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I. Introduction

Over the last decade, Indonesia aned Turkey have been affected by

large changes in cross-currency exchange rates and in commodity prices. For

ezample, the debt service ratio for Indonesia vose from 10% in 1980 to 37Z in

1986, largely as a result of the depreciation of the US dollar and the fall in

oil prices. (About one-half of Indonesia's exports are petroleum.) The

exchange rate changes have affected the structure as well as the level of

Indonesia's debt. Much of Indonesia's borrowing has been denominated in the

Japanese yen, so the large depreciation of the dollar since 1985 has both

increased the level of its debt as well as reduced the dollar-denominated

portion of that debt. Assuming exchange rates remain constant, this will

imply that the debt service level will continue to remain higher over the next

couple of years than it would have been had exchanges rates remained at their

1985 level. In general, whether we are dealing with Indonesia, Turkey, or any

other developing country, cross-currency exchange rate fluctuations and

commodity price changes have affected both the structure and the level of the

country' s external obligations debt.

Developed countries are able to hedge against exchange rate changes

by purchasing currency futures or other hedging instruments on organized or

over-the-counter markets. Most developing countries, however, do not have

access to these markets, due to institutional constraints, credit constraints

and other reasons. An alternative hedging instrument which can be used to

reduce exchange risk exposure and is available to all countries, is the

currency composition of external debt. Indonesia and Turkey could have

minimized their exposures by matching in some fashion the currency composition

of their debt with the currency composition of those cash flows with which
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they are able to service their debt. Even though a perfect match might have

been difficult to achieve for Turkey and Indonesia, as they might have been

constrained in choosing and altering the currency composition of their new

borrowings, such as those due to foreign governments, and might not have been

able to use market techniques, such as currency swaps, to change the currency

composition of their existing debt, marginal changes could still have led to

pome tangible benefits. Ex-post, one is able to determine what their optimal

portfolios would have been, but this does not necessarily help in coming up

with policy rules on how they can minimize their exposure to exchange risks in

the future.

The purpose of this paper is to derive practical policy rules for

developing countries in general on ways to use the currency composition of

their external debt to minimize the exposure of their terms of trade (or other

external account variables, e.g., exports) to exchange rate fluctuations. The

model is subsequently estimated and appiied to Indonesia and Turkey.

Section II presents a discussion of a number of alternative

approaches and related issues regarding currency management of external debt.

Section III presents the analytical model, which is an abbreviated version of

the model given in Claessens (1988), and Section IV discusses the data used in

the paper. The solution for the optimal portfolios involves estimating a

covariance matrix of exchange rates movements, which is changing through

time. An econometric technique (called Autoregressive Conditional

Beteroskedasticity) which allows for this is described in Section V, along

with some of the estimation results. The actual portfolios are presented in

Section VI, and out of sample tests are conducted to see how effective these

portfolios would be in hedging the terms of trade against exchange rate
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exposure. The results are very promising for Indonesia and point out some

further research directions for Turkey. Section VII concludes.
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II. Issues

Large changes in cross-currency exchange rates and relative goods

prices over the last decade have affected many developing countries. Changes

in cross-currency exchange rates affect goods prices, as for instance has been

observed in the relationship between the dollar exchange rate and the price of

commodities before the most recent depreciation of the dollar. Cross-currency

exchange rate changes impact not only export prices but import prices as

well. Furthermore, Cross-currency exchange rate changes affect the relative

competitiveness of countries with which the developing country competes. As a

result, many developing countries' market shares and profit margins have been

affected by movements in cross-currency exchange rates. In addition,

comodity price movements have had a substantial impact on many developing

countries because a large share of their export earnings have been derived

frrm primary commodities.

The increased volatility of exchange rates and commodity prices (and

interest rates) has thus led to increased fluctuations in the aggregate income

and welfare levels of many developing countries through their impact on their

external accounts. It has highlighted the importance for many countries of,

first of all, developing a conceptual framework for managing external

exposures, and secondly, for devising practical policy rules. We will discuss

in this section the concepts and principles that have been proposed for

external liability management, and discuss their strengths and weaknesses.

Several options are open to a country that wants to reduce its

exposure to external factors. First of all, the country can try to engage in

real diversification through the sourcing, producinag and exporting of a mix of

products which is close to optimal given the relationships between exchange
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rates, interest rates, good prices, and other external factors. Of course,

the composition of exports, and to a lesser extent of imports, can not be

changed easily, but one can still expect some contribution in the long run.

Secondly, a range of instruments is available to private firms in developed

financial markets to manage short-aerm exposures and some of these instruments

could be used to manage a country's external exposures. Transfer of certain

risks to market participants more able to absorb them or to transfer risks

further could substantially benefit a country in terms of reducing risks at

reasonable costs. For example, well diversified financial institutions can

transform a floating interest liability into a fixed interest liability at a

cost which can be substantially below the opportunity costs for the liability

holder. Thirdly, the country has a potential financial hedging instrument

against unanticipated exchange rates movements in the form of the currency

composition of its existing external liabilities. In addition, the country

can influence the currency composition of new external capital flows.

Fourthly, the composition of the external liabilities of the country can also

be a useful tool to manage the exposure to commodity price movements to the

extent that movements in exchange rates and goods prices are correlated and to

the extent that the country has the flexibility to influence the composition.

It is easy to tell, with the benefit of hindsight, what a good

external liability policy is and what the optimal currency composition of

external liabilities would have been. Capital gains and losses due to

exch4nge rate movements could have been avoided by matching in the right

fashion the currency composition of external liabilities with the effective

currency composition of cash flows, i.e. non-interest current account flows.

However, such hindsight does not provide practical rules on how countries,
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given their external debt situation, can hedge the economy against future

exchange rate movements. One needs to look at the right risk-return tradeoffs

and incorporate the informational constraints that the nature of the problem

suggests: hindsight does not help ex-ante.

A number of often intuitively appealing rules have been proposed for

choosing the csrLrency denomination of external liabilities and new borrowings.

The most favored strategies are to base the currency composition of a

country's debt on the pattern of trade, on the currency denomination of its

ezport revenues or on the basis of the basket of currencies with respect to

which the exchange rate is managed.

In the case of the pattern of trade rule, this would mean that a

country would borrow in the currencies according to its trade pattern in the

expectation that if the currency of an export market appreciates, the

borrower's terms of trade are likely to improve and thus partially offsett the

higher costs of servicing debt in that currency, and vice versa for imports.

This relies on the appreciation of a currency of an export market to be

accompanied by an increase in a country's ability to pay as its exports and

terms of trade improve. However, it is not clear a priori that an

appreciation of a currency of an export market has to mean &n improvement in

the country's terms of trade. One contradictory example would be of two

different countries exporting the same good to the same country. The cross-

exchange rate between the two exporting countries would be more important for

their relative competiveness and market shares in the importing country than

the currency of the importing country itself. Of course, if Purchasing Power

Parity (PPP) would hold, it would not matter ir. what currency exports were

denominated and export shares would no be affected. For strong and conclusive
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rejections of the PPP see Frenkel (1981) and Cumby and Obstfeld (1984).

The rule to base the currency composition of external debt on the

currencies of invoice or denomination of exports (or imports or both) could

equally be critized. There is sufficient evidence that the relationship

between the nominally denomination and the real value of exports has at times

been perverse. For example, the real price of commodities has in the past

been inversely related to the real value of the dollar, even though most

comodities are denominated and traded in terms of dollars. This meant that

when the dollar went down, commodity prices went up and a commodity producing

country's terms of trade improved too. Such a relationship would imply that

the dollar would not necessarily have been the optimal currency to borrow as

its value could have a perverse relationship with the country's ability to

generate foreign exchange in the short run through exports. As a depreciation

of the dollar implies an appreciation of other currencies, a reverse

relationship might exist between the value of other currencies and commodity

prices: when the dollar appreciates, comodity prices decline, but other

currencies depreciate too, which might make non-dollar currencies good

external liabilities. This shows that a currency composition based on a

country's trade denomination pattern could still lead to large real risks.

The currency basket rule could be equally critized as being based on nominal

concepts.

In general, the nominal dimension of trade flows is not necessarily

crucial in the long run for the currency choice of external debt. If one uses

the nominal denomination of trade flows, the US dollar would be the

predominant currency for most developing countries. However, when one

realizes that prices in world commodity and manufactures markets depend on the
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interaction betweeni demanders and suppliers across the whole world, one

realizes that the ncminal currtency denomination of a good or the nominal

direction of trade do not have to reflect the real denomination of the price

of a commodity or manufacture. In a world market for commodities ard

manufactures suppliers become more (or less) competitive depending not only on

the changes in their own currency but also on the changes in other suppliers

currencies. Similarly, demanders will consider goods more (or less)

attractive depending on the movements of the exchange rates of multiple

suppliers. As a result, the changes in the price of a particular gr - i

commnodity as a result of exchange rates changes will crucially depend on the

type of ma rket structure (perfect competitive, oligopolistic, etc.). Demand

and supply elasticities will play a crucial role in distributing the effects

of exchange rate in terms of (nominal) price and quantity changes over the

different market participants. A not perfectly competive market structure can

result in real effects of nominal exchange rate changes as the different

suppliers and demanders are affected differently. For a further analysis of

this issue see, for instance, Dornbusch (1987).

All of the rules mentioned so far can thus be critized as not being

explicitly related to a specific goal or objective and not being based on an

explicit definition and measurement of risk. It might then also be the case

that these rules increase rather than decrease the real costs of borrowings

and the fluctuations of these costs over time. A more integrated approach

would to base the currency composition choice of external liabilities on some

tradeoff of the level of real effectiv. costs of funds in a certain currency

with the uncertainty of these costs, where the costs are related to, for

instance, the ability of the country to generate foreign exchange as reflected
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in the short run by its level of exports. In this approach, the real costs

and riskiness of borrowing in a particular currency would depend not only on

the nominal costs of borrowings and its uncertainty but also on whether the

appreciation or depreciation of that particular currency is associated with an

increase or decrease in the ability of the country to generate foreign

exchange and pay its external liabilities. Comonly used indicators of the

ability to service external debt are the level of exports and the country's

terms of trade. For exampl, if the country exports only one commodity and if

the price of that particular commodity is one to one related to a particular

currency, say the Danish Krone, then borrowing in that currency would be the

lowest risk strategy possible.

In this context, aiversification of risk could suggest that a country

should not only borrow in more than one currency, it could also suggest that a

country determines the~ currency composition of external liabilities, or other

aspects of its external liabilities, so as to reduce other forms of price risk

(e.g., fluctuations in export or import prices, or the terms of trade).

As exchange rates (and interest rates) are very difficult to predict,

it seems valid to use in the context of an optimal borrowing strategy the

presumption that the objective of the country in choosing its currency

composition is not to "beat" the market. The market expectations as a whole

of the movements of cross-currency exchange rates are related to the nominal

interest differentials between ditterent currencies. It can be expected that

under perfect market conditions ex-ante deviations from uncovered interest

rate parity are small and that expected borrowing costs will thus be similar

in all currencies. The currency composition choice will then becom^

predominantly a function of the correlation of each of the currencies with the
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country's ability to pay external liabilities. The country will minimize the

variability of its debt service obligation relative to its ability to pay and

borrow a risk-minimizing hedge portfolio.

The conclusion of this section is that a solid theoretical framework

is necessary and that only empirical work can clarify the optimal currency

choice issue. We turn now to the theoretical model.

I
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III. The Modell

Consider a world which consists of a small open economy (the home

country) and N developed countries. Let each of the N developed countries

have an exchange rate e(i), i=1,...,N, which follows the diffusion process:

de(i)
(1) e(i) - V=e()dt + Oe(i)dZe(i) '

Here e(i) is written in terms of the home countries' currency per unit of the

foreign currency (e.g., Turkish liras per US dollar) and dZe(i) is a Wiener

process. So (dZ)=0 and VAR(dZ)=dt. Thus, this differential equation says

that the expected value of the depreciation of the i'th exchange rate during

the time period dt is ve(i) and its standard deviation is oe(i)* We are thus

assuming that the exchange rate depreciations are approximately normal for

small intervals dt, and that the exchange rates themselves are lognormal.2

Suppose also that the means and standard deviations ve(i) and ae(i)

are all allowed to depend on both time and a vector of state variables (which

will be defined later). So

Ve(i) = ve(i)(S,t) and °e(i) = e(i)(St)
I

where S is a (SYl) vector of state variables which are assumed to follow Ito

processes. Thus we have N foreign currencies in which the home country can

invest its wealth and denominate its liabilities, which are assumed to follow

the process

1. This section is a brief summary of a restricted version of the model
presented in Claessens (1988). See his paper for the general model and a
discussion of the model and its assumptions.
2. See Merton (1971) and Fischer (1975) for descriptions of the properties of
Wiener processes and stochastic differential equations.
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de(i)
e(in = ve(i)(Spt)dt + Ge(i)(S,t)dZe(i)

Suppose that each country in the "world" has one nominal riskless

(instantaneous) bond. Let B (j) be the price in the j'th currency of country

j's riskless bond, and B be the price in the home currency of the home

country's riskless bond. The dynamics for B (j) are given by

dB (j)
(3) = R *(j)dt , j=l,...,N

where R (j) is the instantaneous nominal rate of return on the j'th bond in

currency j. Also, let R be the instantaneous nominal return on the safe

domestic bond. The interest rates R are assumed to be constant.

Define the excess return of the j'th foreign bond for a domestic

investor, dH(B*(j))/H(B (j)), as the return on one unit of domestic currency

invested in the foreign bond, financed by borrowing at the interest rate R in

the domestic country., i.e.

dH(B *(0) de i)
(4) B{B(Ij)) = R*(j)dt + e(j) - Rdt ,

= (RW(m) + Ve(j) - R)dt + Oe(j)dZe(j)

Notice that the foreign bonds are risk-free in their own country but exchange

rate risks make them risky for investors from our "home country", and that

their excess returns are perfectly correlated with the changes in the

corresponding exchange rate.

Next, suppose there are K commodities consumed in the home country,

whose domestic currency prices follow the differential equation

dP(i)
(5) P(i) vp(i)dt + Op(i)dZp(i) '

Again, vp(i) and ap(i) are allowed to be functions of both time and a vector
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of state variables. So the commodity price changes have a mean of vp(i)(S,t)

and a standard deviation of ap(i)(S,t) over short time intervals dt.3

The first K elements in the (Sxl) vector of state variables are

assumed to be the changes in the logarithms of the conmnodity prices; the next

N elements are assumed to be the changes in the logarithms of the exchange

rates$ and the remaining (S-K-N) elements are assumed to be other unspecified

exogenous variables.

Finally, we assume that the domestic investor maximizes a time-

additive von Neuman-Morgenstern lifetime expected utility function which

depends only on the consumption of the K commodities and time,

i.e. St trU [c(z), ...,ck(z)le zdzI where 6 is the intertemporal rate of

time preference and ci is the consumption rate of good i. This assumption

completes the model, and allows us to solve for the optimal investment

portfolio.

Let b be the optimal holdings of foreign bonds, let v be the (Nxl)

vector of excess returns, let Vaa be the (NxN) covariance matrix of excess

returns to the foreign bonds, and let Vas be the (NxS) matrix of covariances

between the excess returns and changes in the state variables. Notice that,

because the excess returns are perfectly correlated with changes in the

exchange rate changes, Vaa is the same as the covariance matrix of exchange

rate depreciations, and Vas is the same as the matrix of covariances between

the exchange rate depreciations and changes in the states variablest where the

3. We do not assume that the law of one price holds necessarily exactly for
all goods (nor that Purchasing Power Parity holds), i.e., P(i) # P (i,j)e(j)
necessarily for all i and j, where P (i,j) is the price of the traded good i
in terms of foreign currency j. Neither do we assume that changes in the
terms of trade are perfectly correlated with the (weighted average of the)
changes in the exchange rates.
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first K state variables are the commodity prices. It can be shown (see

Claessens, 1988; Stulz; 1981; or Breeden, 1979) that the optimal holdings of

forein bods b 1 -U 7 -1 -1
foreign bonds b = - I Uj-~ Vaa " - Vaa VasCs , where C = C(W,S,t) is the

w cc
consumption expenditure function of the investor, W is wealth, and subscripts

refer to partial derivatives. Notice that this is a a linear combination of

(s+l) column vectors, each of which (when appropriately scaled) can be

interpreted as a mutual fund portfolio. The first portfolio is a mean-

variance efficient portfolio (i.e., a speculative portfolio), given by Vaa lv,

and the remaining s portfolios are hedging portfolios, given by the S columns

of

(6) Vaa-iVas

The weights in the linear combination depend on the parameters of the utility

function (such as degree of risk aversion and the consumption shares of the

different goods) while the portfolios themselves do not. The weight on the
U U

speculative po-tfolio is C-- c- where US- is just the inverse of the
w cc cc

coefficient of risk aversion, and the weights on the hedging portfolios
-C

are C-!. For a country with a high degree of relative risk aversion, the
w

hedging mutual funds will clearly be relatively more important in the overall

optimal holding of foreign bonds than the speculative mutual fund. Assuming

that most developing countries are relatively risk averse, and using the

assumption that the expected costs of borrowings in different currencies after

adjusting for exchange rate changes are all equal (i.e., v = O), we can focus

on the hedging portfolios for the rest of this paper.

The hedging portfolios are the portfolios which provide the maximum
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correlation with the state variables 8, and hence they can be used to hedge

against unanticipated changes in the state variables. This is because after a

shock to a state variable, the hedging portfolio leaves the investor's wealth

"as near as possible" to what it was originally was, where the "nearness"

depends on the degree of correlation of that portfolio with the state

variable.

The model says that the optimal way to hedge the K commodity prices

(and thun consumer's welfare) against changes in the exchange rates is to

borrow according to the first K elements of the matrix Vaa IVas, because then

a change in each currency leaves the investor's net welfare the least

affected. The borrowing shares would apply to the country's net foreign

liabilities, i.e., gross debt minus foreign exchange reserves.

In the next section of this paper we will assume that K is one, and

that the first state variable will be the difference between the logarithm of

the export prices and the logarithm of the import prices, i.e. this state

variable is the terms of trade. 4

IV. Data

Weekly exchange rate data from April 1, 1977 to March 31, 1988 were

collected (574 observations) for the Japanese Yen (JY), the Deutschemark (DM),

the Swiss Franc (SWF), the Austrian Schiling (AUS), the Pound Sterling (PS),

the French Franc (FF), the US Dollar (US), the Indonesian Rupiah (INDO), and

4. The use of one price variable, terms of trade, instead of K can be
justified if the utility function to be maximized exhibits constant
consumption shares. The covariances of the terms of trade with the exchange
rates can then be written as a function of the covariances of the individual
prices with the exchange rates.
I
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the Turkish Lira (TUR).5 From this data, the weekly exchange rates of the

developed countries' currencies were calculated in terms of number of

Indonesian Rupiahs and Turkish Liras per unit of foreign currency (e.g., Liras

per Pound Sterling), giving two sets of seven exchange rates.

For the first part of the sample period, both the Rupiah and the Lira

were fixed with respect to the US Dollar. This would, of course, artificially

affect our estimates of the variances and covariances of the exchange rates,

so the sample size was truncated at April 30, 1980 for Indonesia (414

observations left) and at October 15, 1980 for Turkey (390 observations

left). Since that time, both currencies have been under a managed float

exchange rate system.

A few interesting facts become obvious when one examines the plots of

the exchange rates. See Figures 1 and 2 for the plots of INDO/JY and

TUR/JY. The most striking feature of these plots is the dramatic depreciation

of both the Rupiah and the Lira with respect to JY and with respect to the

other currencies as well. The Rupiah fell from 2.63 INDO/JY to 13.25 INDO/JY,

and the Lira fell from 0.40 TUR/JY to 9.75 TUR/JY over our sample period.

Another obvious feature is the two times that the Indonesian government

devalued the Rupiah by large percentages - from 702 INDO/US to 970 INDO/US in

March, 1983; and from 1134 INDO/US to 1643 INDO/US in September, 1986.

These two devaluations of the Rupiah would cause problems when

estimating the covariance matrix of exchange rate changes, as the large

5. The source for INDO and TUR was the International Monetary Fund database
TIBMER, and the source for the other rates was the IMF database FTFROR. The
Indonesian and Turkish rates are "representative" rates - i.e., they come from
markets within Indonesia and Turkey respectively. The other rates are all
London Noon Spot Quotations. Wednesdays were used whenever possible, but if a
holiday fell on Wednesday then Thursday's quotation was used.
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appreciations of all currencies at the same time would artificially increase

covariance estimates. A dummy variable is therefore used throughout the

ensuing analysis to capture each of these two depreciations (one dummy

variable for each depreciation). It is interesting to note that with these

dumies included, statistical tests (augmented Dickey-Fuller tests and

examination of the correlograms) reveal that the Rupiah-based log exchange

rates all are random walks with drift. All the Turkish Lira based exchange

rates, however, fail these tests, perhaps suggesting that the Turkish

government has some other, non-market-clearing motives in mind when it sets

the value of the Lira.

As mentioned in the previous section, the analysis rocusses on the

behavior of the countries' terms of trade in relation to the behavior of the

exchange rates. The unit value of exports (imports) are calculated by dividing

the ezport (import) values by the export (import) volumes.6 The terms of

trade are calculated as the unit value of exports divided by the unit value of

imports.

The analysis which follows is based on the logarithms of the exchange

rates and the logarithms of the terms of trade, multiplied by 100. This is in

harmony with the literature on exchange rates, and gives us the additional

benefit of being able to interpret differenced logs as percentage changes.

Recall that the theoretical framework requires all the data to be differenced,

so we will deal with percentage changes. It should be noted that the

6. All the value data and the Indonesian export volume data come from the
International Financial Statistics. The source for the Indonesian import
volume data is the Indikator Ekonomi, a publication put out monthly by the
Indonesian Bureau of Statistics, and the source for all the Turkish volume
data is Aylik Istatistik Bulteni, a publication put out monthly by the Turkish
Ministry of State.



- 20 -

percentage changes from month to month in the terms of trade are quite high

compared to the monthly exchange rate changes, which are much less volatile

and usually fluctuate between +1OX. The correlations between the exchange

rate changes and the terms of trade changes are somewhat low, suggesting that

the optimal portfolio we derive might be a less than perfect hedge against the

changes in the terms of trade.

V. Estimation

i) The ARCH Model

We are interested in obtaining a portfolio of foreign assets which

has maximum correlation with the changes in the terms of trade. This optimal

hedging portfolio can be found by solving equation (6), where Vas is now the

vector of covariances between the changes in the terms of trade and the

changes in the exchange rates. But notice that Vaa IVas is just a simple OLS

regression of the changes in the state variable on changes in the exchange

rates. So one could calculate the optimal portfolio shares by running a

simple OLS regression of the terms of trade changes on the exchange rate

changes and using the parameter estimates for the slopes as shares. However,

this procedure implicitly assumes that the variances and covariances of the

exchange rate changes are constant through time, an assumption which has oeen

proven false many times in the literature. It would seem appropriate, then,

to use an estimation procedure which allows the covariance matrix to change

with time.

Autoregressive Conditional Heteroskedasticity (ARCH) is an

econometric technique developed by Engle (1982) to do just that. In the

univariate version which he presents, the conditional variance of a time
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series is allcwed to depend on lagged squared residuals in an autoregressive

manner. This means that during periods in which there are large unexpected

Ohocks to the variable its estimated variance will increase, and during

periods of relative stability its estimated variance will decrease.

Bollerslev (1986) generalizes the ARCH model in much the same way that an

Autoregressive model is generalized to an Autoregressive Moving Average (ARMA)

model. His model, called Generalized ARCH, is the same as an ARMA model in

squared residuals. So, just as the ARMA model allows the mean to cnange with

time, the ARCH (and Generalized ARCH) model allows the variance to change with

time.

The generalization of the univariate ARCH models to multivariate ARCH

models involves allowing the whole covariance matrix to change with time,

instead of allowing just the variance to change with time. The first

multivariate ARCH model presented in the literature was the one presented by

Kraft and Engle (1982), which allows the elements of the covariance matrix to

be a function of all lagged squares and cross products of the residuals. So

this generalization is the same as 'the generalization of a univariate ARMA

process to a vector ARMA process. This model is very general, and does not

always give positive definite covariance matriceL, so Baba et.al. (1987)

present a model which imposes positive definiten bs on the covariance

matrix. Bollerslev (1987) develops another multivariate ARCH model which,

-anile more restrictive, is simpler and much easier to estimate, while still

allowing the covariance matrix to change with time. This model imposes the

restriction that the correlation matrix is constant through time while the

covariance matrix changes. Because of the large number of equations in our

model, we will be using the constant correlations version of the multivariate
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ARCH model. See Appendix 1 for a description of the model.

2) The Estimation Results

If Ht is the covariance matrix of exchange rate depreciations and Yt

is the exchange rate depreciation, then the model estimated for Indonesia is

Yt - c 4 d1D1t + d2 D2 t + et

Ht= VtCVt

where yt, c, dl, d2, and et are all M7xO) vectors, Vt, C, and Ht are all (7x7)

matrices (see Appendix 1), Dlt is a dummy variable for the first major

depreciation in the rupiah and D2t is a dummy variable for the second major

depreciation. Restrictions are imposed which say that the effect of each of

the two large depreciations was the same on all seven exchange rates (in terms

of percentages). This amounts to imposing the restrictions that di= r1i and

d2 r2i, where r, and r2 are scalars and i is a (7xM) vector of ones. The

model estimated for Turkey is the same as the model estimated for Indonesia,

except without the dummy variables.

These models are estimated using a program, graciously supplied by

Tim Bollerslev, which uses maximum likelihood estimation to estimate the

values of the parameters in the model. The correlation matrix of weekly

exchange rate depreciations for the Indonesian model is given in Table I (t-

stats in parentheses)7, and the correlation matrix for Turkey is given in

Table 2. Notice that in both models the correlatior. of the US dollar with all

other exchange rates is much lower than the correlation between any of the

7. It is interesting to note that without the dummy variables, all the
correlations increased dramatically. For example, the correlations involving
the US dollar increased from about -.40 to +.80.
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other exchange rates. In the Indonesian model, the correlations are even

negative. This is not surprising in light of the fact that the dollar often

moved in a direction opposite to other developed countries' currencies over

the sample period covered. Notice also that the European currencies (DM,SWF,

ASU, and PF) form a block with high correlations. In fact, DM and AUS are

almost perfectly correlated, which leads one to question how much additional

information is added by including both in the analysis.8

Table 1
Correlation Matrix for Indonesian Based Exchange Rate Depreciations

JY DM SWF AUS PS FF US
1.00 .648 .701 .649 .460 .596 -.477

- (22) (27) (21) (11) (15) (-10)

1.00 .919 .990 .649 .893 -.429
- (112) (949) (23) (91) (-9)

1.00 .917 .627 .835 -.444
_ (114) (21) (51) (-10)

1.00 .660 .901 -.422
- (24) (106) (-9)

1.00 .660 -.335
- (21) (-6)

1.00 -.375
_ (-7)

1.00

8. To keep the issues clear, the Austrian schiling is dropped in the ensuing
analysis. This is done by simply deleting the row and column of the
covariance matrix corresponding to AUS. It should be noted, however, that
dropping AUS only causes a redistribution of the holdings of the European
currencies in our optimal portfolio, leaving the portfolio weights of the non-
European currencies (JY, PS, US) almost unaffected. This supports the
conjecture that AUS is not adding much to the analysis.
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See Appendix 2 for a presentation and a discussion of the other

parameters in the model. A couple of observations which merit mention in the

main text, however, are first that the parameters of the ARCH model are almost

always significant, providing strong support for the hypothesis that the

covariance matrix is changing with time; and second that the constants in the

mean equations are significant, capturing the drift which is so obvious in the

plots of the exchange rates.
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Table 2
Correlation Matrix for Turkish Based Exchange Rate Depreciations

JY DM SWF AUS PS PP US
1.00 .602 .664 .606 .446 .548 .271
_ (17) (21) (17) (11) (15) (6)

1.00 .895 .988 .612 .862 .082
- (93) (754) (20) (73) (1.7)

1.00 .892 .593 .793 .056
- (94) (18) (41) (1.2)

1.00 .628 .871 .086
- (21) (79) (1.8)

1.00 .627 .253
- (17) (5)

1.00 .101
_ (2)

1.00

The terms of trade data are only available monthly, which means that

weekly covariances between exchange rate depreciations and changes in the

terms of trade cannot be calculated. Monthly covariances must then be used

instead. A test is undertaken to see whether or not these covariances also

follow an ARCH process.- Under the null hypothesis that there is no ARCH in

the monthly covariances between a currencies' exchange rate depreciations and

changes in the terms of trade, the test statistic is distributed X21, with a

5Z critical value of 3.84. See Table 3 for the computed test statistics. As

the test statistics for the Turkish data are all less than 0.07, these values

are all insignificant at any reasonable level of significance. We can

9. See Appendix 3 for a theoretical derivation of the appropriate test
statistic.
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therefore be confident that the covariances between terms of trade and the

exchange rates are not changing with time, and subsequently the unconditional

covariances can be used. The results for the Indonesian data set is similar,

though the test statistic for the covariance between changes in the US dollar

and the changes in the terms of trade is significant. Because all other test

statistics are highly insignificant, we will treat the US dollar covariances

as though they are also constant through time.

Table 3
Lagrange Multiplier Statistics for ARCH in the Covariances

between the Changes in the Terms of Trade and Currency Depreciations

JY DM SWP PS FF US
Turkey 0.0003 0.002 0.0007 0.070 0.02 0.0007
Indonesia 0.45 0.05 0.035 0.04 0.0055 10.41

VI. The Optimal Portfolios

In order to calculate a nation's optimal currency compostion of

external debt over the next (say) three months, one must first obtain a

forecast of the variance-covariance matrix of exchange rate depreciations for

the next three months, then multiply the inverse of that by the forecasted

covariance between exchange rate depreciations and changes in the terms of

trade. The forecast of the covariance between the exchange rate depreciations

and the changes in the terms of trade are easy to derive - they are just the

unconditional covariances because they are not changing over time. The three

month forecasts would be the monthly unconditional covariance multiplied by

three.

The ARCH model can be used to forecast the variances and covariances

of a series of exchange rate depreciations in exactly the same way that an

ARMA model can be used to forecast the mean of a series. So we can just
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forecast the weekly covariance matrix for the next thirteen weeks, and use

these forecasts to get a forecast of the three month covariance matrix.

Tables 4a and 4b give the forecasted covariance matrix for Indonesian based

currencies for the first quarter of 1988 and the unconditional covariance

matrix over the sample period (Apr/80 to Mar/88). Notice that they are quite

different, and they suggest that the exchange rates in the first quarter of

1988 were expected to be relatively more stable than over the previous eight

years combined.

Table 4a
Forecasted Covariance Matrix - Indonesia, 1988.1

JY DM SWF PS FF US
28.8 19.0 22.6 12.6 17.2 -1.3

30.1 30.5 18.4 26.7 -1.2
36.7 19.6 27.5 -1.4

26.9 18.5 -0.9
29.6 -1.0

.26

Table 4b
Unconditional Covariance Matrix - Indonesia, 1980.2 to 1987.4

JY DM SWF PS FF US
36.7 20.8 26.1 17.0 21.3 -1.1

33.0 32.8 19.6 31.5 -.97
39.3 22.0 31.2 -1.1

31.0 20.3 -0.9
33.9 -0.9

.69

With this information, we are now able to calculate the optimal

portfolio according to equation (6). The result for the shares for Indonesia

for the first quarter of 1988, when scaled to sum to one, is

JY DM SWF PS PF US
0.031 0.191 -.005 0.014 -0.139 0.907

The most striking feature of this portfolio is the heavy weight in the US
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dollar and the lower weights in all other currencies. This might be as

expected, though, because Indonesia's exports are largely made up of petroleum

and primary commodities, whose prices are evidently more related to the US

dollar, and because Indonesia manages its exchange rate with respect to the US

dollar. Borrowing a large fraction in US dollars provides then a hedge

against changes in terms of trade and export values. The optimal portfolio

for Indonesia for the first quarter of 1986 (i.e. based only on data up to the

end of 1985, or the first 297 observations) was

jy DM SWF PS FF Us
-0.005 0.307 -0.055 0.007 -0.154 0.900

This portfolio is not remarkably different from their optimal portfolio for

the first quarter of 1988, but it differs substantially from their actual debt

portfolio at the end of 1985. Indonesia's debt was actual outstanding in the

following proportions:

JY DM SiP PS FF US
0.401 0.106 0.062 0.025 0.038 0.369

It would seem, then, that the optimal portfolio could result in a large

reduction in the variance of Indonesia's net position, as the optimal

portfolio differs substantially from their actual portfolio.

In order to calculate how effective this portfolio strategy is in

terms of dynamically hedging against changes in the terms of trade for

Indonesia, we assume that the Indonesian authorities followed the optimal

strategy every quarter since the end of 1985. I.e., they estimated the ARCH

model, forecasted the covariance matrix on exchange rate depreciations,

estimated the unconditional covariances of the exchange rate depreciations
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with the changes in the terms of trade, and applied equation (6) to get the

optimal hedging portfolio for each quarter since the end of 1985. If they

then borrowed the resulting portfolios, the monthly sequence

of (AlnT + BAlnPX) can be calculated for two years (1986 and 1987), where T =

terms of trade, FX are the residuals from the exchange rate equations,

and B are the portfolio weights. The variance of this sequence can be

compared with the variance of the sequence which results when they use their

1985 portfolio throughout the two years, assuming borrowing at the absolute

levels implied by the optimal portfolio strategies. Comparison of the

variances of the two portfolios provides an indication of how well the optimal

strategies are in hedging against changes in the terms of trade. Performing

this exercise shows that the variance drops using the optimal strategy.

Presumably, the movement in Indonesia's borrowing portfolio away from JY to US

resulted in the increased stability.

The optimal qua-terly portfolios which result from the above

analysis, are shown in Table 5. The portfolios are scaled to sum to one. The

relative shares of the currencies change quite a bit from quarter to quarter.

However, it is interesting to note that the effective currency distribution of

the portfolio does not change that much through time once one accounts for the

high correlation between the European currencies. The sums of the shares of

the European currencies (DM, SWF, PS and FF) are for each respective quarter

(from the first quarter of 1986 through the first quarter of 1988): lO.9Z,

13.8SZ, 7.41, 18X, 34.4X, 19.7%, 25.81, 11.1 and 6.11. The combined European

share is somewhat more stable than the individual shares, potentially a

reflection of the high correlation among the European currencies. In addition

to the changes in shares, the unscaled portfolios also change. The sum of the
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"nscaled portfolio weights ranges between about 5 and about 40, which suggests

different absolute levels of borrowing.

Table 5
Optimal Portfolios - Indonesia

period JY DM SWF PS FF US
1986.1 -0.005 0.307 -0.055 0.007 -0.154 0.900
1986.2 -0.022 0.320 -0.028 0.028 -0.182 0.884
1986.3 -0.001 0.164 -0.012 0.021 -0.100 0.928
1986.4 -0.027 0.384 0.019 0.027 -0.252 0.849
1987.1 -0.009 0.801 0.026 0.150 -0.632 0.665
1987.2 0.006 0.462 0.015 0.075 -0.354 0.797
1987.3 -0.033 0.703 -0.017 0.050 -0.479 0.777
1987.4 0.044 0.323 0.001 0.029 -0.243 0.847
1988.1 0.031 0.191 -0.005 0.014 -0.139 0.907

A similar analysis can be conducted to find the portfolios that hedge

against changes in export prices, export values, import prices or import

values. These portfolios are very similar to the ones above and achieve

equally remarkable reductions in variance. As expected, though, the import

hedging portfolios are approximately the negative of the export hedging

portfolios. The export hedging portfolios are approximately the same as the

terms of trade portfolios.

The case for Turkey is analyzed similarly. Applying the strategy

decribed above gives the optimal portfolio for the first quarter of 1988 as

JY DM SWF PS PF US
0.115 -0.086 -1.842 0.498 2.511 -0.197

This portfolio is much more diversified than Indonesia's optimal portfolio,

which might not surprising because Turkey's trade is more diversified than

Indonesia's and Turkey's exchange rate policy is less focussed on one

currency. Turkey's optimal portfolio involves investing large amounts in SWF,
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DM and US (the negative portfolio shares) while borrowing JY, PS and FF. The

investing can be done through the central bank's foreign exchange rserves,

which could be financed by the borrowings in the other currencies. Their

actual portfolio (row 1) and their optimal portfolio (row 2) for the first

quarter of 1986 are:

JY DM SWF PS FF US
0.104 0.183 0.117 0.022 0.032 0.543
0.911 -0.311 -0.893 0.255 1.131 -0.093

This large discrepancy between their.actual debt portfolio and their optimal

debt portfolio suggests that there is a lot of hedging that can be done by

changing their debt portfolio. Unfortunately, this is not the case due to the

large changes in portfolio shares from period to period. The optimal

strategies for each quarter are given in Table 6, from which one notices the

large changes in the optimal portfolio shares through time, unlike Indonesia

where they were relatively stable.

Table 6
Optimal Portfolios - Turkey

period JY DM SWF PS FF US
1986.1 0.911 -0.311 -0.893 0.255 1.131 -0.093
1986.2 0.335 -0.677 -0.589 0.531 1.265 0.135
1986.3 0.799 -0.479 -0.833 0.718 1.019 -0.225
1986.4 0.548 -0.365 -0.974 0.932 0.867 -0.007
1987.1 0.390 -0.363 -1.022 0.857 1.086 0.052
1987.2 0.362 -0.159 -0.863 0.618 1.190 -0.147
1987.3 0.237 -0.123 -1.234 0.483 1.783 -0.146
1987.4 0.524 -0.316 -1.155 0.052 1.728 -0.301
1988.1 0.115 -0.086 -1.842 0.498 2.511 -0.197

The sum of the unscaled portfolio weights ranges between about 0.9

and 2, suggesting, similar to the results for Indonesia, different absolute

levels of borrowing. However, the variability in the suggested absolute level
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of borrowing is not as large for Turkey as it was for Indonesia. The sums of

the shares of European currencies are respectively for the nine quarters:

18.2%, 53%, 42.62, 45.9%, 55.8%, 78.5%, 90.9%, 77.7% and 108X. The sums seems

to suggest a relatively more stable weight for the European currencies as a

whole compared to the individual European currency weights. Restricting the

portfolio shares to be positive, i.e., not allowing any investing in foreign

currencies, results for the nine quarters in the following portfolios:

Table 7
Optimal Portfolios, Shares Positive - Turkey

period JY DH SWF PS FF US SUM
1986.2 0.075 0.000 0.000 0.337 0.349 0.239 0.554
1986.3 0.338 0.000 0.000 0.462 0.200 0.000 0.576
1986.4 0.117 0.000 0.000 0.677 0.067 0.138 0.705
1987.1 0.000 0.000 0.000 0.582 0.233 0.180 0.746
1987.2 0.020 0.000 0.000 0.436 0.544 0.000 0.759
1987.3 0.000 0.000 0.000 0.228 0.769 0.003 0.627
1987.4 0.037 0.000 0.000 0.251 0.712 0.000 0.663
1988.1 0.000 0.000 0.000 0.124 0.876 0.000 0.375

In general, restricting the weights of the currencies to be positive

leads to less skewed and somewhat more stable portfolios. In addition, the sum

of the unscaled portfolio amounts, the right hand column in the table 7, i.s

more stable. This indicates that the relative amount to borrow each period to

hedge against terms of trade movements is more constant when the weights are

restricted to be positive. The sums of the shares of the European currencies

for the eight quarters are respectively: 0.656, 0.662, 0.744, 0.815, 0.980,

0.997, 0.963 and 1.00. This sum is more stable than the individual currency

weights, the PS and the FP (and more stable than without restrictions on the

portfolio shares). The relatively high correlation between the PS and PF

currencies makes these currencies in some sense "substitutes" in terms of
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hedging against terms of trade movements. Small relative changes from period

to period in the correlation between the PS and PF exchange rates and the

terms of trade movements can then allow for large shifts within the European

basket. The shifting shares within the European group need not be a reason

for concern as long as Turkey sets its borrowing targets with respect to the

groups of European currencies as a whole.

Overall the results for Turkey are not completely satisfying, most

likely due to weaker data. It seems unlikely that using better econometric

techniques and imposing more restrictions while solving for the portfolio

weights will lead to more satisfying results unless the data used for Turkey

are improved upon.
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VII. Conclusion

This paper outlines a theoretical model of how to calculate the

optimal debt portfolio for a nation which wants to hedge its terms of trade

against exchange rate fluctuations. The paper applies the theoretical analyis

to Indonesia and Turkey. The portfolio which we derive for Indonesia is shown

to be an effective hedge, reducing the variance of the costs of borrowing

reletative tot Indonesia terms of trade. So even though Indonesia might only

have limited access to organized currency futures and other hedging markets,

they could still manage their external exposure effectively if they could

structure their external debt optimally. Historically the optimal portfolios

did not change much from one quarter to the next, so the quarterly portfolio

changes would mostly require fine-tuning their portfolio, which could make the

borrowing strategy all the more beneficial to implement.

The results for Turkey are not completely satisfying. Part of it

might be due to the data for Turkey, which were less than perfect. But it

also points out some directions for further research. One is to reperform the

analysis with some more currencies included. The Turkey model, for example,

should probably have as one of its borrowing currencies a currency

representing the Middle East - such as Saudia Arabia. Another direction would

be to use an instrumental variable technique to forecast currency changes

against the Turkish Lira and to obtain the deviations from the expected

exchange rate changes. This might enhance the analysis, especially as the

Turkish exhange rates do not seem to follow a random walk.
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Appendix 1

The multivariate ARCH model used in this paper is the one first

proposed by Bollerslev (1987). See his paper for a more detailed discussion

of the model.

Let Pt (the information set) be the a-field generated by past values

of et, let yt be a (nxl) vector and let Ht be a (nxn) matrix. Then the

multivariate ARCH model is

Yt|Rt-I N(Xt.B ' St)

Ht = VtcVt

where C is a (nxn) correlation matrix which is time-invariant, and Vt is a

(nxn) diagonal matrix with the i'th diagonal element, hi,t being the

standard deviation of the i'th variable, -which is allowed to change with

time. The variances are assumed to follow a univariate ARCH process; i.e.

hitt w wi * aiei",t12 + bihi,t-i. This gives a covariance matrix, Ht, with

constant correlations but time-changing variances and covariances.

Letting e be the parameters of the model and T be the number of

observations, the likelihood function is

L (8) - 2 log(2ar) -½ ~2Eh1 (loglHtl * et'Htjlet)

which can be rewritten as

TN
L (6) - 2 log(2w) - ½TloglCI - h1 logIDtl - t1 st'C7t

where st are the standardized residual'.

This version of the likelihood function highlights one of this

model's major advantages (and the reason we chose to use this model instead of

one of the other multivariate ARCH models) - evaluation of the likelihood

I
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function requires inversion of only one (nxn) matrix instead of T. Because we

use numeric methods to maximize the likelihood function and we have 50

parameters in the model with 400 observations, we reduce the number of matrix

inversions from 20,000 to 50 for each iteration. Given that we are estimating

about 20 different models with many iterations Fer model, the time and cost

savings are enormous, while the results should not be qualitatively different

than with another model.
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Appendix 2

The full model estimated was

Yt = c + et

E(e e 1jFt_j) o Ht

et N(O,Hd)

Ht Vt'CVt

where Yt, c, and et are (71s) vectors, Ht and C are (7x7) matrices, and Vt is

a (7x7) diagonal matrix with diagonal elements (hjy,t,hDM,t,...,hUs,t) and

each hi,t a univariate CARCH(l,1) model. For example,

2,
hps,t a 'US P aPsepS,t-l bpShpS,t.l. The results for Indonesia are

presented in Table A2.1 and the results for Turkey are presented in Table

A2.2.

Table A2.1
ARCH Estimation Results - Indonesia, Data through Mar/1988

parameter JY DM SWP AUS PS PP US
c 0.327 0.199 0.237 0.204 0.091 0.104 0.029

t-stats (4.6) (2.6) (2.9) (2.7) (1.2) (1.2) (5.3)

W 0.130 0.470 0.199 0.483 0.112 0.636 0.000
t-stats (3.5) (2.1) (1.5) (2.1) (2.1) (1.9) (1.5)

a 0.072 0.058 0.035 0.056 0.047 0.098 0.292
t-stats (5.7) (2.4) (1.6) (2.2) (2.9) (4.4) (5.8)

b 0.863 0.734 0.892 0.729 0.902 0.623 0.739
t-stats (30.7) (6.4) (16.0) (6.2) (25.3) (3.4) (23.4)

dummy variables depreciation #1 32.26
(163)

depreciation #2 37.21
(531)
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Table A2.2
ARCH Estimation Results - Turkey, Data through Mar/88

parae-ter JY DM SWF AUS PS PP Us
c 0.786 0.691 0.717 0.697 0.609 0.609 0.676

t-stats (9.9) (10.1) (9.2) (10.3) (7.2) (8.6) (10.8)

w 0.166 0.326 0.032 0.265 0.071 0.732 0.673
t-stats (2.3) (1.9) (1.4) (2.1) (1.4) (2.4) (3.7)

a 0.095 0.016 0.046 0.044 0.025 0.116 0.234
t-stats (3.5) (2.6) (2.2) (2.5) (2.5) (4.8) (3.0)

b 0.823 0.763 0.968 0.797 0.943 0.462 0.156
t-stats (16.9) (7.0) (60.7) (9.2) (32.6) (2.4) (0.9)

The first observation on these results is that the ARCH parameters a

and b are almost always highly significant, which suggests that the variances

and covariances are changivg through time and the ARCH estimation procedure

should give us better covariance estimates at any point in time than OLS.

Another observation is that the constants in the mean equations are usually

significantly positive, capturing the upward trend in the exchange rates.

Notice that for Turkey (for example) the constants are around 0.70, which says

that the average weekly depreciation of the Lira was about 0.70X. For

Indonesia, the typical weekly depreciation was smaller, but the two dummy

variables capture two large depreciations (which probably make up for the

smaller typical weekly depreciation). The first depreciation was about 322

and the second was about 37%.

From these results, a series of conditional variances can be

constructed which allows us to identify periods of stability and instability

in each of the exchange rates. The conditional variances for INDO/US,

INDO/PS, TUR/SWF and TUR/JY are plotted in Figures A2.1 to A2.4

respectively. These are just a representative aample of all of the possible

plots; the conclusions derived from these plots are similar to those which
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would be derived from other plots. Some interesting insights can be gained

from these plots. First, the variances of the INDO/US series are much smaller

than the other Indonesian-based series' variances (note the scale difference

on the vertical axis). This is expected because the Rupiah is operating on a

dirty float with respect to the dollar. Notice also that uncertainty in most

exchange rates was at a peak in 1985; a time when uncertainty in the dollar

was relatively small. One possible explanation for this is that this was when

the dollar was falling. The market knew that the dollar was going to fall -

there was not much uncertainty there - but there was a lot of uncertainty in

how the fall would be distributed. Into which currency would the dollar be

converted? This leads to increased un..artainty in the other currencies.
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Appendix 3

When testing for restrictions in the ARCH models, the simplest test

is the Lagrange Multiplier (LM) test. This is a test which examines whether

the slope of the likelihood function evaluated at the parameters under the

null hypothesis, is zero. So the LM test requires only the uerivatives of the

likelihood function with respect to all the parameters, evaluated under the

null. If the null hypothesis is given by HO:O=eo then the LM test statistic,

which is distributed X2 where q is the number of restrictions imposed by theq

null, is

=L -4) C 1 (6eLel

where C is the information matrix and L is the likelihood function.

Kroner (1987) shows that for ARCH models this test statistic always

reduces to

='x 3½( T. vtWt ljDt)( =. Dt'WitDt)1 ( 1=1 Dt'Witvt)

where

Vt = vec(etet -Ht)

Wt = Ht * Ht

and Qt' = 6vecHt

In this paper, we are interested in testing whether or not the covariances

between exchange rate depreciations and terms of trade changes are varying

with time. This is done by setting up a bivariate seemingly unrelated

regressions model, with the two variables being the appropriate exchange rate

tepreciations and the changes in the terms of trade. We then test for ARCH in
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the covariances from this regression., So if the model is

Ht= a + | PC lt-I 2t-I 

then the null hypothesis for no ARCH in the covariances is P: p=O, the

parameters e are e - (vecd,p) and Qt is given by

0
4 lt-1 2t-I1

1 I o 2t-l 4xS

This test statistic is distributed as a X2! under the null of no ARCH in the

covariances.
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