterion – �6.07 – – �6.12 –

Notes: The t-statistics in parentheses are corrected for heteroscedasticity following the methodology proposed by Hansen
(1999). Linear model is estimated with individual fixed effects. For each transition function, the estimated location parameters
c and the corresponding estimated slope parameter � are reported. The PSTR parameters cannot be directly interpreted as
elasticities.
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export growth (ExGrowth), Openness (Open) and the
terms of trade (ToT ) increase. The coefficient on
population (Pop) increases in the first model and
slightly decreases in the second one but remains
positive and significant (see Table 3). The coefficient
on PLDev is negative and becomes more negative. In

total, as most currencies of our sample are under-
valued (which means a negative PLDev), the effect of
PLDev(�itk *PLDev) increases as the US’s external
position deteriorates. Only two coefficients unambig-
uously decrease: we find that the estimators of the
degree of capital account liberalization and of the
debt ratio decrease, suggesting that both determi-

nants explain smaller international reserves.13

Because the index of capital accounts increased in
all emerging countries during the period of estima-
tion, its coefficient reduction is offset by the increase
in the variable. In total, the contribution of the degree
of capital account liberalization remains stable. Note,
however, that its relative contribution is reduced.

We find that the deterioration of the US’s external
position increases the weight of mercantilist concerns
relative to the precautionary ones.

In sum, the deterioration of the US’s external
position accompanies an increase in most coefficients
in the regression. This fact, along with its high
linearity rejection value, suggests that the macroeco-
nomic context of the US may be a relevant explana-
tion for the increase in international reserve holdings
in emerging economies. We examine graphically the
evolution of the coefficients at the end of this section.

The model including KAcc as a threshold variable
(in Table 5) shows some similar effects on the
coefficients: most coefficients increase in the regres-
sion along with a more open capital account (only the
coefficient on the terms of trade decreases in absolute
terms). However, the values of all coefficients
reported in Table 3 are very low, which makes this
specification not relevant to modelling the demand
for international reserves. On the other hand, the
model that includes export growth as a transition
variable indicates a transition effect only on the
control variables (Open, Pop and ToT ) and this effect
is mostly reduction in the coefficients. This fact along
with the low LM value discussed in the previous
section excludes this variable as a good candidate to
explain the increase in reserve holdings. In sum, these
two models convey a lower explanatory power or
have ambiguous effects.

Last, the model in which nonlinearity stems from
real exchange rate misalignment has three extreme
regimes. Table 3 indicates that both thresholds are
negative and very close to each other (�0.44 and
�0.49), suggesting that the second regime is short.
The third regime does not add valuable information:
indeed, �2 is significant only for debt and export
growth (see Table 3) and takes the inverse value of �1,
meaning that the coefficients go back to their original
value. As a consequence, little information is pro-
vided by this model and we do not consider it as a
good candidate to explain the nonlinear dynamics in
the demand for international reserves.

In sum, both statistical and economic criteria bring
the same result, which is that modifications in the
US’s macroeconomic context can better explain
nonlinearities in the demand for international
reserves than can domestic concerns. In addition,
the coefficients of the regression increase consistently
with the acceleration observed. We recall that the
coefficients are defined at each date and for each
country as weighted averages of the values obtained
in the two extreme regimes. The weights depend on
the value of the transition function (cf. Equations 6
and 7). We therefore need to plot graphically the
coefficients to examine their evolution more precisely.

Table 4. Impact of a decrease in the threshold variable on

the coefficient

Threshold
variable

US current
account

US saving
rate PLDev

Pop % & %

Open % % %

Debt & & &

EXGrowth – % &

PLDev & & –
JAcc & & %

ToT – % &

Note: ‘–’ Denotes nonsignificant effect.

Table 5. Impact of an increase in the threshold variable on

the coefficient

Threshold variable Export growth Capital account

Pop % %

Open & %

Debt – %

EXGrowth – –
PLDev – &

JAcc – –
ToT & &

Note: ‘–’ Denotes nonsignificant effect.

13 The result that debt does not explain international reserves is common in linear estimations (Jeanne and Ranciére, 2006).
Indeed, the ratio of external debt decreased in most countries during the period, as has its elasticity.
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Figures 2 and 3 plot the value of the coefficients

given the theoretical values of the threshold vari-

ables.14 The model including the savings rate as a

threshold variable has two regimes and a low

smoothing parameter (�¼ 0,79), implying a very

smooth transition dynamic. All coefficients increase

in absolute terms with the reduction in national

savings except for the one associated with capital

account openness (KAcc) and population. For

example, the coefficient on PLDev decreases from 0

to �0.12. In turn, the coefficient on the capital

account (KAcc) decreases from 0.155 to 0.057. Again,

the deterioration of the US’s external position

increased the weight of mercantilist concerns relative

to the precautionary ones. In Figs 2 and 3, we report

the value of the coefficient for 4 different years, 1981,

1991, 2001 and 2004. We observe that in 2004, all

coefficients (except KAcc) reached their maximum

value, which is consistent with the acceleration we

seek to explain here. Another result is worth men-

tioning: the US savings rate decreased further after

the end 2004 and, interestingly, the S-shape of our

transition function informs us that all coefficients

should continue to increase with a larger reduction of

the savings rate. This is because we use a logistic

function, featuring an S-shape, and coefficient values

at the end of our sample are close to the inflexion

point. This means that a further reduction in national

savings would imply a sharp increase in the coeffi-

cients before they stabilize. This result is consistent

with the fact that reserve holdings increased further

after 2004.
When the US current account is used as a threshold

variable, the evolution of the coefficients is similar to

the one described above. In sum, both models have a

strong and similar linearity rejection value but the US

national savings variable has more threshold effects

on the coefficients in our relationship.
In total, the deterioration of the US’s external

position is relevant to an explanation of the

nonlinearity in the demand for international reserves

in emerging economies. The variation in both thresh-

old variables triggers a smooth change in the pace

and patterns of reserve holdings. Our results support
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Fig. 2. Estimated coefficient of the PSTR specification with the US threshold variables (the current account and the saving rate)

Notes: We plot the value of the coefficients given the theoretical values of two US threshold variables: the saving rate and the
current account balance. The theoretical value corresponds to the range between the min and max values of the threshold
variable.
*Denotes year 1981, M year 1991, } year 2001 and � year 2004.

14 The theoretical value corresponds to the range between the min and max values of the threshold variable. In practice, there
may not be points along the entire transition function. However, we found that in all estimations there is no cluster of points
and that they are well-distributed along the function.
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the passive accumulation of reserves by central banks
in emerging economies, subject to the variation of
an exogenous variable, i.e. the US’s macroeconomic
conditions. In this sense, our results differ from those
reported by Obstfled et al. (2008) who suggest that
the management of foreign exchange reserves to
protect an economy against financial instability has
been proactive.

VII. Conclusion

In this article, we adopted a nonlinear approach to
examine the dynamics of international reserve hold-
ings by emerging economies. To do so, we estimated
the demand for international reserves with a PSTR
specification that relaxes two restricting hypotheses,
homogeneity and time-stability. We found evidence
for the presence of nonlinear behaviour in the
demand for international reserves, a result that is
new to the literature. After testing five candidates for
the threshold variable, we identified that the deteri-
oration of the US’s external position is the most
relevant to explain the increase in the accumulation
of foreign exchange reserves observed recently.

Our results support the argument that accumulation
of reserves by central banks in emerging economies is
passive. Finally, our results support the mercantilist
view and do not support the importance of precau-
tionary concerns at the end of the sample period.
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Fig. 3. Estimated control variable coefficient of the PSTR specification with the US threshold variables
Notes: We plot the value of the coefficients given the theoretical values of two US threshold variables: the saving rate and the
current account balance. The theoretical value corresponds to the range between the min and max values of the threshold
variable.
*Denotes year 1981, M year 1991, } year 2001 and � year 2004.
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Data Appendix: Definitions of the
Regression Variables

The sources of the data are the WDI and Penn World
Table Version 6.3 (Alan et al., 2009). The sample
includes 20 emerging countries. They are: Algeria,
Argentina, Brazil, Chile, China, Colombia, Egypt,
Hungary, India, Indonesia, Malaysia, Mexico,
Morocco, Pakistan, Peru, Philippines, Poland,
South Africa, Thailand and Venezuela. The variables
used are the following:

. Reserves: International reserves holdings minus
gold, measured in US dollars.

. Res: Ratio of reserves to the dollar value of
nominal GDP, in per cent.

. Pop: log of population.

. Open: log of per cent import share.

. EXGrowth: Three-year moving average of the
growth rate of real exports, lagged two years in
the regression.

. KAcc: Index of capital account liberalization,

constructed by Lane andMilesi-Ferretti (2006).15

. ToT: log of the net barter terms of trade index.

. Debt: log of the ratio of external to the dollar

value of nominal GDP, in per cent
. PLDev: Residuals (uit) from the regression of the

real exchange rate (the domestic price index

15We did not use the index used in Aizenman and Lee (2007) because it is not publicly available. Instead we use the publicly
and longer spanned index proposed by Lane and Milesi-Ferreti (2006).
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relative to the US) to the real income per capita.
In other terms, we estimated the following
regression on 186 countries over the period
1980 to 2004

Pit

PUS
t

¼ �0 þ �1Yit þ uit

where Pit is the price level of GDP of country
i¼ 1, . . . ,N and t¼ 1, . . . ,T, PUS

t is the price
level of GDP of the US, Yit is real GDP per

capita (Constant price: Chain series). We then
obtain the following results:

Variable Coefficient t-statistics

Constant �3.11 �52.7
Yit 0.27 40.1

R2 0.28
F-statistics 1611
Probability (F-statistics) 0.00
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