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1. Introduction 

This study undertakes analytical work in identifying and disseminating good practices of the 

management of foreign reserves in the Asia-Pacific region. It conducts a regional situation 

analysis of current account and capital account balances and their contribution to foreign 

exchange reserves by means of multi-country panel data. 

There are a number of articles that analyze the financial crises, particularly the one 

experienced in Asian countries in 1997.  Most recent articles on the subject which were 

published between 2004 and 2007 in professional journals will be reviewed to identify the practice 

of foreign reserves management and explore the possible directions of future studies.  

One of the major subjects of those studies is to identify when financial crises occurred and 

ended in the late 1990s by using international or national data with probit models. While those 

studies could present typical symptoms of financial crises, they do not necessarily analyze how to 

recover or protect from financial crises as a whole.   

The second, some economic indices were studied whether they are significant as indices of 

crises. One of them was the elasticity of substitutions between currencies and the term 

differentials of bond prices, to the degree of the financial crises.  

The third, the differences in countries’ recovery process were analyzed, introducing the 

economic climates and regimes.  

From the statistical point of view, many studies used cross-sectional analysis while some 

used time-series analysis for each country.  Two of the nine studies surveyed here utilized either 
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the pooling or panel data analysis, while some used the boot strap method to cover the deficiency 

in data collection. 

In the next section (Section 2), this paper will review the nine of recent articles, which were 

extracted from the EconLit database using the keywords “Asia”, “currency”, and “crisis”, and 

discuss the method of analyses focusing on importance of panel data analyses.   

In section 3, data construction will be discussed.  The data for the study in this paper were 

compiled from the World Development Indicators published by the World Bank (2006) and from 

the Key Indicators published by the Asian Development Bank (2007).  

Section 4 will analyze the sample panel data concerning foreign currency reserves, exchange 

rates, and other economic factors to reply questions below: 

1)  How could foreign reserves be managed in a sustainable manner?  

2) How could current and capital account balances contribute to foreign reserves?   

The concluding remarks will be presented in Section 5. 

 

2. Reviews of Recent Articles 

The first three articles, Kamin et al. (2007), Haile and Pozo (2006), and Glick and Hutchison 

(2005) try to identify the periods of the crises using probit models.  

 

2.1. Kamin et al. (2007), The Contribution of Domestic and External Factors to Emerging 

Market Currency Crises: an Early Warning Systems Approach. 

They intend to confirm the popular theory that a pegged economy is particularly vulnerable 

with high capital mobility. The authors criticize the vector autoregressive (VAR) approach to 

investigate dependency among domestic and external variables as key domestic indices tend to 

move sharply and simultaneously when crises occur. Thus it fails in identifying existing 

imbalances prior to the crises, besides its analytical limitations of linearity and the number of 

variables.  Instead they proposed a modified version of “early warning system” (EWS) to identify 

roles of domestic and external factors in emerging market crises. The study is based on the 

pooling data comprising 26 developing countries experiencing market crises, and the annual data 

over the period between 1981 and 1999. 

The domestic factors include GDP growth rates, government deficits, bank loans, ratios of 

money supplies to foreign currency reserves, and external debts. The real exchange rates, export 

growth rates, incoming foreign direct investments, and current accounts are considered to 
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represent external balance, along with terms of trade, U.S. real short-term interest rate, and the 

average GDP growth rate of major industrial economies to represent external shocks. With these 

data pooled over the countries and years, the probit model is estimated to calculate the 

probabilities of emerging crises. 

The left hand side is binary and has the value of 1 if the year includes at least a month that is 

considered crisis. Then the question is how to identify crises, which is synonymous to excessive 

pressure to exchange rates caused by “speculative attacks” in many existing studies.  For 

example, simple inflation may result in rapid changes in exchange rates. Thus the real rates are 

preferred to the nominal ones in order to remove the influence of inflation. 

Unlike the existing EWS models, the study does not incorporates variables representing     

the market prospects, such as the real interest rate, external bond spread, and stock indices. The 

model can issue “early warnings” in the sense that the variables representing economic 

fundamentals are lagged by 1 year. However, those representing external shocks, such as the 

terms of trade, change in U.S. short-term interest rate, GDP growth in major industrial economies 

are concurrent and must be projected separately. 

The model is estimated for the entire data as well as their subsets, Latin America and East 

Asia. The model is also calculated for the left had side variables used by other authors to compare 

the parameters. Finally ex-post simulations are conducted to examine how the crisis probabilities 

of individual countries are attributable to the domestic fundamentals, external balance, and 

external shocks, respectively. 

Their conclusions include that adverse external shocks and large external imbalances 

contributed little to the average estimated probability of crisis in emerging market countries, and 

that domestic factors have tended to contribute to much of the underlying vulnerability of those 

countries, adverse swings in external factors may have been important in pushing economies 

across the edge of currency crises.■  

 

2.2. Haile and Pozo (2006), Exchange Rate Regimes and Currency Crises: an Evaluation using 

Extreme Value Theory. 

They test whether the exchange regime in place has an impact on the vulnerability of 

countries to currency crises.  Their paper is distinguishable from others in its use of extreme 

value theory to identify currency crisis periods and in using two separate designations for the 

exchange regime in place.  While extreme value theory is the self-reported or announced 
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exchange rate system, two separate designations by Levy-Yeyati and Sturzenegger is based on 

the relative movements of international reserves and exchange rates.  They find that the 

announced exchange regime has an impact on the likelihood of currency crises, while the “true” 

or observed regime does not.  

Fisher (2001) argues that soft-peg is one of the biggest causes of the financial crises rather 

than fixed exchange rate regime or floating regime.  Stiglitz (2002) likely agrees with him that 

combination of free trade and bail-out are ones of the causes rather than fixed regime or floating 

regime. He pointed out that even if a developing country fails in its economic policies, it has a 

prospect that the donor will waive debts owed by the country. 

Markets are closely interconnected, many investors would take the same action, and therefore 

the crisis will also be spread over many countries (domino effect).  The questions are if 

exchange rate regimes likely contributed to currency turmoil, and if liberalization of foreign 

exchange recommended and floating regime contributed to avoid crises. 

In order to answer the questions above, the extreme value theory is adopted to identify the 

periods of currency crisis. Announced exchange regime and self-reported regime should be 

distinguished in the analyses. Monthly data are collected in 18 countries during the period of 1960 

to 1998. Exchange rate regime as dummy variables unlikely influences emergence of crises 

significantly with the exception of peg as de jure.■ 

 

2.3. Glick and Hutchison (2005), Capital Controls and Exchange Rate Instability in 

Developing Economies. 

Removing capital controls prematurely may contribute to currency instability.  This paper 

investigates whether legal restrictions on international capital flows are associated with greater 

currency stability.  They employ a comprehensive panel data    set of 69 developing economies 

over the period between 1975 and 1997, identifying 160 currency crises. 

They control for macroeconomic, political, and institutional characteristics that influence the 

probability of a currency crisis, employ alternative measures of restrictions on international 

payments, and account for possible joint causality between the likelihood of a currency attack and 

the imposition of capital controls.  

They found evidence that restrictions on capital flows do not effectively insulate economies 

form currency problems; rather , countries with less restrictive capital controls and more 

liberalized regimes to be less prone to speculative attacks. ■  
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The next two papers consider market conditions prior to the currency crises. Sharma et al. 

(2005) relates the time-paths of the elasticity of substitutions between different kinds of financial 

assets before the crises to the degree of crises. Sutherland (2006) suggests that the market 

expectation behavior will affect the term structure of bond yields, which may be used as a signal 

for the crises, but no empirical evidence is provided. 

 

2.4. Sharma et al. (2005), Currency Substitution in Asian Countries. 

The study examined the elasticity of substitutions between U.S. dollars and domestic 

currency with MES (Morishima Elasticity of Substitution) in six Asian economies including Japan, 

Korea, Malaysia, Singapore, Thailand, and Indonesia.  Data was compiled from quarterly data 

during the period of 1977 and 1996.  Japan, Korea and Singapore showed higher degree of 

elasticity of substitution between domestic currency and U.S. dollars and have increased the 

degree of elasticity.    

Substitution of currencies brought disturbances from foreign financial situation, and 

vulnerability in demand for money could not sustain exchange system pegged to U.S. dollars. 

Appropriate foreign exchange reserves are required for adjustment between currency 

substitution and dollarization. 

Their model considers a production function based on various currencies and a time 

parameter. Then the cost of procuring the currency basket is minimized given opportunity costs 

of holding various currencies. In practice, the three types of financial assets are considered; viz. 

the domestic real balance 1m , dollar-dominated monetary assets 2m , and time and savings 

deposits 3m . 

Their major findings are as follows: 1) In Malaysia, people will reduce dollar assets when 

opportunity cost of holding domestic currency increases, and they will reduce domestic currency 

when opportunity cost of holding dollar increases, and 2) Countries with higher cross-elasticity to 

dollar currency are likely experiencing more serious crises as they will reduce domestic currency 

when opportunity cost of holding domestic currency decreases. ■ 

 

2.5.  Sutherland (2006), Currency Crises and the Term Structure of Interest Rates.  

The study identified two possible types of crisis including fundamentals based crises and 

self-fulfilling crises. Fundamentals based crises arise when some state variable, such as foreign 
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exchange reserves, reaches a critical level and triggers the abandonment of the fixed rate. 

Self-fulfilling crises are triggered by an autonomous change in the beliefs of speculators, as it was 

first modeled by Obstfeld (1986). 

The differences of yields on domestic discount bonds and foreign currency bonds could be 

explained by the bond maturity. Suppose a currency crisis is observed at time t .  The study 

considers two types of models where the exchange rate is defined as a function of time after the 

crisis ( tt − ). 

Type 1 considers a Brown process of a fundamental ε : The occurrence of the currency 

crisis is determined by the time when ε  crosses a predetermined threshold level ε . It is 

caused by probabilistic fluctuations of market fundamentals.  For example, foreign exchange 

reserves have exhausted and reached to the certain level.  High-risk period is likely high-return 

period, as difference between domestic and foreign interest rates appears to show the highest 

period.  

Type 2 considers the sunspot equilibrium in macro-dynamics: The crisis occurs when the 

sunspot variable q exceeds zero. It came from investor’s speculation such as self-fulfillment of 

expectations. This type does not produce term differentials in bond yields. Thus the crises may 

occur at any time according to this model. 

The author suggests that behavioral hypothesis could be judged by yields on the bonds with 

different maturities. However, it must be noted that the study has only numerically calculated a 

probabilistic model without any empirical evidence.  Nevertheless it is clear that speculative 

money has been responsible for emergence of currency crises. Thus we can derive a policy 

implication that it may be useful to change maturity composition of bond issuance to avoid crises. 

Or it may even possible to foresee the emergence of crises from the maturity composition of 

bonds sold in the market. ■ 

 

The following three papers are the empirical studies on the recovery processes after the 

currency crises in various countries. Hong and Tornell (2005) and Moussalli (2005) conduct 

cross-sectional analyses of GDP growth rates and stock prices, respectively, on developing 

economies around the world. Goyal and Agawal (2005) is on the panel data analyses of foreign 

assets in Asian countries.  
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2.6. Hong and Tornell (2005), Recovery from a Currency Crisis: Some Stylized Facts. 

They analyze the relationship between currency stability and legal restrictions. Their define 

crises by 1) declines in real exchange rates accompanied by decrease of foreign exchange 

reserves (in moving averages), or by 2) declines in nominal exchange rates. In order to examine 

how economies have recovered from crises, they compiled dataset covering 103 developing 

economies and 20 year period from 1980 to 1999.   

They explain the GDP growth rate using real credits, reserves to M2 ratios, short-term debts, 

exports to GDP ratios, foreign interest rates, and foreign growth rates. The parameters are 

estimated by cross-sectional analyses, but the sample years vary by countries depending on the 

years when the crises occurred.  

Some of their findings are: 

1)  It takes less than 3 years for the GDP growth rates to fully recover their tranquil-period 

averages, but the GDP’s remain at the lower levels for longer periods; 

2) The credit crunch problem lasts much longer than the reduction in the GDP levels; 

3) The main causes of crises are credit expansion（excessive loans）and lack of foreign 

exchange reserves before the crises.  They are likely related to the extent of the post-crisis 

recession; and 

4) Crisis episodes that are caused mainly by illiquidity, rather than by insolvency, tend to 

exhibit a sharp recovery.  

They also suggest that the speed of recovery is affected by the degree of booming economy, 

and lack of liquidity before the crises. Lack of domestic demand after the crises naturally calls for 

external demand to lead economic growth in early stages. Thus recovery could be delayed by the 

world economic climate such as a high foreign interest rate. The policy after the crises such as 

capital infusion to the banks to secure the financial system must be taken promptly. 

However, we should remark that, except for the cross-sectional regressions, most of their 

findings are derived from simple summary statistics. Thus when considering the covariances 

among variables, their results may have been different. ■  

 

2.7. Moussalli (2007), Financial Crises, Panic and Contagion: Evidence from a 

Cross-Country Comparison Using Two Time Frames. 

During the period of 1994 to 1996, Asian countries attracted massive capital inflows. The 

problem was that most of these countries are operated under a fixed exchange rate system 



332  Analysis of Current and Capital Account Balances andContribution to Foreign Reserves：宇野 公子 

 

pegged to US dollars. They were unable to maintain their peg through the consecutive outflows 

as they lost much of their reserves. However, some of 32 countries studied in Asia, Russia, and 

Latin America experienced demonstrated fast recovery from the crisis.   

Crises occurred due to the following factors such as lack of economic fundamentals including 

foreign reserves (pegged to US dollars), macro economic policy, capital account and current 

account. In this connection the authors proposed the following three hypotheses: 

1) Weak economic fundamentals and weak institutional capacity in the areas of legal aspect and 

corruption lead to the worst scenario if combined with fixed exchange rate and capital 

liberalization;  

2) Capital liberalization is expected in developing countries if it is not fast and the volume is not 

too much; and 

3) If it is before building the institutional capacity, capital liberalization needs to accompany the 

flexible exchange rate.  

Most financial crises occurred in 1997 and 1998, because institutional aspects (hypothesis 1), 

capital management (hypothesis 2), and exchange rate (hypothesis 3) were not well controlled. 

Their results are obtained from the cross-sectional regressions of stock prices. The explanatory 

variables include debt, current account, money growth, ratio of money supply to foreign exchange 

reserve, and budget deficit. The model also considers the qualitative variables on corruption, and 

law and order, which are difficult to define objectively unlike the Asian dummy. 

Authors suggest that as further research to examine if the negative sign of the current 

account coefficient might be only a reflection of the effect of the capital account and if the positive 

relationship between the current account and depreciation holds only when other things are 

constant, especially the capital account, in the particular case. ■ 

 

2.8. Goyal and Agarwal (2005), Risk and Asian Exchange Rate Regimes. 

East Asia had a twin crisis including a combined currency and banking crisis in the late 1990s. 

The authors compiled a panel-data set covering eight Asian countries and 60 month period 

starting January 1998. They focus on the growth of net foreign assets after the crisis to represent 

the behavior of banks and their willingness to hedge currency risks.  

Their panel regressions consider the growths in industry production index and bank credit, 

and interest deviation from the deposits in U.S. dollars. The exchange rate regime is compared in 

two forms: one is the deviation from the regional average, and the other is the deviation from the 
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Chinese exchange rate to see the significance of Renminbi in the area. It is also notable that the 

quadratic terms are considered for those exchange rate variables. 

The panel regressions provide the evidence that more flexibility in Asian exchange rates 

reduces risk associated with bank borrowing abroad, but deviations from both mean exchange 

rates and the Renminbi increase risk. Since the exchange rate regime affects bank behavior and 

the incentives to hedge, the results broadly support the bank run over the moral hazard view of 

twin banking and currency crisis. 

They conclude that flexibility in exchange rate is required for Asian Emerging Market 

Economies (EMEs), but the flexibility has to be limited, and it depends on more flexibility in the 

Renminbi. This has implications for current global imbalances in reserves and feasible adjustment 

paths. ■ 

 

The final paper is different from others in the sense that it considers a dynamic general 

equilibrium model. Thus the regressions are replaced by benchmark calibrations. 

 

2.9. Burnside et al. (2006), Government Finance in the wake of Currency Crises.    

The authors address three questions if: 

1) Classical models could be reconciled with the fact that many crises are marked by high rates 

of depreciation and small increases in seignorage revenue; 

2) There are any implications of different financing methods for post-crisis rates of inflation and 

depreciations; and  

3) There are ways how governments pay for the fiscal costs associated with currency crises.  

To study these questions a general equilibrium model is used in which prospective 

government deficits trigger a currency crisis. The model is applied in conjunction with fiscal data 

to interpret government financing in the wake of three recent currency crises in Korea (1997), 

Mexico (1994) and Turkey (2001). The results are inconclusive as might have been expected. 

Different governments pursue different financing strategies. Debt deflation played a more 

important role in Turkey. In contrast, the reduction in the dollar value of transfers played a large 

role in Mexico.  

The computable general equilibrium (CGE) framework has advantages that it does not 

require the data to estimate statistically reliable parameters, and can incorporate structural 

changes that are difficult to predict from the existing data. Naturally there are some questions on 
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whether the structural parameters can be assumed stable with the time, and how to incorporate 

foresights or uncertainty in the lifetime utility. Although interactions with the rest of the world are 

considered, they calculate the equilibria for each of the three countries independently of others. 

Since no economy is independent from other economies, it is desirable to consider a model of 

multi-national equilibrium. ■ 

 

Although the panel data analyses are common in the probit analyses to identify crises periods 

(Haile and Pozo (2006) and Glick and Hutchison (2005)), they do not seem popular in 

econometric studies to regress macro variables such as the GDP growth rates or stock prices. For 

example, Moussalli (2007) studied how the stock prices have been affected by the law and order 

conditions or the degree of capital control. However, her analyses are cross-sectional so that she 

can only assess the changes in 1997 induced by the legislative conditions in the same year. 

Clearly the panel data analyses would become necessary to see the speed of economic recovery, 

and how they have been affected by the sequence of political measures the government took after 

the crises.  

Out of three papers reviewed in this category, only Goyal and Agarwal (2005) utilized panel 

data, but their concern is limited to the bank’s hedging behavior. Thus this paper here conducts 

the panel data analyses on the typical macro variables of exchange rate and foreign exchange 

reserves. The next section will be devoted to the construction of panel dataset. Though 

experimental results based on the dataset will be discussed in Section 4, it can be conveniently 

utilized to estimate a variety of models developed under the similar objective to analyze the 

time-series and cross-country relations among macro variables including foreign reserves and 

exchange rate. 

 

3. Data to be used in the Study  

World Development Indicators published annually by the World Bank 1) is the most basic and 

comprehensive data source available for the analyses in the study. However, the World Bank data 

are unlikely necessarily sufficient to distinguish categories of capital flows, which are important to 

describe financial situations before and after the crises.  Those data are, therefore, supplemented 

by the Key Indicators 2007 that are published annually by the Asian Development Bank. 

Accordingly, the study is limited to the data collection covered by the Key Indicators. 
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Though the Key Indicators include data for 45 countries or regions, the following four  

regions are excluded since their data are not available in the World Development Indicators: Cook 

Islands, Nauru, Chinese Taipei, and Tuvalu. In addition, the following six countries or regions are 

dropped as data for those countries are mostly unavailable: Afghanistan, Micronesia, Kiribati, 

Marshall Islands, Palau, and Timor-Leste. Consequently, the dataset include the sum of 35 

countries as listed in Table 1 along with the ISO three-letter country codes. 

The regional tables on financial statistics in the Key Indicators 2007 cover the period between 

1995 and 2005. However, the data for 2005 are not available for the majority of statistics in the 

World Development Indicators 2006. Thus the dataset basically covers the ten annual 

observations between 1995 and 2004. If there is no missing data during that period and the lags or 

differences are not introduced, the maximum of 350 observations will be available as a panel.  

The dataset contains 38 basic statistics as summarized with their symbols in Table 2. 

.

    The first 31 statistics down to VASRV are compiled from the World Development Indicators 

while the remaining seven statistics are compiled from ADB’s Key Indicators. The word “industry” 

in the table refers to the secondary industry including manufacturing, mining, and construction, 

and “services” refers to the tertiary industry commerce. Except for Bhutan, Turkmenistan, and 

Table 1.  The list of countries in the dataset. 

ARM Armenia KGZ Kyrgyz PNG Papua New Guinea 

AZE Azerbaijan KHM Cambodia SGP Singapore 

BGD Bangladesh KOR Korea, Rep. of  SLB Solomon Islands 

BRN Brunei LAO Laos THA Thailand 

BTN Bhutan LKA Sri Lanka TJK Tadzhikistan 

CHN China MDV Maldives TKM Turkmenistan 

FJI Fiji MNG Mongolia TON Tonga 

GEO Georgia MYS Malaysia UZB Uzbekistan 

HKG Hong Kong, China NPL Nepal VNM Viet Nam 

IDN  Indonesia PAK Pakistan VUT Vanuatu 

IND India PHL Philippines WSM Samoa 

KAZ Kazakhstan MMR Myanmar   
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Viet Nam, “international reserves” include gold valued at London market prices. Chinese values 

exclude those of Taipei, China. 

The followings are some of the facts observed from the dataset.  Most of the countries 

increased their GDP in current local currency unit (GDPLCU) during the observed period from 

1995 to 2004.  Both GDP in constant US dollars (GDP2KD) and GDP in current US$ (GDPCRD) 

have almost perfect data set.2) 

The GDP implicit deflator (GDPDFL) is the ratio of GDP in current local currency to GDP in 

constant local currency. The based years are different among countries. Consumer price index 

(CPIDX) reflects changes in the cost to the average consumer of acquiring a fixed basket of 

goods and services that may be fixed or changed at specified intervals, such as yearly. The 

Laspeyres formula is generally used.3) 

The agricultural value added to GDP (VAAGR) decreased in most of the countries.  Both 

the industrial value added to GDP (VAIND) and the manufacturing value added to GDP 

(VAMANU) in most of the countries showed constant values during the period from 1995 to 2004, 

while most of the service value added to GDP (VASRV) increased in the same period. 

The exports to GDP (EXPGDP) increased every year, while the fixed capital formation to 

GDP (FCAPFM) had not changed much. The values of the gross national expenses to GDP 

(GNEGDP) showed very similar values among countries during the period from 1995 to 2004, 

although eight countries have no observations.4)  

The gross domestic savings (SAVINGS) to GDP are calculated from the GDP less total final 

consumption expenditures. Most of the money supply to GDP (M2GDP) showed similar values in 

the period from 1995 to 2004, while seven countries have no observations.5) The most of the 

money supply in local currency (M2LCU) increased constantly in the period (1995-2004). 

The most of official exchange rate (OFXRATE) increased, while the real interest rate 

(REALINT) that is the lending interest rate adjusted for inflation as measured by the GDP 

deflator decreased during the observed period.  Most of the purchasing power parity conversion 

rates (PPPCNVT) that is a perfect data set showed similar values in this period. 

The central government debts (CGDEBT) represent the entire stock of direct government 

fixed-term contractual obligations to others outstanding on a particular date. It includes domestic 

and foreign liabilities such as currency and money deposits, securities other than shares, and 

loans. It is the gross amount of government liabilities reduced by the amount of equity and 

financial derivatives held by the government. As  debt is a stock rather than a flow, it is 
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measured as of a given date that is usually the last day of the fiscal year.6) 

The following statistics are compiled from ADB’s Key Indicators.7) Total debt service 

(DEBTSRV) is the sum of principal repayments and interest actually paid in foreign currency, 

goods, or services on long-term debts, interests paid on short-term debts, and repayments 

(repurchases and charges) to the IMF.  The debt services paid in million US dollars in most of 

the countries have similar values from 1995 to 2004, while the balance of external debts 

(EXTDEBT) increased from 1995 to 2004. 

The foreign direct investments (FDI) increased in most countries during the observed and 

years, although there are some missing data. The inflation rates (INFLATE) are measured by the 

annual changes in consumer prices in local currency, and is included for checking purposes with 

CPIDX. Most of the inflation rates decreased from 1995 to 2004. Most of the international 

reserves (RESERVE) have increased. However, the net private flows (NETPRVF) in most of the 

countries fluctuated in this period.  The official flows (OFFLOW) increased in this period.8) 
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Table 2.  The list of basic statistics in the dataset. 

CGDEBT  Central government debt to GDP (%) 
CPIDX Consumer price index (100 in year 2000) 
EMPAGR  Agriculture employment (% of total employment)  
EMPIND  Industrial employment (% of total employment) 
EMPSRV  Service employment (% of  total employment) 
EXPGDP Exports to GDP (%) 
FCAPFM  Fixed capital formation to GDP (%) 
GDP2KD GDP in constant US$ (as of year 2000) 
GDPCRD GDP in current US$ 
GDPLCU GDP in current local currency unit 
GDPDFL GDP deflator 
GINI Gini coefficient 
GNEGDP Gross national expenses to GDP (%) 
GVCSMP Government consumption to GDP (%) 
HHCSMP Household consumption to GDP (%) 
IMPGDP Imports to GDP (%) 
LABOR Labor force (number of people) 
M2GDP Money supply (M2) to GDP (%) 
M2LCU Money supply in local currency 
MORT5 Mortality under 5 years of age (number of deaths in 1000 live births) 

OFXRATE Official exchange rate (local currency units per US$) 
POP1564 Population between age 15 and 64 
POP Total population 
PPPCNVT Purchasing power parity conversion rate (local currency units per 

international $) 
REALINT Real interest rate (nominal interest rate less inflation rate) 
SAVING Gross savings to GDP (%) 
UNEMP Unemployment rate to labor force (%) 
VAAGR Agricultural value added to GDP (%) 
VAIND Industrial value added to GDP (%) 
VAMANU Manufacturing value added to GDP (%) 
VASRV  Service value added to GDP (%) 
DEBTSRV Debt services paid (in US$ million) 
EXTDEBT External debt (in US$ million) 
FDI Foreign direct investments (in US$ million) 
INFLATE Inflation rate (annual %) 
RESERVE International reserves (in US$ million) 
NETPRVF Net private capital flows (in US$ million) 
OFFLOW Official capital flows (in US$ million) 
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From variables in Table 2, some other variables are derived.  For example, the export and 

import in current US dollars are obtained, respectively, from  

 

100/*GDPCRDEXPGDPEXPORT =  and, 100/*GDPCRDIMPGDPIMPORT = , 

and net export becomes IMPORTEXPORTNETEXP −= . The total capital flows and 

indirect investment are obtained, respectively, as follows. 

 

OFFLOWNETPRVFCAPFLOW +=  and FDINETPRVFINDIRECT −=  

Since the exchange rates of local currencies cannot be compared across countries, the rates could 

be standardized by divided by the nominal local rates in the base year of 2000. 

2000,i

it
it OFXRATE

OFXRATE
CUREVAL =

 

4. Model and Result  

With the dataset prepared in the previous section, the panel data regressions are applied to 

the international (foreign exchange) reserves, exchange rates, and a limited number of macro 

statistics to see how these variables are interrelated during the period spanning the Asian 

currency crisis in 1997. 

Table 3 summarizes the results of the level regressions concerning the international reserves. 

The typical of equations considered here can be written as follows. 

 

itititititit

it
uCUREVALOFFLOWNETPRVFIMPORTEXPORT

RESERVE
++++++

=
543210 ββββββ  (1) 

 

In Table 3, eq. (1) corresponds to the four model lines starting with code TC1. Since 

IMPORT is generally insignificant by itself, EXPORT and IMPORT are combined into the net 

export NETEXP in the other model lines. In the model lines starting with code TC2, the net 

private capital flows NETPRVF are divided into FDI and indirect investment INDIRECT. The 

Method column indicates the assumption employed regarding the disturbance terms itu
: 
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1) Ran2: Two-way Random Effects Model   

ittiit evu ε++= , ),0(~),,0(~),,0(~ 222 σεσσ iidiideiidv itetvi  

2) Ran1: One-way Random Effects Model  itiit vu ε+= , ),0(~),,0(~ 22 σεσ iidiidv itvi  

3) Fix1: One-way Fixed Effects Model  itiit vu ε+= , ),0(~ 2σε iidit  

4) Fix2: Two-way Fixed Effects Model  ittiit evu ε++= , ),0(~ 2σε iidit . 

 

While iv  and te  in the random effects models are regarded as the country-specific or 

year-specific random terms, the fixed effects models regard them as the country or year dummies. 

Though it is not shown in the table, the fixed effects models estimate parameters associated with 

those dummies. Accordingly, the R-squares of the fixed effects models are naturally high with 

smaller degrees of freedom. While the model selection procedure is not touched in this paper, the 

selection can be made in a statistically systematic way by combining F-tests and LM-tests as 

depicted in Figure 1. 

 

 

Figure 1.  Model selection procedure for panel data regressions. (Kitamura (2005)) 
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The expected signs to respective variables are as follows:   

EXPORT (+), IMPORT (-), NETEXP (+), NETPRVF (+), FDI (+), INDIRECT (+), OFFLOW 

(+), and CUREVAL (-).   

It must be noted that CUREVAL is based on the official exchange rate OFXRATE, which is 

defined as the local currency units to US$ 1. Thus the local currency is depreciated when 

OFXRATE has a higher value. The negative sign of CUREVAL indicates that depreciation or 

devaluation of the local currency will contribute to the drain out of the reserves.9) 

In Table 3, * indicates that the variable has a correct sign and is significant at 5% level, and ** 

indicates a correct sign and significant at 1% level. On the other hand, # indicates that the variable 

is significant at 5% or less but has a wrong sign. 

The first observation is the OFFLOW tend to correlated negatively with the international 

reserves. This suggests that the variable has an opposite causality, which may be checked 

through Granger tests among others. That is, the larger amounts of ODA are provided to the 

poorer nations which have insufficient reserves, but they do not directly linked with the affluent 

reserves. Hence, the capital flows in the private sector as well as EXPORT are the only sources to 

enhancing international reserves. In return, the exchange rates along with IMPORT are less 

likely related to the size of international reserves. 

The CUREVAL becomes significant only for the fixed effects models of TC2C and TC3C, 

while the opposite signs are obtained and significant for TC1 and TC1C. However, the exchange 

rate is relatively unrelated to the changes in international reserves in general. 

Among the random effects models, those with separate EXPORT and IMPORT, and 

combined private capital flows, only TC1 and TC1A likely show large R-squares and significant 

parameters. Since our data set is unbalanced,10) it must be noted that the number of effective 

observations differs from one model to another. Thus the adjusted R-squares cannot be directly 

compared across the models with different variables. However, among the models starting with 

the same model code, the order of adjusted R-squares generally follow that of R-squares. For 

example, among the models starting with TC1, the two-way fixed effects model TC1C 

demonstrates the highest adjusted R-square of 0.9778.11) 

When variables are non-stationary, it is a practice to consider the difference equations. 

Although the unit root test is common to find out non-stationary variables in time-series analyses, 

such a test in the panel context is still in the developing phase of research.12) Here we also 

calculate the first-order difference equations concerning the international reserves. The basic 
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equation takes the following form. 

 

,54

3210

ititit

itititit
uCUREVALOFFLOW

NETPRVFIMPORTEXPORTRESERVE
+Δ+Δ+

Δ+Δ+Δ+=Δ
ββ

ββββ
　　　　　　     (2) 

 

where Δ  indicates the first-order difference with respect to the year. For example, 

1, −−=Δ tiitit RESERVERESERVERESERVE
. 

The results are summarized in Table 4, where the model codes are similar as those in Table 

3. For example, TC11 corresponds to the first-order difference of model TC1, and TC21A 

corresponds to the first-order difference of model TC2A. 
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Naturally, R-squares for the difference models are lower than their level counterparts. Among 

the random effects models, TC11 and TC11A only demonstrate better fit similarly as in the level 

case. However, unlike the level models, OFFLOWΔ  is found significant for some fixed effects 

models, while no model becomes significantly negative concerning CUREVALΔ . This implies 

that change in exchange rates could not be the main cause for the decrease in international 

reserves. 

The crises are accompanied by sharp depreciation of local currency, which is linked with the 

drain out of international reserves. This may seem natural when the economy is pegged to US 

dollars. When the currency is depreciated, the central bank is forced to buy local currency in 

exchange for the reserved dollars. This is the reason why the causality from exchange rates to 

reserves is assumed in the above. 

To see this, the models based on the opposite causality are examined, where change in 

exchange rates (depreciation of local currency) is regressed over the changes in international 

reserves and other macro variables. 

 

,54

3210

ititit

itititit

uOFFLOWNETPRVF
IMPORTEXPORTRESERVECUREVAL

+Δ+Δ+
Δ+Δ+Δ+=Δ

γγ
γγγγ

　　　　　　  (3) 

 

The estimated results are summarized in Table 5, which model lines correspond to those in 

Table 4 with CUREVALΔ  being placed in the LHS in exchange for OFFLOWΔ . As the 

increase in the LHS implies depreciation, the expected signs would become exactly opposite to 

those for Tables 3 and 4 as follows:  

RESERVE (-), EXPORT (-), IMPORT (+), NETEXP (-), NETPRVF (-), FDI (-), 

INDIRECT (-), and OFFLOW (-). 

 

R-squares in Table 5 are lower than those in Table 4 for every pair of corresponding models. 

The advantage of the models starting with TC41, which consider EXPORT and IMPORT 

separately, has diminished. While EXPORT is found to enhance the international reserves in 

Table 4, it seems to lower the exchange rates. This clearly suggests the causality in (3) is adverse 

to the commonly accepted phenomenon that the lower exchange rate would promote export. 
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On the other hand, the capital inflows are mostly significant to cause appreciation of local 

currencies. Therefore, we can conclude that the sharp depreciation might have been caused by 

capital flows, but not by trade deficit. And the causality is from currency depreciations to the loss 

of international reserves, but not the other way around. 

 

5. Concluding Remarks  

This paper first provided extensive reviews of recent articles regarding the Asian currency 

crises, and found that no panel analysis combining both cross-sectional and time-series analysis 

has been conducted in this context.  

Application of panel analysis to macro data at the country level is relatively new. As countries 

are generally stable for many years, panel analyses should have become a common analytical tool 

for the multi-country studies. Thus in the second half of the paper, the panel database was 

constructed for 35 countries and 10 years, and the panel data analysis was conducted concerning 

the international reserves and the exchange rates. 

The models still need to be improved as some of the variables are not significant and 

associated with the incorrect signs expected from economic theories. However, it is likely 

confirmed statistically some meaningful observations from the results among others as follows: 

1) Depreciation of local currency is not the cause, but the result of loss in international reserves; and 

2) The crises are caused by private capital outflows, but not trade deficit. 

The database constructed here can be readily utilized in conjunction with the further model 

developments including different combinations of variables and the log-linear formula (both 

one-sided and two-sided). The unit root tests for the panel data should be conducted to see if the 

difference models are relevant. It must be noted that the difference orders are not necessarily the 

same for all the variables. Finally, the proper models regarding fixed and random effects should 

be selected on the ground of statistical significance.  

The extensive researches based on panel data are promising in deriving political implications 

against currency crises. Therefore, the present paper could provide a successful demonstration to 

convince the usefulness of the panel data analyses in the multi-country context. 
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NOTES 

1) The 2006 edition of the CD-ROM is used. 
2) The GDP deflator (GDPDEFL) has a good data set, while one country Brunei has no data. Data of GINI 

coefficient is poor, as most of the countries showed only one data of GINI coefficient in the different years. 
3) Most of the Consumer Price Index is likely perfect data set from 1995 to 2004, although there are some missing 

data. 
4) The government consumption to GDP (GOVCSMP), the household consumption to GDP (HHCSMP), and the 

imports to GDP (IMPGDP) have perfect data collection in countries and years. 
5) Money and quasi money comprise the sum of currency outside banks, demand deposits other than those of the 

central government, and the time, savings, and foreign currency deposits of resident sectors other than the 
central government. This definition of money supply is frequently called M2; it corresponds to lines 34 and 35 
in IMF’s International Financial Statistics (IFS). 

6) The CGDEBT is not exactly perfect date set, as some data are missing during the period between 1995 and 
2004. 

7) All the statistics with monetary denomination are evaluated in current million US dollars. 
8) Other findings are: the total population (POP) increased except in Armenia and Georgia. The population 

between aged 15 and 64 (POP1564) did not change during the covered period, while the mortality under 5 
years of age (MORT5) decreased with the largest number of 133 in Bhutan in 1995. 

9) In developed economies, depreciation in local currencies may attract capital inflows. In that case, CUREVAL 
will have a positive parameter. 

10) Missing observations are included in the panel data. 
11) This does not mean that TC1C is the best model since the fixed effects models attribute all the differences to 

the country and year dummies. This may be interpreted as to give up explaining the country and/or year 
differences statistically. 

12) Levin and Lin (1992, 93) test is relatively known, but they are available only as the working papers. 
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Analysis of Current and Capital Account Balances and 
Contribution to Foreign Reserves 

 

UNO Kimiko 
 

This study undertakes analytical work in identifying and disseminating good practices of the 

management of foreign reserves in the Asia-Pacific region. It conducts a regional situation 

analysis of current account and capital account balances and their contribution to foreign 

exchange reserves by means of multi-country panel data. The study analyzes the sample panel 

data concerning foreign currency reserves, exchange rates, and other economic factors to reply 

questions below: 

1)How could foreign reserves be managed in a sustainable manner?  

2)How could current and capital account balances contribute to foreign reserves?   

There are a number of articles that analyze the financial crises, particularly the one 

experienced in Asian countries in 1997. Most recent articles on the subject which were published 

between 2004 and 2007 in professional journals are reviewed to identify the practice of foreign 

reserves management and explore the possible directions of future studies. One of the major 

subjects of those studies is to identify when financial crises occurred and ended in the late 1990s 

by using international or national data with probit models. The second, some economic indices 

were studied whether they are significant as indices of crises. One of them was the elasticity of 

substitutions between currencies and the term differentials of bond prices, to the degree of the 

financial crises. The third, the differences in countries’ recovery process were analyzed, 

introducing the economic climates and regimes.   

Some of the conclusions obtained through this study are summarized as follows: 

1)Models with Log-linear (both one-way and two-way) may be considered in addition to linear 

model.  Also the difference order is not necessarily same for all the variables ;   

2)Models including the fixed and random effects models could be selected with the use of 

statistical significance ; and 

3)Political implication against crises could be derived from more detailed research, as this is only 

a preliminary demonstration of the panel data analyses.  




