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ABSTRACT

This article empirically investigates the factors influencing the demand for the net international
reserves in Barbados over the past three decades, using the dynamic OLS (DOLS) method
developed by Saikkonen (1991) and generalised by Stock and Watson (1993). This estimation
technique is appropriate for small samples and allows for the explicit account of endogenity.
The paper builds on previous studies for developed and developing countries in the sense that
other explanatory variables, such as the level of foreign debt service payments and an index of
capital account liberalisation, are included in the empirical reserve demand function to reflect the
current economic environment. The results indicate that long-run reserve policy appears to have
been guided primarily by real income, the propensity to import and capital account liberalisation.
In the short-run, reserve movements were also found to be driven by these three variables.
However, reserve holdings were influenced negatively by central bank lending to the central

government, which conflicts with a priori reasoning.
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Introduction

Over the past thirty years, the cumulative growth in the net international reserves (NIR) of the
monetary authorities has been fairly impressive. At the end of 2005, the NIR totalled nearly $1.3
billion, compared to $82 million at the end of 1975, representing an average annual increase of
around 17 percent or about $40 million per year. As shown in Figure 1, the NIR rose sharply
between 1993 and the early part of the new millennium, a period characterised as Barbados’
longest phase of economic expansion. It is important to note, however, that the growth
performance of the NIR in those years was bolstered by external borrowings and divestment
proceeds. In anticipation of the harsh realities of a liberalised economic environment and the
uncertainties created by the increasing global geo-political tensions, the Government of Barbados
prudently sought to boost the NIR to provide a buffer against such exogenous shocks. Indeed,
the NIR has come under severe pressure in recent years, registering a decline of $43.8 million on
average each year since 2002. The proximate causes of the sluggish reserve accumulation
include strong import growth, which has been fuelled by a surge in investment spending by the
public and private sectors, cross-border investment and lacklustre export activity. In fact, one
could argue that the liberalisation of both external current account transactions and exchange
controls have led to lower net purchases of foreign exchange by the central bank from the
banking system. This state of affairs warrants careful attention given the immense importance
attached to holding adequate foreign reserves in small, open fixed exchange rate economies such

as Barbados.

The preceding discussion underscores the relevance of an investigation of the main determinants
of the demand for international reserves in Barbados. The limited empirical research done for
Barbados [Coppin and Craigwell (1988) Coppin (1994)] have typically focussed on the volume
of imports or income, the marginal propensity to import, the opportunity costs of holding
reserves, a variability measure of the balance of payments and a monetary variable to test the
monetary approach to the balance of payments as relevant explanatory variables, in line with the
majority of studies undertaken for developed and developing countries [see Bahmani-Oskooee
and Brown (2002) for an excellent survey]. This paper builds on these studies in the sense that
other explanatory variables, such as the level of foreign debt service payments and an index of

capital account liberalisation, are included in the empirical reserve demand function to reflect the



current economic environment. In addition, this study follows recent studies on the demand for
international reserves [Elbadawi (1990); Ford and Huang (1994); Badinger (2004)] by explicitly
accounting for the nonstationarity of the variables. However, unlike these previous efforts,
issues of endogeneity and small samples are explicitly taken into account by using the dynamic
OLS (DOLS) method developed by Saikkonen (1991) and generalised by Stock and Watson
(1993).

The results from estimating the demand for international reserves function using annual
Barbadian data suggest that, in the short run and long run, the demand for reserves is positively
related to real national income, which proxies transactions demand, the propensity to import and
the liberalisation measure. Surprisingly, no empirical evidence was found regarding the
relationship between net lending to the central government by the central bank and reserve

demand.

The remainder of this article is structured into five sections. Following the introduction, section
2 looks at the main theoretical issues influencing the specification of the empirical demand
model. Section 3 presents the empirical framework, while section 4 discusses the sample data
and outlines the econometric methodology. In the next section, the estimation results are

presented and some concluding remarks are offered in the final section.

A Brief Look at the Theoretical Issues I nfluencing the Specification of the Empirical M odel
The theoretical considerations underpinning the need for a country to hold international reserves
depend on the exchange rate regime. In the case of fixed exchange rate countries, holding an
adequate level of reserves is critical to the maintenance of the pegged rate. If the country
experiences persistent deficits on the external current account, then it is most likely that the
foreign reserves are being used up to support the parity of the exchange rate. In the event that
reserve losses become too severe, immediate remedial action must be taken to address the
disequilibrium in the balance of payments. This suggests that the balance of payments is of
major importance in fixed exchange rate economies and, therefore, the demand for international

reserves takes precedence. On the other hand, economic theory posits zero requirements for



foreign reserves under a pure floating exchange rate regime. This is because the extent of
disruption in the balance of payments is not persistent, since currencies fluctuate against each
other according to demand and supply conditions in the foreign exchange market thus correcting
for any disequilibrium. Under a managed float, which can be considered a hybrid of the two
polar cases previously described, central banks intervene in the foreign exchange market to limit
wide fluctuations in the exchange rate. Therefore to achieve some measure of success, countries

with managed floats also need adequate reserve holdings.

In their review article, Bahmani-Oskooee and Brown (2002) distinguishes two sub-periods (pre-
1973 and 1973-present) in the empirical literature on the demand for international reserves. In
the pre-1973 era, the empirical studies of reserve demand identified five theoretically sound
variables: the level of world trade (Triffin, 1961), the money supply (Johnson, 1965), the
marginal propensity to import and an opportunity cost measure (Heller, 1966) and a payments
variability measure as postulated by Malchup (1966). Trifin (1961) argues that the demand for
international reserves grows proportionally with the absolute level of world trade. Therefore, a
suitable reserves-to-import ratio was seen as a good measure of a country’s reserve adequacy.
However, Malchup (1966) proposed that the variability of trade was a better indicator of the
adequacy of a country’s foreign reserves. Heller (1966) went further by introducing the
opportunity cost of holding international reserves, predicated on the assumption that there should
be a negative relationship between reserve demand and opportunity cost. In addition, Heller also
incorporated a country’s marginal propensity to import (m) derived from the theory that the
marginal cost of adjustment for a country is equal to the inverse of its marginal propensity to
import. He hypothesised that when a country uses expenditure-reducing policies a high marginal
propensity to import impacts negatively on (or diminish) the demand for reserves. Therefore, if
the adjustment costs for a country are large, then the demand for international reserves is
expected to be substantial. If the converse holds, the demand for reserves would not be that

great.

There is also a general view in the literature that changes in the demand for international reserves
can be explained by changes in the domestic money supply [Johnson (1965)]. Using the basic

equilibrium money relationship AR = AM® - AM®, where AR is the change in international



reserves, AM is the change in the demand for money and AM® is the change in the money
supply, Johnson posits that if the domestic money supply increases at a slower rate than the
demand for money, the foreign reserves will grow, as the excess demand is satisfied by the
foreign sector. If the demand for money is greater than the supply, excessive spending by
domestic residents leads to a loss in foreign reserves. Indeed, excessive borrowing by the
government from the central bank in the case of a fixed exchange rate economy can lead to the

latter result, which can only continue until the reserves are exhausted.

In the post-1973 periodﬂ, most countries moved away from pegged exchange rate regimes to
floating exchange rate systems. As a result, the focus shifted to investigating whether the move
to flexible exchange rates would have reduced the demand for international reserves. In
addition, the studies looked at the stability of the reserve demand function, particularly in light of
the oil price shocks after 1973, whether the deviation of the price of gold from its official price
had an impact on the demand for international reserves, and finally, the speed of adjustment of
reserve demand to its desired level. It is these latter studies that issues of non-stationarity of the
data (see footnote 1) were incorporated through the utilisation of error correction models
[Elbadawi (1990); Ford and Huang (1994); Badinger (2004)]. Although not stated explicitly in
those studies, error correction models (ECMs) via the Granger Representation Theorem (see
Engle and Granger, 1987) are linked to co-integration. In essence, the Granger Representation
Theorem states that ECMs exist if and only if the variables are co-integrated. The methodology

used in this paper builds on this literature.

The Empirical Framework

The majority of the empirical studies on the demand for international reserves mentioned in the
previous section have estimated functions that take into account the volume of imports or
income, the marginal propensity to import, the opportunity costs of holding reserves and a

variability measure of the balance of payments. These variables form the basis for the empirical

! Within this period, a distinction could, perhaps, also be made between those studies that consider the non-
stationarity of the data and those that do not.



model estimated in this study, which includes a scale variable (transaction motive), uncertainty
(precautionary motive), the cost of adjustment to a balance of payment disequilibrium and the
opportunity cost of holding reserves (profitability considerations). To these set of standard
variables, foreign debt service payments, net lending to the central government by the central
bank and a capital account liberalisation measure are added to the reserve demand function. As
mentioned earlier, these variables are included because the Government of Barbados has
borrowed heavily on the international capital market since the late 1990s and consequently, debt
service payments have risen sharply since 2002 (see Figure 2). In addition, excessive lending by
the central bank to the government during the late 1980s has been identified as a proximate cause
of the balance of payments crisis in the early 1990s. With regard to capital account
liberalisation, Barbados has been gradually liberalising exchange controls and has virtually
removed all restrictions on current account transactions. Therefore, it is important to determine

whether these measures are influencing the demand for reserves.
The basic model to be estimated is:

Ir, =Bl X, + 4 ©)

where X :[Iy,lu,ls,ld ,lp,lcg,CAL] and B, is a vector of B-coefficients, so that ,By, for example,

is the coefficient with respect to y. The supply of reserves is assumed to adjust to the demand
within the period. Therefore, Ir represents the demand for international reserves, [y is real gross
domestic product, /u is an uncertainty variable, /s is an opportunity cost measure of holding
foreign reserves, /d is the public foreign debt service payments, Ip is the average propensity to
import, CAL is a capital account liberalisation measure developed by Greenidge (2005), and Icg

is net lending to the government by the central bank.

Of the variables in Equation (1), a positive sign is expected for the transactions, uncertainty and
debt service payments variables (i.e., ly, lu and 1d, respectively). However, the a priori sign on
the average propensity to import variable (Ip) is theoretically ambiguous. On the one hand, /p
may proxy the marginal propensity to import, which, under the Keynesian open economy model,

should have negative effects on the demand for reserves, since the higher the marginal



propensity to import, the more powerful is the income policy in affecting the external current
account and the less reserves will be held. On the other hand, Frankel (1974, 1980) argue that /p
represents the degree of openness of an economy to external risks and should have positive
effects. The opportunity cost variable, which is measured as an interest rate differential between
domestic and foreign rates, /s, is expected to enter the equation with a negative sign because the
opportunity cost of holding foreign reserves is to tied-up financial resources that could have been
employed for domestic economic development. This argument is supported by the fact that
funds not needed immediately for international payments for goods and services should be
invested to yield maximum returns, as earnings on the liquid reserves reduce the opportunity
costs of holding those reserves. With the removal of exchange control restrictions on capital
account transactions, there is expected to be a higher demand for foreign reserves, while an
increase in net lending by the central bank to the government, ceteris paribus, is expected to

increase the demand for reserves.

Data and Econometric M ethodology

The data used in this study are annual observations covering the thirty-year period 1975 to 2005.
All the data were procured from various Central Bank of Barbados data files. Except for the
capital account liberalisation measure, the variables were converted to logarithms and to real
terms, using, in the case of the latter, the GDP deflator. As in the majority of studies, real data is
used because international reserves are held to finance real transactions and to mitigate against
real shocks (see Edwards (1984)). In terms of the specific definitions of the variables, /r is real
net international reserves at the Central Bank, /y represents real gross domestic product at factor
cost; real imports of goods and services were also tried as a proxy for transactions but /y gave the
better fit. Ip is real imports of goods and services divided by real gross domestic product in
percentages. [d is real public foreign debt service payments. The uncertainty (or variability)
variable (/u) is the conditional standard deviation of a GARCH (1,1) model of the logarithm of
reserves, where the conditional standard deviation represents the variability or volatility in the
data series. The opportunity cost (Is) is one plus the difference between the yield on Barbados
government bonds and the US discount rate, in percentages per annum. Net lending to the

central government by the central bank, Icg, is the difference between advances to the central



government plus purchases of government securities and central government deposits at the
central bank. Finally, the capital account liberalisation variable, CAL, is constructed by coding
the detailed text of the International Monetary Fund’s Annual Report of Exchange Arrangements
and Exchange Restrictions. More specifically, the specific controls on capital account
transactions for each year is coded and as such is intended to capture the impact of polices that

would have affected the movement of capital across borders [see Greenidge (2005) for details].

With eight variables and at most twenty-eight observations a single equation estimation was
adopted as opposed to the Johansen (1988, 1995) multivariate maximum-likelihood framework,
which requires a relatively large sample in order to produce reliable estimates. The use of the
single equation estimation technique raises issues of endogenity, since in the presence of
simultaneity even though cointegration regressions are consistent estimators they may be bias in
small samples. Therefore, the dynamic OLS (DOLS) method developed by Saikkonen (1991)
and generalised by Stock and Watson (1993), which allows for the explicit account of

endogenity, is employed.

The DOLS procedure provides unbiased and asymptotically efficient estimates of the long-run
relation, even in the presence of endogenous regressors. Thus, the endogeneity of any of the
regressors has no effect, asymptotically, on the robustness of the estimates. Further, statistical
inference on the parameters of the cointegrating vector is facilitated by the fact that the t-
statistics of the estimated coefficients have an asymptotic normal distribution, even with
endogenous regressors (Stock and Watson, 1993). Another advantage of DOLS is that it allows
for direct estimation of a mixture of /(1) and [(0) Variableslz.I In addition, Stock and Watson
(1993) shows that the DOLS estimator is asymptotically equivalent to the maximum likelihood
estimator of Johansen (1988, 1995) in the case where the variables are /(/) and even in the
presence of multiple long-run relations if there are no cross equation restrictions (see also Park
and Phillips, 1988; Phillips, 1991; Watson, 1994; Caporale and Pittis, 1999). Moreover, it

performs well in small samples. The potential biases due to endogeneity among the regressors

* This is an important plus since the Johansen multivariate procedure does not admit /() variables to the
cointegrating vector but often the interest is in the long-run effects of such variables (for example, the interest rate
differential which is often /(0)) and it would be incorrect to assume that because it is /(0)) it can not exert an
influence on the dependent variable in the long run.



and small sample size are dealt with by the inclusion of lags and leads of the first differences of
the /(1) variables. Thus, the estimation of the long-run relation for Equation (1) is based on the

following regression:

k
In=BX,+Y AAX]  +¢ )

j=k

where X' denotes the sub-set of I(1) variables of X, B is the vector of long-run coefficients and

the inclusion of AX/, ;takes care of the possible endogenity of X. The equation is estimated in

1]

most cases with K=/, but then a ‘general to specific’ procedure™is applied to reduce the model to

a more parsimonious congruent specification where only significant variables are retained.

In order to investigate the short-run dynamics, the estimates from Equation (2) can be used to

formulate a general error correction model (GECM) of the form:

)4 V4 )4 )4
Dlr, =% BIr_+ > GAX,  +D V,Z, 46, (ly,_l - B'X:—l)"' & 3)
70 =0

J=1 J=1

which specifies changes in real net international reserves as a function of lagged values of the
first difference of the nonstationary variables, stationary variables that may have short-run
effects (Z), and stationary combinations of the nonstationary variables, which represents the
long-run relation between real international reserves and the forcing variables. This long-run
relation among variables is given by the elements of B and the rate at which real international
reserves respond to disequilibrium in the long-run relation is given by ¢ . In estimating Equation
(3), a general to specific approach will be used in order to reduce it to a more parsimonious

representation.

3 See Campos et al. (2005) for detailed expositions on the general-to-specific approach to econometric modelling.



Empirical Results

All the estimations were done using the econometric software package PC Give. Figure 3
displays the plots of the level data in logarithms, which on inspection reveals trending variables.
Therefore, before proceeding with the empirical analysis, each data series was tested for a unit
root using the Augmented Dickey Fuller (ADF), Phillips Perron (PP) and Kwiatkowski et al.
(KPSS) tests. The results presented in Table 1 indicate that all the variables are integrated of
order one, I(1). For each variable, both the ADF and PP tests accept the null hypothesis of a unit
root in the level of the variable, but reject the null for the first difference of the variable. For the
KPSS test, the null hypothesis of stationarity is rejected for the level of each variable, but not for

the first difference.

Table 1; Unit Root Tests, 1975-2005

Variable ADF PP KPSS
e Level -1.029 -1.175 0.409"
A -4.782%%%  _4.869%%%  (.205

Iy Level -1.139 -1.304 0.697"
A 23.096%%% 2 660* 0.082

Is Level -2.507 -2.476 0.365"
A -5.350%%% .9 709%**  (.500

d Level -1.912 -1.947 0.529""
A -5.888% %%k _5874%kk () 245

Ip Level -1.470 -1.570 0.302""
A -4.931%%*%  4.9]4%%x 0.231

Level -0.523 -0.350 0.541""

leg

A -5.000%** .5 442%%* 0.331

Notes: *, ** and *** are the MacKinnon critical values for rejection of the null
hypothesis of a unit root at the 10%, 5%, and 1% levels, respectively, for both
the ADF and PP tests. *, ", """ are the critical values for the LM test statistic of
the KPSS test and denotes rejection of the null hypothesis of stationary at the
10%, 5%, and 1%, respectively (based upon the asymptotic results presented in
KPSS 1992 Table 1, pp. 166). A denotes the first difference of the original
series.




Following the tests for the order of integration, the DOLS method was employed to estimate
Equation (1) (see Table 2a). Owing to the degrees of freedom problem, Equation (1) was
estimated in blocks and the results were then combined to produce Equation (2a)‘f] The
diagnostics suggest that the long-run demand model appears to be stable and well defined. The
empirical results of this equation indicate that real national income, the average propensity to
import and the capital account liberalisation measure have statistically significant positive
impacts on the demand for international reserves over the sample period, which agrees with a
priori reasoning. The impact of the average propensity to import is the strongest, suggesting that
a 1 percent change in this variable increases reserve demand by 0.8 percent. In addition, when
real national income rises by one percent, the demand for the NIR grows by slightly less than the
effect exerted by the average propensity to import. Not surprisingly, the capital account
liberalisation measure, which is constructed to capture the removal of restrictions on capital
account transactions since the late 1990s, has heightened the long-run demand for foreign
reserves, but the estimated impact is half that of real national income and the proclivity to import
goods and services. Unexpectedly, net lending to the central government by the central bank and
the variability in reserve holdings were found to have negative relationships with the demand for
reserves and the long run relationship between public debt service payments and the reserves was

statistically insignificant.

Table2a: DOL S Long-run Estimates

Ir= 0.770ly, - 0.101lcg + 0.807Alp,, - 2.075lu, + 0.374CAL,
0.01D)7" (0.008)™  (0.399) 0.197)™  (0.207)"

R*>=0.958; JOINT — F (5,22) = 101.8 [0.000]***; DW = 2.45; AR- F (2,21) = 1.0853 [0.356];
ARCH- F (1,21) =0.0543[0.818]; Norm. - (2) = 2.743[0.254]; HET- F (10,12) = 0.552[0.823];
RESET — F (1,22) = 1.055[0.316]; Chow (1991) = 0.850[0.616]; Chow (2002) = 0.973 [0.394].

* This procedure presumes that the power that could be lost in choosing the wrong block in the estimation of
Equation (1) outweighs the degrees of freedom problem.



Table2b: GECM Estimation Results

Alr, = 0.545Aly, + 0.654Als, - 0.686Ald, - 0.927Ald, - 1.627Alp, + 0.804ACAL, - 0.735*ect

EEES

0.19D)7  (0.275)" (0.241)" (0265 (0.786) " (0.333)" (0.378)

R*=10.577; JOINT - F (7,20) = 3.903 [0.008]""; DW =2; AR- F (2,19) = 0.426 [0.659];
ARCH- F (1,19) =0.467 [0.503]; Norm. -* (2) = 2.037[0.361]; HET- F (14,6) =0.574[0.816];
RESET - F (1,20) = 0.505 [0.486]; Chow (1991) = 0.609[0.795]; Chow (2002) = 0.203 [0.818].

Notes: Heteroskedasticity and autocorrelation consistent standard errors are in parentheses and *, ** *** indicates
significance at the 10, 5 and 1 percent level, respectively. The F-statistic for the respective diagnostics tests are shown and
the associated p-value in square brackets. R” is the fraction of the variance of the dependent variable explained by the
model and JOINT is a test of the joint significance of the explanatory variables, DW is the Durbin Watson statistic,
AR is the Lagrange multiplier test for p-th order residual autocorrelation correlation, RESET = Ramsey test for
functional form mis-specification (square terms only); Norm is the test for normality of the residuals based on the
Jarque-Bera test statistic (5° (2)). ARCH is the autoregressive conditional heteroskedasticity for up to p-th order (see
Engle, 1982a). HET is the unconditional heteroskedasticity test based on the regression of squared residuals on the
squared fitted values. Finally, Chow (n) is Chow’s (1960) test for parameter constancy based on breakpoints in the
sample.

The general-to-specific approach, popularised by Hendry et al (1978), was used to determine the
most parsimonious dynamic model, which captures the short-run movements governing the long-
run relationship (see Table 2b). The diagnostic tests results indicate that the model is adequately
specified, as the residuals do not violate the classical statistical assumptions of normality, serial
independence and homoscedasticity. With regard to the short-run dynamics, the capital account
measure and real income have the expected a priori signs, confirming the earlier analysis. In
particular, the short-run impact of capital account liberalisation (0.8 percent), assuming a one
percent change, is about twice its long-run effect, while in the case of real income or the
transactions variable the long-run impact is about one-third greater than the short-run influence.
The estimated coefficient on the average propensity to import indicates a strong negative effect
on reserves demand, which is in accordance with the tenets of the Keynesian open economy
model, but is opposite to the long-run result, which gives credence to the view point of Frankel
(1974, 1980). While no long-run relationships were found between public debt service payments
and reserves, statistically significant negative impacts were found in the short run. Even more
interesting is that net lending to the central government by the central bank and the variability
measure were found not to be statistically significant in either the short run or long run, which is

a quite surprising result. The error-correction term indicates a relatively rapid speed of



adjustment (70 percent each period) to the long-run equilibrium. Therefore, a shock to the

system would take just about eight months to be corrected.

Concluding Remarks

The policy environment has changed during the past five years. In particular, the process of
liberalisation has been associated with an increased demand for reserves and as such a critical
look at its impact is warranted. Therefore, the preceding analysis attempted to shed some light
on the main determinants of international reserve demand for the small, open, fixed exchange
rate economy of Barbados. The long run and short-run results were similar, indicating that the
demand for international reserves was positively related to real income, the propensity to import
and capital account liberalisation. Quite unexpectedly, reserve holdings were influenced
negatively by central bank lending to the central government. In addition, the relatively high
speed of adjustment indicates that reserve management has been fairly active, with an average 70

percent deviation from the long-run equilibrium eliminated within one year.



References

Aizenman, J. and N. Marion (2002), The High Demand for International Reserves in the Far
East: What’s Going On? National Bureau of Economic Research Working Paper 9266.

Badinger, H. (2004), Austria’s demand for International Reserves and Monetary Disequilibrium:
The Case of a Small Open Economy with a Fixed Exchange Rate Regime, Economica,
Vol. 71, pp. 39-55.

Bahmani-Oskooee, M and Brown, F (2002), “Demand for International Reserves: A Review
Article, Applied Economics, Vol. 34, No. 10, July 2002.

Campos, J., Ericsson, N. R., and Hendry, D. F. (2005), "General-to-specific Modeling: An
Overview and Selected Bibliography", International Finance Discussion Paper no. 838,
Board of Governors of the Federal Reserve System: USA.

Caporale, G. M. and Pittis, N. (1999), "Efficient Estimation of Cointegrating Vectors and Testing
for Causality in Vector Autoregressions", Journal of Economic Surveys, vol. 13, no. 1,
pp. 1-35.

Chow, G. C. (1960), “Tests of Equality Between Sets of Coeefficients in Two Linear
Regressions”, Econometrica: Vol. 28, No. 3, pp. 591-605.

Coppin, A. (1994), The Determinants of International Reserves in Barbados, Social and
Economic Studies, Vol. 43, No.2, June, pp. 75-91.

Coppin, A. and R. Craigwell (1988), The Demand for International Reserves: Evidence from
Four Caribbean Economies, Central Bank of Barbados Working Paper, June.

Edwards, S. (1984), The Demand for International Reserves and Monetary Disequilibrium:
Some Evidence from Developing Countries, Review of Economics and Statistics, Vol. 66,
pp- 496-500.

Elbadawi, 1. (1990), The Sudan Demand for International Reserve: A Case of a Labour
Exporting Country, Economica, Vol. 57, pp. 73-89.

Engle, R. F. (1982), “Autoregressive Conditional Heteroscedasticity With Estimates of the
Variance of the United Kingdom Inflation”, Econometrica, Vol. 50, No. 4. pp. 987-1007.

Engle, R, and Granger C. W. J, (1987), “Co-integration and Error Correction: Representation,
Estimation and Testing, Econometrica, Vol. 55, pp. 251-276.

Ford, J. and G. Huang (1994), The Demand for International Reserves in China: An ECM
Model with Domestic Monetary Disequilibrium, Economica, Vol. 61, pp. 379-97.



Frenkel, J. (1974), The Demand for International Reserves by Developed and Less Developed
Countries, Economica, Vol. 41, pp. 14-24.

Frenkel, J. (1980), The Demand for International Reserves Under Pegged and Flexible Exchange
Rate Regimes and Aspects of the Economics of Managed Float, in The Functioning of
Floating Exchange Rates: Theory, Evidence, and Policy Implications, D. Bigman and T.
Taya (Editors), Ballinger Publishing Company, Cambridge, MA.

Greenidge, K (2005), The Nature and Measurement of Financial Liberalisation, mimeo,
Department of Economics, University of Nottingham.

Heller, R. (1966), “Optimal International Reserves, The Economic Journal, Vol. 76, pp. 296-311.

Hendry, D.F, Davidson, J.E.H., Srba, F and Yeo J.S. (1978). “Econometric modelling of the
aggregate time-series relationship between consumers' expenditure and income in the
United Kingdom. Economic Journal, 88, 661-692. Reprinted in Hendry, D.F. (1993),
Econometrics: Alchemy or Science? Oxford: Blackwell Publishers, and Oxford
University Press, 2000.

Kwiatkowski, D and Phillips, P. C. B., Schmidt, P and Shin, Y. (1992), “Testing The Null
Hypothesis of Stationary Against The Alternative Of A Unit Root: How Sure Are We
That Economic Time Series Have a Unit Root?” Journal of Econometrics, Vol. 54, No.
1-3, pp. 159-178.

Johansen, S. (1988), Statistical Analysis of Cointegrating Vectors, Journal of Economic
Dynamics and Control, Vol. 12, pp. 231-54.

Johansen, S. (1995), Likelihood-based Inference in Cointegrated Vector Autoregressive Models,
Oxford University Press: New York.

Johnson, H. G. (1965), International Trade and Economic Growth: Studies in Pure Theory, ond
edn, Allen and Unwin, Great Britain.

Machlup, F. (1966), “The Need For Monetary Reserves, Reprints in International Finance, Vol
5, Princeton University: International Finance Section.

Park, J and Phillips, P. (1988), “Asymptotic Equivalence of Ordinary Least Squares and
Generalised Least Squares Regressions With Integrated Regressors”, Journal of the
American Statistical Association, Vol. 83, No. 401, pp. 111-115.

Phillips, P. C. B. (1991), "Optimal Inference in Cointegrated Systems", Econometrica, vol. 59,
no. 2, pp. 283-306.

Saikkonen, P. (1991), "Asymptotically Efficient Estimation of Cointegration Regressions",
Econometric Theory, vol. 7, no. 1, pp. 1-21.



Stock, J. H. and Watson, M. W. (1993), "A Simple Estimator of Cointegrating Vectors in Higher
Order Integrated Systems", Econometrica, vol. 61, no. 4, pp. 783-820.

Triffin, R. S. (1967), “Gold and the Dollar Crisis, nd edn, Yale University, New Haven.

Watson, M. W. (1994), "Vector Autoregressions and Cointegration," in Handbook of
Econometrics, Volume 4 edn, F. E. a. D. Robert, ed., Elsevier: pp. 2843-2915.



Figurel: Net International Rerserves, 1975-2005
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Figure 2: External Debt Service Payments, 1975-2005
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Figure 3: Plots of Data Seriesin Logarithms
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