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ABSTRACT
INTERPRETING THE ASIAN CURRENCY CRISIS:
EMPIRICAL ANALYSIS AND PREDICTION
By

Hoon Kim

This dissertation investigates the causes of the Asian crisis and improves
implementation in predicting actual currency crises. Chapter II presents an overview of
the inception and development of the Asian crisis with a focus on the movements of the
macroeconomic variables and the structural conditions of the financial systems. Chapter
1T shows some evidence of deterioration of fundamentals. Yet the deterioration was not so
severe as to make the outbreak of the Asian currency crisis an inescapable result.

Chapter III's survey of the currency crisis literature finds that most nonstructural
empirical studies are limited by a lack of robustness to various sensitivity tests and poor
performance in the prediction of actual crises. Therefore, to determine the uniqueness of
the Asian crisis and to improve performance in predicting actual crises, structural model
studies are used to model the currency crisis. Chapter IV then offers an analysis of the
time series properties and forecasts of each variable of the structural currency crisis
models introduced in Chapter III for the derivation of shadow exchange rates and
probabilities of collapse. As a result of the addition of the ARFIMA(p,d,q)-
FIGARCH(P,5,Q) model to the analysis, it is found that some processes exhibit long

memory in both their conditional mean and variances. In Chapter V, long and short-run




real money demand functions are estimated for the derivation of shadow exchange rates
and probabilities of collapse. The empirical results of this chapter suggest that both long
and short-run models can be specified in South Korea and in Malaysia. This justifies the
monetary approach using the structural currency crisis model. Chapter VI estimates
shadow exchange rates and probabilities of an exchange rate regime change for South
Korea and Malaysia. Two countries experienced severe currency devaluation. This
employs forecasts for the analyzed variables in Chapter IV and the estimates of real
money demand function found in Chapter V. Both shadow exchange rates and
probabilities of collapse reflecting the presence of weak fundamentals show that there
were reasons to anticipate the 1997 Asian currency crisis.

In Chapter VII, a more extensive analysis of currency crisis with respect to the
number of countries and the currency crisis episodes is performed using panel data. Here,
the focus is on the role of contagion effects on the spread of currency crisis. The
empirical results show that lending booms impact the currency crisis index much more
among developing countries than industrial countries. In addition, contagion effects,
represented by trade linkage and market sentiment, significantly improve the ability to
predict the eruption of a currency crisis after controlling for other macroeconomic
variables.

Based on the preceding empirical results, it appears that weak fundamentals and
contagion effects can be indicators of upcoming currency crisis implying cumulative
depreciation pressure. Nevertheless, a currency crisis cannot erupt without triggering
events such as bank failure, corporate failure or political uncertainty that induce an

equilibrium, currency crisis, to be an inescapable result among the multiple equilibria.
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CHAPTER1

INTRODUCTION

Episodes of speculative attacks on currencies in the 1990s (such as the 1992-93
crises in the European Monetary System and the 1994 Mexico peso collapse) have
generated considerable debate on whether currency and financial instability should be
attributed to arbitrary shifts in market expectations and confidence instead of weak
economic fundamentals. These viewpoints about the underlying causes of a currency
crisis are summarized by two main views. According to one view, advocated by
‘fundamentalists’, crises reflect a sustained deterioration in macroeconomic fundamentals
and defective economic policies. Although market overreaction can exacerbate currency
crises, fundamentalists stress that the cause of crises are due to structural factors. Another
view, favored by ‘non-fundamentalists’, is that sudden shifts in market expectations and
confidence are the crucial sources of initial financial turmoil, its propagation over time,
and regional contagion. While the macroeconomic performance of some countries with
currency crises was somewhat weak, the extent and depth of the crises should not be
attributed to the sharp deterioration in fundamentals but rather to the panic of domestic
and international investors. Yet, advocates of both the ‘fundamentalist’ and the ‘non-
fundamentalist’ view, agree in principle that a deteriorating macroeconomic outlook is a
necessary condition for an economy to be vulnerable to a crisis. In fact, it is well understood

that multiple instantaneous equilibria, which provide the theoretical preconditions for self-




fulfilling crises to occur as rational events, are only possible in a region in which the current
or anticipated economic performance is sufficiently weak.

Identifying the source of currency crises has important implications for economic
policy: if currency crises are indeed caused by fundamentals, the most effective way to
prevent them is to support fiscal and monetary policies that stabilize exchange rates. If, on
the other hand, self-fulfilling speculation can trigger crises regardless of fundamentals, there
might be a case for specific measures to deter such speculation. One of the measures is a
capital control that might help governments defend their currencies.

Whereas the speculative attacks on currencies in the early 1990s have been
sufficiently analyzed to reach an agreement about the main source, the cause of the Asian
currency crisis in 1997-98 is still under debate.

The main objective of this dissertation is to further study the issue of the causes of
the Asian crisis and improve implementation in predicting actual currency crises. The
analysis presented here examines the crisis using higher frequency data and more refined
models than previous studies. The subsequent chapters are organized as follows:

Chapter II presents an overview of the Asian crisis with an emphasis on the
movement of macroeconomic variables and the structural conditions of financial systems.
The analysis concentrates on South Korea, Indonesia, Malaysia, the Philippines and
Thailand. These countries experienced more severe currency depreciation than other
Asian countries. Causal analysis of the currency crisis does not allow one to draw
conclusions on their causes. That is, the fundamentalist view is not a more appealing

explanation of the crises than the non-fundamentalist view, and vice versa.



In Chapter 111, a survey of literature on currency crises is offered in addition to an
extended model. The theoretical literature consists of two generations of models. First
generation models, as in Krugman (1979), show how speculative attacks occur when the
fundamentals are weak. Second generation models study the following two questions:
“What happens when government policy reacts to changes in private behavior?” or “What
happens when the government faces an explicit trade-off between a fixed exchange rate
policy and other objectives such as economic growth, low unemployment or low
inflation?”

The nonstructural studies such as the classic study by Frankel and Rose (1996)
have attempted to exploit the high variability associated with multi-country information.
Estimation results from their probit regression are largely consistent with the theoretical
literature, however, the results are not robust and do not forecast crises well. Structural
studies, beginning with Blanco and Garber’s (1986), have presented strong evidence
suggesting that domestic macroeconomic indicators play a key role in determining a
currency crisis. Otker and Pazarbasioglu (1996, 1997b) also computed the probability of
an exchange rate regime change from the European financial crises in 1992 and 1993 and
the Mexican financial crisis in 1994. These studies focus on a particular country in a
specific time period illustrating the uniqueness of each country’s currency crisis.

An extension of the speculative attack model, suggested by Krugman (1979) and
formalized by Flood and Garber (1984a), is derived to capture the uniqueness of the
Asian crisis and to improve the performance in predicting actual crises in Chapter III. The

model is a stochastic version of the monetary approach to exchange rate determination, in



which the government and monetary authority of a small open economy are committed to
maintaining the exchange rate by employing some form of a fixed exchange rate system.

Chapter IV provides an analysis of time series property and forecast of all of the
variables introduced in the models of Chapter III. The analysis is used to derive shadow
exchange rates and probabilities of an exchange rate regime change. Most of the previous
studies on the structural analysis of currency crises, Blanco and Garber (1986), Cumby
and Van Wijnbergen (1989) and Otker and Pazarbasioglu(1996, 1997b), do not estimate
the properties of variables in the model but assume an AR(p) model. Unlike those studies,
Goldberg (1994) estimates variables’ time series properties and forecasts values one step
ahead, using ARIMA models and Akaike tests. Whereas ARIMA models are able to
capture autocorrelations that decay at an exponential rate, they cannot be applied to long
memory processes where autocorrelations decay slowly. Therefore, the ARFIMA(p,d,q)-
FIGARCH(P,6,Q) model is used to capture the part of economic and financial time series
that exhibit long memory in both their conditional mean and variances. Once the specific
form of the model is determined and the parameters are estimated, the model is fit over
each of the sample time periods to calculate forecasts. The forecasts are used to derive the
shadow exchange rate and the probability of collapse.

In Chapter V, long and short-run real money demand functions of the structural
currency crisis models introduced in Chapter III are estimated. The structural analyses of
currency crises, Blanco and Garber (1986), Cumby and Van Wijnbergen (1989) and
Goldberg (1994), estimated a real money demand function without consideration of the

non-stationarities of the variables. Therefore, their results suffer from a spurious



regression problem and the conventional r-ratio and F significance tests cannot be
applied. Unlike previous studies, cointegration and error correction techniques are applied
for the modeling of real money demand to remove the spurious regression problem and to
use the t-ratio and F significance tests. First, a theoretical framework and an empirical
model are presented. Next, unit-root tests are presented to detect the non-stationarity of
variables. Lastly, a residual based tests, testing for the number of cointegration relations
and estimating the cointegrating vectors, were performed.

Based upon forecasts of each variable and estimates of the real money demand
function, shadow exchange rates and probabilities of an exchange rate regime change are
derived for South Korea and Malaysia in Chapter VI. The derived shadow exchange rates
and probabilities show that fundamentals were weak prior to the Asian crisis.

Chapter VII introduces an empirical model that performs an extensive analysis on
currency crisis episodes using panel data. The model investigates a currency crisis
focusing on the various variables or other external effects, e.g. contagion effects, whereas
the traditional approach emphasizes the role played by declining international reserves in
triggering the collapse of a fixed exchange rate. Sachs, Tornell and Velasco (1996) and
Tornell (1999) seek to identify macroeconomic variables that can help explain which
countries were vulnerable to “contagion effects”, but only in emerging markets. Glick and
Rose (1998) find that countries with important trade links to the country that initially
experienced a crisis are more likely to experience a crisis themselves. Masson (1998)
suggests that the contagion effect unexplained by the common external effects and trade
links played a major role in the Mexican and Asian crises. I check if the macroeconomic

variables that explain the cross-country variation in the severity of crises in emerging




markets also have explanatory power in non-emerging markets. In addition, the extent of
the contagion effect in all aspects of common external effects, trade linkage and market
sentiment is examined. Finally. a currency crisis is predicted using the contagion effect as
well as the weak fundamentals to make the predictions more precise than the previous
studies’.

Chapter VIII summarizes all the results derived in this dissertation and suggests

policies for the prevention of currency crises.



CHAPTERIII

THE CAUSE OF THE ASIAN CURRENCY CRISIS

There have been two main alternative views about the causes of the Asian
economic, currency and financial crisis that started in 1997.' One of the views focuses on
the role of weak fundamentals such as growing current account deficits, real currency
appreciation, bad loans, overinvestment, and foreign debt accumulation, as being
contributors to the crisis.

In contrast, the other view stresses sudden arbitrary shifts in market expectations
and confidence, i.e. financial panic, as the key cause of the crisis. Radelet and Sachs
(1998b) admit that there were significant underlying fundamental problems in the Asian
economies, but assert that these problems were less severe than financial panic in
triggering a crisis of such magnitude.

This chapter presents an overview of the Asian currency crisis. For the purpose of
finding evidence for either weak fundamentals or financial panics, the movement of
macroeconomic variables and the structural conditions of the financial system are
discussed. The analysis focuses on South Korea, Indonesia, Malaysia, the Philippines and
Thailand. These countries experienced more severe currency depreciation than other

Asian countries.

A list of recent studies are available at http://www.stern.nyu.edu/~nroubini/asia/AsiaHomepage.htm]|




1. The inception and development of the Asian currency crisis
1.1 The period leading to the crisis: 1995-96

In Thailand, the macroeconomic and structural weakness that was growing
throughout the 1990s became more serious in 1995-96. The real GDP growth rate slowed
down to 5.5 percent in 1996 from 8.9 percent in 1994. In addition, the current account
deficit worsened from 5.6 percent of GDP in 1994 to 8.1 percent of GDP in 1996. These
deficits had been financed by short-term capital inflows that led to a sharp accumulation
of short-term debt which increased from 95.98 percent of foreign reserves in 1993-94 to
106.95 percent in 1995-96. By the end of 1996, the macroeconomic indicators of
Thailand already showed very unstable conditions: large current account deficits,
accumulation of short-term foreign debt, and low profitability of real investment projects.

In Indonesia, a sharp increase in the GDP growth rate to 15.9 percent in 1994 and
8.2 percent in 1995 brought along worrisome signs of overheating. Inflation remained
high, while the country’s trade surplus suffered a steep drop. The government’s response
of a slightly deflationary budget and a modest tightening of monetary policy was initially
cautious. The government did not want higher interest rates to fuel further capital inflows
and appreciate the currency. The Bank of Indonesia also widened the rupiah’s trading
band from 2 percent to 3 percent around the daily mid-rate, hoping that the additional
trading risk of holding the rupiah would balance the incentive to invest in domestic assets
provided by the higher interest rates. The band was further widened from 3 percent to 5
percent in June 1996, and again from 5 percent to 8 percent in September 1996.

The current account deficit had widened between 1994 and 1995 in Malaysia, as

well, reaching 8.4 percent of GDP in 1995. Notably, in 1994 and 1995 foreign direct




investment failed to cover the full amount of the deficit. During the effort to restrain
domestic demand, the Malaysian interest rate had become too attractive to be ignored by
foreign fund managers. In 1996, short-term debt sharply increased to 40.9 percent of
foreign reserve compared to that of 30.6 percent in 1995.

A serious worsening of macroeconomic conditions already had occurred in South
Korea between 1995 and 1996. The current account deficit rapidly widened from 1.5
percent of GDP in 1994 to 4.8 percent in 1996, leading to a record-breaking accumulation
of short-term foreign debt. The 1996 growth rate of GDP decreased to 7.1 percent from
the previous year’'s 8.9 percent. Reflecting weak financial conditions of the
conglomerates, the stock market fell sharply in the two-year period 1995-96, down by 36
percent relative to the 1994 peak. The won also weakened during 1996.

Relative to the other countries in the region, economic conditions were more
stable in the Philippines. Under IMF supervision, the Philippines experienced a
sustainable GDP growth rate in the 1990’s although lower than some of the southeastern
Asian countries. The government’s budget was in surplus. However, the current account

deficit was large, and the currency had severely appreciated in real terms.

1.2 The unfolding of the crisis in 1997

By early 1997, macroeconomic conditions had deteriorated in most of the region.
In the government’s effort to defend collapsing financial institutions, strong speculative
attacks on the baht forced Thailand to let the currency float on July 2, a crucial date in the
chronology of the Asian crisis. Before the change of the exchange rate regime, Thailand

used a highly managed exchange rate system which allowed a narrow band for the float




of the exchange rate. Following Thailand, the Philippine central bank allowed the peso to
move in a wider range against the dollar. Subsequently, the peso started to depreciate
sharply.

As with Thailand, Malaysia had over a decade of extremely large current account
deficits. Bank Negara announced ceilings on lending to the property sector and for
purposes of stocks and shares in order to regulate a booming speculative bubble in real
estate and equity lending. This caused foreign investors, led by US fund managers, to
start selling their stocks. Under depreciation pressure, the Malaysian central bank
abandoned its defense of the ringitt on July 14.

The Indonesian rupiah began to come under severe depreciation pressure with
heavily increasing external debt. Failing in its defense, Indonesia abolished its system of
managing the exchange rate through the use of a band and allowed it to float on August
14.

In early 1997, South Korea was shaken by a series of bankruptcies by large
conglomerates that had heavily borrowed in previous years to finance their investment
projects. The bankrupt conglomerates included Hanbo steel, Sammi steel and Kia. The
macroeconomic indicators in early 1997 fully reflected the extent of this crisis; the
current account deficit was increasing, export growth was falling, and industrial
production growth rates were below previous levels. The speculative attack started in
early November and South Korea requested IMF assistance on November 21. Finally the

government announced it would allow the Won to float on December 16.




2. Movement of macroeconomic variables
2.1 Current account imbalances

As shown in Table 1, several Asian countries whose currencies sharply
depreciated in 1997 had experienced somewhat sizable current account deficits in the
1990s. Thailand and Malaysia, both of which experienced deficits for over a decade,
exhibit the largest and most persistent current account imbalances in our sample. The
current account deficits in the two countries were over 6 percent of GDP on average
between 1995 and 1996. The Philippines also experienced long-term imbalances. The
deficit problem worsened in 1996. Starting the decade with a large imbalance, the current
account imbalance of Indonesia increased to 3 percent of GDP between 1995 and 1996
although it shrank in 1992-93. In South Korea, the current account deficit was low in the
early 1990s (1-3 percent of GDP) and virtually negligible in 1993. However, since 1993
the imbalance grew very fast, approaching almost 5 percent of GDP in 1996.

Fast-growing current account deficits likely increase currency depreciation
pressure. The expanding current account deficits in these five countries could be

considered as one of the factors forewarning a coming currency crisis.

2.2 Output growth

Table 2 presents the growth data in our sample of Asian countries in the 1990s.
As shown in Table 2, GDP growth rates were remarkably high in the 1990s. Growth rates
averaging more than 7 percent were the norm. But the growth rate slowed down in 1996,
a year before the crisis. Only the Philippines, where growth rates were low in the early

1990s, geared up its growth rate to 6 percent in 1996 from 5 percent in 1995.
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Accepting the traditional view that a large current account deficit is likely to be
sustainable when growth is high, the Asian countries did not appear to have a
sustainability problem until 1995. But the consumption and investment boom, as well as
large capital inflows driven by overly optimistic beliefs that the economic expansion
would persist, added instability to the value of currencies with a slowdown in the growth
rate. In such conditions, an external shock that leads to a sudden change in expectations

can cause a rapid reversal of capital flows and trigger a currency collapse.

2.3 Inflation

Table 3 presents inflation rates in our sample of Asian countries. In all countries,
inflation rates were relatively low in the 1990s. The only exception was the Philippines
where inflation was close to 20 percent in 1990-91(but falling to 8 percent by 1995). It is
believed that high inflation rates leave fixed or semi-fixed exchange rate regimes
potentially exposed to speculative attacks. The low inflation rates observed signal sound
macroeconomic policy and sustainability of the regime. However the banking and
financial sector problems experienced by several Asian countries over the 1990s raised
considerable doubt about their ability to keep inflation low in the near future. These
doubts were related to the possibility that the cost of the banking sector bail-outs might
induce increased usage of seigniorage, and would require infusions of liquidity to prevent

systemic runs.



2.4 Investment

Evidence on investment rates in Asian countries is shown in Table 4. Unlike the
Latin American countries that experienced currency and financial crises in the recent past.
the Asian countries were characterized by very high rates of investment throughout the
1990s. These rates were well above 30 percent of GDP in most countries, with the
exception of the Philippines that had rates in the 20-25 percent range.

Despite the high investment rate of the Asian countries, the profitability of
investment —the ratio between the investment rate and the rate of output growth- given by
Table 5 suggests the efficiency of investment was falling in the three years, 1994-1996,
prior to the 1997 crisis with the exception of the Philippines. Also the investment boom
was confined to the non-traded sector (commercial and residential construction, as well as
inward-oriental services) adding an unsustainable factor to the sharply growing current

account deficit.

2.5 Savings

Data on saving rates in Asia are reported in Table 6, and to some extent stand for
the mirror of the investment rates in Table 4. Asian countries were characterized by very
high savings rates throughout the 1990s- in many cases above 30 percent of GDP and in
some cases above 40 percent. Looking at the data in Table 7 before the crisis, there is
little evidence of public dissaving so that the current account imbalances do not appear to
be the result of increased public sector deficits. The absence of fiscal imbalances in the
years preceding the crisis, however, should not be regarded as pervasive evidence against

the fiscal roots of the Asian crisis. The pre-crisis years were a period of excessive credit
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growth in the banking system, leading to a large stock of non-performing loans and the
eventual collapse of several financial institutions. The cost of restructuring the financial
sector could have been an implicit fiscal liability for the Asian countries. Such a liability
was not reflected by data on public deficits until the outbreak of the crisis, but affected
the sustainability of the pre-crisis current account imbalances since it generated

expectations of radical policy changes or currency devaluations.

2.6 Real exchange rate appreciation

A significant real exchange rate appreciation may be associated with a loss of
competitiveness and a structural worsening of the trade balance, thus weakening the
sustainability of the current account. Data on the real exchange rate of the Asian countries
in Table 87 shows that the real exchange rate had appreciated by 15.7 percent in Malaysia,
26.1 percent in the Philippines, 8.0 percent in Indonesia, and 0.5 percent in Thailand by
the end of 1996, taking 1990 as the base year. In South Korea, the currency depreciated in
real terms by 9.2 percent. This suggests that, with the significant exception of South
Korea, all the currencies that crashed in 1997 had experienced real appreciation. It should
be stressed that in a number of countries, a large part of the real appreciation occurred
after 1995, in parallel with the strengthening of the US dollar. The sharp increase of the
US dollar relative to the Japanese yen and the European currencies since the second half
of 1995 led to deteriorating competitiveness in most Asian countries whose currencies

were effectively pegged to the dollar.



3. Structural conditions in the financial system
3.1 Weak banking system

In the 1990s the countries of East Asia performed a financial deregulation and
capital liberalization. The financial liberalization involved loosening restrictions on both
interest rate ceilings and the type of lending allowed. Bank lending increased sharply
prior to the crisis, with much of it financed by inflows of international capital.

Of course, the problem was not that lending expanded, but rather that it expanded
so rapidly that excessive risk-taking occurred. In fact, the increasing proportion of non-
performing loans indicates that many of the loans made by banks were invested in risky
and low profitable projects or used for real estate, non-traded area. Therefore, they

weakened the banking system.

3.1.1 Lending boom
As shown in Table 9, domestic bank lending to the private sector shows a steep
upward trend in the five countries prior to the crisis. The most extreme case was the
Philippines, where banking claims on the private sector, as a percent of GDP, increased
by more than 60 percent between 1994 and 1996. It was also large in Malaysia (25
percent) and Thailand (12 percent). Though more modest in Indonesia and South Korea,
the magnitude of credit growth between 1994 and 1996 was much higher than in the early

1990s.

2 The source of these data is the JP Morgan RER series that go back to 1970: the base year for the trade weight is
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3.1.2 Accumulation of bad loans

One of the main problems faced by the Asian countries was that many of the loans
made by banks were invested in risky and unprofitable projects or used for real estate,
property and the purchase of equity funds. A possible indicator of investment in risky
and low profitable projects is the proportion of non-performing loans (NPLs) in total
loans (Table 10). Since the 1997 crisis may have crippled otherwise healthy loans, it is
appropriate to refer to data at the onset of the crisis. In 1996, the NPLs were estimated at
8-14 percent for the five afflicted countries. For the purpose of comparison, the estimated

NPLs were 3-4 percent in Hong Kong, Singapore and Taiwan.

3.1.3 Loans financed by foreign liabilities

Large increases in the foreign liabilities of banks point out that much of the bank
lending was mostly financed by borrowing from abroad (Table 11). In the Philippines,
foreign liabilities soared from 5.5 percent of GDP at the end of 1993 to 17.4 percent of
GDP three years later. In South Korea, the corresponding liabilities of the banking system
more than doubled from 4.5 percent of GDP in December 1993 to 9.4 percent of GDP in
December 1996. In Thailand, foreign liabilities jumped more sharply from 5.9 percent of
GDP in 1992 to 26.6 percent in 1996. In Indonesia, though the liabilities remained at a
more modest level, much of the offshore borrowing was undertaken directly by private
firms. The only exception was Malaysia where foreign liabilities fell off sharply in 1994

and slightly increased to 11.4 percent in December 1996.

1990.



3.2 Imbalances in foreign debt accumulation and management
3.2.1 Rising share of short-term debt

If a large fraction of a country’s external liabilities are short-term, a crisis may
take the form of a pure liquidity shortfall - the inability by a country to roll over its short-
term liabilities. The experiences of Mexico with its short-term public debt in 1994-95 and
of several Asian countries with private external liabilities in 1997 provide examples of
liquidity problems. The figures corresponding to the ratio of short-term debt to foreign
reserves are presented in Table 12. All the countries except the Philippines have
somewhat increasing ratio after 1993. In South Korea, the ratio sharply grew from 54.1

percent to 171.5 percent in 1995.

3.2.2 Foreign Exchange Reserves

Large foreign exchange reserves facilitate the financing of a current account
deficit and enhance the credibility of a fixed exchange rate policy. Foreign exchange
reserves and a small external debt burden reduce the risk of external crises, and enable a
country to finance a current account deficit at lower costs. The real rate paid on the debt
indicates the market’s evaluation of the country’s ability to sustain a current account
deficit.

To measure the sufficiency of foreign exchange reserves, the ratio of money
assets to foreign reserves is considered since in the event of an exchange rate crisis, all

liquid money assets can potentially be converted into foreign exchange. Calvo(1998)
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suggests using the ratio of a broad measure of liquid monetary assets to foreign reserves,
for instance, the ratio of M2 to foreign reserves.

Table 13 reports the ratio of M2 to foreign reserves. In most Asian countries the
ratio was unusually high in 1996-97. In Indonesia, the ratio constantly rose throughout
the 1990s and reached a peak as high as 7.1 in 1995. In South Korea, M2/FX was equal to
6.5 before1997, and rose to 10.5 by the end of 1997. In Malaysia, the ratio increased from
2.9 in 1990 to 3.7 at the end of 1996. In the Philippines, the ratio declined marginally
from 4.8 in 1991 to 4.5 in 1996. In Thailand, the ratio went from 4.5 in 1990 to 3.9 in
1996.

Table 14 indicates that the ratios of most G7 countries are very high compared to
those Asian countries. In addition, the ratios of all G7 countries except Japan also rose
throughout the 1990s even though their currencies were not attacked by speculative
agents in 1997. Therefore, the M2/FX needs further empirical study to verify whether it

is an appropriate indicator of currency crisis.

4. A Debate between “weak fundamentals and financial panic” analysts
4.1 Evidence presented by financial panic analysts

Financial panic supporters accept that warning signs such as current account
deficits, bad loans and overinvestment were reasons for financial weakness in the five
countries. But they maintain that those signs were not enough to warrant the magnitude of
the Asian crisis.

It is generally believed that some aspects of the real economy in at least some

crisis economies were solid. Government budgets, which were at the center of economic
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crises in Latin America in the 1980s, indicated regular surpluses in each Asian country
during the 1990s, as shown in Table 7. GDP growth rates were very high in the 1990s as
well.

Although some analysts expected the possibility of a crisis®, such warnings were
unusual. Inflow of capital remained strong through 1996 and, in most cases, until mid
1997. The only exception is found in the stock markets in Thailand and South Korea,
where foreign investors became uneasy in 1996, as shown in Table 15. In Malaysia,
though stock markets began a rather steep decline in March 1997, bank lending continued
to be very strong at least until mid-year. In Indonesia, both the stock market and bank
lending remained strong until mid-1997.

Credit rating agencies, such as Standard & Poor’s and Moody, provide an ongoing
assessment of credit risk in emerging markets. If the market had expected a financial
crisis and public sector bailouts, the ratings of sovereign bonds should have fallen in the
pre-crisis period. However, the rating agencies did not signal any risk until after the onset
of the Asian crisis. Long-term debt ratings remained unchanged throughout 1996 and the
first half of 1997 for each of the Asian countries except the Philippines, where the debt
rating was actually upgraded in early 1997. In each country, the outlook was described as
“positive” or “stable” through June 1997. Only until weeks after the crisis started, did
agencies downgrade the region’s debt.

Another measure of expectations for the region may be found in IMF reports. The

IMF gave very little indication that there was any macroeconomic risk to the Asian

¥ See. for example, Park (1996)
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region. For example, World Economic Outlook (IMF, December 1997) predicted 6
percent growth for South Korea in 1998, 7 percent for developing Asia (or 5 percent for

developing Asia excluding China and India).

4.2 Evidence presented by weak fundamental analysts

Advocates of the weak fundamentals hypothesis challenge the financial panic
view. First, they assert that credit ratings have had no informational value in forecasting
currency crises for the last 20 years. As credit ratings failed to predict the crises of the
early 1980s, in which fundamentals were obviously at work, one cannot suppose that
their failure to predict the Asian crisis is evidence that the crisis was due to financial
panic.

Second, IMF reports are not generally informative in predicting a crisis. Given the
ability of IMF reports to sharply affect markets, such reports are always written in terms
that express concern in very cautious terms.

Another piece of evidence is that countries with more sound fundamentals were
spared the most serious collapses. In fact, Taiwan, Singapore, Hong Kong, and China

were less affected by the regional turmoil.

5. Summary

Two main causes of the Asian currency crisis, financial panic and weak
fundamentals, have emerged in recent debate.

Financial panic supporters admit that there were crucial underlying problems in

the Asian economies, but assert that these problems were not severe enough to warrant a
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financial crisis of such large magnitude. In contrast, weak fundamental analysts stress the
significant role of weak fundamentals in causing the crisis. Given the weakness of the
macroeconomic stances in the afflicted countries, the crisis was an inescapable outcome
rather than just a financial panic.

While the evidence given in this chapter reflects that deterioration in
macroeconomic fundamentals and poor economic policies could be a root of the crisis, it
does not strongly convince us that fundamentals had deteriorated severely enough to
make the crisis inevitable.

In summation, the empirical evidence on the causes of the Asian crisis is not

conclusive, demanding more formal studies on the issue.
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Table 16. The change of macroeconomic conditions in the Asian countries before the
currency crisis

Country 1995-96 1997

Thailand - Real GDP growth rate slowed - The government increased its
down to 5.5 % in 1996 from 8.9% in | effort to defend collapsing financial
1994. institutions in early 1997.
- Current account deficit worsened - Strong speculative attack on the
from 5.6% of GDP in 1994 to 8.1% | bath forced Thailand to let the
of GDP in 1996. currency float on July 2.
- Short-term debt (% of foreign
reserves) increased from 95.98% in
1993-94 to 106.95% in 1995-96.

Indonesia - Real GDP growth rate decreased - The Indonesian rupiah began to
from 15.9% to 8.0% in 1996. come under severe depreciation

pressure with heavily increasing
- Inflation rate remained high at short-term debt in early 1997.
8.0% in 1996.
- Indonesia allows the managed

- Surplus of government budget exchange rate to float on August 14.
balance (% of GDP) decreased from
2.4% in 1995 to 1.3% in 1996.
- The rupiah’s trading band was
widened from 5% to 8% in
September 1996

Malaysia - Current account deficit widened in | - Under the severe depreciation

1994-95, reaching 8.4% of GDP in
1995.

- Short-term debt (% of foreign
reserves) increased to 40.9%
compared to that of 30.6 % in 1995.

pressure caused by lending boom
and current account deficit, the
Malaysian central bank abandoned
the defense of the ringitt on July 14.
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Country

1995-96

1997

South - Current account deficit widened - Current account deficit was
Korea from 1.5% of GDP in 1994 to 4.8% | increasing, export growth was
in 1996. falling, and industrial production
growth rates were below previous
- Short-term debt (% of foreign levels in early 1997.
reserves) increased from 54.1% in
1994 to 203.2% in 1996. - The government announced it
allowed Korean Won to float on
- Growth rate of real GDP decreased | December 16.
from 8.9% in 1995 to 7.1% in 1996
- The stock market fall sharply in
1995-96, down by 36% relative to
the 1994 peak
Philippines | - Current account deficit continued | - Following Thailand, the

to be high, 4.8% in 1996.

- Real exchange rate severely
appreciated by 26.2 % relative to
that in 1990.

Philippine central bank allowed the
peso to move in a wider range
against the dollar.
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CHAPTER 111

SURVEY OF LITERATURE AND EXTENDED MODEL

Currency crises in Europe, Mexico and Asia in the 1990°s have drawn global
attention to speculative attacks on government-controlled exchange rates. Research has
proceeded on both theoretical and empirical fronts to find the roots and results of the

crises. This chapter will review the research and extend the currency crisis model for

further research.

1. Theoretical literature
1.1 First generation models

Initial models, now called first generation research, were developed in response to
currency crises in developing countries such as Mexico (1973-82) and Argentina (1978-
81).

The first model came from Krugman(1979). Krugman showed that, under a fixed
exchange rate regime, domestic credit creation caused by the fiscal deficit of government
in excess of money demand growth leads to a gradual loss of reserves. Therefore, this
loss leads to a speculative attack against the currency that forces the abandonment of the
fixed exchange rate and the adoption of a flexible rate regime- a phenomenon known as
the “peso problem”. Because of the nonlinearities involved in his model, however,
Krugman was unable to explicitly derive a solution for the time of collapse in a fixed

exchange rate regime. Later work done by Flood and Garber (1984a) provided an
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example of how such a solution can be derived in a linear model, with or without
arbitrary speculative behavior.

The basic framework in the following subsection used a simple continuous time,
perfect foresight model. This framework explains the Krugman-Flood-Garber insight
clearly. The model in the framework is a log-linear formulation that allows us to solve
explicitly for the time of occurrence of the crisis, by assuming initially that the exchange

rate is allowed to float permanently in the postcollapse regime.

1.1.1 Basic framework

In this subsection, Flood and Garber's model (1984a) is introduced as the basic
framework to analyze the first generation approach to a balance of payments crisis.

Consider a small open economy where residents consume a single, tradable good
whose domestic supply is exogenously fixed at y . The good is perishable and its foreign
currency price is fixed (at unity). Purchasing power parity holds, so that the domestic
price level is equal to the nominal exchange rate. Three assets are available: domestic
money (held by domestic residents only), domestic bonds and foreign bonds. Domestic
and foreign bonds are perfect substitutes. There are no private banks, so that the money
supply is equal to the sum of domestic credit issued by the central bank and the domestic
currency value of foreign reserves held by the central bank, which earn no interest.
Domestic credit is assumed to expand at a constant growth rate. Finally, agents have
perfect foresight.

Formally, the model is defined as follows.



m, = p, =ag—oyi, a;>0 (1)

m,=yd, +(1-ypr,, 0<y<l (2)

d=u u>0, (3)
P =P -5, )
i = i+ Ei$ih - &)

All variables, except interest rates, are measured in logarithms. m,, p, and i, are

the domestic money stock, price level and interest rate, respectively. d, and r, denote
domestic credit and the domestic government book value of foreign money holdings,
respectively. s, is the spot exchange rate, i.e. the domestic money price of foreign
money. An asterisk (*) indicates “foreign variables”, assumed to be constant. A dot over
a variable denotes a time derivative.

Equation (1) defines real money demand as a negative function of the domestic
interest rate. Equation (2) is a log-linear approximation of the identity linking the money
stock to reserves and domestic credit. Equation (3) assumes that domestic credit grows at
the rate u. Purchasing power parity and uncovered interest rate parity are defined in
equations (4) and (5), respectively.

Under perfect foresight, E,s,,, = $,,,. Setting @, =i =0 and substituting (2),
(4), and (5) into (1) yields the following money market equilibrium condition:

mo=yd, +(1=pr, =5, —;8,,; - (6)
Equation (6) states that the demand for money can be satisfied either from reserves or

domestic credit.
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If the exchange rate is fixed at 5, then §, =0. When domestic credit grows,
reserves, at any time ¢, adjust to maintain money market equilibrium, according to the
following rule:

r=[s-m}/(1-y). )
The rate of change in reserves is obtained from (3) and (7):

P =—w0, 6=(1-y)/ . (8)
Equation (8) shows that if domestic credit grows while money demand remains
unchanged, reserves are run down at a rate proportional to the rate of credit expansion.
Clearly the country will run out of reserves eventually and a fixed exchange rate regime
cannot survive forever.

To find the time of the attack, Flood and Garber introduce the idea of the shadow
exchange rate, which is defined as the floating exchange rate that would prevail if
speculators purchased the remaining government reserves committed to the fixed rate.
After reserves reach the lower bound, the government refrains from foreign exchange
market intervention and allows the exchange rate to float freely and permanently
thereafter. The shadow exchange rate 5, therefore, is the exchange rate that balances the
money market following an attack in which foreign exchange reserves are exhausted.

Substituting the trial solution §, = 1, + 4;m, into equation (6), they find that
Ay =a;yu and 4; =1. Thus,

S, =ogyu+m,. )
Equation (9) implies that the shadow exchange rate depreciates steadily and

proportionally to the rate of growth of domestic credit. For simplicity, they assume that
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r=0 when the fixed exchange rate regime 1is abandoned. Noting that
d, =dy+ut=m,/y,they obtain
S =ydo+ay+yut. (10)

Figure 1 plots 5 in equation (9) and the pre-attack fixed exchange rate, 5. Let dE
denote the domestic credit level at point A where ¥ is equal to s, i.e. the two lines
intersect when d = dr.

Suppose that d is smaller than dE. If speculators attack at level 4, then the currency
will appreciate and the speculators will experience a capital loss on the reserves they
purchase from the government. Thus, there will be no attack when d < dE. Suppose
instead that d > d¥, so s >5. Now there is a capital gain to speculators for every unit of
reserves purchased from the government. Speculators can forecast when that capital gain
will be acquired and compete against each other for the profit. The way they compete in
this framework is to get a jump on each other and attack earlier. Such competition
continues until the attack is driven back in time to the point where d = dE. As a
consequence, arbitrage in the foreign exchange market fixes the exchange rate
immediately after the attack to equal the fixed rate prevailing at the time of the attack.
Exchange rate jumps are ruled out by speculative competition.

The condition that §=5 is used to find both the timing of the attack and the
extent of government reserve holdings at the time of the attack. Substituting 5 for §
into equation (10) and § = 0 produces the timing of the attack T:

_ S—ydy Or,

T ap =——=—aq. (11)
Y u
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Equation (11) shows that the higher the initial stock of reserves, Ry, or the lower the rate
of credit expansion, the longer it takes before the fixed exchange rate regime collapses.
The (semi-) interest rate elasticity of money demand determines the size of the downward
shift in money demand and reserves when the fixed exchange rate regime collapses and
the nominal interest rate jumps to reflect an expected depreciation of the domestic
currency. The larger a is, the earlier the crisis. Finally, the larger the initial proportion of
domestic credit in the money stock (the higher ), the sooner the collapse. This result is
due to the fact that Flood and Garber’s model is based on the monetary approach.
According to the approach, a rise in domestic money supply, with demand for money
remaining unchanged would ultimately be offset by an equal and opposite change in the
international reserves through the balance of payments. When reserves run out, the fixed

exchange rate is abandoned.

1.1.2 Extensions to the basic framework
The basic theory of balance of payment crises presented above has been extended
in various directions. I emphasize two models that are strongly related to the empirical
work in the following chapters: One introduces uncertainty into the above context and the
other examines the real effects of a currency crisis in a model with endogenous output,

sticky forward-looking wage contracts, and external trade.

* For details of other major extensions, refer to the survey of first generation models by Agenor, Bhandari
and Flood (1992).
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Uncertainty and the probability of attack

In the basic model developed above, it has been assumed that there is some
binding threshold level, known by all agents, below which foreign reserves are not
allowed to be depleted. The attainment of this critical level implies a regime shift from a
fixed exchange rate regime to a floating rate regime. In practice, however, agents are only
imperfectly informed of central bank policies. They may not exactly know the threshold
level of reserves that triggers the regime shift. If uncertainty about current and future
government policy is prevalent, the assumption of perfect foresight may be improper.

An implication of the perfect foresight model developed above, which is
contradicted empirically, concerns the behavior of the domestic nominal interest rate. In
the model the nominal interest rate stays constant until the moment the attack occurs-at
which point it jumps to a new level consistent with the postcollapse regime. Uncertainty
over the depreciation rate, as modeled below, may help to account for a rising interest rate
in the transition period. Indeed, while specific results are sensitive to arbitrary
specifications regarding distributional assumptions of random terms, only stochastic
models are consistent with the large interest rate fluctuations observed in actual cases.

Uncertainty about domestic credit growth was first introduced by Flood and
Garber (1984a) in a discrete time stochastic model. In their framework, domestic credit is
assumed to depend on a random component. In the basic model, equations (3) and (5) are

modified as follows:

d, =d,_ | +u+eg, €©))
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. .‘ Y
i, =i, +Es4-5,. (5
Variables common to equations (1)-(5) are defined as before, except that 7 is now

an integer. In equation (3)'. ¢, represents a random disturbance in domestic credit

growth. Equation (5)' introduces notation E,(-), the mathematical expectation operator
conditional on the information set available at time .
Let 5 and s, denote the fixed exchange rate and the shadow exchange rate as

before. In each period, the probability of collapse in the next period is found by
evaluating the probability that domestic credit in the next period will be sufficiently large
to result in a discrete depreciation, should a speculative attack occur. In the Flood-Garber
framework a fixed rate regime will collapse whenever it is profitable to attack it. The
condition for profitable attack is, as in the model developed above, that the postcollapse
exchange rate, s,, be larger than the prevailing fixed rate, 5. Profits of speculators are
equal to the exchange rate differential multiplied by the reserve stock used to defend the
fixed rate regime. Since these are risk-free profits earned at an infinite rate (speculators
could always sell foreign exchange back to the central bank at the fixed rate if the attack
is unsuccessful), the system will be attacked if and only if s,,, >5. Therefore, the
probability at time 7 of an attack at time ¢+/, , 7+, is given by
(T = Prob(s,,, >5).  (12)

The unconditional expected future exchange rate is a probability-weighted average of
sand 5,,;.

Eisp = [1“1”t+]]§+t”t+1El(§t+l‘§:+l >5). (13)
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Rearranging (13) yields:
E/si - §=I7II+|[E(GI+|1:§1+1 >5)-5]. (14)
This equation provides the economic intuition of rising interest rates prior to a

crisis.” According to the uncovered interest rate parity condition, the left side in equation

(14) equals the interest rate differential between the domestic and foreign interest rate.
Since the foreign interest rate is assumed to be constant, increases in [E,s,,; —5] would
correspond to higher domestic interest rates.

The expected rate of exchange rate depreciation, [E,s,., —5/, increases prior to
the collapse because both , 7, and [E,(5,,,|5,,; >5)—5] rise with the approach of the

crisis. The probability of an attack next period , 7,,, rises because the increasing value
of the state variable (domestic credit) makes it increasingly likely that an attack will take
place at ++/. The quantity [E,(E,H]?', +1 > 5)—5] gives the gain that agents may expect
given that there will be a speculative attack at 1+/. In turn, that gain depends on the value
agents expect for the state variable next period, given that an attack will occur at 1+/. As
the value of the state variable rises from period to period, its conditional expectation also
rises.

The introduction of uncertainty has important implications. First, the transition to
a floating regime is stochastic, rather than certain. The collapse time becomes a random
variable and cannot be determined explicitly, since the timing of a possible future

speculative attack is unknown. Second, there is always a nonzero probability of a

* For an explicit solution, refer to Flood and Garber (1984a).
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speculative attack in the next period, which, in turn, produces a forward premium in
foreign exchange markets. Third, the degree of uncertainty about the central bank’s credit
policy plays an important role in the speed at which reserves of the central bank are
depleted. In the stochastic setting, reserve losses exceed increases in domestic credit
because of a rising probability of regime shift, so that reserve depletion accelerates on the

way to a regime change- a pattern that has often been observed in actual crises.

Real effects of crises

The early literature on currency crises emphasized the financial aspects of crises
and overlooked real events that were occurring at the same time. Evidence suggests.
however, that currency crises have been often preceded by large current account deficits
or economic depression.

The real effects of a potential exchange rate crisis have been investigated by Flood
and Hodrick (1986) in economies with sticky prices and contractually predetermined
wages, and by Willman (1988) in the context of a model with endogenous output and
foreign trade. Willman shows that crises are preceded by weak fundamentals such as
economic recession and a current account deficit. A crucial feature of Willman’s model is
the existence of forward-looking wage contracts. Under perfect foresight, an anticipated
future collapse will affect wages, which, in turn, will influence prices, the real exchange
rate, and therefore, output and the trade balance. At the moment the collapse occurs, the
real interest rate falls because of the jump in the rate of depreciation of the exchange rate.
Output therefore increases, while the trade balance deteriorates. But since wage contracts

are forward looking, anticipated future increases in prices are discounted back to the
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present and affect current wages. As a result, prices start adjusting before the collapse
occurs. The steady rise in domestic prices is associated with appreciation in the real
exchange rate and a negative impact on real output.

The continuous loss of competitiveness caused by the real appreciation, unless it
is outweighed by effects from a fall in output, implies that the trade balance deteriorates

in the period before the collapse of the fixed exchange rate regime.

1.2 Second generation models

Newer models, second generation research, are designed to capture features of the
speculative attacks in Europe and in Mexico in the 1990s. Second generation models
focus on potentially important nonlinearities in government behavior. They study what
happens when government policy reacts to changes in private behavior or when the
government faces an explicit trade-off between the fixed exchange rate policy and other
objectives such as economic growth, low unemployment, or low inflation rate. Two

examples of second generation research are introduced in this section.

1.2.1 Attack-conditional policy changes

Assume a conditional shift occurs in the growth rate of domestic credit from u,
to u,. If there is no attack on the fixed exchange rate, domestic credit grows at the rate
Hy; if there is an attack, domestic credit grows at the faster rate y, .

Figure 2 has the same shadow line as Figure 1, but it has an additional line

representing the rate of credit expansion ;. The shadow rate line for y= y intersects the
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5 line at point E and the shadow rate line for g= 4, at point A. dt and &4 indicate the
domestic credit level at points E and A. respectively.
Suppose now that domestic credit lies in the range to the left of d£. If there is no

attack, the shadow rate is on the Fﬂ() line. If speculators attack, the shadow rate moves to

the Fﬂ] line, which is still below the fixed exchange rate. Since any attack leads to

capital losses, there is no incentive for the speculators to attack the fixed exchange rate if
domestic credit is less than dE.

If domestic credit is in the range between £ and d4, then multiple equilibria could
be possible assuming speculators are small and uncoordinated as a group or face costs in
confronting the government. The economy could reside on the lower shadow rate line
indefinitely if agents believe it is impossible that the market will be attacked. On the
other hand, the economy could jump to the higher shadow rate line if agents are confident
there will be a run. Convinced of a run, no individual agent will find it profitable to hold
domestic currency since this would result in a sure capital loss when the run occurs.
Consequently, all agents will participate in an attack, leading to a collapse of the fixed
rate and a more expansionary credit policy.

Suppose there is a large trader who can take a massive position against the fixed
exchange rate, as George Soros supposedly did against the sterling in 1992. Then, there is
a unique equilibrium. The economy faces only the attack equilibrium since a well-
financed speculator always moves to exploit available profit opportunities. But suppose
there is no large trader in the foreign exchange market, only many small credit-

constrained traders. Without anything to coordinate their expectations and actions, they
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cannot mount an attack of sufficient size to move the economy from the no-attack
equilibrium to the attack equilibrium. Then as suggested in Obstfeld (1986), there are
multiple equilibria. The economy can maintain the fixed exchange rate indefinitely unless
something coordinates expectations and actions to cause an attack.

Morris and Shin (1995) show how some types of uncertainty can eliminate
multiple equilibria and make the attack outcome the unique equilibrium. They describe a
speculative game in which each economic agent obtains information about the state of the
economy, but with a small amount of error. Specifically, if the true state of the economy
is d , the agent observes a message that lies in the interval [d — &, d + €], where ¢is a
small positive number. Messages are independent across agents. With noisy differential
information, it is never common knowledge that the fixed exchange rate is sustainable.
Accordingly, each investor should consider the full range of possible beliefs held by
others and should think of what to do if the rate is unsustainable. If there is a good chance
other speculators believe the fixed exchange rate is unsustainable, and if it is not too
costly to take a position against the currency, then it makes sense for the individual
investor to speculate, even knowing the peg is otherwise viable. Holding onto the
currency may yield a bigger gain if everyone else holds on as well, but it is a riskier
course of action because it relies on everyone else behaving similarly. Consequently, the

only equilibrium in the region bounded between d# and 48 is the attack equilibrium.
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1.2.2 Escape clause

The second example comes from Obstfeld (1997). The model’s basic framework
is drawn from Kydland and Prescott (1977) and Barro and Gordon (1983). Here, a
policymaker desires to raise employment above its natural rate through surprise currency
depreciation. The model assumes an open economy and identifies the (log) nominal
exchange rate, e, (the price of foreign money in terms of domestic money) with the
domestic price level. In this model, devaluations are triggered by the government’s
desire to offset negative output shocks, but a sudden shift in market expectations on the
change in the exchange rate can trigger a devaluation that would not have occurred under
different private expectations.

The government minimizes the loss function
L, =(n, -n )2 +0(e, —e,_;), (15)
where n, is employment, n* is the government’s employment target, ¢, —¢,_; is home
inflation, and 6>0. Employment is determined by

n,=n +Jaf(e,—E{e|l,_})-u, —k]. (16)

where /,_, is the information set, u, is an i.i.d mean zero employment shock, and k>0 is

a fixed distortion in the economy that causes employment systematically to fall short of

n*, the target employment level. While labor markets pre-set wages in ignorance of the
realized value of u, the policymaker is assumed to set the exchange rate after having

observed the shock. In general, the policymaker will want to use the exchange rate to
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offset some of the effect of u, on employment by unexpectedly depreciating the
currency.
There are at least two distinct policymaking processes that might govern

management of the exchange rate. Under discretion authorities choose ¢, to minimize L,

given E{e,|1,_,}and u,. The exchange rate change a policymaker chooses under
discretion is

a
a+6

—_ — JJF/
e, —e,_ =A{E{e,

I }—e )+ Ak+u,) A=
In addition, rational expectations in the labor market imply an expected loss of
D Ak 2
EL :yE(I—f+k+u) s }’E(]—}.)a .
-4

Under the other rule, a fixed exchange rate: ¢, = ¢,.;, expected loss is
ELF = aE(k +u)2 .

Assume the policymaker faces a personal cost ¢ of revaluing the currency and a
cost ¢ of devaluing. Under discretion the policymaker takes the market’s expected
devaluation or revaluation rate, §(u,#)°, as given. Then if the choice is to realign, the ex
post social loss is

L2(6 (wit).u} = y{o(uit) + k +u)?,

and if the fixed exchange rate is maintained, the loss is

LF S uwim)u} = afd(uim) + k +u)?.

6 . . — — .
The expected exchange devaluation or revaluation rate when u,> U or u,<u# where ¥ and u are optimal
policy switch points.
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Without substantive loss of generality, assume that revaluation is ruled out from
the start: only a large positive realization of » induces discretion, in which case
devaluation occurs. The case of a single equilibrium boundary, &, accurately depicts
devaluation-prone countries while simplifying the algebra. In addition, to make matters

simple the specific distribution assumed for u is the tent-shaped density function

- 2 _
g(u)={ (u=lu|)u*  forue[-p uj .
0 Jorue [ —p puj

Since the policymaker’s sole concern is the social-cost differential, LF —LP  her
optimal decision rule is to devalue the currency for u > & , where u is the solution to
LFsan.a)- P, u) = a-pio@) +k+u)* =¢.
More simply, interior equilibria correspond to values of # that solve
ou)+k+u=du)=,Jc/(a-y) =K.
Alternative equilibria are most easily found by changing the shape of the function
&(u) that emerges as the parameters & and A - which respectively measure the severity of
the time—inconsistency problem and the willingness to accommodate - are varied.
Consider an economy with a relatively large time-inconsistency problem £=0.015
and a non-extreme A=0.75. The graph in Figure 3 shows the expected policy loss implied
by different possible switch points u € [-0.03, 0.03](right-hand vertical axis). The bold

graph shows the ®(&) function that arises in this case (left-hand vertical axis). The best
equilibrium is at 7~ = 0.0145 (Figure 3), with loss L(7 ')=0.867, expected depreciation

5" =0.39%, and a 0.133 chance of devaluation. This equilibrium dominates a fixed rate
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because L(0.03) = 1. Imposing the fixed devaluation cost K= o) might not suffice to

produce this relatively attractive equilibrium. There are two additional interior equilibria,
associated with the boundaries # =-0.0123 and # = —0.0256, and with the expected
depreciation rates o '=3.0% and & =4.4%, respectively. The implied losses,

L(E')=2.402 and L(L_l") =3.291, are much higher than that under a pure fixed-rate
regime.

If there is a substantial risk of ending up at a bad equilibrium, then it might be
best to go for an irrevocably fixed exchange rate. This could be achieved by confronting
the policymaker with a prohibitively high devaluation cost on entering a common
currency area. Uncertainty about the ®(u) function would reinforce this conclusion,
since a very small mistake in setting ¢ could open the door to a catastrophe in the form
of an additional, undesirable equilibrium. Unfortunately, imposing the appropriate cost on
the policymaker is necessary, but not sufficient, for reaching a socially preferred
equilibrium. Market expectations can be self-fulfilling, leading in plausible cases to any

number of equilibria, most of which are dominated by the original simple rule.

1.2.3 Other objectives and early evidence

The two examples given above provide the essence of the second generation
research, but cover only a part of the many mechanisms that have been discussed. Any
economic objective that is reasonably part of the government’s social welfare function
and whose attainment involves a trade-off with a fixed exchange rate is a potential

fundamentals for predicting crises. Alternative mechanisms introduced in this section
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mainly depend on the higher nominal interest rates associated with market expectation of
depreciation.

This mechanism was especially evident in Italy’s 1992 dilemma. Highly indebted
governments with mostly short-term or floating-rate nominal debts will see their fiscal
burden increase sharply if market expectations of depreciation drive up domestic interest
rates. A government chooses depreciation of the domestic currency and/or an increase in
the tax rate to repay its sharply increased debt. The government that wants to minimize
the social loss function under this fiscal constraint will find that a certain degree of
currency depreciation is optimal (Obstfeld, 1994). Therefore, public debt could be one of

the objectives whose achievement includes a trade-off with the fixed exchange rate.

Banks

Many financial intermediaries come under pressures when market interest rates
rise unexpectedly. Non-performing loans rise quickly, and depositors withdraw their
funds out of concern over the safety of the banking system. The government’s desire to

sidestep a costly bailout at public expense results in a currency devaluation. (Tornell,

1999)

Real interest rates

The analysis in section 1.2.2 allowed for an effect of reduced competitiveness on

output and employment’, but not for real interest rate effects. With sticky domestic prices

7 An i.i.d. mean-zero shock, u, in equation (16) can be interpreted as changes in competitiveness.
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and hikes in the nominal interest rate, the real interest rate rises and adversely affects
employment. A slowdown of the economy may generate self-fulfilling devaluation

pressures.

Pure speculation

Crises may simply occur as a consequence of pure speculation against the
currency. For example, models of herding behavior emphasize that information costs
may lead foreign investors to make decisions based on limited information and be more
sensitive to rumors (Calvo and Mendoza, 1997). Contagion effects suggest that a crisis in
one country may raise the odds of a crisis elsewhere by signaling that devaluation is more
likely as a result of the initial crisis. This signal may lead to a self-fulfilling speculative

attack (Masson, 1998).

2. Empirical literature
2.1 Nonstructural empirical analyses

Nonstructural approaches for analyzing crisis episodes in a set of countries before
the 1990s confirm the role of traditional fundamentals in predicting crises. For example,
Klein and Marion (1997) used panel data for 80 devaluation episodes in Latin American
countries during 1957-91 and found the monthly probability of abandoning a pegged
exchange rate increased with real overvaluation and declined with the level of foreign
assets. Structural factors, such as the openness of the economy and its geographical trade
concentration, political variables, such as changes in the executive, and time already

spent on the peg also influenced the monthly probability of ending a fixed exchange rate.
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The speculative attacks of the 1990s, particularly those in Europe, challenged the
view that currency crises were due mainly to the government’s inconsistent policy to
achieve fiscal and monetary discipline. Numerous researchers, motivated by the crises in
the 1990s and the theoretical achievements by the second generation models, have turned
to empirical studies that use an extensive variety of informative variables to distinguish
between periods leading up to currency crises and tranquil periods.

These studies differ from one another in the definition of a crisis, estimation
methodology, explanatory variables included, and data coverage. Three examples are

provided below.

2.1.1 Examples

Example 1

Frankel and Rose (1996) apply a probit model to analyze the determinants of
currency crises using a panel of annual data for 105 developing countries, from 1971
through 1992. Their work is non-structural, and takes the form of univariate graphical
analysis and multivariate statistical analysis. They define a currency crisis as a nominal
depreciation of at least 25 percent in the bilateral exchange rate against the US dollar with
respect to the previous year.

They analyze variables relevant to the theoretical literature. Informed by the first
generation models, they choose the rate of growth of domestic credit, the government
budget as a fraction of GDP, the ratio of reserves to imports, the degree of overvaluation
of the real exchange rate, differentials between domestic and foreign interest ‘rates, and

the current account as a percentage of GDP. In the spirit of the second generation
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models, they also examine the effects of the growth rate of real output, the ratio of short-
term debt to total external debt and the ratio of external debt to GDP.

Most estimation results from their probit regression are consistent with the
theoretical literature. They find that a high short-term debt ratio (as a share of total
external debt), low international reserves, high domestic credit growth and overvaluation
of the real exchange rate increase the probability of currency crises.

The significance of their results, however, is limited by the lack of robustness to

various sensitivity tests and poor performance in predicting actual crises.®

Example 2

Sachs, Tornell and Velasco (1996) analyze the Mexican crisis and its
reverberations in the financial markets of 20 developing countries in 1995. They attempt
to determine whether there exists some set of fundamentals that help explain the variation
in financial crises across countries or whether the variation just reflects contagion.

They measure the extent of financial crisis in 1995 with a crisis index (denoted
IND) that measures pressures on the foreign exchange market. IND is a weighted
average of the devaluation rate with respect to the U.S. dollar and the percentage change
in foreign exchange reserves between the end of November 1994 and the end of the first
six months of 1995. The weights given to the loss in reserves and the devaluation are

designed to equalize volatilities of the components of the index.

¥ Only five of sixty nine actual crises during the sample period are predicted by their model.
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The rationale for this index is as follows. If capital inflows reverse, the
government can let the exchange rate depreciate. Alternatively, it can defend the
currency by running down reserves or by increasing interest rates. Since there are no
reliable and comparable cross-country interest rate data, they construct the index using
levels of reserves and exchange rates.

Using the crisis index, IND, as a dependent variable, they use an ordinary least
square regression and find that low international reserves relative to broad money, real
exchange rate appreciation, and a weak banking system explain about 70 percent of the
variation of their IND. Cooper (1996), however, has warned against overemphasizing

these results, since they are drawn from a single crisis episode.

Example 3

Kaminsky and Reinhart (1999) examine the links between banking and currency
crises and the stylized facts of the period leading up to and immediately following crises.
Initially they provide a definition and chronology of the crises and their links. Then, they
review the stylized facts around the periods surrounding the crises, while the next step
addresses the issues of the vulnerability of economics around the time of the crisis and
the issue of predictability.

The definition of a crisis is a mix of those in Frankel and Rose (1996) and Sachs,

Tornell and Velasco (1996). They construct an index of currency crisis
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where 4,/e is the rate of change in the exchange rate, 4,/R is that of reserves. a, is the
standard deviation of 4,/¢. and o is the standard deviation of 4,/R . Since changes in

the exchange rate enter with a positive weight and changes in reserves have a negative
weight attached, readings of this index that were three standard deviations or more above
the mean were cataloged as crises.

Using monthly data of 16 macroeconomic and financial variables around the time
of crises, they find evidence suggesting that several economic variables behave quite
differently in tranquil periods as compared to crises period through graphical analysis:
The real exchange rate is overvalued; exports and the terms of trade are deteriorated; and
economic growth is slowed down. The periods just before a crisis are also characterized
by a highly expansionary monetary policy, low reserves and increases in interest rate
differentials. Based on the results, they propose an early warning system to prevent future
currency crises. However, a graphical approach has disadvantages. The graphs are

informal. More importantly, they are intrinsically univariate.

2.2 Structural empirical analyses

Since Krugman (1979), currency crises have been thought to have a significant
predictable component, with first generation models identifying fundamentals useful for
prediction. A fiscal deficit financed by domestic credit creation is considered to be the
root cause of a speculative attack. As the monetary authority monetizes the budget deficit,

oversupply of money causes a gradual decline in international reserves. Accordingly,
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investors attack the fixed exchange rate. depleting the government’s reserve holdings
used for a defense.

Following empirical studies along this line have focused on Mexico between 1973
and 1982 (Blanco and Garber, 1986), Argentina (Cumby and Van Wijnbergen, 1989), and
Mexico in the 1980s (Goldberg, 1994).

The currency crises in Europe and Mexico in the early 1990s, however, rejected
the major role of traditional factors in crises. Otker and Pazarbasioglu (1996) computed
the probability of an exchange rate regime change using Blanco and Garber’s model.
They found the Mexican financial crisis in 1994 was not the result of fiscal imbalances,
which had played a major role in Mexico's previous balance of payments crises; rather, it
was the rise in private sector indebtedness and the corresponding increase in credit to the
banking system that augmented the pressures building up in the exchange market in mid
1994. Moreover, the experiences of several European countries in the context of the
European Monetary System (Otker and Pazarbasioglu, 1997b) show that there are other
triggering determinants of crises - e.g. pure speculation - unexplained by the
fundamentals. As these studies focus on a particular country in a specific time period,

they show the uniqueness of each country’s currency crisis.

2.2.1 Examples

Example 1

Blanco and Garber (1986), in their study of repeated devaluations of the Mexican

peso, present the first empirical study of the speculative attack model.
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A money market equation provides the essential part of their model:
m,—p, =[+Qy —ai, + o, (1
where m,, p, and y, are the logarithms of the money stock, the domestic price level and
the aggregate output level, respectively; i, is the domestic interest rate; and w, is a

stochastic disturbance to the money demand. Equation (1) represents the demand for real
money balances. They further assume that the price level and the interest rate are

determined by
i, =i, +Es,, —5, )

P =P TS5 Y, 3)
where an asterisk signifies an exogenous foreign variable, and s, and u, are the

logarithms of the nominal and the real exchange rate, respectively. The operator E
represents expectations conditional on information through time ¢. Equation (2) reflects
the assumption of uncovered interest rate parity. Equation (3) comes from the definition

of the real exchange rate.
Using the money market clearing condition, the flexible exchange rate can be

determined. Substituting (2) and (3) into (1) yields

h, = -aEs,; +(1+a)s, 4)
where h, =log/D, + R] - -y, +ai, —p: -u,-w,, D, is the domestic credit
component of the monetary base at time 7 and 5, represents the permanently floating

exchange rate. R represents a lower bound on net reserves where the central bank, having

fixed the exchange rate, stops intervening in the foreign exchange market. Equation (4)
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says that the floating exchange rates s, and E¥,,, are determined by the economic
fundamentals 4, .
h, is assumed to be a first order autoregressive process exogenous to the
exchange rate. Specifically. the process 4, is
h,=6,+6,h_ +v, (5)
where v, is a white noise process with a normal density function g(v), with zero mean

and standard deviation o.
The flexible exchange rate is obtained by solving the difference equations in (4)

and (5). The solution is
S, = puby + ph, (6)
where u=1/[/(1+a)-ab,] .
They assume that the new fixed rate is a simple linear function
§, =5, +0v, (7
where § is a nonnegative parameter, and $, is the new fixed exchange rate that will be
established if the level of reserves attains the value R at time 1.

§,’s exceeding the current fixed rate is equivalent to a devaluation at time .
Therefore, the probability of devaluation at time ¢+/ based on information available at ¢ is
priur( |+ phyyy +0vi,) > 5),
where 5 is the time ¢ value of the fixed rate. Alternatively, the devaluation probability is

1-F(ki) =pr(vi+1>ky) (8
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where k, = [1/(u+0d)][s — uubl — (@, +65h, )], and F(k,) is the cumulative distribution
function associated with g(v).

Knowing this density function, agents can form expectations of future exchange
rates from the average of the current fixed exchange rate and the expected rate conditional
on a devaluation, both weighted by the respective probabilities of occurrence:

Esi = Fk )5 + [1= F(k, )JE(S |vin >k, ). )
Using (7), the conditional expectation can be expressed as

E(.;',_H,V’_*,' > k, ) = 'llﬁl(l +(Z)+[192h’ +(}l +(5)E(\',+,Iv,+] > kl) (10)

where E(v,|v, > k)= '[j-l——i;(:li—)dv' Since g(v) is a normal density function, the
4

unconditional forecast of the exchange rate for r+1/ is

o(u+d)exp[ — 5k, /oc ]

J2r

The one-step-ahead devaluation probability (8) and the conditional and unconditional

Es,.y = F(k,)s + [1=F(k,)][u] (1 + @)+ ubrh, ] + (11)

exchange rate forecasts (10) and (11) are the main products of this model. It is expected
that [1- F(k)] should reach a peak immediately before a devaluation and Es,,; should
be closely correlated with the appropriate forward rates. Finally, the conditional forecast
should approximate the exchange rate when devaluation occurs.

The Mexican crisis over the 1973-1982 is analyzed in this study. Their estimated
probabilities of devaluation in the next quarter, which range from highs of more than 20
percent in late 1976 and late 1981, to lows of less than S percent in early 1974 and late

1977, reach local peaks in the period of devaluation and reach local minima in the periods
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following devaluation as predicted by the theory. Furthermore, the expected exchange
rates conditional on devaluation are close to the values that actually materialized in the

major episodes.

Example 2

Goldberg (1994) applied a discrete time model of a collapsing exchange rate
regime to the experience of Mexico between 1980 and 1986. The model was used to
predict the probability that the existing fixed exchange rate regime would collapse due to
a speculative attack on central bank foreign exchange reserves.

She applied almost the same framework as Blanco and Garber (1986). The model

is provided by equations (1)-(7) below:

Mme S, —§

! =a0—a,1,+a2);—a3(5u} )
0, §;
O, =aP, +(1-a)s,P, )
P .
T’ =P, +p, +n, (3)
it
1’ — 1: + E.S‘,+l —S’ (4)

§

M =D, +R, (%)
Dl = Dl—l tu te, (6)
& =Y~ (7)

While the variables in the equations do not take logarithms, equation (1) reflects

real money demand and equation (2) defines the aggregate price index as the weighted

59



sum of domestic goods prices F, and traded goods prices s, P,' . The weight
a corresponds to the share of domestic goods in consumer expenditure.

By equation (3) the deviation of domestic good’s price from the foreign good’s
due to medium-term systematic deviations from PPP. denoted by p,, and due to
stochastic shocks to relative prices, denoted by #,. could be modeled and equation (4)
shows the uncovered interest rate parity.

Equation (5) is the money supply equation. R, represents foreign exchange
reserve and D, is total domestic credit.

The domestic credit component of the money supply is modeled in equation (6) as
evolving according to a trend that reflects the mean basic government budget deficit, y,,
with some period-by-period stochastic component ¢,

She added a currency substitution impetus.(Es,,, —s,)/s,, associated with an

expected devaluation of the nominal exchange rate to the demand for real balances. Also,

in equation (7), she decomposed the shock to domestic credit expansion by source: (i)

random revenue or expenditure affecting the need to monetize government deficits, 7y, ;

and (ii) random and constrained access to external credit, ¢,, that makes uncertain the

share of government deficits to be financed by external borrowing instead of inflationary
finance.
Using the money market clearing condition, the period t+1 shadow exchange rate

is derived as
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r b

4] +dy+a —

1+1 1 3
Hept + Dl +R+Y4 — 0
gy

Spp1 =

(6)

*
s
APy + @ ey + Py )

*

where a,, =ay +ayY, —al,,,.

Compared to Blanco and Garber’s model. her framework explicitly shows the
effects of the fundamental variables and parameters on the shadow exchange rate.

She used an ARIMA process to describe the evolution of each variable for which
forecasts are required and instrument variables to avoid simultaneity problems for the
estimation of real money demand. Using an iterative estimation procedure, she re-
estimated estimated parameters to yield new parameter values for estimation of the next
pass estimates of collapse probabilities and expected shadow exchange rates. The
iterative estimation procedure is completed until parameter convergence occurs.

By applying her model to the Mexican currency crisis, she found that Mexico's
monetary and fiscal policies, rather than anticipated external credit shocks, were the

driving forces in triggering speculative attacks on the Mexican peso in the 1980s.

Example 3

Otker and Pazarbasioglu (1997b) evaluated the role of macroeconomic
fundamentals in generating episodes of speculative pressures on six currencies of the
European Exchange Rate Mechanism (ERM) in 1992 and 1993.

The study proceeds in two steps. First, it identifies whether the observed regime

changes can be predicted by the presence of speculative pressures. Second, in order to
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identity the contribution of deterioration in economic fundamentals to such pressures. it
estimates the probability of a regime change as a function of such fundamentals by using
a monetary model of speculative attacks. The latter outlines a process in which fiscal or
financial imbalances may lead to an eventual collapse of the exchange rate peg by
generating domestic credit expansions that initially cause a gradual erosion of the foreign
exchange reserves. The erosion of reserves is followed by generally self-fulfilling
currency attacks as forward-looking investors engage in one-sided bets, anticipating that
the central bank will exhaust its reserves in defending its currency. Eventually, the peg
can no longer be sustained and the prevailing exchange rate peg collapses, involving
either a discrete devaluation or a switch to flexible rates.

In order to identify the episodes of speculative pressures and the associated
regime changes, they estimate the one-step-ahead probability of a regime change as a
function of pressure indicators below

x, = Prob(Y -1) = [(i, —i, ).(E = C),,log R,. Alog R, ] (1)
where 7; denote the one-step-ahead probability of a regime change, Y is the central bank’s
decision regarding a change in its exchange rate regime as a discrete variable which can
take only two values; one, if there is either a devaluation or a switch to flexible rates, and
zero, when, existing parity is maintained, i and i* are short-term interest rates in the
domestic and anchor country, (E — C) is the deviation of the spot rate from the central
parity, R is official foreign reserves, and A4 is the first difference operator. For Belgium,
Denmark, and Italy, a loss of foreign reserves and increased depreciation of the currency

within the band appear to indicate a build-up of speculative pressures, while for France,
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Ireland and Spain the existence of pressures appear to be mainly associated with the
depreciation of the spot rate within the band and hikes in domestic interest rates.
They also studied the speculative pressure by the monetary model. If we define

5,,; to be a shadow exchange rate at time r+/, the one-step-ahead probability, 7, of a

regime change at 1+/ based on information available at 7 can then be written as a function
of the prevailing fixed rate and a set of economic fundamentals. /;, that influence the

shadow exchange rate:
m, =Pr(s,)5)=nh.s,). h = h(D,.y,,ll,.i,‘,p,‘) ()
where D, is the central bank’s domestic credit, y, is real output, i,' and p,. are the

short-term interest rate and price level of the anchor country, respectively, and u, is the

real exchange rate. For the French franc, the expansion of central bank credit appears to
have contributed to pressure. In addition, the positive coefficient on the unemployment
rate for France and Italy and of the loss of competitiveness for France and Ireland are
consistent with explanations that adverse economic conditions can make it costly for the
goVemment to defend the fixed exchange rate. This market perception may set off

speculative pressures and result in an adjustment in the exchange rate.



3. Extended currency crisis model

To evaluate the influence of macroeconomic fundamentals on the Asian
currencies without the contagion effects, this section introduces basic and extended
currency crisis models using the implications of speculative attack model, first suggested

by Krugman (1979) and formalized by Flood and Garber (1984a).’

3.1 Basic model

A number of small country assumptions are used in setting up the model. The
country described by the model is a small developing open economy. The foreign price
level is taken as an exogenous contributor to the randomness in the purchasing power
relationship. The country also lacks well-developed financial markets. Therefore, its
government cannot engage in open market operations through bond sales. Throughout
this section, the transition or ‘collapse’ studied is one in which a fixed exchange rate
gives way to a flexible rate or a developed new fixed rate. This model applies M2 instead
of M1 as a money supply to support the particular aspects of the Asian currency crisis in
which the domestic credit by private banks reflected in M2 played a crucial role. In
particular, previous works used M/ as a money supply to represent the domestic credit of
central bank. However, considering that M2 is an account in the debit of monetary survey
which shows integrated accounts of the central bank and domestic banks and that

domestic credits of central bank and domestic banks are accounts in the asset of monetary

° The survey article by Agenor, Bhandari, and Flood (1992) provides a detailed description of the currency
crises models. Blanco and Garber (1986), Cumby and van Wijnbergen (1989), Goldberg (1994), Otker and
Pazarbasioglu (1996, 1997a, 1997b) find empirical support for the basic currency crisis model.
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survey as well, we can regard M2 as an monetary aggregate which explains the domestic
credits of central bank and domestic banks at the same time. Therefore, the use of M2 as a
monetary aggregate should contribute to the explanation of how a “Lending Boom™ by
domestic banks became one of the major causes in the Asian currency crisis. In addition,
the model allows currency substitution impetus associated with an expected devaluation
of the nominal exchange rate and a risk premium.

The following equations describe the basic model.

d .
m, —p,=ag—aj+ayy, —ay(E;s. —s,+p,) (1)

i, =i: +(E; 50 —5,)+p, 2)
P, =P+, +u, (3)
m; =d, +r, 4
m =m! (5)
d =d +E uf +ef ()

where m, d, r, p, p*,and y are the logarithms of the money stock, domestic credit
extended by the domestic banks, central bank foreign reserves, domestic price level,
foreign price level, and real output, respectively, i is the domestic interest rate, i * is the
foreign nominal interest rate, p is the risk premium on domestic assets, s and u are the
logarithms of the nominal and real exchange rates, respectively. E; represents the
expectation conditional on information available in the current period.

Equation (1) specifies the transaction and asset motives for real money balances.

In addition to the standard variables, real money balances are reduced by the opportunity
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for currency substitution. The impact of currency substitution on real money balances is

proportional to the sum of expected rate of domestic currency depreciation, E,s,,; —s,,

and a risk premium. p. An increase in E,s,, —s, +p, reflects a decrease in the
desirability of holding the domestic currency.

Equation (2) is the interest parity condition, which states that the interest rate
differential between the domestic and foreign country reflects the expected rate of
depreciation of the domestic currency and a risk premium on domestic assets. The risk
premium for domestic investments reflects the standard increased compensation for more
risky investments in domestic assets.

Equation (3) allows for deviations from purchasing power parity.

Equation (4) defines the money supply as the sum of logarithm of domestic credit
extended by the domestic banks and logarithm of central bank foreign reserve. The
currency crises in the 1970s, 1980s, and early 1990s were rooted in the dynamics of the
domestic credit extended by the central bank to the government. When there is an excess
of domestic credit creation, a new money market equilibrium can be achieved by a
reduction in the central bank’s foreign exchange reserves or by an exchange rate
adjustment. However, the crucial role of the domestic credit to the government in the
crisis vanished in the Asian currency crisis in 1997. Instead, the domestic credit to the
private sector enhanced by the domestic banks fueled by the foreign liabilities took its
role.

Equation (5) is the money market equilibrium condition. The money market

equilibrium condition determines the path of foreign reserves of the central bank under a
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fixed exchange rate system. When the reserves needed to maintain this equilibrium are
exhausted, or when they reach a critical level, R., the exchange rate must be adjusted.

Equation (6) assumes that d evolves according to a period-by-period systematic
stationary component, E,_, ,u,d , and a stochastic element e,d. In addition, p*, y, i, i*, and
u are assumed to evolve by following the same process as d.

The probability at the end of period ¢ that the fixed exchange rate regime will be
abandoned at the end of +/ is denoted as 7. Therefore, the probability that the fixed
exchange rate regime will continue is (1-7;). This implies that the expected exchange rate
att+/ is

E s, =m,E, 5., +(1-1,)s, @)
where §,,, is the shadow, or floating, exchange rate that would clear the market when the
central bank stops defending its fixed parity.

By combining equations, (1). (2), (3), (5), and (7) and assuming that the fixed

exchange rate regime collapses or 7, =1,

m, = a, —ali: +a,y, +p: +8,+u, —(ay+a3 )(E,; s, -5, +p,).  (8)
By following Flood and Garber (1984)’s method of undetermined coefficients
positing without the possibility of a bubble path, the shadow exchange rate expressed as
5, =g +Am, . 9)
Then, by using equation (6) to depict the growth rate of the domestic money supply, the

derived coefficients are

.. * d
A =—ayg+ayi, —ayy, —p, —u, +(ay+a3)(E,_u; +p,),and
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)‘l = l
Therefore, by substituting 7, and 4, into equation (9). the shadow exchange rate is

derived as

~ .

S, =m —ag+ayi; —ayy, - p; —u +(@ +a)(E u +p). (10)
We can use equation (10) to derive the probability of a collapse, 7, , occurring at the end

of period (1+1)."°

3.2 Extended model

As indicated by recent literature, virtually all of the variables in the monetary
model can be expected to be non-stationary. Hence individual economic variables may
wander extensively when shocked. However, previous studies did not explicitly take into
account the non-stationarity of the variables. For example, in equation (1), the coefficient
of the each variable should be estimated first in order to obtain the probability of collapse.
However, OLS estimates of these coefficients will display the spurious regression
problem and the conventional t-ratio and F significance tests cannot be applied.
Therefore, an extension to the basic model is necessary.

As far as the demand for money is concerned as in equation (1), economic theory
suggests that the non-stationary variables in the function are expected to move so that
they do not drift too far apart in the long run. The long run equilibrium can be interpreted

with the concept of cointegration in econometric literature (Engle and Granger, 1987). If

A process of derivation of 7, is explained in section 4.

68



each element of a vector series X, becomes stationary after first-differencing. but there
exists a linear combination a'X, that already is stationary, then the X, are said to be

cointegrated with a cointegrating vectora . By interpreting a@'X, as reflecting the long-

run equilibrium, cointegration implies that deviations from the long run equilibrium are
stationary, with a finite variance. This is so even though the series, themselves, are non-
stationary and have infinite variance.

Although economic theory suggested'', there is no prior reason to believe that the

I(1) variables observed in this study necessarily obey the functional form in equation (1),

m; — p, =ag—ayi, +ary, —ay(E; s =5, +p,).

Hence to avoid an invalid restriction of the real money demand function, the likelihood
ratio tests of cointegration rank of Johansen (1988b, 1991), Johansen and Juselius (1990),
and a common stochastic trends test of Stock and Watson (1988) have been performed in
the previous studies. Since Johansen’s (1988b, 1991) maximum likelihood methods for
the analysis of cointegration can simultaneously detect the number of the cointegration
rank in the system, estimate, and test for linear hypotheses about the cointegrating vectors
and their adjustment coefficients, this is the most favored technique in recent research for
the reliable form of real money demand function.

To test for the number of cointegration relations and estimate the cointegrating
vectors require that one begins with a VAR(p) representation expressed in first order

difference and lagged levels,

"' Refer to Chapter V for the theoretical background of real money demand function.
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Hydx, = dx,_ ++ T dx, o +1Ix, . +pg+n, (11)
where x, is a p-dimensional vector of I(1) variables.#,,---.n; are IIN p(O,A) and
X_p4 - Xgare fixed. The /T matrix conveys the long-run information in the data. The
hypothesis of r cointegrating vectors is formulated as a reduced rank of the /7 matrix,
Hy(r): Il = aff’ (12)
where a and S are p x r matrices of full rank.
Under H,(r):I1 =af’, (11) can be interpreted as an error correction model (see

Engel and Granger 1987, and Johansen 1988a). Therefore, equation (1) in the previous

subsection can be modified as an error correction model (ECM),

Adm, — p,)=Adrm, = uy +a(L)di,_; + B(L)Ay,_, + y(L)4if ,_y + IT,x,_; + 1, (13)
where if, =1, —i,‘ = E,_,,u,d + p,, 11, is the first row of the /7, and where
x,_ =(rm,_y, ag, t,i,_y, ¥,_1» if,-;) - Then, the shadow exchange rate,

5, =m, — py —a(L)di,_ - BL)dy, , —yL)dif,_y -, x,_, —rm,_, —p; —u, (14),

can be explained as driven by the long-run disequilibrium shocks, short-run shocks, and

random innovative shocks respectively using the error correction model (ECM).

4. The probability of currency crisis

4.1 Explicit form of probability in the basic model
The probability of a currency crisis, 7, is the probability that the shadow
exchange rate, s,, will exceed 5, , the time ¢ value of the fixed rate, in period (t+1). It is

therefore defined by:
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7, = Pr{3,,y -5, ) 0]

= Pr{my,; —ag +ayirey =AY = Proy — Uy + (@ + a3 )Euly + pay) =5, ) 0], (15)
The rationale for this formulation is straightforward. Since a government’s
commitment to a fixed rate gives speculators unrestricted access to central bank foreign
reserves, speculators who perceive that the shadow rate will exceed the fixed rate will
purchase reserves at the fixed exchange rate. With the opportunity to resell the reserves at
the higher market rate (equal to the shadow rate), their speculative purchases would yield
a profit of (5,,; —5,)) 0 per unit of reserves. Barring interim intervention using capital
controls and trade restrictions, which would alter the access to and the speed of decline of
reserves, the speculation may draw the central bank reserves down to their critical
minimum level. In this way, the prediction of a currency crisis can become self-fulfilling.
A forced collapse would not occur at shadow exchange rates below the fixed rate since
there would be no opportunity for profit on the purchase of foreign exchange reserves.
Since the forced currency crisis can only occur when a speculative attack is
capable of driving reserves at or below their minimum or critically low level, (15) can be

rewritten with m,,, replaced by d,,, +r,.
l‘ *
7y =Prld +r.—ag + Ayl =AY = Pyt — U

+(ay +az (E pyp + pra) =5, ) 0] (16)
The probability of a crisis in period (t+1), viewed from period ¢ given the
available information set, is composed of both random influences and components known
with certainty in period t. The random influences come about through period-by-period

stochastic components of d, p*, Vo, * and u.
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Before continuing with the derivation of the probability of collapse, it is necessary
to attach statistical distributions to the random components of d produced by the money
supply and the random components of p*. v i, i*, and u caused by fluctuations in money
demand. The assumption that only d and » have random influences, that is other money
demand’s randomness is neglected as Goldberg (1994), makes the model excessively
simplified and unrealistic in the rigorous aspects of time series analysis. In addition,
stochastic properties of variables should not be discarded in making forecasts of variables

needed to derive the probability of collapse. To do this, the stochastic parts,

»
d y

»
el €€, €] ,¢l and ¢ are assumed to be uncorrelated with each other and their linear

combination is assumed to be normally distributed, ¢,[Q2,_,~N (0,0,2) where

* =

_od N i ¥ p u
€ =¢ +(ay +u3)e, —aze, —aye; —¢ —¢, and

2 2,0 2, v )2 2 2
02 =02 )% +(a) +a3)* (! )? +a3’ (6! ) +ay' (6] )? + (6} ) +(0" )",
The normal distribution is chosen for analytical convenience. The systematic stationary

components of the variables are summed into E,_;u, where

* *

d - j :
Eyu, =E_u; +(ay+ay)Epu —asEp; —arE_pui —E_puf —E .
Then, the probability of devaluation at time ¢+/ based on information available at ¢ is
m, =Prld, +r. —ay +(a, +a3)i, _a3i: —ayy, —p —u + Epy +e4y-5,)0]. (17)

For ease of notation, define a variable k; as

1 . . d i 0 ¥ .
? The covariance terms are removed since £/ ,€,,€, ,€;,&/ and ¢’ are assumed to be uncorrelated with
each other.
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— . 0‘ *
k,=5,—-d, —r.+ay—(ay+ay)i, +asi, +ay, +p, +u, —E,u,,,.
Subsequently. the 7, can be rearranged as

2
C
__ T+l

: ] 2,07
r,=Prfe, Yk ]=| ————e ~tH e, 18
t [I+I> l] ‘[:E,O’Hl\/i; ( )

where E,o,2+| 1s a forecasted volatility of ¢,,,.

The probability of devaluation in equation (17) is expected to be positively
influenced by the previous level of domestic credit and the interest rate. As the foreign
interest rate, GDP, foreign price, and real exchange rate’s past levels rise, the probability
of devaluation is predicted to decline. Alternatively, an increase in the floor level of
reserves, r, and systematic stationary components of domestic credit and the interest rate

increase the probability of a devaluation.

4.2 Explicit form of probability in the extended model

The probability of a currency crisis, «,, in the extended model has the same
validation as the basic model. Therefore, the probability is
m, =Pr[s, -5, 0]
= Pr{d,,y +r. — g — a(L)di, = PL)Ay, =y(L)dif, = TTyx, =rm, = pjoy =y =5, ) 0].(19)
As before, the randomness comes about through period-by-period stochastic components
of d, p*, and u.

Suppose the systematic stationary component of each variable and the stochastic

part of the processes d, p+, and u are justified in the same way as was the case in the basic
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model. Then, the probability of devaluation at time 7+/ based on information available at
lis,
m, =Prld, +r. —uy—a(l)di, = p(L)4y, - y(L)4if, = I1,x, —rm, — p; —-u,
+Epp + &0 —5,) 0] (20)
Once more, if we define £, as

k, =5, —d, —r. +uy +a(L)Ai, + B(L)Ay, + y(L)Aif, + I1,x, +rm, + p; +u, —E,p, .,

v

then =, can be rearranged as,

2
1+1]

- 2
L 2oy, Q1)

o~
<

m=Prle )k ]= r

t E,O’I+|‘V27[
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Figure 1. Attack time in a certainty model

When domestic credit d is less than dE , there is no attack; when d> dE , speculators attack the

currency.
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Figure 2. Attack times with attack-conditional policy shift

When d <dE , there is no attack; when dE <d<d4, multiple equilibria are possible; when d >d4

speculators attack the currency.
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Figure 3. Devaluation cost and policy loss
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CHAPTER 1V
TIME SERIES PROPERTIES OF VARIABLES IN CURRENCY

CRISIS MODEL

1. Introduction
Application of the currency crisis model to the Asian experience in 1997-98
requires the analysis of the time series properties and the making of forecasts for the
variables, p*, y, i, i*, d, and u to derive a shadow exchange rate and an one-step-ahead
probability of currency crisis.
However, most of the previous studies about the structural analysis of currency
crisis, Blanco and Garber (1986), Cumby and Van Wijnbergen (1989), Otker and
Pazarbasioglu (1996, 1997b) do not estimate the properties of variables in the model.
Instead, they assume an AR(p) model. Unlike those studies, Goldberg (1994) uses
ARIMA models and applies Akaike tests to determine which ARIMA process should be
used to describe the variables for which forecasts are required. However, while ARIMA
models capture autocorrelations that decay at an exponential rate as associated with
Stationary and invertible ARMA(p,q) models of the first differences of stochastic
Processes, ARIMA models could not be applied to long memory processes where the
|Suatocorrelations decay more slowly than the exponential rate.
Therefore, the first objective of this chapter is to explain the time series properties

= £ macroeconomic variables in our model that exhibit long memory in both their

< «<onditional mean and variances. To this end, the ARFIMA(p.d,q)-FIGARCH(P,5,Q)
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models are added to the families of models to be selected from by the Wald tests. By
making this inclusion, we detect that some processes exhibit dual long memory behavior.
The second objective of this chapter is to forecast of the one-step-ahead levels and

volatilities of d, p*, i, i*. and u which will be used for the derivation of the probability

of collapse. Since the ARFIMA(p.d,q)-FIGARCH(P,5,Q) model lets the stochastic

part,g, ,0of each variable be assumed to have a distribution of e,IQ,_|~N(O,a,2), the

expected conditional variance, E ,o,zﬂ , as well as the expected conditional mean, E,u,,,,

can be obtained to forecast the levels and volatilities of all of the relevant variables'. To
this end, we estimate the coefficient of each variable in ARFIMA(p,d,q)-
FIGARCH(P,6,Q) model from the analysis of the time series properties of the variables.
Then, the estimated coefficients are used to calculate the expected conditional mean and
variance.

In this chapter, Wald tests are initially applied to select the appropriate model
explaining the behaviors of the variables. Then, once the specific form of the model is
determined, the coefficients are estimated and the model is fit over each of the sample

time periods to calculate one-step- ahead forecasts.

2. Data set
Monthly data are collected from 1970:01 through 2000:12 for Indonesia, South

Iiorea, Malaysia, Philippines, and Thailand. All of these countries mainly experienced the

Please see Chapter 111 for the details.
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currency crisis from 1997 to 1998. All of the variables are taken from the CD-ROM
version of the International Monetary Fund's International Financial Statistics (IFS)."
Table 17 reports the description and sources of the data. The sample size is dictated by
the availability of data on the variables.

The analysis in this chapter differs from previous empirical studies'’ in the use of
longer sample time period than preceding studies. In addition. monthly data is expected to
capture all the variation in some of the variables for both the months before and after the
collapse. A careful identification of all of the activities is crucial for the analysis of the
Asian crisis since less frequent data could hide the rapid movements in the second half of

1997.

3. Analysis of time series property and forecast of variables
3.1 ARFIMA-FIGARCH model
Several recent articles have discussed the property of long memory in either the
conditional mean or variance of a process.
Granger and Joyeux (1980), Granger (1980, 1981), and Hosking (1981)
introduced discrete time representations of fractional Brownian motion known as
ARFIMA(p,d,q) processes, which combine the stationary and invertible ARMA model
W 1ith the fractional difference operator. The model is,

SL)1-L) "y, - =6Le, (1)

e ——

|
Monthly data for GDP are missing in Indonesia, Thailand, and Philippines. For those countries,

“A waarterly and annual data are used for the analysis.
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where, d is a fractional difterencing parameter; and @(L)=1-@ L-.. -@ p L,
OL)=1+6,L+..+ c’}q L7, and all the roots of ¢(L) and 6(L) lie outside the unit circle for

stationarity and invertibility; and E(e,) =0, E(e,z) =o%and E(e,e,) =0 for s#¢. The
Wold decomposition, or infinite order moving average representation of this process is

given by y, = Zt// ;€—; 5 and the infinite order autoregressive representation is given
Jj=0.¢

by y, = th jYi-j +¢& . For high lag j, these coefficients decay at a very slow

J=lo

hyperbolic rate, ie. y; ~¢ ;9" and 7 ;=6 ™, where cjandc, are constants.

For-0.5<d <0.5. the process is stationary and invertible and y, is said to be
fractionally integrated of order d, or I(d). Therefore, the parameter d represents the degree
of “long memory” behavior for the series. For 0.5 < d <1.0, the process does not have a
finite variance, but for d <1.0 the impulse response weights are finite, which implies that
shocks to the level of the series are mean reverting.

Time dependent heteroskedasticity in conditional variance is a well-known feature
of many asset pricing series and also it is considered useful for some macroeconomic
series. Usually the ARCH model of Engle (1982) is introduced as

€, =2,0, 2)
Where E,_z, =0 and Var,_;z, =1. Throughout this chapter, E,_; and Var,_, refer to the

< onditional expectation and variance with respect to this same information set. Thus, by

X
S See appendix 2 for the summary of previous studies.

81




definition, the /e, ! process is serially uncorrelated with mean zero. However, the

conditional variance of the process, 0,2 is a time-varying, positive and measurable
function of the information set at time #-/. A useful extension to the ARCH model is the
GARCH(P,Q) specification of Bollerslev (1986). This model is defined by

o} =w+a(l)el, + L)k,  (3)

Q

where, L denotes the lag operator; and a(l)=aL+ayL+---+apl¥ and

,B(L)zﬂ,L+ﬂ2L+-~-+,BpLP. In this model, one can guarantee the stability and
covariance stationarity of the [¢,}! process by assuming that all the roots of
{1-a(l)-p(L)} and {1- (L)} are constrained to lie outside the unit circle. Otherwise,

the GARCH(P,Q) model in equation (3) may also be expressed as an ARMA(M,P)

i L2
processin g, ,

{1=a(l)- BL)je} =w+{1- (L)}, (4)

where M =max{P,Q} and v, = 8,2 —0,2 is mean zero serially uncorrelated. This model

has been useful in describing many volatility processes. However, many high frequency
asset pricing series have very persistent volatility. In other words, the autoregressive lag
Polynomial, {1-a(L)- B(L)}, has a root that is very close or even indistinguishable from
Wmity. This led to the integrated GARCH model or IGARCH model of Engle and
Xollerslev (1986). The IGARCH(P,Q) process is defined succinctly by

o(L)(1-Lel =w+{1-BAL)}v, (5)

\>vhere, o(L) = {1-a(L) - BL)}(1- L)~ is of order M-1.
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Baillie, Bollerslev and Mikkelsen (1996) introduced the FIGARCH process to
model very slow hyperbolic decay in terms of how a shock affects the conditional

variance process. The FIGARCH process has the benefit of being a midpoint between the
extremes of stationary GARCH and IGARCH. The FIGARCH(P,8.Q) process is naturally
given by,
(-p)jol =0+ {1-pL)-oL)(1-1)°jel  (6)
where 0<9 <1, all the roots of ¢(L) and {1- f(L)}lie outside the unit circle. The
FIGARCH process can also be rewritten as,
of =o{1- (1) +(1-[1-BW)] oW1~ 1)° Je}  (7)

The FIGARCH(P,5,Q) model nests the covariance stationary GARCH(P,Q) for ¢ = 0and
IGARCH(P,Q) model for ¢ =1. Allowing for 0<d <1 gives far more flexibility in

modeling long term dependence in the conditional variance. This process implies a slow

hyperbolic rate of decay for lagged squared innovations. For instance, the

FIGARCH(1,6,0) process can be expressed as
2 _ -1 2
o, =w(l-p) +iLl)e;  (8)
where A, =I'(k+0-1)/T/HT(K))}{(1-p)—(1-0)/k}, and for large lags Kk,
A, ={(1-p/TE)} k°", which generates slow hyperbolic rate of decay on the impulse

Tesponse weights. The process is strictly stationary and ergodic for 0 < <1, and shocks

ill have no permanent effect. It is also worth noting that the FIGARCH model can be

< xpressed as an ARFIMA(P,6,Q) model in 6,2 .

o(L)(1-L)°c} =w+{1-BL)}v, (9
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where, 0 <0 <1. and all the roots of ¢(L) and [1-f(L);} lie outside the unit circle.

v, = z:,z - 0,2 is mean zero serially uncorrelated.
To capture the property of economic and financial time series that exhibit long

memory in both their conditional mean and variances, the ARFIMA(p.d.q)-
FIGARCH(P,6.Q) model is applied following the result of the Wald tests. The model is
given by

SL)(1- L)%y, - ) = O(L), (10)

£, =z2,0, (11)

ol =w{1- B + (1= [1-BL)] w1 -L)° e} (12)
where @(L), 6(L), p(L), and ¢(L) are as defined earlier in equation (1), (3), and (5). As
noted above, the pure ARFIMA(p,d,q)-homoskedastic process will have a finite variance
for -0.5<d <0.5. However, ARFIMA-FIGARCH process will have an infinite
unconditional variance for all d given ¢ # 0. This fact is discussed in the context of the

pure FIGARCH model by Baillie, Bollerslev, and Mikkelsen (1996).

Assuming conditional normality, the logarithm of the likelihood can be expressed

1n the time domain as
. _ s 2 2 2
Likeeyer) =~T/2)In(2m)=(1/2)) | {In(@})+efal} (13)

Where  A'=(u, P, P,.0,,.0,.81 . Bp.oy 99 dw 5). The QMLE of the
Parameters are estimated by a similar methodology to that described by Baillie,

Bollerslev and Mikkelsen (1996), where the likelihood function is maximized conditional

on initial conditions and the pre-sample values of 8,2, t=0,-1,-2,... are fixed at the
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sample unconditional variance. The initial observations v,.y_;,»_,,... are also
assumed fixed. in which case minimizing the conditional sum of squares function will be
asymptotically equivalent to MLE.

After the specific form of process is selected and the parameters are estimated. the
process is fit over each of the samples contained in the entire interval. Following Baillie

and Bollerslev (1992), the minimum MSE predictors using the expected conditional

means, E,u,,,, and conditional variances, E,a,2+|, are applied to obtain one-step-ahead

forecasts of levels and volatilities of variables. d. p*. y. i, i*, and u, where

* *

y . . ‘ .
Eopy=E py +(a +a3)E1/‘1’+l _a3Enurl+l _a2E1/‘}‘+| —E“u/H - Er/"tu+l and
Eo}, = Ef0f)? +(a) +a3 ) E (0},)* + a3’ E (0}, )?

*
2 ©2 g 2 216
+ay,"E(c’,,)" +E(0F,)" + E(a},))
t+1 1+1

3.2 Empirical results for US inflation

Table 18 reports the estimation of various univariate models to represent the US
CPI inflation data described earlier. The final column of Table 18 estimates an
ARFIMA(0,d,1) model with d estimated at around 0.42. The autocorrelations of the
standardized residuals are relatively smaller than other models but the squared residuals
exhibit autocorrelation that is consistent with very persistent ARCH effects. Figure 4
represents the long run ARCH effects in the squared residuals. In order to allow for

ARCH effects, a range of volatility models conditional on the selection of specification
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for the conditional variance process is considered. The conditional variance processes

considered are the FIGARCH(1.4,1), IGARCH(1,1), and GARCH(1,1) models. The
estimates from these models are reported in column 1. 2, and 3 of Table 18. As for the
first column, the estimated long memory conditional mean. d, is around 0.43, and
significantly different from zero or one. In addition, robust Wald tests can reject the
hypothesis that the long memory conditional variance 6 =0 with ¢ estimated around
0.67. Therefore, we concluded that the estimated ARFIMA(0,d,1)-FIGARCH(1,4,1)
model is the most appropriate specification for accounting for the dynamics of the
conditional mean and variance.

Figure 5 provides visual evidence that the persistent ARCH effect of the process

vanished after the estimation by the ARFIMA(0,d,1)-FIGARCH(1,6,1) model. In
addition, the Q2(20) of ARFIMA model, 622.15, significantly decreased to 15.91. This
also could be an another confirmation that ARFIMA(0.d.1)-FIGARCH(1,4,1) model is
valuable for eliminating the persistent ARCH effect.

Figure 6 illustrates how well the ARFIMA(0,d,1)-FIGARCH(1,6,1) model
explain the US CPI inflation data. Even though some extreme values are not fitted well
by the model, the ARCH effect of the process is effectively demonstrated. Figure 7 shows
a one-step-ahead forecast using the model estimated with sample period ending in 1996.
It is observed that some of the extreme values are not forecasted appropriately, as are
some of the fitted values, but the trend of forecasted values obviously follows that of the

actual values of the US CPI inflation data.

6 See Chapter 111 for the details
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3.3 Empirical results for deviations from PPP

Table 19 contains the estimation of assorted univariate models to describe the
deviations from PPP of Indonesia, South Korea, Malaysia, Philippines, and Thailand.
Percentage changes for the deviations from PPP are used for the y, in the model. This
value explains the volatility of deviations more successfully than other values when MLE
estimators are chosen to estimate the parameters in the model. In addition, using
percentage change for the y, does not influence significantly any of the forecasted
values.

The first column of Table 19 estimates an ARFIMA(0.d.0)-FIGARCH(1.6.0)
model with d estimated around 0.13 and § assessed around 0.30 for Indonesia. Wald tests
significantly reject the hypotheses that ¢ = 0, indicating strong evidence of long memory
in the conditional variance as well as the conditional mean. Figure 8 provides the
autocorrelations of the standardized residuals and squared residuals after the estimation.
The long memory in conditional mean and variance are noticeably captured. This is
shown both in Figure 8 and by how the 02(20) estimated around 26.30 could not reject
the null hypothesis that there is no autocorrelation in the squared residuals. The rest of
columns in Table 19, however, do not include long memory in the conditional mean or in
the conditional variance. The relatively small sample size, 324, makes it impossible to
estimate long memory for the South Korea, Malaysia, Philippines, and Thailand. Despite
the size of the data sets, the relative absence of a long memory property in the conditional

mean and variance does not significantly influence the ability of estimation to eliminate
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autocorrelations from the process. The Qr20) and (2(20) of each country’s estimation
explain that the autocorrelation of the standardized residuals and squared residuals are
sufficiently captured by the estimation of the model. Figures 9 tol2 offer graphical

confirmations of the statistics mentioned above.

3.4 Empirical results for domestic credit

The growth of domestic credit, one of the main causes in the currency crisis,

shows various aspects in the estimation of ARFIMA(p.d.q)-FIGARCH(P,4,Q) models for

the domestic credit of each country: Indonesia, South Korea, Malaysia, Philippines, and

Thailand. Percentage change of domestic credit is chosen for the y, .

Table 20 offers the result of the estimation. ARFIMA(0,d,0)-FIGARCH(1,46,1)
and ARFIMA(1.,d.0)-FIGARCH(1.4.1) are chosen for the estimation of Malaysia and
Thailand based on the Wald tests. Malaysian percentage change of domestic credit has an
estimated d of 0.06 and an estimated & of 0.52. For Thailand, the estimated long memory
conditional mean parameter, d, is —0.06 and the estimated long memory volatility

parameter, 9, is 0.71. Indonesia, Philippines, and South Korea, however, do not show any
long memory property in the conditional mean or variance. Failure to find evidence for
long memory property could be because of the small size of the data set. The
autocorrelations of residuals presented in Figures 13-17 indicate that the estimated

models did reduce the autocorrelations of the process.

3.5 Empirical results for interest rate
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ARFIMA(p.d.q)-FIGARCH(P.5.Q) models are then estimated for the changes of

interest rate in Indonesia, South Korea, Malaysia, Philippines. Thailand, and the US as
shown in Table 21. The change of interest rate is chosen for the y, based on the same
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