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As the real and nominal exchange rates have become more volatile since the

early 1 970s, the study of the effect of exchange rate on trade flows has come into

sharp focus. While conventional effects of depreciation or appreciation of exchange

rates on trade flows have been accepted and verified by most economists, the impact

of exchange rate volatility remains unresolved. An important puzzle is the absence of

empirical support of the hypothesis that exchange rate volatility will have large and

negative effects on both bilateral and multilateral trade. However, these studies may

have ignored two relevant effects in the modeling and empirical applications: third-

country effects and the presence of forward currency markets.

This thesis identifies the exchange rate effects on bilateral trade while

accounting for third-country effects and forward currency markets. The theoretical

analysis suggests that in a bilateral trade model without a forward market, the

exchange rate volatility effect on trade flows is negative. However, with a fully

developed forward market, volatility of direct real exchange rate should have opposite

impacts on importers and exporters. Moreover, trade diversion could occur due to

changes in the level or volatility of the real exchange rate in a third currency.

The empirical analysis included 10 developed and 10 developing countries.

For the developed countries, quarterly data during the 1973 - 1998 period is used to
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analyze the exchange rate effects on bilateral trade flows among them. For the

developing countries, their bilateral trade flows with 10 developed countries are

investigated. The results show evidence of third country exchange rate effects on the

bilateral trade flows, but they depend crucially on the relative levels and volatility of

direct and third-country real exchange rate.
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Does Third-Country Exchange Rate Affect Bilateral Trade?

Chapter 1 Introduction

Since the advent of the flexible exchange rate system in 1973, both the real and

nominal exchange rates have undergone periods of substantial volatility. At the same

time, the growth of international trade has declined significantly among industrial

countries (De Grauwe, 1988; Doroodian, 1999).1

To illustrate these changes, consider figures 1.1-1.6. The first four figures (i.e.,

figures 1.1-1.4) show both nominal and real exchange rates of Yen/US Dollar,

Canadian Dollar/US Dollar, Deutsche Mark/US Dollar, and British Pound/US Dollar,

respectively. It's quite clear that exchange rates among key currencies in the world

have seen more volatility since the 1 970s. On the other hand, as shown in figures 1.5-

1.6, although trade among developed countries increased from US $ 96 billion in 1948

to US $2.6 trillion in 2001, growth of trade has more variation since 1973, especially

compared to that in the 1959-1973 period.2 The other feature is that growth of trade

after 1973 (i.e., the advent of the flexible exchange rate regime) is far away below the

time trend before (see Figure 1 5)3

The increase in exchange rate volatility and slowdown of growth of

international trade led many researchers to investigate the impact of exchange rate on

the volume of international trade, both theoretically and empirically.

'Doroodian (1999) is an empirical study for developing countries, but he noticedthe slowdown of
growth of international trade among industrial countries since 1973 as well.
2 figures are in 1995 US $. World exports exhibit a similar pattern during the past fifty years,
according to the data reported by the IMF (Figures are omitted here).
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It is generally believed that depreciation (appreciation) of exchange rate

stimulates (deters) exports, and deters (stimulates) imports, as a result of changes in a

relative price between two countries. However, the impact of exchange rate volatility

on trade flows remains unresolved. The "negative hypothesis" that exchange rate

volatility acts so as to reduce trade flows has appeared in the early literature including

Clark (1973), Ethier (1973), Hooper and Kohihagen (1978), Artus (1983), Williamson

(1983), Brodsky (1984), Brada and Mendez (1988), Demers (1991), and Kumar

(1992). The increase in exchange rate volatility is generally considered to hurt both

exports and imports of a country. The unexpected changes in exchange rates impact

the decisions of risk-averse commodity traders such that output and trade volumes

would be reduced. The puzzle here is the difficulty in finding a large and negative

effect of exchange rate volatility on trade in the empirical studies. Instead, many

empirical studies found a positive effect (McKenzie, 1999). Alternatively, some

studies suggested the "positive hypothesis" that exchange rate volatility could increase

trade flows. One of explanations is that an increase in exchange rate volatility has

both a substitution and an income effect. The substitution effect is to transfer

resources from the export sector to the domestic one due to higher risks in the former.

The income effect is to allocate more resources in the export sector to avoid the drop

of expected utility of export revenue. If the income effect dominates the substitution

effects, higher exchange rate volatility can lead to greater exporter and importer

activity. These studies include De Grauwe (1988), Bailey and Tavlas (1988), Dixit

Many other factors could lead to the growth decline. For instance, the decline in the 1 970s could be
due to the first and second oil crises at the end of 1973 and in 1979.
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(1989), Sercu and Vanhulle (1989, 1992), Franke (1991), Dellas and Zilberfarb

(1993), Broil and Eckwert (1999).

Although the literature in this area is voluminous and is still growing, as far as

studies on bilateral trade flows are concerned, there exist two potential problems.

First, most previous studies included relevant variables from two countries only, and

therefore, they could suffer from a model misspecification problem.4 If third country

variables do affect the trade between two countries (bilateral), model misspecification

would occur, biasing the estimates of exchange rate effect on trade in empirical

studies. For instance, Cushman (1986) and Kumar & Dhawan (1991) find such

significant third-country effects in their studies.5 The few studies that included third

country effect, however, have ignored forward markets for currencies.6 Again,

ignoring the hedging opportunities for both exporters and importers could change the

model predictions and empirical results. Therefore, the main objective of this study is

to remedy these two problems, and identify third country effect on bilateral trade, both

theoretically and empirically.

As for the theoretical part, I build on previous efforts (e.g., Viaene and de

Vries, 1992; Cushjnan, 1986, 1988a) and set up two models: one without a forward

market and one with a forward market. The third country effect is introduced into

both models. The theoretical analysis shows that a depreciation or appreciation of the

direct real exchange rate has the conventional effect on bilateral trade flows. hi the

Exceptions here are works by Cushman (1986), and Kumar & Dhawan (1991).
Cushinan (1986) included U.S. bilateral exports flows to its six largest trading partners (i.e., UK,

Netherlands, France, Germany, Canada, and Japan) for the 1967-1983 period. Kumar and Dhawan
(1991) included Pakistan's exports to the developed world for the 1974-1985 period.
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model without a forward market, the negative volatility effect is identified. However,

with a fully developed forward market, volatility of direct real exchange rate has

opposite impacts on importers and exporters, which is similar to the findings in Viaene

and de Vries (1992). Tn addition, trade diversion could occur due to changes in the

level or volatility of the real exchange rate in a third currency. This prediction is very

similar to Cushman (1986) except that an increase in the third country's real exchange

rate volatility will have opposite impacts on importer and exporters whena forward

currency market is available.

The theoretical propositions are tested using developed and developing

countries. For developed countries, quarterly data during the 1973-1998 period are

used to analyze the bilateral trade flows among ten developed countries: Canada,

France, Germany, Italy, Japan, Netherlands, Spain, Switzerland, U.K., and U.S.. For

developing countries, the sample countries and sample period are severely limited by

the availability of quarterly data. Ten developing countries included in the study are:

Argentina, Czech Republic, Israel, Kazakhstan, Korea, Latvia, Lithuania, Mexico,

Russia, and Slovak Republic. The sample period varies from country to country.7

Bilateral trade flows between the developing and the developed countries are

investigated. Empirical results identify significant third-country effects, which depend

on the relative levels and volatility of direct and third country real exchange rate.

This thesis proceeds as follows. In the next chapter, the literature on the

exchange rate effects on trade is outlined. In chapter 3, a model without a forward

6 See more discussion in Chapter 2.
See Table 4.5 for details.
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market is introduced to examine the impact of exchange rate on bilateral trade flows.

A fully developed forward market is incorporated into the analysis in the rest of the

chapter. Chapter 4 addresses the empirical framework, the data and methodological

issues. Results are discussed for both developed and developing countries in Chapter

5. Chapter 6 contains a summary ofmy findings with emphasis on the comparison of

results between two groups of countries. Finally, conclusions are presented in Chapter

7.
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Chapter 2 Literature Review

The collapse of the Bretton Woods system of fixed exchange rates in 1973

raised theoretical and empirical i ssues about the consequences o f flexible exchange

rates for international trade (Bowen et al., 2001, p. 537). This chapter reviews the

literature on two issues: (1) the effect of currency depreciation or appreciation, and (2)

the impact of increased exchange rate volatility on trade.

2.1 Depreciation or Appreciation Effect on Trade1

2.1.1 Traditional Theory

According to the traditional theory, it is expected that a nominal depreciation

of a home currency will result in expenditure switching from foreign goods to

domestic goods by both residents and foreigners, increased production of tradables,

higher exports, and in an improvement of the external position of the home country

(Edwards, 1986).

The conventional effect of depreciation on trade flows can be found in many

textbooks on international economics. For instance, according to Gandolfo (2001,

p.82-83), a depreciation of the domestic currency at unchanged domestic and foreign

prices in the respective currencies, makes domestic goods cheaper in foreign markets

and foreign goods more expensive in the domestic market. The opposite is true for an

appreciation. On the basis of conventional demand theory, depreciation stimulates the

9

Depreciation (appreciation) and devaluation (revaluation) are used interchangeably here, although the
former is a terminology for a fall (rise) in the value of a currency in a managed float regime, and the
latter is a terminology in a fixed exchange rate regime.



foreign demand for domestic good (demand for exports) and deters the domestic

demand for foreign goods (demand for imports). To be able to identify the demand

for exports with realized (equilibrium) exports and the demand for imports with

realized (equilibrium) imports, we need the further assumption that the relevant

supplies (supply of domestic goods by domestic producers to meet foreign demand,

and of foreign goods by foreign producers to meet domestic demand) are perfectly

elastic.

2.1.2 Exchange Rate Pass-Through (EPT) and Pricing to Market (PTM)

The conventional effects of depreciation and appreciation have not been

challenged until the late 1 980s. To explain the persistent US trade deficit in spite of

the large depreciation of the US dollar starting in the mid-1980s, economists began to

pay attention to the pricing policies of international firms and noticed a phenomenon

termed "exchange rate pass-through" (EPT). The EPT theory says that, to remain

competitive, exporting firms respond incompletely to exchange rate movements by

adjusting their export prices and their mark over marginal cost. Therefore, prices and

trade volumes of imperfectly competitive industries react less to exchange rate

movements than would competitive ones.2

10

2
See Dombusch (1987), Krugman (1987), Fisher (1989), Froot and Kiemperer (1989), Knetter (1992),

Goldberg and Knetter (1997). EPT is complete, incomplete or perverse ifa depreciation of the
exporter's currency causes the domestic currency price of exports to be unchanged, to increase or to
decrease. Complete EPT implies that firms maintain own-currency prices and profit margins on their
foreign sales constant and mechanically pass any exchange rate change through to buyers. Incomplete
EPT implies that exporters absorb some portion of an exchange rate change in their mark-up of price
over marginal cost. A perverse EPT is theoretically justified when firms seek to increase their market
share abroad (Froot and Kiemperer, 1989).
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Krugman (1987) coined "pricing to market" (PTM) to refer to the case in

which exporting firms charge a different price in home and foreign markets.

According to this approach, international markets for manufactures are segmented, so

that producers can adapt the prices they charge in different national markets to the

specific local demand conditions. The PTM hypothesis is often coupled with an

assumption on currency invoicing, according to which exporters' prices are quoted in

the buyers' currencies and are temporarily rigid in terms of these currencies

(Devereux, 1997, calls this the localcurrency Pricing or LCP assumption). Using data

on pricing by Japanese manufacturing firms in export and domestic markets over the

period from February 1980 to December 1987, Marston (1990) finds strong evidence

of pricing to market.3

2.1.3 Hysteresis Effects

In addition to EPT and PTM, the hysteresis hypothesis has been put forward to

explain the puzzling observations about the US trade balance. In the early 1980s, the

U.S. dollar was so strong that it put U.S. firms at a sharp disadvantage in world trade

and in the U.S. market. The dollar price of imports declined, and in foreign markets,

U.S. firms lost out because their relative prices increased. However, there was only a

slight increase in real import prices and import volumes did not decrease, even after

the 1985-1988 depreciation brought the real exchange rate back close to its 1980 level.

Hysteresis is defined as:

Empirical studies on EPT are voluminous. Two early studies include Feenstra (1989), Hooper and
Mann (1989), while a latest study is Miljkovic et al. (2003).
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An effect that persists after the cause that brought it about has been removed.
The argument is that firms must incur sunk costs to enternew markets, and can
not recoup these costs if they exit (Dixit, 1989b, p.205)

The possibility of hysteresis arising from exchange rate shocks was put

forward by Baldwin (1988). Baldwin and Krugman (1989) expanded this analysis

while Dixit (1989a, 1989b) examined hysteresis using the theory of option pricing to

analyze investment decisions. These models examine entry and exit decisions ofa

domestic firm in a foreign market.

Formal empirical tests of Hysteresis have been taken under three approaches

(Bowen etal., 2001, p. 555). The first involves the search for structural breaks in the

EPT measures caused by large exchange rate movements. Baldwin (1988) presents

evidence that the EPT relationship shifted in the 1980s, although no structural break

could be found for import volumes. A second test looks at whether cumulative

changes in the exchange rate determine trade flows. Under this hypothesis, imports

should depend on the history of exchange rate changes. Tests of this conjecture using

US data do not support this hypothesis (Parsley and Wei, 1993). The third test derives

from an analogy with financial options. According to this interpretation, as volatility

increase, one would expect time series estimates to show (1) a negative effect on entry

due to larger exchange rate uncertainty, and (2) increased unresponsiveness of trade

flows to exchange rate changes. Results based on US data support the former

interpretation of hysteresis effects (Campa, 1993) but not the latter (Parsley and Wei,

1
993)4

more recent studies, see Ansic and Pugh (1999), Campa (2000), Martinez-Zarzoso (2001).



changes in the values of exports and imports depend on the demand elasticities.
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2.1.4 J-Curve Effect

The literature above focuses on changes in the volumes of trade after

depreciation or appreciation of exchange rate. Most studies on the depreciation or

appreciation effect on the values of trade, however, appear in the literature on balance

of payments adjustment following an exchange rate depreciation or appreciation.5

The terminology of "J-Curve Effect" was introduced after the 1967

devaluation of the pound sterling (see NIESR, 1968, p. 11), which was followed by a

trade deficit which lasted until 1970. J-Curve denotes time path of the payments

balance, which initially decreases (deteriorates) and subsequently increases (improves)

to a level higher than the one prior to devaluation, thus resembling a J slanted to the

right in a diagram in which time is measured on the horizontal axis and the balance of

payments on the vertical one.

Several studies attempted to explain this phenomenon by introducing by

distinguishing various periods following the devaluation in which the effects of the

devaluation itself take place. These are, in the terminology of Magee (1973), the

currency-contract period, the pass-through period, and the quantity-adjustment period.

During very short periods of currency-contract, neither commodity prices nor amounts

traded can be adjusted, but bills under old contracts must be paid as they become due.

Importers must now pay more domestic currency for a unit of foreign exchange. After

a pass-through, newly contracting importer in both countries see the altered domestic

currency equivalents of commodity price quotations fixed in foreign currency, but

they do not have time to alter the traditional flow of goods purchased. Importers must
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pay more domestic currency per unit imported with the possibility of ex ante hedging.

In the intermediate period of quantity-adjustment, domestic buyers now alter

quantities purchased in response to the changed pass through prices for imports seen in

domestic currency.

The empirical evidence on "J-Curve Effect" is quite strong and shows the

following result: The short-term volume effects, say, within a year, are quite small and

thus, do not outweigh the price effect. The long-term volume effects, by contrast, are

quite substantial, and certainly enough to make the trade balance respond in the

normal fashion to a relative price change (Meade, 1988; Krugman, 1989). Moreover,

empirical evidence concerning the J-curve is found in the following more recent

works: Carter and Pick (1989), Rose and Yellen (1989), Bahmani-Oskooee and

Pourheydarian (1991), Wood (1991), Wilson (1993), Jung and Doroodian (1998),

Bahmani and Brooks (1999), Hacker and Hatemi-J (2003).

2.2 Volatility Effect on Trade

2.2.1 Negative Hypothesis

The negative hypothesis that exchange rate volatility acts so as to reduce trade

flows found early support in the literature. This argument centers on the notion that

unexpected changes in exchange rates impacted upon the decisions made by risk-

averse commodity traders such that output and so trade volumes would be reduced as

a result.6

6
See Clark (1973), Ethier (1973), looper and Kohlhagen (1978), Artus (1983), and Brodsky (1984).
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Williamson (1983) pointed out that the negative effect of volatility on trade

could also be due to (i) the higher forward exchange transaction cost and (ii) a bias

toward foreign direct investment. It has been argued that a great deal of intraday

volatility leads to wider buy-sell spreads, and those higher exchange transaction costs

presumably curtail trade. However, he noticed that spreads were so low that the effect

was minimal. What is much more important is the possibility that uncertainty

regarding the domestic currency value of receipts from foreign transactions may lead

to a bias against foreign trade, perhaps accompanied by a bias toward increased direct

foreign investment as a way of servicing foreign markets less exposed to the vagaries

of volatile exchange rates.

However, Demers (1991) showed how the assumption of risk aversion is not

required to produce a model which supports the negative hypothesis. Assuming risk

neutrality for a competitive firm which is uncertain about the state of demand due to

price uncertainty caused by exchange rate risk, the irreversibility of investment in

physical capital leads to reduced production levels and hence trade volume over time.

Whilst most of the negative hypotheses have been derived from partial

equilibrium models where the decisions of the firm are focused on, they can also be

found in a general equilibrium setting. Kumar (1992) presented a two-country general

equilibrium model in which each country produces two goods (manufactured and

agricultural) with a single input (labor). Assuming (i) purchasing power parity,

incomplete hedging opportunities, risk aversion and foreign currency invoicing for

two countries; (ii) the home (foreign) country has a comparative advantage in



See De Grauwe (1988).
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manufacturing (agriculture sector), Kumar claimed that an increase in exchange rate

volatility is equivalent to a negative technological change and it will finally lower the

level of the inter-industry trade due to redistribution ofresource between industries in

both countries. More specifically, after an increase in the volatility, resources flow

from the risk-bearing manufacturing sector into the risk-free agricultural sector in the

home country. On the contrary, resources flow from the risk-bearing agricultural

sector into the risk-free manufacturing sector in the foreign country. Therefore,

Kumar found that a higher exchange risk reduces the inter-country differences in

relative productivity and so decreases the level of inter-industry trade, whilst

increasing the level of intra-industry trade between two countries.

In addition to the direct negative effect of increased volatility on trade, some

economists have been studying the indirect negative effect. The most important topic

in this area is called the "political economy of exchange rate variability."7 These

studies are originally from the debate on exchange-rate regimes. Brada and Mendez

(1988) argued, the unanticipated exchange rate volatility associated with a freely-

floating exchange-rate regime could induce governments to erect trade barriers to

offset the destabilizing effects of changes in exchange rates that do not reflect changes

in the fundamental determinants of international trade. These trade barriers would

result in a lower volume of international trade. However, this is not true in the eyes of

other economists. As Aristotelous (2001) noted, it has been traditionally argued that

countries with freely-floating exchange-rate regimes (i.e., higher volatility) could

achieve balance-of-payments equilibrium through exchange rate changes, an option
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not available to countries with a fixed exchange-rate regime. To deal with balance-of-

payments disequilibria a country with a fixed exchange-rate regime might resort to

protectionism. Consequently, a freely-floating exchange-rate regime (i.e., higher

volatility) could be more conducive to international trade.

2.2.2 Positive Hypothesis

On the other hand, some economists argued that the exchange rate volatility

can positively impact trade flows even if traders are risk-averse. De Grauwe (1988)

modeled a competitive producer who must decide between selling in the domestic or

foreign market. In that model, both domestic and foreign prices are fixed and so the

only source of risk for this producer is the local currency price of exports. The model

predicts that the response of this producer to an increase in exchange rate risk depends

solely on whether the expected marginal utility of export revenue is a convex or

concave function of the exchange rate. If the exporter is extremely risk-averse, an

increase in exchange rate volatility may raise the expected marginal utility of export

revenue and therefore induce himlher to increase exports. In other words, a very risk-

averse exporter who worries about the decline in revenue may export more when risks

are higher.

This surprising result is more easily understood if one recognizes that an

increase in risk has both a substitution and an income effect, as De Grauwe (1988)

emphasized in the paper. The substitution effect is the one that comes to mind when

an increase in risk is seen to lower the attractiveness of risky activities and to lead
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people to reduce these activities. The income effect, which works in the opposite

direction, is to allocate more resources in the export sector to avoid the drop of

expected (total) utility of export revenue. If the income effect dominates the

substitution effect, higher exchange rate risk can lead to greater export activity.

Bailey & Tavias (1988) argued that, if traders gain knowledge through trade,

enabling them to anticipate changes in exchange rate better than the average

participant in the foreign exchange market, they can profit from this knowledge. That

profit may offset the risk represented by movements in the exchange rate. Thus, it is

possible that increases in exchange rate volatility lead to larger trade flows.

Broil & Eckwert (1999) also argued that a positive link between exchange rate

volatility and international trade has a theoretical basis. The economic intuition here

is that: as the exchange rate volatility increases, so does the value of the option to

export to the world market. Higher volatility increases the potential gains from

international trade, which can make production more profitable. However, Broil &

Eckwert (1999) also admitted the possibility of the negative link, i.e., a more volatile

exchange rate implies a higher risk exposure for international firms. This effect can

work in the opposite direction and decrease production and the volume of international

trade. Therefore, the net effect of exchange rate uncertainty on production and exports

depends on the degree of relative risk aversion of the firm.

Other positive hypotheses that exchange rate volatility acts to induce trade

flows are found in Sercu and Vanhulle (1989, 1992), Dixit (1989b), Franke (1991),

and Dellas & Zilberfarb (1993). For example, Franke (1991) analyzed the exporting
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strategy of a risk neutral firm, which treats exporting as an option as well. In that

paper, under assumptions of monopolistic competition and maximizing the net present

value of expected cash flows from exports, a firm weighs the entry (exit) costs

associated with entering (abandoning) a foreign market against the profits (losses)

created by exports. If the cash flow function is convex in the exchange rate, the

present value of cash flows grows faster than that of entry and exit costs and the firm

benefits from increased exchange rate volatility, therefore, the firm will enter a market

sooner and exit later when the volatility increases. Sercu and Vanhulle (1989, 1992)

also have developed such a model in which firms on average enter a market sooner

and exit later when exchange rate volatility increases, which is noted by Dixit (1 989b)

as well.

Unlike most other studies which focus on the variance of the exchange rate

when defining volatility, Dellas and Zilberfarb (1993) specify unanticipated

fluctuations in the exchange rate as constituting risk. Similar to De Grauwe (1988),

they emphasized two separate effects from increased exchange rate risk. On the one

hand, an increase in exchange rate risk makes a consumer less inclined to expose

his/her resources to the possibility of a loss. This implies a negative impact. On the

other hand, higher risk makes it necessary to commit more resources to savings (to

export more) to protect oneself against very low consumption of the imported good in

the next period. They found whether an increase in the volatility of the exchange rate

increases or decreases trade in general depends on the risk aversion parameter of the



model. This result turns out to be robust to the presence of a forward market with

non-zero transaction costs, which is discussed in the next section.

2.2.3 Role of a Forward Market

Few early studies have considered the role of a forward market in the

relationship between exchange rate volatility and trade flow. Ethier (1973) introduced

a costless forward market and showed the celebrated Separation Theorem, which says

that if a firm optimizes over its output level and the size of hedge, exchange rate

volatility affects the hedging decision, but not the output level. This idea is extended

by a number of researchers including Kawi and Zilcha (1986).

Clark (1973) came up with a negative hypothesis of volatility after his studying

uncertainty, exchange risk, and the level of international trade by introducing both

imperfect forward markets and perfect forward markets. If the foreign price of the

traded commodity is a random variable which is not influenced by the output decision

of an individual firm, then inability to forecast the foreign price implies that earnings

abroad will fluctuate in an unpredictable fashion. Clark showed that perfect forward

markets can reduce the variability of profits caused by exchange-rate fluctuations, but

they cannot eliminate it.

Viaene and de Vries (1992) endogenized the forward rate and they predicted

the volatility of exchange rate should have opposite impacts on importers and

exporters. A reason for the opposite impacts is: importers and exporters are on

opposite sides of the forward market, so is their exposure toward exchange rate

20
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volatility. Moreover, in their model, which trade flow benefits and which one loses

from increased volatility is determined by the signs of the aggregate net foreign

currency exposure and the aggregate measure of risk aversion. As for the exports, if a

country is risk-averse in terms of aggregate measure of risk-aversion, the volatility

effect on export should be positive for trade surplus country and negative for trade

deficit country. After examining aggregate exports in six industrial countries during

1974:1-1995:4, Du and Zhu (2001) provided the empirical evidence, which by and

large is consistent with the argument made by Viaene and de Vries.

While Viaene and de Vries (1992) endogenized the forward rate and

emphasized the aggregate net foreign currency exposure, Dellas and Zilberfarb (1993)

focused on the risk aversion issues without endogenizing the forward rate. They

analyzed the behavior of a small open economy, first assuming that no forward

exchange market are available; then they introduced a forward market with non-zero

transaction cost. In both cases they proved that the increased risk affects the volume

of trade, but the sign of this effect is ambiguous depending on the risk aversion

parameter.

A more recent study done by Bacchetta and van Wincoop (2000) compare the

level of trade and welfare under different exchange rate system. They developed a

stochastic two-country general-equilibrium model where gross trade flows are

modeled in the form of intra-industry trade. This approach differs from most of the

literature by considering deviations from purchasing-power-parity in general

equilibrium. In the model, deviations are caused by rigid price setting in buyers'
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currency. One of their main findings is exchange rate stability is not necessarily

associated with more trade. In a simple benchmark model with only monetary shocks,

the level of trade is the same under a float as under a fixed exchange-rate system when

preferences are separable in consumption and leisure. In general, trade can be higher

under either exchange-rate system, depending on preferences and on the monetary-

policy rules followed under both systems. These results do not depend on the asset-

market structure. In other words, introducing a forward market will not qualitatively

change the results. The same argument also appeared in their earlier paper.8

Although the theoretical literature on forward markets has expanded, the effect

of exchange rate volatility on international trade flow remains unclear (McKenzie,

1999).

2.2.4 Empirical Findings and Third-Country Effect

The controversy over the effects of exchange rate volatility in theory has

carried over to empirical studies as well. A puzzle is the difficulty in finding a large

and negative effect of exchange volatility on trade. Results of several econometric

investigations have been at best, mixed, especially for countries where a well-

developed forward market does exist (McKenzie, 1999). The debate on empirical

results has concentrated on measurement of volatility, the nature of the flows to be

examined, the sample period, the estimation technique, and other factors such as the

availability of hedging instrument in a forward market. However, few researchers

have attempted to account for a forward market into an empirical framework. One

See Bacchetta and van Wmcoop (1998).
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exception is Wei (1999), where a regime-switching model was used in regression

analysis.

While most economists study bilateral or aggregate trade flows in a framework

where a home country trades with only one trade partner, Cushman (1986) pointed out

all these efforts had ignored what could be called third-country effect. With an

increase of fluctuations of the exchange rates among the major currencies, it could

conceivably be argued that the relative volatility between more than two currencies

could play a role in affecting the pattern of bilateral trade flows. In his words,

"While increased dollar-pound risk would be expected to reduce US exports to
the UK, increased dollar-mark risk might increase the US to UK flow as US
exporters substitute British for German markets. Increased pound-mark risk
could also increase the US to UK flow as British importers make the same
switch."

Therefore, omitting third-country risk could bias the measurement of the

bilateral, dollar-pound risk effect. Moreover, he thought not only the third-country

risk was relevant, but also other third-country variables might also be important.

Although Cushman's empirical evidence partly supports his argument and in

all estimations the third-country effect plays a role, unfortunately, his argument has

not received enough attention in both theory and empirical studies in this area. An

exception is Kumar and Dhawan (1991). They estimated the impact of exchange rate

uncertainty on Pakistan's exports to the developed world for 1974-85, discovering

strong evidence to the negative hypothesis of the effect of volatility and to the

presence of strong third-country effects.
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Nevertheless, as for both theoretical and empirical studies in this area, no one

has studied the bilateral trade and the exchange rates by taking account of the forward

market and the third-country effects. Viaene and de Vries (1992) developed a

theoretical model to study the trade flows of a country where a developed forward

market exists. They tried to use predictions from that model to explain the observed

relationship between the real exchange rate and the bilateral trade flows. Ifwe regard

that model as modeling bilateral trade, they obviously neglected the third-country

effect. It seems more appropriate if we treat their model as modeling aggregate trade

of a country. On the contrary, as we have mentioned, Cushman (1986) first introduced

third-country effects to both theoretical and empirical work on the bilateral trade

flows. However, he did not take account of the role of the forward market in

determining the impact of exchange rate volatility on the bilateral trade among

developed countries. In sum, a tendency to consider either the forward market or third

country effect is prevalent in literature.



Chapter 3

Bilateral Trade Model With Forward Markets and Third-Country Effects

My theoretical model is based on previous efforts by Viaene and de Vries

(1992) and Cushman (1986). I assume that there are three countries in the world: A

(home country), B and R. Without losing any generality, I can treat country R as the

rest of the world. Country A imports goods from both B and R and it also exports

goods to both B and R. A trade contract is always invoiced in a trade partner's

currency. The following are some general assumptions for the framework used in this

study.

Individual merchants (i.e., importers and exporters) have negligible influence

on market prices in foreign countries, but exporter's domestic supply curve is upward

sloping and importer's domestic demand curve is downward sloping. Importers sell

the imported goods in domestic market with a price quoted in the home currency.

Domestic price level P at time t is non-stochastic at any time t. For

notational convenience, I use I rather than I. Price levels in trading partner

countries ('-r) at time t are fixed (c = B or R). Real exchange rate e where

and W are a price in a foreign country, a price in the home country, and a

nominal exchange rate (units of the home currency for each unit of the foreign

currency) at time t, respectively. If I normalize P to be one, then e
VY

25



26

Moreover, the expectation of random variable e is E(e) = e, and variance of is

Var(e') = (o). Again, for notational convenience, I define E(e1) = s, and

Var(e1) = (°)+ = o.

In the following, I present the model without a forward cuency market first,

which serves as the base model. Moreover, the model without a forward market

highlights the conventional effects of exchange rate volatility on trade flows. The

base model is then extended to the scenario with forward markets to derive the

exchange rate effects on bilateral trade flows.

3.1 Bilateral Trade Model Without a Forward Currency Market

3.1.1 Importer's Optimization

Recall that importer i in home country A imports goods from country B and the

rest of world R. Transactions between A and B are denominated in B's currency, while

those between A and R use R's currency. For each transaction, an import contract is

made at time t, but it is not implemented until the next time t+1. Goods from country

B and country R are not perfect substitutes for each other, and they have a separate

demand in home country A at time t+1: = _117, where c = B or R, 17 is the

quantity demanded at price S, and a >0.1

Assuming goods from country B and country R are perfect substitutes for each other (i.e.,
s _!(yB+yR)) will not qualitatively change the results, though the conditions slightly change.
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p corr(e1 ,

Straightforward optimization yields:
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Since importer i is a price taker in the international market, each unit of

imports }7 costs fC in foreign cunencies. Hence, the total cost is J3JC)7 in home

currency, where is a spot foreign exchange rate at time t+1. Rea1 profits for

importer i at time t+1 can be expressed as:

1

CE(B,R) L 2 ' ) '

= +i ce(B,R) 2 ' ) c(B,R)

-I- [(a_!c'1r]_ ej'Y (3.1)

Agents are risk-averse in this framework and therefore, importer i maximizes

the following expected utility function for time t+1:

EU1 Er1 --a- varir,11,2'
1

(3.2)

where a. >0 (risk-aversion parameter),

1

J:+ CE(B,R)L 2 c(B,R)

var2z-1+1 =
.2(pcyc)2 + 2pByB pR yR cov(e8 e )

ce(B,R)

= .2(pCyC)2 +21poBoR
CE(B,R)
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yB (
6B pBp )(i + a1I1(J)2 o)_(a - RpRp )ajliBi7poBc.R

1+ai
(3.3)

Presumably, a,! 6BpBp > a,! 6RJRp >0. Since the real exchange rate is

wCPc wC
C (+1 f-fl (+1given by e11 = - , for c E (B, R), these inequalities are derived as follows:

1:+ p

a7_eBP11 >øa_E pBp =a7E(Wi)1 >0Ii f-i-i

a,! _61RF+1 >0a,! E( )1 >0

Both inequalities say that the highest price the importer can charge (a,!, a,!) is greater

than the expected cost for imports (E(W )pB E(J' )pR) I refer to these two

assumptions as sufficient demand conditions. Note that the choice on Y is redundant

given the symmetry between the two countries (B and R) in the model.

3.1.2 Exporter's Optimization

Similar to the importer's problem, exports from A to B are denominated in B's

currency, while those to R use R's currency. For each transaction, an export contract

is made at time t. The exporter delivers goods and receives revenues at time t+1.

Production costs for exports at time t+1 is represented using a non-joint cost function

for exporter i: C(X7 X1) = d + + --(X,C)2 ), where X, is the volume of
c(8,R) 2
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(:1irx)

ce(B,R)

= (d;X,c+!(x)2J]
ce(B,R) P [ ce(B,R)

Exporters are risk-averse as well and maximize the following expected utility

function for time t+1:

1
EU,11 - a. varr,+1,2'

where

a, > 0 (risk aversion parameter),

1 + +I(Xc)2)]} (34)
[

(3.5)
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exports to country c, d, is a fixed cost, d,' is a parameter (d >0). Goods to country B

and country R are not perfect substitutes for each other. 2

Since exporter i is a price taker in the international market, each unit of exports

X costs F in foreign currencies. Hence, the total revenue is w1x in home

currency, where I4 is a spot foreign exchange rate at time t+ 1. Real profits ,r.,1 for

exporter i at time t+1 can be expressed as:

"it+1 vç11x,c -C(X7 x,R

2
We have also considered such cost functions as (1) a joint-cost function

C(XP ,xf?)=d+aX+i (X )2+d1XR+!(xR )2+XX,', and (2) a linear cost function

C(X7 X$) = + d7X7 + d7x7. Using these two alternative cost functions does not qualitatively change

the results, although the conditions slightly change.
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E,r,11 = BPBXB +eRFX7 _L(d +d7XB +(X7)2 +d7X7 +I(X,R)2

var = var
ce(B,R)

elIX1CJ

(PBXB )2 o + (FRX )2 o + 2BX7FX cov(e1, e1)
(pBXB)2c,.2 +(IX)2o- +2Pf-X7X7ptrBo-R

p = co(ei1,e1).

The solution to exporter i's problem is:

(eBPBP _d,R)ajf+,I8JRpcyBaR
X1

1 +aE1 ((pB)22 + (pR)22 )+a1()2()2(1_p2)

(3.6)

Presumably, eBIIF+1 - d$ >0, RpRp - d/ >0. They are derived from the

expectations of the real exchange rate e1 =
, for CE (B,R) as given

t+1

below:

BpBp dB >0 E(W1) pBp d7 = E(W1)J8 d7 >0p
RpRp df >0 E(J1)J d/ >0

Both inequalities say that the exporter's expected price in the home currency

(E(W1 )pB
, E(W1 )J) is greater than the marginal cost of production (d7, dr). I

refer to these two assumptions as efficient supply conditions. Again, the choice on
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X/? is redundant given the symmetry between the two countries (B and R) in the

model.

3.1.3 Exchange Rate Effects on Bilateral Trade

In the following discussion, the term direct real exchange rate refers to the

exchange rate between home country A and foreign country B, while third-country

real exchange rate denotes the exchange rate between home country A and the third

country R. Similarly, direct volatility refers to the volatility of direct real exchange

rate, and third-country volatility to that of the third-country real exchange rate. Direct

bilateral trade is the trade between home country A and foreign country B, and

bilateral trade with third country is the trade between home country A and the third

country R.

Proposition 1: In the absence ofa forward currency market, a change in the mean of

direct real exchange rate affects direct bilateral trade flows as predicted by the

conventional terms of trade analysis. An increase in the direct real exchange rate

volatility reduces both direct bilateral imports and exports.

Proof: From equations (3.3) and (3.6), the change in the direct bilateral trade volume

due to a change in the level of the direct exchange rate is given by:

ayB _P8D (l+ajP+i(i1?)2c)i i+i
<0ÔSB

1
((P)2o.2 + (JR)2 )+a p2)

(3.7a)
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axp P+i(1+ai+i'2o)
>0

- 1 +
((pB)2o.2 + (pR )2 cr2 ) +a (PB)2(PR)200(1- p2)

(3.7b)

If I assume that there are m exporters and n importers in the home country, then

depreciation of the direct real exchange rate promotes exports and deters imports.

m B
- i >0;
aeB

Again, using equations (3.3) and (3.6), the change in the direct bilateral trade volume

due to a change in the volatility of direct real exchange rate is negative (for imports as

well as exports). That is, for imports,

n

ôyB
ayB

B<O B
<0,

acr

nayB
n

,B

(3.8a)

which is true if sufficient demand conditions hold, and yB >0,p 0. The last

condition, the nonnegative correlation coefficient between the direct real exchange

rate and the third country real exchange rate, is true for most countries without a

forward currency market.3 Cushman (1986) also noticed the empirical fact that

exchange rates are almost always positively correlated. For exports,

which is true if efficient supply conditions hold, and X7 >0, p 0.

See Table A4 in Appendix B.
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Proposition 2: With (z) no forward currency markets and (ii) a positive correlation

between the exchange rates of direct trading partner and the third country, trade

diversion can arise from third-country exchange rate effects. A depreciation

(appreciation) of third-country real exchange rate promotes (depresses) the direct

bilateral imports, and depresses (promotes) direct bilateral exports. An increase in

the third-country volatility can increase both direct imports and exports.

Proof: The effect of a change in the level of the third-country real exchange rate on

direct bilateral trade volume can be derived from equations (3.3) and (3.6) as follows:

VB D2 DB(DR\2(Jig a1+11 L1 P0B0R >0aeR -

(3.9a)

ax7 _ajIIB(I)2po.BoR
<0,

ae' 1
+(J1)2o) +a i(1B)2(JR)2oo(l - p2)

whenever a. >0 and p >0. The substitution effect is therefore given by:

n m

yB axB ô1 a8
R

>o
R

<0.aeR 'a ôs as

(3.9b)

(3.10)

This implies that when home country's currency depreciates against country R's

currency, both the importer and the exporter will redistribute the trade volume

between B and R. Since it becomes more expensive to import goods from R, the

importer tends to import more from B and reduce the imports from R; on the other
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hand, it becomes more profitable to export goods to R, so the exporter tends to export

more to R and decreases the exports to B.4

The volatility effects of third-country real exchange rate on direct bilateral

trade volume can be shown as:

n m

ayB a yB
ax8

a xf
>0 '=' >0and--->0 >0

acj.R ' ôo.R ' (3.11)

if p >0 and o>> o (see Appendix A). The condition, o>> o, makes trade

diversion conditional on relative volatility of two real exchange rates. For instance, a

threshold may exist for this particular type of trade diversion. If o <o, a small

increase in o might make o still smaller than o, and this will not change the

decision of importers and exporters in home country A.

In sum, predictions from the model in Section 3.1 are: (1) depreciationor

appreciation of the direct real exchange rate has a conventional effect on the bilateral

trade flows; (2) the exchange rate volatility on trade flows is negative; (3) trade

diversion can arise from changes in the level or volatility of the real exchange rate in a

third currency.

n interesting question is whether one can observe trade diversion after the mean level of third-
country real exchange rate changes. It depends on the sign of correlation between direct real exchange
rate (A Vs B) and third-country real exchange rate (A Vs R). This is similar to Cushman's (1986)
inquiry, but hard to interpret intuitively.



3.2 Bilateral Trade Model with a Forward Currency Market

3.2.1 Importer's Optimization

I now introduce a forward currency market into the model outlined in section

3.1. In order to hedge against exchange rate uncertainty, the importer may purchase a

forward exchange contract L7 at a forward rate fc c E (B, R). I assume that the

home country government does not impose any restriction on the size of the forward

contract.

Real profit ,r+j for importer i at time t+1 can be rewritten as:

1=__ 1(a +( fC)C]
ce(B,R) L 2 ' )

_!:_ fta_iYYc_rL7l+ e1(LI-Y)
- +1 CE(B,R) 2 ' ) ' j CE(B,R)

and expected utility maximization is set up similar to the problem in equation (3.2):

EU1 t+1 E7r11 - ---a1 var (3.13)

where a1 and p[ corr(e1 , e)j are defined as before, and

Eir111 [(at _!ycyc _fcLc]+ C(JC _pCyC)

c(B,R) 2 ' ) c(B,R)

var = cr (L7 pcyc )2 + 2(L pByB )(LR pR yR )cov(e1 ,e)
cE(B,R)

= cr(L7 pCyC)2 +2(L PBYB)(LR _I:;RyR)pcyBcJR
cE(B,R)

The solution to the problem in (3.13) is given by:

(3.12)

We keep the assumption that goods from country B and country R are not perfect substitutes.

Otherwise, we could not separate '/ from i'.
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yR =a,R_fRI

L?
pB(H fBpB) (eBP _fB).R _(SR P _fR)pyB

aF+iyo.R (1 p2)

= PR(aR fRpR) (eR1i _fR)B _(sBI+i _fB)pR
aI1oBo (1 p2)

3.2.2 Exporter's Optimization

To hedge against exchange rate uncertainty, the exporter may purchase a

forward exchange contract KJ'(K <0) at a forward rate f, ce (B,R). Observe that

the exporter indeed sells forward exchange by purchasing a negative size contract

K(K <0) 6
Again, the home country government does not restrict the size of the

forward contract.

Real profits ,r111 for exporter i at time t+1 is:

= 1+1 [cR)
- C(XIB R)

(rc:1 F)K)
CE(B,R)

(wc Yxc) [i + (d,X +!(X)2J] (Wc f)K}
R) E(B,R) cc(B,R)

(3.14)
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6We keep the assumption of a non-joint cost function here. As in the model without a forward market,
we have tried two alternatives: ajoint-cost function and

(2) a linear cost function c(x7 X) = + + d,?X,R. A problem of using these two alternative cost

functions is that we cannot separate xr from x7.



= (e+iiX + IdX +l(Xc)2 +fcK)]
cE(B,R)

(3.15)

and the equivalent of the expected utility maximization problem in equation (3.5) is:

where

Er11 = +ecK)__I + (x,c +!(X)2 +fcKJ]
c(B,R) 1+1 [ c(B,R) 2 '

and

1
= E2r1+1 - a1 varir,11,

K7 =I(f'1

K7 _pR(fRpR

d7)+
(8Bp

]

_fB)R (eRP _fR)pyB

a1F1cro (1 p2)

d)+ (6RP1 .fR).B _(6BJ1 _fB)pQ.R

a1F1a8o (1 p2)

(3.16)

(3.17)

3.2.3 Speculator's Optimization

I assume Covered Interest Rate Parity (CIP) holds. Under CIP, the domestic

interest rate equals the foreign interest rate plus the (positive or negative) forward
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var1+1 var[ (e1PfX +e1K
CE(B,R)

......a2(PBXR 4-K7)2 +(1X +K)2 +2perBo.R(IBX7 +Kf )(1X7 +K)

Maximization of equation (3.16) yields:

x7 fBpB d7
XR fRpR d/



1EU,1 = Er11 - a. var,r,1,2'
where

fC
E,r111 = I (?__)Hc

p

var2r11 = (Hf)2 cr + (H7)2o + 2HfHfperBoR

and the speculator can be risk loving (a, <0). Optimal speculative positions for

currency B and R, respectively, are:

(3.18)
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margin. Hence, returns on the investment on different currencies must be equal and

interest arbitrage opportunities for speculators are ruled out.7 However, speculator I

could still take a speculative position H,' in the forward markets (c e (B, R)). More

specifically, the speculator buys (or sells) a forward contract at time t at a forward rate

f
and it is assumed that the cost of signing a contract is negligible. At time t+1, he

sells (or buys) foreign exchange in a spot market at a nominal exchange rate J1.

Speculator's real profits at time t+1 can be written as:

jce(BR)

c 1

CE(B,R)[ +1 j
= _L [( fc)Hc] = (e - L)H I

and s/he maximizes expected utility at time t+1 as follows:

An equation that defmes CIP is:
1 + r = where r and r * are referred to interest rates in a home1+r* w

country and a foreign country, respectively; w is an exchange rate andf denotes a forward exchange
1+r f fw

rate. Sometimes the equation = is approximated by r r * +1+r* w W



(fB)*

(fR)*

(eBP1 fB)R (8Rp - fR)paB

(1 - p2)a1F+1oo.R

(3.19)

H/
(8Rp fR),B - (eBp1 - fB)paR

(1 - p2)aF+1o.cyB

3.2.4 Forward Market Equilibrium

Note that there are two forward markets, one for country B's currency, and the

other for country R's currency. The equilibrium forward rates
(fB)* & (fR)* can be

derived from the following market clearing conditions.

L+K7+H7_FB 0

(3.20)
n in S

0
1=1 i=1 i=1

where n, m, and s are the numbers of importers, exporters, and speculators,

respectively. F is the central bank's intervention in a forward market. For simplicity,

I treat this as an exogenous variable. Solving the market clearing conditions gives us

the equilibrium forward rates in the two forward markets.

B R P [uR +
R0 eBpa )+' S0RU9 +
°BaR(1P)) B°R(1P)

P2080R
-2 2 2 2

h OBR (1 p )1
(3.21)

ubB + P (
B

eBa e'pa

BR(1P)+l
u (l)

P2

(1 - p2 )p
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where

1? m

uB pBaB +Id7 _FB
i=l i=1

n m_pRR +pRd$ FR
1=1 i=1

m+n I
çb8

(B)2
+ Q(1p2)I1

m+n
1

1=1 o-(1 -

Observe Q is the aggregate measure of risk aversion and I assume > 0 (i.e., the

dominance of risk-averse merchants).

3.2.5 Exchange Rate Effects on Bilateral Trade with Forward Currency Markets

Recall } = af fBpB
; X

JBpB - dP. Therefore,

40

oyBfBBB
B I B'ôe ô 1

ai pBL._pB af
B'- B I B

ayB _pB.L.'1 afB
= I &'a8 - '

ayB _pB aJB ÔXB
DB

af B

R' R11 R&r ô acr

(3.22)

Proposition 3: With a forward market for each foreign currency, a change in the

mean of direct real exchange rate affects direct bilateral trade flows as predicted by



the conventional terms of trade analysis. However, an increase in the direct real

exchange rate volatility does not depress both direct bilateral imports and exports at

the same time. It has opposite impacts on direct bilateral import flows and export

flows.

Proof: I first derive the effect of a change in the level of direct real exchange rate on

the equilibrium forward rate.

- m+n m+n m+n (P13)2 m+n (pR)2 i-p2(PB)2 (pR)2+
i=1 j=i i=1 c4(1_p2)F1 il 4(1_p2)1)2o4(1_p2)2i1

(3.23)

If c> 0, then ..L.._> 0.

n

axp

m+n (pR)2 1-p2
i1 1_p2)24(1_p2)211

a>JB
<0; 1=1 <0.

aeB

ax7'' >0.

Sign( B) Sign( ).

(3.24)

The volatility of direct real exchange rate is not straightforward, unlike the case

without a forward market (equations 3.8a and 3.8b). Even if I assume p >0, the sign

afB
. ôY8 ÔXB

of is indeterminate, neither is ' or . However,10B TB
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(3.25)
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A reason for the opposite impacts is: importers and exporters are on opposite sides of

the forward market, so is their exposure toward exchange rate volatility (Viaene and

de Vries, 1992). This prediction is different from Cushman's (1986) findings, where

he predicted a negative effect of increased direct volatility on the direct bilateral

exports regardless of the sign of p. We think the difference can be attributed to the

neglect of a forward currency market in the model in Cushman (1986).

Proposition 4: With (i) aforward market for each foreign currency and (ii) a positive

correlation between the exchange rates of direct trading partner and the third country,

trade diversion can arise due to third-country exchange rate effect. A depreciation

(appreciation) of a third-country real exchange rate promotes (depresses) direct

bilateral imports, and depresses (promotes) direct bilateral exports. However, an

increase in the third-country real exchange rate volatility does not promote both

direct bilateral imports and exports at the same time. It has opposite impacts on

direct bilateral import flows and export flows.

Proof: Again, I begin with the effect of a change in the level of the third-country real

exchange rate on the equilibrium forward rate.

m+n
(pR)2

rB

m+n (pB)2 mn (pR)2
I - p2aeR

(p8)2(pR)2+
i=1 1=1 (l - p2)P a(1 - p2)P + 2a2a2(l -

(3.26)



If)>0 and p>0,then

ayB

axp
aeR

n

Baf
ayB

=P >0;
R

>0.IaeR
maXB

afB
1=1 <0.

(3.27)
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Similar to that in Proposition 3, the effect of a change in the volatility of third-country

real on bilateral trade is indeterminate. That is, the signs of
af B ayB axB

and ' areôa' aR
indeterminate even if I assume p > 0. However, as before,

13Y8Sign(--) Sign('). (3.28)

Cushman's (1986) study found that the effect of third-country volatility on direct

bilateral exports should always be positive, assuming p >0. Again, the difference

could be due to the presence of a forward market. In my model, a change in the

volatility cr' affects the equilibrium forward rate not only for R's currency, but also

for B's currency. As shown in (3.14) and (3.17), any changes in fB should have an

opposite effect on exporters and importers, since they are on opposite sides of the

forward market. The predictions of my model can be summarized as Table 3.1.



Table 3.1 Effects of Real Exchange Rate Fluctuation on Bilateral Trade with B

44

No
Forward
Markets

yB

imports

yB
' <0 -->0

aER

(substitution
effect)
sufficient and
necessary
condition:

p>0

jyB-<0 yB
l

>> B

ae8
(depreciation
effect)

B

(negative
volatility
effect)
sufficient
condition:

pO

(substitution
effect)
sufficient
condition:

> o

X18

exports
i>0 _L<Ø

(substitution
effect)
sufficient and
necessary
condition:

p>0

..L<0

>> cr

B

(depreciation
effect)

(negative
volatility
effect)
sufficient
condition:

pO

(substitution
effect)
sufficient
condition:

> o, o

With
Forward
Markets

y8

imports

yB
<0

yB
>0

jyB
0?

A

sign

>=<
yB

0?
A

sign

>=<
'5

(depreciation
effect)

(substitution
effect)
sufficient and
necessary
condition:

p>0

ai?

opposite

aaui

opposite

X,8

exports
>0 ' <0 L>=<0? ><0?

eB

(depreciation
effect)

ae'
(substitution
effect)
sufficient and
necessary
condition:

p>O



45

Chapter 4 Econometric Specification, Data and Estimation

4.1 Econometric Specification

In the previous chapter, the optimal imports and exports for the home country

are derived as non-linear functions of real exchange rate and its volatility. This raises

a question of how to specify an econometric model, which is relevant to our

theoretical model. The common practice to analyze the effects of exchange rate

volatility on the trade flows is to specify an import (export) equation, which relates the

volume of trade to a price term, a scale variable, and a measure of exchange rate

volatility. Following previous studies in literature [e.g., Kenen and Rodrik (1986),

Bahmani-Oskooee and Sayeed (1993), Chowdhury (1993), Arize (1995), Mohanty and

Peterson (2001)], a simple standard long-run equilibrium export or import equation

takes the following form:

Y = fib + /31TIME + /32RER1 + /33V0L1 + fi4GDI + (4.1)

where

y1 = import (export) volume at time t;

TIME1 = trend term;

RER1 = real exchange rate defined as number of units of domestic currency

ERxP
per unit of foreign currency at time t. RER

P
where ER is a
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nominal exchange rate; P3. and P are the foreign and domestic price

levels in the respective currencies.'

VOL1 = measure of real exchange volatility at time t. I use the coefficient of

variation (C.V.), which is the standard deviation as a proportion of the

mean, as a proxy for volatility (i.e., standard deviation of real exchange

rates divided by the sample mean of real exchange rate in each

quarter).2

GDF = GDP or per capita GDP of a home country at time t for the import

equation; GDP or per capita GDP of a foreign country at time t for the

export equation;

= error tem.

To investigate the third-country exchange rate effect, while controlling for

comparative advantage of trading partners, I add more explanatory variables to

equation (4.1):

= /3 + /31T1ME1 + /32RER1 + /33 VOL1 + /34GDI

+/35TCRER1 + /36TC VOL1 + /37IRATE1 + /8 WA GE1 + '7

where

TCRER1 third-country real exchange rate at time t;

(4.2)

'Another definition of the real exchange rate is the (domestic) relative price of tradable and nontradable

goods (i.e., iR = PT I P). For more information, see Gandolfo (2001, p.12-15).
2

widespread convention of usmg simple variability measures such as standard deviation to measure
exchange rate volatility can be found in Cushman (1983, 1986, 1 988a, 1 988b), Akhtar and Spence-
Hilton (1984), Gotur (1985), Kenen and kodrik (1986), Bailey Tavias and Ulan (1987), Caballero and
Corbo (1989), Koray and Lastrapes (1989), Klein (1990), Bini-Smaghi (1991), Kumar and Dhawan
(1991), Chowdhury (1993).
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A third country is defined as the largest trade partner other than the

direct bilateral trade partner. Table Al and A2 in Appendix B

illustrate how a third country is chosen for each trade pairing.

TCVOL1 third-country volatility at time t;

IRA TE home country's relative interest rate with respect to country B at

time t, defined as home country's interest rate / country B's interest

rate.

WAGES home country's relative wage with respect to country B at time t,

defined as home country's real wage / country B's real wage.

More information on each variable in the empirical model is provided in

Appendix B.

Following the practice in literature, all the variables except TIME are specified

on a logarithm scale. To avoid the endogeneity of contemporaneous values of

explanatory variables and to model the adjustment of trade flows to changes in the

explanatory variables, I drop all contemporaneous terms and use lag structures for

RER, VOL, TCRER, and TCVOL in equation (4.3).

k1 Ic2

= fl0 + /31TIME + tul+J'E'?tJ + fl+ki+704j + fl2+k1+k2GDI-1
j=I j=1

k3 k4

132+k, +k2 +JTCRER_J + j fl2+k, +k2 +k3 +JTCVOL_J (4.3)
j=1 1=1

+J133+k++IIRATEI_l + 134+k1+...+k4WAGEt_l +

But estimation of equation (4.3) can lead to spurious results as described by

Granger and Newbold (1974), if time series involved in the equation are



where 6; is the fixed effect for home country's trading with partner i.

(4.5)
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nonstationary. Using the Augmented Dickey-Fuller test, I found y,, RER, GDP1,

TCRER1, and WAGES for most bilateral trade flows in the sample are nonstationary

and these time series are integrated processes of order one. Therefore, I use equation

(4.4), the first difference form of equation (4.3) to estimate the model.

Ic1

= Ill + fl1+ARER11 + fllki+JAVO4J + /32kkAGDPI
j=1 j=1

Ic3

+ k2JLTCRER( J + fl2+k1 +k2 +k3 (4.4)
j=1 j=1

+153+k+kAJRATEII + /34+kI+...+k4A WAGEI + Ai11

An alternative specification of equation (4.4) can be made using the panel

structure of the data. In this case, let i and t represent a country's trading partner index

and time index for the bilateral trade flow, respectively. I have a country-fixed effect

model [equation (4.5)] and a country-random effect model [equation (4.6)] below.

k1 Ic2

=6; + J3ITIME1 + fll+J''RItJ +
j=1 j=1

Ic3

+fl2+k, +k, GDF11 + +k, fTCRER,_J
j=1

k4

fl2+k, +k, +k,+TC VOLI,_J + fl3+k, +..A-k4flM TE1,_1
j=1

+ 1lit



k1

= (,8 + y) + /31TIME1 + flER + flIk11VOL
j4 j=1

k3

+.82+k1 +k2 GDI_I + i-k2 +JTCRER,_J
j=1

k4

+ +k +k3 +1TC VOL1,_J + fl3+k, +...k41'4 TE,_1
J:I

+/34+k,+...+k4WAGEI,(_l + i_/it

where y iid.N(O,cr2).

The first difference form of equations (4.5) and (4.6) takes the same form of

equation (4.7) below.

k2

Ay1 = + fl1i-1ARER111 +
j=1 j=1

+fl2+k i-k2 AGDI,_1 +
j=1

Ic4

+ fli-1 +k i-k3 +JA TC VOLI,_J + fl3+k1+.+k4 L\JRATE1_1
j=1

+134+k++kAWAGE.tl +

Since the first differenced forms of all variables on a logarithm scale in

equation (4.7) are used, a potential problem of "heterogeneous variables across

countries" (e.g., y, GDP) noted by Bahmani-Oskooee & Ltaifa (1992) could be

avoided.3

In equations (4.4) & (4.7), the expected sign of coefficients of ARER, A VOL,

A TCRER, A TCVOL should be the same as predicted by my theoretical model (see

(4.7)

If a country's exports & imports (y), and GDP are measured in local currencies, these variables will be
heterogeneous across countries because of different measurement units. This problem of
"heterogeneous variables across countries" in a time-series cross-section data analysis could be avoided
by using a first differenced form of a variable on a logarithm scale, because the first difference of a log-
scale variable is nothing but log (1+growth rate of the variable). Note RER is also heterogeneous across
countries.
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(4.6)
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Table 3.1). fl1 could be either positive or negative, since it represents the trend term.

A GDP is often expected to carry a positive coefficient for two reasons: First, if an

increase in real income leads to an increase in real consumption, with an unchanged

distribution of income, more foreign goods will be purchased. Second, if an increase

in real income also leads to an increase in real investment, then investment goods not

domestically produced must be bought from abroad (see Arize, 1998). The

coefficients of A IRATE and A WAGE are expected to be negative for exports

equation, and positive for imports equation, according to the notion of comparative

advantage.

4.2 Estimation Method

Here I focus on the panel data model.4 To estimate equation (4.7), I need to

find out k1, k2, k3, and k4, the order of lags of the explanatory variables. In addition, I

need to investigate the error structure A

The lag order of each of the four explanatory variables (A RER, A VOL,

A TCRER, A TCVOL) is determined by using the Akaike Information Criterion (AIC),

conditioning on different lag orders of all other explanatory variables. For example, in

order to find out the lag order of ARER, I compute the AICs of the models where its

lag order varies from 1 to 3, conditioning on the different lag orders of A VOL,

A TCRER, and A TCVOL. The model with the lowest AIC is selected (Greene, 2000).

Panel data sets for economic research possess several major advantages over conventional cross-
sectional or time-series data sets. Panel data usually give a researcher a large number of data points,
increasing the degrees of freedom and reducing the collinearity among explanatory variables - hence
improving the efficiency of econometric estimates. More advantages of panel data model can be found
in Hsiao (2003).
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Details of my computation are given in Appendix C. Table 4.1 and 4.2 show the order

of lags for the four explanatory (ARER, A VOL, A TCRER, and A TCVOL) in

developed countries and developing countries, respectively.

After fixing the optimal lag orders of explanatory variables, I fit the simple

panel model assuming Ai has an identical independent normal distribution. The

Autocorrelation Function (ACF) and the Partial Autocorrelation Function (PACF)

from the residuals of each bilateral trade flow in our panel model show that the

residuals have an autoregressive (AR) process. Hence, I impose the different AR

processes and the final optimal AR structure is determined by a Likelihood Ratio (LR)

test based on the significance level of 0.05. Again, refer to Appendix C for the

relevant statistics. Table 4.3 and Table 4.4 summarize the appropriate AR structure.

After the lag orders of explanatory variables and the AR structure in equation

(4.7) are determined, the interaction terms of ARER x ATCRER and AVOL x ATCVOL

are considered.5 Whether to include these terms depends on the LR test outcome of

the joint significance of them; using a 0.05 significance level. Finally, all these

procedures lead to a model called "Base Model".

In order to avoid model misspecification, two more specifications called

"Model 1" and "Model 2" are considered. Model 1 has the same explanatory variables

The marginal effect of the direct real exchange rate (third country real exchange rate) could depend on
the level of third country real exchange rate (direct real exchange rate). The interaction between direct
volality and third country volatility could also exist. In two theoretical models in Chapter 3,

8zy a2y8- - 0 ; but and ' are not necessarily 0.ÔBÔR aBaR aBaR aBaR



Table 4.1 Order of Lags Based on AIC (Developed Countries)

Table 4.2 Order of Lags Based on AIC (Developing Countries)
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Country A RER A VOL A TCRER A TCVOL
Import Equation

Argentina 1 1 1 2
Czech Rep. 3 3 3 3
Israel 1 1 1 1

Kazakhstan 1 1 1 1

Korea 1 1 1 3
Latvia 3 3 3 3
Lithuania 3 3 3 3
Mexico 1 1 2 1

Russia 3 1 1 1

Slovak Republic 3 3 3 3
Export Equation

Argentina 1 1 1 1

Czech Republic 1 1 1 1

Israel 2 1 1 2
Kazakhstan 1 1 1 1

Korea 3 3 3 3
Latvia 1 1 2 1

Lithuania 1 1 3 2
Mexico 3 3 3 3
Russia 1 1 1 1

Slovak Rep. 3 3 3 3

Country ARER AVOL ATCRER ATCVOL
Import Equation

U.s. 1 1 3 3
U.K. 2 1 1 1

Japan 1 1 3 3
Germany 3 3 3 3
Canada 2 1 1 1

France 3 3 3 3
Netherlands 1 1 3 1

Italy 2 2 1 2
Spain 1 1 3 1

Switzerland 1 1 1 1

Export Equation
U.S. 1 1 2 2
U.K. 3 2 1 2
Japan 3 1 3 3
Germany 1 1 1 3
Canada 1 1 1 3
France 3 3 3 3
Netherlands 1 1 3 1

Italy 1 1 1 2
Spain 3 3 3 1

Switzerland 1 1 1 1



Note: "x" indicates the AR structure.
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and AR process as those in Base Model, except Model 1 contains all three terms of

RER(t.l), RER(t2), and RER(t3). If Base Model has already had all three terms, then

Model 1 and Base Model are identical. Otherwise, Base Model is nested within

Model 1. Model 2 comes from and is nested within Model 1. It has the same

explanatory variables and AR process as those in Model 1, except all the right hand

side variables but RER have only one period lag in Model 2. Unless in some cases

they turn out to be the same, Model 2 is nested within Model 1. LR tests could be

carried out to choose the final specification from Model 1 and its two nesting models

(i.e., Base Model and Model 2).

Table 4.3 AR Process Based on the LR Test (Developed Countries)

Country AR(l) AR(2) AR(3) AR(4) AR(5) AR(6) AR(7) AR(8)
Import Equation

U.S. x x
U.K. x x x
Japan x x x
Germany x x x
Canada x x x x
France x x x x
Netherlands x x x x
Italy x x x
Spain x x x
Switzerland x x x

U.S. x
U.K. x

x
Export Equation

x x
x x

Japan x
Germany x
Canada x

x x x
x x
x x

x
x

x x x

France x
Netherlands x
Italy x
Spain x
Switzerland x

x
x

x

x x
x x
x x
x x
x x

x
x

x

x x x



Table 4.4 AR Process Based on the LR Test (Developing Countries)

Country AR(1) AR(2) AR(3) AR(4) AR(5) AR(6) AR(7) AR(8)
Import Equation

Argentina x x
Czech Republic x
Israel x x x x
Kazakhstan x x x x x x x x
Korea x x x x x
Latvia x x x x x
Lithuania x x x x x x x x
Mexico x x x x x x
Russia x x
Slovak Republic x x x x x x

Export Equation
Argentina x x x x x x x
Czech Republic x x x x x x x
Israel x x x x
Kazakhstan x x x x x x x x
Korea x x x x
Latvia x x x x x x x
Lithuania x x x x x x x x
Mexico x x x x x x x x
Russia x x x
Slovak Republic x x x x x x x x
Note: "x" indicates the AR structure.

4.3 Data

4.3.1 Developed Countries

I used quarterly data to analyze the bilateral trade from 1973 Ito 1998 P1

among ten developed countries: Canada, France, Germany, Italy, Japan, the

Netherlands, Spain, Switzerland, the U.K., and the U.S.. These selected countriesare

the ten largest trade partners among the developed countries during my sample period.

Their trade volumes accounted for around 55% of the world trade in the 1990s, based

54



6
See IMP Annul Report (1974-1978), (1979-1988), (1989-1999); IMP Occasional Papers (1988),

World Economic and Financial Surveys (1995, 1999).
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on the data reported by the International Monetary Fund (IMF). The nine countries

except the U.S. in the list also are the U.S.'s largest trade partners among all

developed countries. From reports by the 1MF, all of these ten countries have

advanced forward currency market during the sample period.6 Therefore, the data are

applicable to testing the predictions from the second model in Chapter 3.

The sample period 1973-1998 is chosen based on the following considerations:

First, I focus on the floating exchange rate periods. This avoids Kenen and Rodrick's

objection to combining the fixed and floating periods due to a change in structure

(Kenen and Rodrick, 1986). Second, forward markets should be highly developed in

these countries so that I could test the theoretical predictions.

4.3.2 Developing Countries

In this study, I also choose ten developing countries, whose quarterly GDP and

quarterly wage are published by the government or are reported to such international

organizations as the IMF and the World Bank. The sample period is determined by

the availability of the data (see Table 4.5). Since most developing countries trade

much more with developed countries, I focus on the trade of each country with ten

developed countries I have selected. For all countries but Argentina, the data end in

the 4th
quarter of 2001 due to the end of dual currency period in some Euro area trade

partners (e.g., Germany, France, Italy, Netherlands, and Spain).
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Three main sources of our data are Direction of Trade Statistics Historical CD-

ROM (1948-1986), Direction of Trade Statistics CD-ROM (September, 2002), and

International Financial Statistics CD-ROM (September, 2002) from the IMF. Details

of constructing each variable in the econometric model are described in Appendix B.

Table 4.5 Sample Countries and Sample Period

Country Sample Period (Export Equation) Sample Period (Import Equation)
Argentina 1990Q2-1996Q4 1 993Q1 -1996Q4

Czech Republic 1993Q1 -2001 Q4 1993Q l-2001Q4
Israel 1984Q2-200 1Q4 1984Q2-200 1Q4

Kazakhstan 1994Q1-2001Q4 1994Q1-2001Q4
Korea 1976Q4-2001Q4 1976Q4-2001Q4
Latvia 1993Q4-2001Q4 1993Q4-.2001Q4

Lithuania 1993Q1-2001Q4 1993Q1-2001Q4
Mexico 1980Q1-2001Q4 1981Q1-2001Q4
Russia 1994Q3-2001Q4 1994Q3-2001Q4

Slovak Republic 1993Q1 -200 1Q4 1993Q1 -200 1Q4



Chapter 5 Empirical Results and Discussion

This chapter presents the results from the estimation of developed and

developing countries' models outlined in chapter 4. The discussion of individual

group results is followed by a comparison of developed and developing countries'

results in Chapter 6.

5.1 Developed Countries

Based on information in Table 4.1 and Table 4.3, I follow the estimation

method described in section 4.2 in Chapter 4. The GLS estimates (Cross Section

Weights) for ten countries are summarized in Table 5.1 & 5.2 (the import equation)

and Table 5.3 & 5.4 (the export equation). Given the lower R2 values in Table 5.1 and

5.3, one may suspect the explanatory power of the equation (4.7). However, lower

R2 values are not surprising for regressions with first differenced data.' The focus of

this section is on the effects of real exchange rate and its volatility on trade flows.

5.1.1 Relative Interest Rate and Relative Wage

The export and import specifications of equation (4.7) included relative wage

and interest rates to infer on comparative advantage among the countries investigated.

57

'See McKenzie, M. D. and Brooks, R. D. (1997), Aristotelous (2001). Differencing generally reduces
the variance of a dependent variable significantly when properly applied. If the dependent variable in
the regression model has already been transformed in this way, it is possible that much of the variance
has already been "explained" merely by the transformation. Ifone measures R-squared as a percentage
of a properly stationarized series, an R-squared of 0.25 may be quite respectable (see
http://www.dukeedwLrnau/rsquared.ht,n).
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However, many of the developed countries in our sample have similar GDP per capita,

wages and interest rates. Not surprisingly, one observes greater intra-industry trade

among these nations than inter-industry trade (Markusen et al., 1995, p. 204). My

results on the effects of relative wage and interest rate differentials are similar to those

found in most other studies. That is, wage and interest rate effects on trade are not

very distinct and not significantly different from zero (Table 5.1 & 5.3, row 4 & 5).

Data quality might be an issue as well. The quarterly wage data from the IMF, the

best available proxy, are for the manufacturing sector and not for the entire economy.

Similarly, the "call money" rate used for interest rates, a short-term rate, may suffer

from measurement problems as well.

5.1.2 Real GDP

The GDP per capita variable is introduced in equation (4.7) to capture the

demand effects. As we know, an increase in real GDP per capita in home country will

increase the demand for imported goods; an increase in real GDP per capita in a trade

partner country will increase the demand for home country's exports to that country.

Therefore, I expect a positive and significant effect of GDP on bilateral trade. My

empirical results show that the estimated GDP effect has the expected positive sign

and is significant in nine countries on the import side (Table 5.1, row 6). Germany's

import equation is the exception, possible due to data problems from the merger of

East and West Germany. On the export side, all ten countries have the expected
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positive effects from GDP per capita, which are also significant GDP (Table 5.3, row

6).

5.1.3 Depreciation or Appreciation of Direct Real Exchange Rate

The coefficients of one-quarter lagged direct real exchange rate in the export

equations show the expected positive sign and are significant for all ten countries

(Table 5.3, row 7). For U.K. and France, the two-quarter lagged variable has a

significant negative effect of depreciation. However, for both countries, the

magnitude of that negative effect is smaller than the positive effect from the one-

quarter lagged real exchange rate.2 For U.K. and Japan, depreciation or appreciation

of real exchange rate has the expected effect on exports even after three quarters. In

sum, depreciation of direct real exchange rate has a significant positive net effect on

exports for these ten industrial countries during 1973-1998.

For the import equations, the expected negative sign of coefficient on the direct

real exchange rate does not show up within one quarter (Table 5.1, row 7). Six out of

the ten countries (U.K., Japan, Germany, Canada, France, and Netherlands) have the

unexpected positive sign and significant coefficients. However, the coefficients of

two- and three- quarters lagged real exchange rates show more of the expected

negative signs with statistical significance. My empirical results thus reveal that

imports are less sensitive to changes in the direct real exchange rate than exports are in

the developed countries. This is perhaps due to more restrictions on imports than in

2The effect of two-quarters lagged RER is significant at the 0.10 level for France.



Table 5.1 Estimates from Import Equation (Developed Countries)

t-ratios, based on White Heteroskedasticity-GOflSlStent standara errors, are in parernnaaes.
,**,***: significant at 0.10 0.05, and 0.01 significance level, respectively.

Variables Expected Sign U.S. U.K. Jpan Germany Canada Franca Netherlands Italy Spain Switzerland

Base Model Base Model Model I Model 2 Base Model Base Model Model 2 Base Model Model 2 Base Model

TIME (+) or (-) 0.005** 0.004 0.002 0.015*** 0.001 0.002 0,010 -0.000 0,004 0.007

(2.38) (1.34) (0.70) (6.13) (0.52) (0.95) (5.21) (-0.03) (1.25) (3.55)

IRATE (I-i) + 0.020 -0.002 -0.014 0.028*** -0.015 0.012 0.010 0.036** -0.012 0.018

(1.42) (-0.15) (-0.82) (-2.93) (-0.93) (1.35) (0.83) (-2.53) (-0.92) (1.57)

WAGE (1-1) + 0.267 -0.314 0.146 .0.271*** -0.233 0.154 0.081 -0.077 0,428*** .0.391***

(3.21) (-3.23) (0.19) (-2.74) (-1.54) (1.57) (0.55) (-0.51) (6.76) (-5.25)

GDP (t-1) + 1.424*** 1.319*** 0,802*** 0.076 1.607*** 1.521 0.581*** 0.971*** I,371*** 0.757***

(9,08) (6.27) (3.37) (1.33) (6.81) (6.88) (3.44) (4.63) (5,94) (6.75)

RER(t-1) - -0.074 0,191*** 0.133 0.195 0.311*** 0.366W 0,218** 0.080 0.158 0.028

(-1.41) (2.88) (1.76) (2.18) (3.49) (4.90) (2.37) (0.82) (1.22) (0.45)

RER(I-2) - -0.069 .0.184** 0.178** .0.273*** -0.032 -0.056 0.026 0.018

(-1.38) (-2.19) (2.54) (-3.05) (-0.40) (-0.48) (0.32) (0.19)

RER(t-3) - -0.093 0.124 .0.208*** -0.201W .0,218**

(-1.16) (-1.67) (-2.94) (-2.11) (-2.48)

VOL(t-1) (+)or(-) 0.004 0.034 0.007* 0.022k 0,014*** 0,041*** 0.011 -0.007 -0.001 0.001

(1.49) (3.21) (1.82) (1.68) (4.52) (3.34) (3.35) (-2.02) (.0.22) (0.77)

VOL (t-2) (+) or (-)
0.006
(0.42)

-0,002
(-0.48)

VOL (1-3) (+) or (.)
0.028**
(2.20)

TCRER(t-1) (+)or(-) 0.209*** 0.036 .0.427*** 0,318* 0.133 0,267 -0,095 0.227* .0.387*** 0.260***

(-2.83) (0.46) (-5.32) (1,91) (2.35) (2.19) (-1.23) (1.91) (-2.75) (3,43)

TCRER (1-2) (+) or(-) 0.296 0,200** -0,106

(3.23) (2.43) (-0.98)

TCRER (1-3) (+) or (-) .0.278* O.222*** .0.226**

(-3.61) (-2.89) (-2.26)

TCVOL (1-1) (+) or (-) 0,004 0,032*** 0,010 0.023** 0.012W 0.046*** 0.005 0.008W 0.001 0,004***

(1.30) (2.88) (2.27) (2.04) (3.26) (4.07) (1.51) (2.49) (0.24) (2.68)

TCVOL (1-2) (+) or (-) 0.007** 0.017*** 0.009 -0.013

(-2.01) (3.60) (0.74) (-4.12)

TCVOL (1-3) (+) or (-) 0.004 0.020*** 0.020*

(1.39) (4.31) (1.77)

RER(t.1)*TCRER(t.1) 0.023 0.057 -0.009

(1.43) (1.61) (-0.37)

RER(t-2)TCRER(t-2) 0.021
(0.97)

RER(t-3)TCRER(t-3) 0.025
(1.14)

VOL(t-1 )TCVOL(t-1) 0.007*** 0.004 0.008W

(2.79) (1.62) (3.60)

VOL(t.2)*TCVOL(t.2) 0.002
(0.88)

VOL(t-3)I'CVOL(t-3)
0.006**

(2.51)

R-Sauared 0.28 0.28 0.25 0.45 0.29 0.66 0.36 0.60 0.50 0,44



Table 5.2 Sign of Estimates from Import Equation (Developed Countries)

IRATE (f-i)
WAGE (t-1)

RER (t-1)
RER (t-2)
RER (t-3)
VOL(t-1)
VOL (t-2)

TCRER (t-3)
TCVOL (t-1)
TCVOL (t-2)
TCVOL (t-3)
RER(t-1 )*TCRER(t.1)

(+) or (-)
(+) or (-)
(+) or (-)

()

()*** (.)

+ es
Yes***

Variables Ex. cted Sl.n U.S.
Base Model

GDP (f-i) + Yes

U.K.
Base Model Yes

Yes

Yes***

Ja.afl
Model 1

Yes***

Canada
Base Model
No
No
Yes**
No***

Yes***Yes
Yes

No
Yes**

Yes

+

VOL (t-3)
TCRER (t.l)
TCRER (t-2)

(+) or (-)
(+) or (-)
(+)or(-)
(+)or(-)
(+) or (-)
(+) or (-)

RER(t.2)*TCRER(t2)
RER(t.3)*TCRER(t.3)
VOL(t-i)TCVOL(t-1)
VOL(t.2)TCVOL(t2)
VOL(t.3)TCVOL(t3)

Yes

+

( )
()

France
Base Model

Yes* **

No
Yes
Yes***

( )

+

Netherlands
Model 2
Yes
Yes
Yes***

No"
Yes
Yes

Ital
Base Model
No**

No
Yes***

No
No

S.ain
Model 2
No
Yes *
Yes***

No
No
Yes"

Switzerland
Base Model
Yes
No***
Yes***

No

+

Notations:

Note:

Yes: expected; No: unexpected
(): significant at 0.10 significance level

(**): significant at 0.05 significance level
(***): significant at 0.01 significance level

As for TCRER, it is normally assumed that correlation Is positive and its coefficient is expected to be positive.

If the correlation is negative, we expect a negative sign.

U.S. Net effect <o, consistent with 4 negative correlation (including top two trade partners: Canada and Japan).

U.K. Posltve correlation

Japan Positve correlation

Germany Positve correlation

Canada Positve correlation

France Dominant negative correlation (3 postive. 6 negatIve)

Netherlands Not significant (5 positive, 4 negative)

Italy Positve correlation

Spain Dominant positive correlation (8postivel negative)

Switzerlands Dominant positive correlatIon (8 postiVe,i negative)

+
()**

Yes
* * ()***

Yes**

+ ( )

( )
()***
+

+

(.4-)

+
+

No No
No*** Yes

No
Yes**
No***

()***

German
Model 2

Yes
No
No
Yes

Yes

+

+



Table 5.3 Estimates from Export Equation (Developed Countries)

1-ratios, based on Wblte heterosKeaasUCIty-OflSI5I5fl1 WUWU

significant at 0.10, 0.05, and 0.01 significanCe level, respectively.

...............-. e.__A_.4 OlaflfhMAø

VarIables Expcted SIgn U.S. U.K. Japan Germany Canada France Netherlands Italy SpaIn SwItzerland

Base Model Model 2 Model 2 Base Model Base Model Base Model Base Model Base Model Base Model Base Model

TIME (+) or (-) 0.009 O.Ol1 0.018*** 0008*** 0.000 0.008*** 0.0O9 O.007 0.01 3*** 0.011w

(4.89) (3.84) (6.65) (3.90) (0.17) (7.58) (5.91) (2.74) (4.59) (5.16)

IRATE (t-1) - 0.037 0.003 -0.001 0.002 0.011 0.005 -0.006 0.020** -0.011 -0.008

(3.26) (0.16) (-0.05) (0.35)_ (0.66) (0.80) J0.5l) (-2.18) (-Q.60) (-0.58)

WAGE (t-1) - -0.082 0.032 0.077 -0.123 .0.402* 0.012 0.075 0.091 0.214W .0,286***

(-0.67) (0.30) (0.39) (-1.39) (-1.88) (0.14) (0.73) (1.01) (1.78) (.2.80)

GDP (1-1) + 0.233W 0.418k' 0.427' 0.544" 0.791*** 0.133 0,444*** 0.642W 0.947*** 0.257***

(1.81) (3.19) (2.45) (4.32) (5,33) (2.08) (4.15) (3.67) (4.03) (2.89)

RER (I-I) + 0.146 0,309*** 0.282k 0.394*** 0.192*** 0.428 0.346W 0.458 0,421W" 0.236k

(2.92) (4.35) (4,02) (5.45) (2.81) (6.18) (5.21) (p.29) (2.66) (4.52)

RER (1-2) + -0.252 -0.029 -0.131 0.248

(-3.48) (-0.42) (-1.88) (1.24)

RER (1-3) + 0.212 0.222*** 0.038 -0.239

(3.16) (3.78) (0.59) (-1.48)

VOL(t-1) (+)or(-) 0,012*** 0.007 -0.002 0.003 0.008 0.002 0.002 0.000 0.006 -0.002

(5.67) (2.51) (-0.74) (1.26) (2.95) (1.09) (1.00) (0.17) (1.23) (-1.20)

VOL (1-2) (+) or (-)
-0.003k 0.00

(-1.88) (0.10)

VOL (1-3) (+) or (-)
-0.001 0.016"
(0.51) (2.83)

TCRER (I-i) (-) or(+) -0.137 -0.031 -0.119 -0.195W 0191*** 0.060 0.554 0.303 -0.786 0.087

(-2,18) (-0.50) (-1.94) (-2.59) (-5.06) (0.7540) (4.10) (3.23) (.3.74) (1.25)

TCRER (1-2) (-) or (+) 0.380 -0.103 -0.186 0.438k

(5.70)
(.1.22) (-1.14) (1.88)

TCRER (t-3) (-) or (+)
0.095 0.308 0.349*

(1.30) J2.11) (1.83)

TCVOL (I-i) (+) or (-) 0,004 -0,006 O,0Q6 -0.000 0.008 -0.001 0.003 -0,006 0.003 -0.000

(1.56) (-1.56) (1.73) (-0.20) (2.93) (.0.89k (1.15) (-2.71) (0.48) (-0.02)

IC VOL. (1-2) (+) or (-) 0.001 -0.012 0.003 -0.010 -0.019W

(0.25) J.5.08) (0.92) (-4.96) J8.45)

TCVOL (1-3) (+) or (-)
-0.007W 0.004 -0.009W

(-3.63) J .39) (-4.91)

RER(t-1 )TCRER(t-1)

REF1(t-2)TCRER(t-2)

RER(t-3)TCRER(t-3)

VOL(t-1 )TCVOL(t-1)

VOL(t-2)TCVOL(t-2)

VOL(t-3)TCVOL(t-3)

R-Squared 0.45 0.35 0.25 0.39 0.27 0.65 0.44 0.62 0.52 0.51



Table 5.4 Sign of Estimates from Export Equation (Developed Countries)
Italy Spain Switzerland

Germany Canada France Netherlands
Base Model Base Model Base Model

Variables Expected Sign U.S.
Base Model Base Model Base Model Base Model

Yes** Yes Yes
Base Model
No" No

Yes

No
Yes

No
No

Yes
No No No

Yes***

Yes***
Yes***

Yes
Yes** Yes*** Yes*** Yes** Yes * Yes***

Yes*** Yes*** Yes***

Yes Yes*** Yes*** Yes*** Yes***
Yes

No
No No

Yes*** Yes +
+

()** + + +
+(_)* ()***
(.)*** +

Yes* Yes*** Yes*** +
()***

TCRER (t-1) (-) or (+)
(_)**

(+)
TCRER (t.2) (-)or() ()***

+
()**

(_)*** +
+

+
(_)*** +

(_)***

RER(t-1 )*TCRER(t.1)
RER(t.2)TCRER(t.2)
RER(t-3YTCRER(t3)
VOL(t-1 )*TCVOL(t.1)
VOL(t.2)*TCVOL(t.2)
VOL(t3)*TCVOL(t3)
Notations:

Yes: expected No: unexpected
(): significant at 0.10 significanCe level

('): significant at 0.05 significance level

(***): significant at 0.01 significanCe level

Note:
AS for TCRER, it is normally assumed that correlation is positive and its coefficient is expected to be negative.

If the correlation is negative we expect a positive sign.

U.S. Net effect> o, consistent with 4 Negative correlation (including top two trade partners: Canada and Japan).

U.K. 8 positive correlation, I negative correlation.

Japan Positive correlation

Germany Positive correlationive correlation

Canada Positive correlationCanada Positive correlation

France 3 positive correlation, e negative correlation.
France 3 positive correlation, e negative correlation.

NetherlandS 6 positive correlation, 3 negative correlation.
NetherlandS 6 positive correlation, 3 negative correlation.

Italy Positive correlationItaly Positive correlation

Spain 8 positive correlation, i negative correlation.
Spain 8 positive correlation, i negative correlation.

Switzerland Dominant positive correlation (8 positive,1 negative).
Switzerland Dominant positive correlation (8 positive,1 negative).
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exports and possibly the "J-curve" phenomenon. In international finance, researchers

often find a "J-curve" time path of the payments balance, which initially decreases

(deteriorates) and subsequently increases (improves) to a level higher than the one

prior to devaluation.

5.1.4 Direct Real Exchange Rate Volatility

My theoretical model predicts that the effect of direct real exchange rate

volatility is indeterminate, if exporters and importers have access to a forward market.

However, we do know that the effect on importers should be the opposite of that on

exporters.

For the export equations, the volatility effect is significant in five countries

(U.S., U.K., Canada, France, and Spain), and four of them (U.S., U.K., Canada, and

Spain) have a significant positive sign (Table 5.3, row 10-12). For the remaining five

countries where the direct volatility effect is not significant, the positive sign appears

in three countries (Germany, Netherlands, and Italy), though looking at signs of

insignificant coefficient estimates does not make too much sense. Hence, our

empirical results tend to support the positive hypothesis in the literature.

As for import equations, the volatility effect is significant for seven countries

(U.K., Japan, Germany, Canada, France, Netherlands, and Italy). Among these seven

countries, only Italy has a significant negative sign (Table 5.1, row 10-12). For the

remaining three countries (U.S., Spain, and Switzerland) where the direct volatility is

not significant, the positive sign appears in two (U.S. and Switzerland), though
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looking at signs of insignificant coefficient estimates does not make too much sense.

Again, my empirical results are biased toward the positive hypothesis in the literature.

However, among those countries with significant direct volatility effect on

both exports and imports (U.K., Canada, and France), both exports and imports are

positively affected by the direct exchanger rate volatility in U.K. and Canada. The

opposite effect on exports and imports is observed in France only. The lack of strong

evidence of the opposite effect on exports and imports could be due to (i) a small

sample size (ten developed countries) and only three countries with significant direct

volatility effect on both exports and imports; (ii) only the short-run effect of volatility

measured; (iii) different government policies regarding to exports and imports which

may restrict the behaviors of trading firms; and (iv) lack of data to represent forward

markets; (v) rejection of the hypothesis of opposite effects.

5.1.5 Third Country Effects

The first relevant question here is whether third country exchange rate effects

(mean and volatility) exist or not. My theoretical model suggests that third country

real exchange rate and volatility are relevant in bilateral trade flows. This prediction is

supported by the estimates from developed countries. In the export equations for the

ten countries, seven countries have significant coefficient estimates for TCRER at the

0.10 significance level (Table 5.3, row 13-15). Among these seven countries, six have

coefficients that are significant at the 0.01 level. The bilateral exports are also
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significantly affected by the third country volatility in five countries (Japan, Germany,

Canada, France, and Italy) (Table 5.3, row 16-18).

For the import equations for the ten countries, I have very similar results

(Table 5.1). Eight countries have significant coefficient estimates for TCRER at the

0.10 significance level, and six of them are significant at the 0.05 level (Table 5.1, row

13-15). Compared with the export side, there is more evidence that bilateral imports

are also significantly affected by the third country volatility (Table 5.1, row 16-18). In

my sample, eight out often countries (i.e., U.S., U.K., Japan, Germany, Canada,

France, Italy, and Switzerland) show the third country volatility does matter in their

bilateral imports.

If I treat the third country effect as either third country real exchange rate

effect or third country volatility effect, then more third country effects show up. For

the bilateral export equations, the third country effects are significant in eight out of

ten countries (at the significance level 0.10). Even at the 0.05 significance level, I still

have seven countries with significant third country effects. For the bilateral import

equations, nine countries have significant third country effects at the 0.05 significance

level. A more rigorous test of the third country effect can be done through a

Likelihood Ratio test. This test gives a test of joint hypothesis of no effect from

TCRER, TC VOL, and the interactions terms (i.e., RER x TCRER, VOL x TCVOL). As

shown in Table 5.5, on the export side, the third country effect is significant in all

countries except U.K. and Switzerland. On the import side, the effect showsup in all



Table 5.5 LR Test for Third Country Effect in Developed Countries

*: The original unrestricted model is modified to ensure both the unrestricted model and restricted
models have the same number of observations.
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Trade flow Model Total panel
observations

Log likelihood
value

LR test
statistics

p value

Exports:
U.S. unrestricted 873 780.69

restricted 873 772.10 17.19 <0.01
U.K. unrestricted 864 761.46

restricted 864 760.56 1.81 0.40
Japan unrestricted 828 811.18

restricted 828 807.80 6.76 0.03
Germany* unrestricted 873 1026.89

restricted 873 1021.46 10.85 <0.01
Canada* unrestricted 882 396.14

restricted 882 393.40 5.47 0.06
France unrestricted 828 905.11

restricted 828 895.63 12.59 <0.01
Netherlands* unrestricted 873 821.38

restricted 873 815.46 11.85 <0.01
Italy* unrestricted 873 889.96

restricted 873 864.73 50.45 <0.01
Spain unrestricted 855 357.68

restricted 855 345.69 23.97 <0.01
Switzerland unrestricted 882 880.45

restricted 882 880.05 0.80 0.67
Imports:
U.S. unrestricted 891 949.32

restricted 891 945.56 7.53 0.02
U.K. unrestricted 873 876.50

restricted 873 872.57 7.85 0.10
Japan unrestricted 864 550.57

restricted 864 529.44 42.26 <0.01
Germany unrestricted 864 952.78

restricted 864 947.50 10.55 0.03
Canada unrestricted 873 557.65

restricted 873 552.71 9.88 0.01
France unrestricted 864 968.29

restricted 864 945.32 45.94 <0.01
Netherlands unrestricted 864 719.27

restricted 864 718.10 2.34 0.31
Italy unrestricted 873 679.05

restricted 873 663.21 31.68 <0.01
Spain unrestricted 864 490.00

restricted 864 486.66 6.69 0.04
Switzerland unrestricted 882 815.03

restricted 882 810.09 9.88 0.01
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ten countries except Netherlands. These test results present strong evidence of the

existence of the third country effect in bilateral trade.

Having found significant third country effects, my next concern is on whether

they are consistent with predictions from the theoretical model. My theoretical model

predicts a positive coefficient in the import equation if the direct real exchange rate is

positively correlated with the third country real exchange rate. Otherwise, the

coefficient is expected to be of negative sign. As for the export equation, the

coefficient is expected to be negative if the direct real exchange rate is positively

correlated with the third country real exchange rate. Otherwise, the coefficient is

expected to take on a positive sign.

The signs of the coefficient of the third country real exchange rate in import

equations are mostly consistent with my prediction (see Table 5.2). Of the eight

countries where the coefficients are significant, five countries (U.S., Germany,

Canada, Italy, and Switzerland) have the expected sign. It is worth to mention that for

the U.S., both the positive and negative coefficients appear in different lags.

However, the net effect is negative. This is consistent with the signs of correlation

coefficients between direct and third country real exchange rate during the sample

period (see Table A3). There are four negative correlation coefficients in the ten U.S.

bilateral import flows, and two of them correspond to the two largest trade partners:

Canada and Japan. Therefore, I expect the negative correlation to dominate in the

whole panel data. As for France, the expected negative effect appears only after a

three-quarter lag. The dominant phenomenon also occurs in the case of Switzerland,
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where there are eight positive correlations and one negative correlation between direct

and third country real exchange rates (see Table A3).

As far as the estimates from the export equations are concerned, the signs of

the coefficient of the third country real exchange rate are also mostly consistent with

the prediction from theory (see Table 5.4). Of the seven countries where the

coefficients are significant, five countries (U.S., Japan, Germany, Canada, and Spain)

have the expected sign. The U.S. equation carries negative and positive coefficients

for one-quarter lagged and two-quarter lagged variables, respectively. However, the

positive net effect is consistent with the correlation structure (see Table A3). As for

Spain, one-quarter lagged third country real exchange rate is significant at 0.01

significance level, but the two and three-quarter lagged variables are only significant

at 0.10 significance level. If we just count the one-quarter lagged effect, the sign of

effect is consistent with the dominant positive correlation.

The effects of third country volatility are indeterminate in my theoretical

model, if exporters and importers can take advantage of forward markets. However,

the model predicts that the effect of third country volatility should have opposite

impacts on exporters and importers. As mentioned before, the bilateral exports are

significantly affected by the third country volatility in five countries (Japan, Germany,

Canada, France, and Italy), while the bilateral imports are significantly affected by the

third country volatility in eight countries (U.S., U.K., Japan, Germany, Canada,

France, Italy, and Switzerland).
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The Cushman-type trade diversion due to a change in the relative volatility

(i.e., positive coefficient of third-country volatility) can be examined by focusing

separately on the parameter estimates of the export equations and the import

equations. For the export equations, the third-country volatility effect is significant for

5 countries (Japan, Germany, Canada, France, and Italy), and two of them (Japan and

Canada) have the expected positive sign. For the import equations, the third-country

volatility effect is significant for eight countries (U.S., U.K., Japan, Germany, Canada,

France, Italy, and Switzerland), and five of them (U.K., Japan, Germany, Canada,

France, and Switzerland) have a significant positive coefficient.3 The positive sign, as

noted earlier, suggests trade diversion from increases in the third country volatility.

However, among the five countries with the significant third-country volatility

effect in both exports and imports (Japan, Germany, Canada, France, and Italy), only

Germany and France have the opposite (predicted) effect of third-country volatility on

exports and imports. Japan and Canada have the same positive signs for both

exporters and importers, while Italy has mixed results. The evidence that third country

volatility should have opposite impacts on exports and imports is weak. However, we

should interpret this result with caution. Recall in the theoretical models in Chapter 3,

exporter and importers face third-country volatility from the same third country.

However, as Table Al in Appendix B shows, the third-country for exports sometimes

is not the same as that for imports in the data. Therefore, this inconsistency between

the data and the theoretical model could lead to a failure to find strong opposite effects

3We also find that for the imports equations of the U.K. and France, the interaction terms of VOL and
TCVOL are highly significant, which suggests that the marginal effect of both direct volatility and third
country volatility depends on the level of the other variable included in the interaction terms,



on exports and imports in the data. In addition, lack of representation of forward

markets in the empirical model may be another reason for the weak evidence of the

opposite impacts on exports and imports.

5.2 Developing Countries

Based on information in Table 4.2 and Table 4.4, 1 follow the estimation

method described in section 4.2 in Chapter 4. The GLS estimates (Cross Section

Weights) for ten countries are summarized in Table 5.6 & 5.7 (the import equation)

and Table 5.8 & 5.9 (the export equation). As we have seen in the developed

countries, using the first differenced data generally yields low R2 values. Recall that

in the case of developing countries, the data correspond to bilateral trade with the ten

developed countries identified in section 4.3.1 in Chapter 4. In general the developing

countries' results are weaker than that of the developed countries mostly due to the

quality of available data.

5.2.1 Relative Interest Rate and Relative Wage

Although North-North trade (within developed countries) is more intra-

industry in nature than North-South (between developed and developing), there is no

clear pattern in the effects of relative wages and interest rates on exports and imports.

As noted before, data quality and measurement may be likely sources of unexpected

signs on the coefficients of relative wages and interest rates (Table 5.6 & 5.8, row 4 &

5). The quarterly wage data from the IMF, the best available proxy, are for the
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Table 5.6 Estimates from Import Equation (Developing Countries)

t-ratlos, based on White HeteroskedastlClty-cOnSiStent sianoara errors, are in paren1neae.
significant at 0.10,0.05, and 0.01 signIficance level, respectWely.

Variables Expected Sign Argentina Czech Rep. Israel Kazakhstan Korea Latvla LIthuania Mexico Russia Siovak Rep.

Model 1 Base Model Base Model Model 1 Model 1 Base Model Base Model Model 2 Base Model Base Model

TIME (+) or (-) 0.1 19***

(8.37)

0.045*

(7.98)

0.005*

(1.69)
0.065"
(4.82)

0.018***

(7.61)

0,030***

(6.11)
0.078"
(11.00)

0.022W"
(7.48)

0.038*

(5.75)

0.012***

(2.64)

IRATE (t-1) + -0.144
(-3.92)

0.008
(0.45)

0.022
(.2.44)

0.045
(0.89)

0.014*

(1.79)
0.015
(-0.94)

-0.017
(-0.75)

.0082***
(-4.22)

0.008
(0.50)

0.039"
(2.35)

WAGE(t-1) + 0.105
(0.48)

.0.520***

(-8.68)

0451***
(.3.82)

-0.341
(.0.82)

0.485***

(5.55)

1.360***

(6.83)

0.334***

(3.13)
-0.087
(-0.69)

0.208
(1.09)

.0.597***
(-4.43)

GOP(t-1) + 0.532***

(2.70)
0.227
(2.63)

0.859***

(4.04)

-0.195
(-1.10)

.0.459***

(.11.17)
-0.940W"
(-5.58)

0.434*

(4.52)
-0.191
(-1.17)

0.511***

(4.92)

0.523***

(3.11)

RER(t-1) - 0.082
(0.45)

.034.4
(-1.34)

.0062
(-0.75)

.0.163
(.0.50)

-0.219
(-1.68)

.0.455**

(.2,21)

-0.275
(.0.98)

.0.006
(-0.06)

0.009
(0.06)

.1333***
(-4.61)

RER(t-2) - 0.629W"
(4.01)

0.995
(3.94)

.0676**
(-2.07)

-0.010
(-0.13)

-0.318
(-1.16)

0.886***

(4.27)

.0.160**

(-2.14)

0.471***

(3.68)

1.197"
(3.24)

RER (t-3) . .1.210*

(-5.54)

.1,358***

(-5.39)

-0.733
(.2.93)

0.290***

(5.58)

Q559**

(-2.24)

0.676***

(3.77)
0.078
(1.28)

Q373
(.4.62)

.1.058***

(-2.93)

VOL(t-1) (-)or(+) -0.002
(-0.18)

-0.000
(-0.01)

-0.002
(-0.61)

0.028
(1.29)

.0044***
(-3.80)

0024**
(.2.14)

-0.101"
(-2.29)

0.121***

(6.31)

0.011
(0.83)

-0.021'
(.2.24)

VOL (t-2) (-) or (+) -0.020
(-0.52)

.0.009
(-0.69)

-0.232W"
(-3.27)

-0.009
(-0.98)

VOL(t-3) (.)or(+) 0.111"
(4.87)

.0019*
(-1.82)

0,110*

(1.89) (-3.27)

TCREF1(t-1) (+)or(-) .2,352***

(-3.47)
.0.167
(-0.71)

0.045
(0.42)

0.099
(0.84)

.0.523***

(-4.43)
0.094
(1.41)

-0.329
(-1.72)

0.000
(0.00)

-0.042
(-0,31)

0.862***

(4.48)

TCRER (t-2) (+) or (-) 0.612" 0.258*** 0.291 0.107

(2.35) (2.94) (1.38) (0.47)

TCRER (t-3) (+) or (-)
0.624***

(2.64)

.0.098*

(-1.73)
0.596"
(4.47)

0598***
(-3.04)

TCVOL(t-1) (+)or(-) 0.019*

(2.66)

0.015

(0.48)

0.015*

(3.90)

.0043***
(-3.37)

QQ59***

(.5.12)
-0.005
(-0.82)

.0,145***

(-4.02)
0.122k"
(7.03)

0.005
(0.43)

0.010
(0.92)

TCVOL (t-2) (+) or (-) 0.048"
(2.93)

-0.034
(-1,01)

-0.031

(-7.50)
0.000
(0.00)

.0292***
(-3.67)

.O053*
(-5.98)

TCVOL(t-3) (+) or(-) 0.117***

(5.20)

.0026*
(-8.24)

0.041***

(7.69)

0.051
(0.82)

0.044***

(4.99)

RER(t-1 )*TCFtER(t.1) 0.061 0.076*** .0050** 0.068"

(1.44) (3.53) (-2.53) (2.83)

RER(t-2)TCRER(t-2) -0.114 0.030

(-2.25) (1.11)

RER(t.3)*TCRER(t.3) 0.097** 0.015

(2.16) (0.99)

VOL(t-1)TCVOL(t-1) 0.002
.001o*** .0020** 0.030

(0.30) (-3.95) (.2.18) (6.94)

VOL(t.2)*TCVOL(t.2) -0.003
.QQ54***

(-0.38) (.3.24)

VOL(t.3)*TCVOL(t.3) 0.024*** 0.025

(5.27) (1.84)

R-Squared 0.58 0.52 0.24 0.37 0.27 0.69 0.54 0.30 0.24 0.66



Table 5.7 Sign of Estimates from Import Equation (Developing Countries)

Notations:
Yes: expected; No unexpected
(*): significant at 0.10 significance level
(**): significant at 0.05 significance level
(): significant at 0.01 significance level

As for TCRER, It is normally assumed that correlation Is positive and Its coefficient is expected to be positive.

If the correlation Is negative, we expect a negative sign.
Argentina Positve correlation
Czech Rep. Positve correlation
Israel Dominant negative correlation (1 postive, 9 negative)

Kazakhstan Positve correlation
Korea Posftve correlation
Latvia Positve correlation
Lithuania Posltve correlation
Mexico Positve correlation
Russia Positve correlation
Slovak Rep. Dominant negative correlation (1 postive, 9 negative)

Note:

Variables Expected Sign Argentina Czech Rep. Israel Kazakhstan Korea Latvla LithuanIa Mexico RussIa Slovak Rep.

Model 1 Base Model Base Model Model 1 Model I Base Model Base Model Model 2 Base Model Base Model

IRATE (t-1) + No Yes No Yes Yes* No No No*** Yes Yes

WAGE (1.1) + Yes No*** No*** No Yes Yes*** Yes*** No Yes

GDP (t-1) + Yes" Yes Yes*** No No*** No*** Yes** No Yes*** Yes***

RER (t-l) - No Yes Yes Yes Yes* Yes** Yes Yes No YCS***

RER (t.2) NoV" No*** Yes** Yes Yes No*** Yes** No*** No***

RER (t-3) - Yes*** Yes*** Yes NO** Yes No*** No Yes*** Yes***

VOL (t-1) (-) or (+) - (Yes) . (Yes) (?) + (No) (.)** (Yes) (_)** (Yes) (.)** (Yes) ()*** (No) + (No) (.)* (?)

VOL (t.2) (-) or (+) - (Yes) - (Yes) (.)*** (Yes) - (?)

VOL (t.3) ,(-)
TCRER (1-1)

or (+)
(+) or (-) No***

()*** (No)
No No Yes No"

(-) (Yes)
Yes

(+) (No)
No Yes No

(.)*** (?)
No***

TCRER (t-2) (+) or (-) Yes Yes" Yes No

TCRER (t-3) (+) or (-) Yes*** No Yes*** Yes"

TCVOL (t-1) (+) or (-)
()*** ()*** (_y** (.)" ()*** (4.)*** + +

TCVOL (t-2) (+) or ()
()*** 0*** (.)*** (.)***

TCVOL (t-3) (+) or () (+)***
(.)*** ()***

RER(t.1)*TCRER(t.1)
(+)*** (.)**

RER(t-2)TCRER(t-2) (-r' +
RER(t.3)*TCRER(t.3) ()** +

VOL(t-1 )*TCVOL(t.1)
(.)*** (_)** ()***

VOL(t.2)*TCVOL(t.2) - (-)

VOL(t-3)TCVOL(t-3)
()*** (+)



Table 5.8 Estimates from Export Equation (Developing Countries)

t-ratios, based on White I-Ieteroskeclasttclty-UQflSIsleflt tanoara rrora w iii
significant at 0,10,0.05, and 0.01 significance level, respectively.

VarIables Expected Sign Argentina Czech Rep. Israel Kazskhstan Korea Lstvla LIthuania Mexico Russia Slovak Rep.

Base Model Base Model Model 2 Base Model Model 2 Model 2 Model 2 Model 2 Base Model Base Model

TIME (+)or(-) -0.005
(-0.69)

0.047***

(9.14)

0.009**

(2.49)
0.011

(0.62>

0.016***

(6.04)
0.015
(2.03)

0.021***

(3.88)
0.010
(2.24)

0.028
(3.61)

0,038***

(8.40)

IRATE (1-1) - 0.140W"
(4.37)

0.004
(0.21)

-0.000
(-0.01)

-0.073
(-2.29)

-0.006
(-0.49)

0.024**

J.00)
.0.076***

(.2.95)

0.065***
(-2.86)

.0.024
(-1.55)

0.013
(0.52)

WAGE(t-1) - 0.736***

(3.48)

Q495***

(-6.65)
-0.186
(-0.91)

0.036
(0.15)

-0.041
(-0.49)

.1.279***

(.9.75)

0217***

(4.50)

.0.390***

(.3.63)

.1.488*

(-1.98)

0449***
(-3.99)

GOP (t.1) + .0.457
(.0.61)

0.076
(0.13)

0.524***
(2.75)

2.025
(1.11)

0.714***

(3.33)
1.175
(1.95)

2.495
(3.90)

-0.335
(-1.15)

0.576
(0.57)

0.565
(0.89)

RER (1-1) 4
.Q,537**

(.2.20)

0.860**
(4.17)

-0.125
(-1.03)

0.574
(2.06)

0.174'
(2.21)

0.224
(1.10>

.0.103
(-0.74)

0.415
(3.32)

0.705
(6.68)

.0.608*
(-2.64)

RER (t-2) + 0.156
(1.24)

0.080
(1.03)

-0.203
(-0.93)

0.875"
(4.67)

0,172**
(-2.04)

-0.048
(-0.19)

RER(t.3)
+ .0.336***

(-2.99)

0.195W

(3.38)

O.844***

(.4.05)

.0,446***

(-4.00)

0.118*

(1.65)

.0.054
(-0.23)

VOL (t.1) (.) or (+) .0.025***

(-2.80)

.0.015*

(-1.79)

0.007
(1.28)

0.037***

(3.78)
0003
(0.84)

.Q.014
(-1.89)

-0.000
(-0.02)

0.136***

(6.33)

0.135***

(5.88)

-0.016W
(-2.08)

VOL (t-2) (-) or (+)
.0030***
(-2.65)

VOL (t-3) (-) or (+)
-0.002
(-0.28)

TCRER(t-1) (.)or(+) 1.076***

(4.28)
-0.193
(-0.95)

-0.144
(-0.87)

-0,224
(-1.21)

.0.138**

(-2.22)
-0.043

.63)

0.206
(5.71)

0.222**

(2.50)
-0.007
(-0.060)

0.684***

(3.45)

ICRER (1.2) (-) or (+)
0.056
(0.23)

ICRER (t-3) (-) or (+)
0.076
(0.37)

TCVOL(t-1) (+)or(-) .0.024***

(-3.46)
0.008
(0.85)

0.014**

(2.37)

.O.056***

(.5.95)
0.002
(0.43)

.O,013***

(.4.14)
0.035
(8.33)

0.133W
(5.97)

0.129
(5.12)

0.027***

(3.29)

IC VOL (1-2> (+) or (-)
0.023***

(1.85)

TCVOL (1-3) (+) or (-)
0.065**
(7.94)

RER(t-1 )TCRER(t-1)
0.044
(1.16)

-0.013
(-1.00)

RER(t-2)TCRER(t-2)

RER(t-3)TCRER(t-3)

VOL(t-1)TCVOL(t-1)
0.033***

(6.15)

0.027***

(4.00)

VOL(t-2)ICVOL(t-2)

VOL(t.3)*TCVOL(t.3)

R-Squared 0.65 0.33 0.42 0.94 0.26 0.38 0.42 0.16 0.35 0.47
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manufacturing sector and not for the entire economy. Similarly, the "call money" rate

used for interest rates, a short-term rate, may suffer from measurement problems as

well.

5.2.2 Real GDP

For developing countries, the anticipated positive effect of growth in GDP per

capita is not as visible as that in developed countries. For the export equations (Table

5.8, row 6), the significant and positive impact of GDP is verified in four countries out

often countries (i.e., Israel, Korea, Latvia, and Lithuania). For the other six countries,

changes in the per capita GDP in the trade partners have no significant effect on the

volume of exports. For the import equations (Table 5.6, row 6), the per capita GDP

effect is significant in eight out often countries, but two of them have the negative

signs (Korea and Latvia). Some have suggested that the negative signs on GDP per

capita could be due to the policy of import substitution in developing countries (Khan,

1974; Khan and Ross, 1975). That is, if increase in domestic activity is due to

production of import-substitute goods, then imports may decline as the domestic GDP

increases. However, this is not the case for Korea, where the negative sign cannot be

attributed to the policy of import substitution. In fact, the import-substitution in Korea

in early 1960 was rapidly followed by export-oriented industrialization. Arize (1998)

pointed out other two cases where a negative sign could be observed: (i) imports from

certain countries tend to be inferior goods; (ii) in a monetarist framework, if income



change is not followed by an accommodating change in the money stock (Arize and

Ndubizu, 1992).

5.2.3 Depreciation or Appreciation of Direct Real Exchange Rate

Estimates for the export equations show that all ten countries have at least one

significant coefficient on direct real exchange rate within a 3-quarter lag (Table 5.8,

row 7-9). For Argentina, Israel, Latvia, and Slovak Republic, however, depreciation

of the real exchange rates is associated with the reduction of exports in the following

three quarters. It seems that, for these countries, it takes more time for real exchange

rate depreciation to have a positive effect on exports, similar to the J-curve effect.4

The effect of the real exchange rates on imports (Table 5.6, row 7-9) is found

to be negative in 6 out of 9 countries where a statistically significant coefficient is

obtained (Argentina, Czech Republic, Kazakhstan, Latvia, Mexico, and Slovak

Republic). For Israel, the real exchange rate effect is insignificant. Despite the net

positive effect in Korea and Russia, the exchange rate effects are negative and

significant in the first quarter and the third quarter, respectively, following

depreciation. These estimates suggest that the depreciation of the real exchange rate

has a more pronounced and expected effect on imports than on exports in developing

countries.

77

4Estimates of the coefficients on longer lags of the real exchange rate show more positive and
significant coefficients (not reported in Table 5.8).
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5.2.4 Direct Real Exchange Rate Volatility

My theoretical model predicts that, if exporters and importers do not have

access to a forward market, an increase of the direct real exchange rate volatility will

have a negative impact on both exports and imports, given p (see Table 3.1).

Recall that p is the correlation between direct real exchange rate and third country

real exchange rate. The data for the ten developing countries show that all countries

have positive correlations except Israel and Slovak Republic (see Table A4 in

Appendix B). Although some form of forward markets exist in these developing

countries, they are not well developed as in advanced economies.

Results from row 10-12 in Table 5.8 for the export equations, show significant

volatility effects in seven countries (i.e., Argentina, Czech Republic, Kazakhstan,

Latvia, Mexico, Russia, and Slovak Republic), of which four countries have a negative

sign (Argentina, Czech Republic, Latvia, and Slovak Republic). In the case of imports

(Table 5.6, row 10-12), the volatility effect is significant in six countries (i.e., Czech

Republic, Korea, Latvia, Lithuania, Mexico, and Slovak Republic), of which four have

a net negative effect (Korea, Latvia, Lithuania, and Slovak Republic). Although a

major proportion of the countries exhibited the expected and significant volatility

effect, the effect is quite small. The estimated elasticity within three quarters varies

major proportion of the countries exhibited the expected and significant volatility

effect, the effect is quite small. The estimated elasticity within three quarters varies

from 0.014 (Latvia) to 0.046 (= -0.016-0.030, Slovak Republic) for the exports,

while it varies from 0.043 (= -0.024-0.019, Latvia) to 0.223 ( -0.101-0.232+0.110,
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Lithuania) for the imports. However, compared to the corresponding estimates in the

developed countries, the estimates of direct volatility effect are still larger, especially

on the export side.

5.2.5 Third Country Effects

Similar to the case of developed countries, I first test for the existence of third

country effect prior to the identification of trade diversion arising from these effects.

In the export equations for the ten developing countries, five have significant third

country real exchange rate effects and eight have significant third country volatility

effects at the 0.05 level (Table 5.8, row 13-18). In the import equations, six

developing countries show significant third country real exchange rate effects, while

nine have significant third country volatility effects (Table 5.6, row 13-18). If we

combine third country real exchange rate effect and third country volatility effect as

"third country effect", third country effect occurred in nine countries for both the

exports and the imports at 0.05 significance level. Even at 0.01 significance level, the

numbers of countries with significant estimates in exports and imports are seven and

nine, respectively.

In order to detect the existence of third country effect more rigorously, we

apply the same LR test used for the developed countries. Table 5.10 summarizes the

test results. From the table, the third country effect in the export equations is

significant except for Czech Republic, Korea, and Latvia; the effect in the import
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* The unrestricted model includes 246 observations (unbalanced), and the restricted model has
25Oobservations (balanced). Different numbers of observations in two models affect the likelihood
and the test results.
** The unrestricted model includes 226 observations (unbalanced), and the restricted model has 230
observations (balanced). Different numbers of observations in two models affect the likelihood and
the test results.

trade flow model total panel
observations

log likelihood LR test
statistics

p value

Exports:
Argentina unrestricted 130 19.30

restricted 130 16.54 5.53 0.06
Czech Rep. unrestricted 270 175.78

restricted 270 175.25 1.05 0.59
Israel unrestricted 590 376.70

restricted 590 373.29 6.81 0.03
Kazakhstan unrestricted 170 -121.33

restricted 170 -123.90 5.14 0.08
Korea unrestricted 930 254.81

restricted 930 253.86 1.90 0.39
Latvia unrestricted 170 39.14

restricted 170 37.81 2.65 0.27
Lithuania unrestricted 210 -7.23

restricted 210 -16.87 19.28 0.00
Mexico unrestricted 739 -127.79

restricted 739 -142.29 29.02 0.00
Russia* unrestricted 246 -27.02

restricted 250 -34.36 14.67 0.01
Slovak Rep. unrestricted 220 66.19

restricted 220 56.33 19.71 0.00
Imports:
Argentina unrestricted 110 54.91

restricted 110 51.57 6.67 0.08
Czech Rep. unrestricted 308 211.02

restricted 308 189.40 43.23 0.00
Israel unrestricted 650 426.57

restricted 650 422.28 8.58 0.01
Kazakhstan unrestricted 170 -84.59

restricted 170 -86.60 4.03 0.13
Korea unrestricted 910 195.19

restricted 910 169.31 51.76 0.00
Latvia unrestricted 230 111.89

restricted 230 102.29 19.19 0.00
Lithuania unrestricted 210 51.08

restricted 210 23.48 55.19 0.00
Mexico unrestricted 680 256.10

restricted 680 234.96 42.28 0.00
Russia** unrestricted 226 41.94

restricted 230 43.49 -3.10 1.00
Slovak Rep. unrestricted 190 86.97

restricted 190 70.30 33.35 0.00
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equations is significant except for Kazakhstan and Russia. For a majority of the

countries in this study, a third country effect is detected.

The evidence on trade diversion, in other words the expected signs of the third

country effects, is not as strong as that on the existence outlined above. For a country

without a forward market, we expect the effect of the third country real exchange rate

on bilateral trade to be the same as those in presence of a forward market (see Table

3.1). In other words, if a country's direct real exchange rate is positively (negatively)

correlated with the third country exchange rate, the third country effect should be

positive (negative) in the import equation, and it should be negative (positive) in the

export equation. On the import side among the six countries, where the third country

real exchange rate effect is significant, half have the expected positive sign (Czech

Republic, Latvia, and Lithuania) (see Table 5.7, row 12-14). In export equations only

five countries (Argentina, Korea, Lithuania, Mexico, and Slovak Republic) have

significant estimates, of which two countries have the expected signs (see Table 5.9,

row 12-14). In sum, compared with the empirical findings in the developed countries,

it is harder to predict the effect of depreciation or appreciation of the third country real

exchange rate on bilateral trade. Possible reasons for this could be (i) as shown in the

developing countries' trade data, most developing countries have concentrated their

exports and imports only on a few countries; (ii) when developing countries trade with

developed countries, they face greater competition and trade barriers in other markets.

In spite of concerted efforts to reduce trade barriers, remaining trade barriers in

industrial countries are concentrated in the agricultural products and labor-intensive
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manufactures, in which developing countries have a comparative advantage (IMF,

2001); (iii) developing countries' access to demand information about foreign markets

might be limited; (iv) particularly in developing countries, importers must obtain

licenses to import certain goods. These licenses require the importers to spend some

time filling out forms and waiting for official permission so that they don't have many

choices to import from (Markusen et al., 1995, p. 278).

For the third country volatility effects, my theoretical model with no forward

markets predicts that an increase in third country volatility will have a positive impact

on both exports and imports, given p >0 and o- >> o (see Table 3.1). In other

words, if a country's direct real exchange rate is positively correlated with the third

country exchange rate, trade substitution will occur. However, the empirical results

are less clear about trade diversion despite the evidence on the statistical significance

of third country volatility effects in developing countries.

In the export equations, five countries (Israel, Lithuania, Mexico, Russia, and

Slovak Republic) show a significant positive effect from the third country volatility,

while three countries (Argentina, Kazakhstan, and Latvia) show a significant negative

effect (Table 5.9, row 15-17). For the remaining two countries Czech Republic and

Korea, we obtain positive estimates, but they are not significant. On the other hand,

five of the import equations (Argentina, Czech Republic, Israel, Latvia, and Mexico)

show a significant positive effect from the third country volatility, while other three

cases (Kazakhstan, Korea, and Lithuania) show a significant negative net effect (Table

5.7, row 15-17). The result is mixed for Slovak. Overall, the Cushman-type trade
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diversion (i.e., the positive effect) takes place in the majority of selected developing

countries, though for some countries there is a negative third country volatility effect.

This inconsistency between theory and empirics may be due to a sufficient condition

in my model, which is required for the occurrence of the Cushman-type trade

diversion.

To interpret these estimates more accurately, one can examine whether the

sufficient conditions hold in the data. From Table A4 in Appendix B, we can see

Israel and Slovak Republic two countries have p <0 for both exports and imports.

So, the sufficient condition mentioned above is violated, even though we observe the

significant positive effect on (i) Israel imports and exports, and (ii) Slovak Republic

exports. For those countries with p >0, is the condition o >> o met? Table 5.11

gives the sample means of direct(VOL) and third country volatility (TCVOL) for all

ten sampled countries. Note that the difference between the magnitude of VOL and

TCVOL is relatively small, possibly violating our sufficiency conditions.

A more convincing reason for the observed significant negative effect,

however, could be due to the fact that both exporters and importers could have an

option to sell and purchase goods at home, which is ignored in my theoretical model.

To interpret a significant negative effect from third country volatility in a more

intuitive way, we may need to extend the theoretical model to include exporters (or

importers) who can sell (or buy) at home under risk-free conditions, or abroad in many

risky markets. Just as Cushman (1986) mentioned in his paper, we can use the

analogy from portfolio theory. The rise in third country volatility causes a reduction
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in total exports or imports in favor of the riskless home market. With a different

utility function given in Chapter 3, this could more than offset the reallocation

between risky markets in favor of the relatively less risky one, even in the presence of

positive covariance.

Table 5.11 Direct Volatility and Third Country Volatility (%)

Country VOL TCVOL (Exports) TCVOL (Imports)
Argentina 3.66 2.98 2.98

Czech Republic 1.76 1.26 1.26

Israel 1.99 1.42 1.42

Kazakhstan 3.72 5.33 5.33
Korea 2.53 1.47 2.62
Latvia 1.79 4.53 1.98

Lithuania 2.76 5.54 5.54
Mexico 3.68 2.54 2.54
Russia 4.81 4.87 4.87

SlovakRepublic 1.59 1.15 1.15



Chapter 6

Comparison between Developing and Developed Countries

In this chapter, I will compare the empirical findings between developing

countries and developed countries. One major difference between these two groups is

the availability of a fully developed foreign exchange forward market for exporters

and importers. In developing countries, the majority of currencies are not fully

convertible, thereby impairing forward currency markets (Doroodian, 1999). As noted

from the theory developed in Chapter 3, the effect of exchange rate on trade depends

on the existence of a fully developed forward market, and therefore, we expect to see

some dissimilarity of effects between two groups of countries. However, the

dissimilarity could also be due to other factors such as the different structure of the

economy and trade polices.

6.1 Direct Exchange Rate Effect

6.1.1 Depreciation and Appreciation of Direct Real Exchange Rate

We found that depreciation of the direct real exchange rate is more likely to be

associated with an increase in the exports in developed countries than in the

developing countries. From Table 5.3 & 5.4, the net effect of depreciation is positive

within 3 quarters for all ten developed countries in the sample. From Table 5.8 & 5.9,

however, the effect is mixed within 3 quarters for the selected developing countries.

For both groups, exports are relatively inelastic to the variation of the direct real

exchange rate. Also, for those countries with the significant effect from the direct real

85
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exchange rate, the absolute values of estimated elasticities tend to be much larger in

developing countries, where the values generally exceed 0.50. But in the developed

countries, the corresponding estimates are generally less than 0.50.

On the import side, it is interesting to notice in Table 5.1, 5.2, 5.6 and 5.7, that

the conventional depreciation effect is more likely to occur within three quarters in

developing countries. Six developing countries have the anticipated net negative signs

within three quarters. In contrast, no clear pattern of net effect appears in the

estimates from the developed countries, though the negative sign eventually appears

when more lagged RERs are added. We also notice that the absolute values of

significant estimates are usually much larger in developing countries than in

developed countries.

My estimates also suggest the depreciation of the real exchange rate has a more

pronounced and expected effects on imports than on exports for developing countries.

On the contrary, for developed countries, more effects appear on the export side than

on the import side. Compared to developed countries, developing countries have

balance of payments problems. This might explain the response on the import side for

developing countries.

6.1.2 Direct Real Exchange Rate Volatility

If there is any effect of direct real exchange rate volatility, an increase in the

volatility of direct real exchange rate tends to be associated with a decrease in the

bilateral trade volume (especially the imports) for developing countries. In other
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words, the negative hypothesis of volatility in the literature seems to hold in

developing countries. Among seven countries where the volatility significantly affects

the exports, four of them are negative; among six countries where the volatility plays a

significant role in the imports, four of them are negative.

However, the estimates from developed countries tend to be in favor of the

positive hypothesis. More specifically, the volatility effect appears in the exports of

five countries and four of them carry a positive sign. On the import side, the volatility

affects the trade flows in seven countries and six of them have a positive sign.

Therefore, the positive hypothesis is more likely to occur in the developed countries.

These findings are consistent with most empirical work in literature. As

Williamson (1983, p38) noted, "it proved easier to find evidence of the negative effect

of exchange rate volatility on trade of developing countries than it did in the case of

the developed countries." Actually, this tendency has not been changed in the more

recent literature, where more advanced and appropriate estimation techniques were

applied.

Given the prevalent nonnegative correlation coefficient p in the developing

countries in the sample, to some extent, the negative effect of increased volatility is

consistent with the prediction from my theoretical model in Chapter 3 under the

assumption of no forward currency markets. On the other hand, an empirical finding

of the positive hypothesis from most developed countries is important to us, since the

theoretical model in Chapter 3 brings the indeterminacy of the impact of increased

volatility under the assumption of fully developed forward currency markets.
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Not only are the signs of the estimates generally different across two groups of

countries, but also the magnitudes are different. Compared to the estimates in the

developed countries, the estimates of direct volatility effect for developing countries

are larger, especially on the export side.

Although the different empirical findings of volatility effect between two

groups of countries could be due to many reasons other than a forward currency

market, we can not deny the important role of a fully developed forward currency

market in determining the impact of the exchange rate volatility on trade.

6.2 Third Country Exchange Rate Effect

My empirical results show that the third country effect does exist in the

bilateral trade of both developing and developed countries. According to the LR test,

given the 0.10 significance level, the third country effect is significant on the export

(import) side in 8 (9) developed countries, while the corresponding number is 7 (8) in

developing countries. If we use a 0.05 significance level, the corresponding numbers

change into 7 (8) for developed countries and 5 (7) for developed countries. A smaller

number of developing countries with significant estimates of the third country effect

suggest that the third-country effect be more often observed in developed countries,

and this is particularly true on the exports side from my empirical study.

In order to compare the third country effects across two groups of countries

more specifically, I examine the effect of the mean and volatility of third-country real

exchange rate separately below.
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6.2.1 Effect of Third-Country Exchange Rate

As summarized in Table 3.1 in Chapter 3, whether a forward currency market

exists in a country or not, the effect of depreciation or appreciation of third country

real exchange rate on the bilateral trade should be roughly the same, except for the

magnitudes. Assuming an important difference between the developed countries and

developing countries is the presence of an adequate forward currency market, we will

not expect any qualitative difference regarding the effect of depreciation or

appreciation of third-country real exchange rate on the bilateral trade.

More specifically, for both groups of countries, if a country's direct real

exchange rate is positively (negatively) correlated with the third country exchange

rate, the coefficient for the latter should be positive (negative) in the import equation,

and should be negative (positive) in the export equation. My empirical results,

however, suggest it is much harder to predict the direction of the effect of third-

country exchange rate on bilateral trade for developing countries. For the imports of

developed countries, among the eight countries where the coefficient is significant,

five countries have the expected sign. For the exports of developed countries, among

the seven countries where the coefficient is significant, five countries have the

expected sign. These estimates are mostly consistent with my theory in Chapter 3.

But for developing countries, the results are more mixed. On the import side, we have

the expected sign in three countries only out of the six countries where the third-

country exchange rate is significant. On the export side, we have the expected sign in
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two countries only out of five countries where the third-country exchange rate is

significant (see Table 6.1). As discussed in section 5.2.5 in Chapter 5, difficulties in

finding the expected sign for the developing countries can arise from higher

concentration on trade partners, greater competition and trade barrier in other markets,

limited demand information about foreign markets, and more restrictions on imports.

Table 6.1 Number of Countries with Significant and Expected
Third-Country Real Exchange Rate Effects

6.2.2 Effect of Third-Country Exchange Rate Volatility

According to Table 3.1 in Chapter 3, a main difference of the effects between

two groups of countries is whether traders have access to an adequate forward market

to hedge the foreign exchange risk and for speculation. If a country has a fully

developed forward market, the impact of changes in the third country volatility (or

direct volatility) is passed through the corresponding adjustment of the equilibrium

forward rate in the forward market, which further leads to the opposite effects on

importers and exporters. In contrast, a lack of fully developed forward markets in

Imports Exports

10 Developed

Countries

8 significant 7 significant

5 with the expected sign 5 with the expected sign

10 Developing

Countries

6 significant 5 significant

3 with the expected sign 2 with the expected sign
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most developing countries prevents the transmission mechanism of the real exchange

rate volatility.

Table 6.2 summarizes my empirical findings regarding the third-country

volatility effect on bilateral trade. It shows that the third country real exchange rate

volatility is relevant in determining the bilateral trade in most developed and

developing countries. Moreover, once third-country volatility affects the bilateral

trade, Cushman-type trade diversion (i.e., the positive effect) is likely tobe observed

in the imports of both groups of countries, and in the exports of developing countries

only. It is not surprising for us to find more evidence for that effect in developing

countries, as my theory predicts. For those developing countries, the missing

Cushman-type trade diversion (i.e., substitution effect) could be due to a failure to

meet the sufficient conditions, as shown in Table 5.11 in Chapter 5. Furthermore, for

both developed and developing countries, the missing Cushman-type trade diversion

could also result from the reallocation of resources between the riskiess home market

and the risk foreign markets when third-country real exchange rate volatility changes.

Similar to the findings for direct exchange rate volatility effect, the estimates

of third-country volatility effect in developing countries are much larger than in

developed countries (see Table 5.1, 5.3, 5.6, and 5.8, rows 16-18). This is particular

true on the export side.



Table 6.2 Number of Countries with Significant
Third-Country Volatility Effect
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Imports Exports

10 Developed

Countries

8 significant 5 significant

5 positive, 3 negative 2 positive, 3 negative

10 Developing

Countries

8 significant 8 significant

5 positive, 3 negative 5 positive, 3 negative



Chapter 7 Summary and Conclusions

This thesis identifies the exchange rate effects on bilateral trade while

accounting for third-country effects and forward currency markets. Similar to other

studies in a multilateral context, my theoretical model suggests that depreciation or

appreciation of the direct real exchange rate has the conventional effect on the bilateral

trade flows. In the absence of a forward currency market, my model predicts the usual

negative effect of exchange rate volatility on trade flows. However, with a fully

developed forward market, my results show that the volatility of direct real exchange

rate should have opposite impacts on importers and exporters. Moreover, trade

diversion could occur due to changes in the level or volatility of the real exchange rate

in athird currency even in the presence of forward currency markets.

Time series data on 20 countries, 10 developed and 10 developing countries,

are assembled to study the linkage between exchange rates and bilateral trade. The

empirical results suggest (i) while depreciation or appreciation of direct real exchange

rate has the conventional effect on most bilateral trade flows in the sample, a third

country exchange rate does affect the bilateral trade flows, for both developed and

developing countries; (ii) trade diversion arising from a change in the level of third-

country real exchange rate is more likely to occur in developed countries than in

developing countries; (iii) while trade flows are more likely to be negatively affected

by the direct real exchange rate volatility in developing countries, they are more likely

to be positively affected in developed countries; moreover, larger magnitude of

93
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exchange rate effects is found for developing countries; (iv) there exists more

evidence in developing countries than in developed countries for trade diversion due

to third-country real exchange rate volatility; again, the effect in developing countries

is much larger than in developed countries.

The main finding in this study is the existence of strong third-country real

exchange rate (both mean and volatility) effects, which suggests a model

misspecification in most previous studies on impacts of exchange rate on bilateral

trade. However, the opposite effects of the direct real exchange rate volatility and

third-country volatility on imports and exports have not been fully verified due to data

and modeling constraints, especially the representation of forward markets.

For a country, trade with one partner depends not only on the direct exchange

rate movements, but also on the relative appreciation or depreciation of currencies of

other large trade partners. Similarly, relatively volatility of currencies of major trade

partners is important for bilateral trade. Exclusive focus on one trading partner's

currency appreciation or depreciation or volatility is unlikely to help in achieving

either balanced trade or external payments. The above is true for developed and

developing countries, but the empirical results point out the relative importance of

forward currency markets to the latter group. The direct exchange rate volatility has a

relatively large negative effect on bilateral trade for most developing countries, while

it has a relatively small positive effect for most developed countries. For developing

countries, a forward currency market is likely an important tool to reduce the impact

of the exchange risk (volatility) on trade flows.
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Further research on the impact of exchange rates on bilateral trade can be

continued in two ways: (i) introduce a lower-risk domestic market into the theoretical

model in Chapter 3, and hence traders face a domestic market and two foreign

markets; (ii) if forward currency rates are available, set up an empirical framework

accounting for forward currency markets in developed countries. An empirical

framework accounting for the simultaneous determination of forward currency rates,

exports and imports is likely to be a major improvement over the specification in this

study.
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Appendix A: Theoretical Model

Proposition 2: in the absence of a forward market, fp >0 and o >> o, then
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Following the same methodology, we can show
aiç >0,

R
>0.
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Appendix B: Data Description

INTEREST RATE:

I use a "call money rate" from International Financial Statistics (IFS). Some

countries have different names for this rate, but codes in IFS are the same (60B. .ZF..)

and they are comparable. I also have a missing data problem for the following five

countries.

Canada: missing data (1973 Qi - 1974 Q4) are replaced by fitted values from

regressing Call Money Rate on Treasury Bill Rate: Call Money Rate = -0.20 16

+ 1.0127 xTreasury Bill Rate.

Spain: missing data (1973Q1 - Q4) are replaced by fitted values from

regressing Call Money Rate on Bank of Spain Rate: Call Money Rate = 3.6968

+ 0.7473 x Bank of Spain Rate.

Switzerland: missing data (1 973Q1 - 1975Q3) are replaced by fitted values

from regressing Call Money Rate on Discount Rate: Call Money Rate -

0.2281 + 1.0085xDjscount Rate.

Netherlands: missing data (1999Q1 - 200 1Q4) are replaced by fitted values

from regressing Call Money Rate on Lending Rate, since the latter is the most

highly correlated with the former with a correlation coefficient 0.988, among

all the other interest rates available: Call Money Rate = -2.7968 +

0.9576 x Lending Rate.

France: missing data (1999Q2 - 2001Q4) are replaced by fitted values from

regressing Call Money Rate on Treasury Bill Rate 3 months, since the latter is
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the most highly correlated with the former with the highest correlation

coefficient, among all the other interest rates available: Call Money Rate = -

0.1719 + 1.0041 xTreasury Bill Rate.

POPULATION:

Only yearly data are available. Due to the small variability of population

within a year in developed countries, I treat the annual data as quarterly data, which is

used to compute the per capita GDP for developed countries.

WAGE:

I use wages in manufacturing industries. Except for Germany and Switzerland,

wage index numbers are from IFS. It does not matter whether the original data is

computed based on monthly or hourly wage, since I use the index numbers. Data for

Germany and Switzerland are from the website of the International Labor

Organization (ILO, www.ilo.org), and they are not reported in the form of indices.

Thus, I need to transform them into index numbers. I also have a missing data

problem for the following countries.

Germany: 1973 Qi- 1975 Q4 data are missing.

Spain: 1998Q3 - Q4 data are missing.

Switzerland: ILO has data only for 1976Q1 - 1983Q4. The Bureau of Labor

Statistics (BLS) is not helpful in that it provides limited yearly wage index data
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(the relative index with respect to the U.S. for years 1975, 1980, 1985, and

every year after 1989).

Since there is a high correlation between the CPI and the nominal wage index

(or nominal wage) in each sample country, I can use the CPI as a predictor to predict

the missing data. Correlation coefficients between CPI and Wage index in

manufacturing industry during 1972Q4-1998Q4 are: U.S. (1.00), U.K. (0.99),

Switzerland (0.99, wage reported by ILO for 1976Q1 - 1983 Q4), Spain (0.99),

Netherlands (1.00), Japan (0.99), Italy (1.00), Germany (0.99, wage reported by ILO

since 1976), France (1.00), Canada (1.00).

Germany wage (not index) = -11.32156 + 0.36408 x CPI, wage (index) =

100 x wage (not index)! wage (not index) in year 1995, where the denominator in the

2nd equation is average wage (not index) of four quarters in year 1995.

Spain: wage = -7.84722 + 1.06834x CPI

Switzerland: wage (not index) = -1.7145 + 0.2228xCPI, wage (index) =

l00xwage (not index)! wage (not index) in year 1995, where the denominator in the

2m1 equation is average wage (not index) of four quarters in year 1995.

After I obtain the nominal wage index data, I compute the real wage index

through dividing nominal wage index by PPI. Real Wage Index = 100 x (Nominal

Wage Index / PPI) (1995 = 100). Observe this real wage index is based on wage in

the home currency.

Notes:

(1). France: no PPI data in IFS, so I use CPI as a deflator.
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(2). Italy: PPI data before 1980 are missing. Based on the correlation

coefficient of its CPI and PPI is 1.00, I use CPI to predict the missing value of

PPI for the period 1973-1980. PPI = 20.4779 + 0.7753 x CPI.

GROSS DOMESTIC PRODUCTION (GDP):

The IFS reports GDP in local currency. I need quarterly GDP deflator to

compute the GDP in year 1995 local currency. Unfortunately, quarterly GDP deflator

is not available from the IFS (The World Bank CD-ROM provides annual GDP

deflator only, whereas the IFS did not report annual or quarterly GDP deflator until

2003. The quarterly GDP deflator data can be available for years after 1999).

Therefore, I use PPI as the deflator in this study. An exception is France, where I use

CPI to deflate nominal GDP due to missing data of PPI.

Netherlands has missing data during period 1973 Qi - 1976 Q4. Missing data

have been computed using the least-squares method (i.e., define Time = 1 for 1973Q1,

Time = 104 for 1998Q4. An estimated equation is: log(GDP) 4.13104 +

0.01093 x Time).

CONSUMER PRICE INDEX (CPI):

The data are from the IFS.

REAL EXPORTS AND IMPORTS:

Nominal bilateral trade data in US dollars are provided by the IMF. These are

dollar figures. In order to compute the real bilateral trade between country i and
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countryj, the trade figure is first converted into local currency using the dollar

exchange rate from the IFS. This figure is then deflated using bilateral export/import

price index (or export/import unit value) from the IFS. Ideally one should deflate the

trade figures using bilateral trade price index. Since these are generally unavailable, I

am forced to deflate the bilateral trade of each pair of country by the aggregate

export/import price index of that country. The code for these deflators are: Export

Unit Value (74.ZF); Import Unit Value (75.ZF); Export Price Index (76.ZF); Import

Price Index (76.X.ZF).

I have missing data in Export/linport Unit Value or Export/Import Price Index

for some countries below:

France: 1973 - 1989 data are missing for both Exports and Imports Unit

Value. CPI is used as a proxy (PPI is better but it also has missing data in the sample

period).

Switzerland: 1973 - 1988 data are missing for Export Unit Value. Import

Price Index rather than Import Unit Value is used as a deflator in computing real

imports, since Import Unit Value has some missing data while Import Price Index is

complete. PPI is used to approximate the Export Unit Value.

In order to compute the real exports and imports of the countries whose

aggregate export/import price index is not available, I use PPI as a deflator.
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REAL EXCHANGE RATE:

Real exchange rates are computed based on the nominal exchange rates and

CPI reported in the IFS. Quarterly average exchange rates are used in order to find out

quarterly real exchange rates (an exception is when I compute the volatility of real

exchange rate). Since the nominal exchange rates reported are against the US dollar, I

derive cross-rate for currencies of A (non-US) and B (non-US).

REAL EXCHANGE RATE VOLATILITY:

I use the coefficient of variation (C.V.), which is standard deviation as a

proportion of the mean, as a proxy for volatility (i.e., standard deviation of real

exchange rates divided by the sample mean of real exchange rate in each quarter).

The standard deviation of the real exchange rate is derived from the real exchange rate

at the end of each month in each quarter.

THIRD COUNTRY:

Third country is defined as the largest trade partner other than the direct

bilateral trade partner, which are shown in Table Al and A2.

SAMPLE CORRELATION COEFFICIENTS:

The sample correlation coefficients are computed using the monthly real

exchange rates. Since for a home country, a third country in exports may differ from

that in imports, I computed two sample correlation coefficients for each bilateral trade



flow (one for the exports, and the other for imports). Table A3 and A4 show the

estimates.

Table Al Major Trade Partners for Developed Countries (1973-1998)

Home Country Trade Export to Import from
Rank

U.s. 1 Canada Canada
2 Japan Japan

Germany 1 France France
2 U.S. Netherlands

Japan 1 U.S. U.S.
2 Germany Australia*

France I Germany Germany
2 Italy Italy

U.K. 1 U.S. Germany
2 Germany U.S.

Italy 1 Germany Germany
2 France France

Canada 1 U.S. U.S.
2 Japan Japan

Netherlands 1 Germany Germany
2 France U.S.

Spain 1 France France
2 Germany Germany

Switzerland 1 Germany Germany
2 France France

* Korea, Indonesia and China (H.K.) are the other largest trade partners, but they are left out
because of different trade pattern. However, Australia monthly CPI is N/A, and the quarterly
volatility of RER cannot be computed. Therefore, I use Germany as a third country.
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Table A2 Major Trade Partners for Developing Countries
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Home Country Trade Rank Export to
Sample Period

(Ex a otis)
prt from Sample Period

(Imports)
Argentina 1 Brazil Brazil

l993Ql.1996Q4
S 5J_ U.S.

Slovak
Re aublic

MSJ&AII$i(SJ
Germany

1993Q1-2001Q4
2

Slovak
R- aublic

Israel 1 U.S. SE IVIsAIIIJII

iTifl
I P u11 SLJKiE&AIiJ(j

S

wtjj1i.
I___________

2 Japan
Russia 1 Germany

1994Q3-2001 Q4
Germany

1994Q3.2001Q4
Ukraine

1993Q1-2001Q4
Czech Republic

1993Q1-2001Q4
2 Germany Germany
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Table A3 Correlation Coefficients between Direct Real Exchange Rates and
Third Country Real Exchange Rates (Developed Countries: 1973 - 1998)

Home Country Trade Partners Corr(rer, tcrer_export) Corr(rer, tcrer_import)
United States Canada -0.381 -0.381

France 0.201 0.201

Germany 0.207 0.207
Italy 0.230 0.230
Japan -0.381 -0.381
Netherlands 0.207 0.207
Spain 0.106 0.106
Switzerland -0.199 -0.199
U.K. -0.118 -0.118

Japan Canada 0.940 0.940
France 0.739 0.739
Germany 0.713 0.713
Italy 0.747 0.747
Netherlands 0.722 0.722
Spain 0.574 0.574
Switzerland 0.648 0.648
U.K. 0.762 0.762
U.S. 0.713 0.713

Germany Canada 0.307 0.307
France 0.359 0.38 1

Italy 0.568 0.568
Japan 0.112 0.112
Netherlands 0.381 0.381
Spain 0.557 0.557
Switzerland 0.274 0.274
U.K. 0.673 0.673
U.S. 0.359 0.359

Canada France 0.466 0.466
Germany 0.436 0.436
Italy 0.443 0.443
Japan 0.646 0.646
Netherlands 0.431 0.431
Spain 0.417 0.417
Switzerland 0.625 0.625
U.K. 0.659 0.659
U.S. 0.646 0.646

Spain Canada 0.610 0.610
France 0.926 0.926
Germany 0.926 0.926
Italy 0.447 0.447

To Be Continued
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Japan
Netherlands
Switzerland
U.K.

U.S.

-0.129
0.923

0.380
0.312
0.522

-0.129
0.923

0.380
0.312

0.522
U.K. Canada 0.83 1 0.470

France 0.280 0.962
Germany 0.294 0.294
Italy 0.249 0.554
Japan 0.017 0.244
Netherlands 0.304 0.970
Spain -0.167 0.574
Switzerland 0.064 0.661
U.S. 0.294 0.294

France Canada -0.05 6 -0.05 6
Germany -0.282 -0.282
Italy -0.282 -0.282
Japan 0.049 0.049
Netherlands 0.714 0.714
Spain -0.265 -0.265
Switzerland 0.095 0.095
U.K. -0.458 -0.458
U.S. -0.138 -0.138

Netherlands Canada -0.024 -0.024
France 0.356 0.356
Germany 0.356 -0.066
Italy 0.246 0.246
Japan 0.237 0.237
Spain 0.147 0.147
Switzerland 0.142 0.142
U.K. -0.052 -0.052
U.S. -0.066 -0.066

Switzerland Canada 0.632 0.632
France 0.915 0.915
Germany 0.915 0.915
Italy 0.466 0.466
Japan -0.566 -0.566
Netherlands 0.949 0.949
Spain 0.315 0.315
U.K. 0.244 0.244
U.S. 0.383 0.383

Italy Canada 0.24 1 0.24 1

France 0.929 0.929
Germany 0.929 0.929

To Be Continued



Table A4 Correlation Coefficients between Direct Real Exchange Rates and
Third Country Real Exchange Rates (Developing Countries)
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Japan 0.122 0.122
Netherlands 0.961 0.961
Spain 0.398 0.398
Switzerland 0.584 0.584
U.K. 0.123 0.123
U.S. 0.171 0.171

Home Country Trade Partners Corr(rer, tcrer_export) Corr(rer, tcrer import)
Argentina Canada 0.882 (0.878) 0.882 (0.878)

France 0.955 (0.731) 0.955 (0.731)
Germany 0.961 (0.711) 0.961 (0.711)
Italy 0.878 (0.661) 0.878 (0.661)
Japan 0.822 (0.636) 0.822 (0.636)
Netherlands 0.961 (0.719) 0.961 (0.719)
Spain 0.887 (0.69 1) 0.887 (0.691)
Switzerland 0.965 (0.695) 0.965 (0.695)
U.K. 0.892 (0.684) 0.892 (0.684)
U.S. 0.95 5 (0.900) 0.955 (0.900)

Czech Republic Canada 0.707 (0.512) 0.707 (0.512)
France 0.996 (0.933) 0.996 (0.933)
Germany 0.481 (0.523) 0.481 (0.523)
Italy 0.910 (0.613) 0.910 (0.613)
Japan 0.787 (0.607) 0.787 (0.607)
Netherlands 0.998 (0.986) 0.998 (0.986)
Spain 0.967 (0.809) 0.967 (0.809)
Switzerland 0.982 (0.88 1) 0.982 (0.88 1)
U.K. 0.139 (0.596) 0.139 (0.596)
U.S. 0.192 (0.516) 0.192 (0.516)

Israel Canada 0.685 (0.856) 0.685 (0.856)
France -0.118 (0.202) -0.118 (0.202)
Germany -0.240 (0.155) -0.240 (0.155)
Italy -0.033 (0.127) -0.033 (0.127)
Japan -0.259 (0.232) -0.259 (0.232)
Netherlands -0.126 (0.132) -0.126 (0.132)
Spain -0.344 (0.208) -0.344 (0.208)
Switzerland -0.364(0.111) -0.364 (0.111)
U.K. 0.03 1 (0.118) 0.03 1 (0.118)
U.S. 0.03 1 (0.118) -0.246 (0.175)

To Be Continued
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Kazakhstan Canada 0.833 (0.674) 0.833 (0.674)
France 0.906 (0.524) 0.906 (0.524)
Germany 0.902 (0.508) 0.902 (0.508)
Italy 0.886 (0.574) 0.886 (0.574)
Japan 0.825 (0.403) 0.825 (0.403)
Netherlands 0.888 (0.501) 0.888 (0.501)
Spain 0.890 (0.532) 0.890 (0.532)
Switzerland 0.893 (0.488) 0.893 (0.488)
U.K. 0.721 (0.610) 0.721 (0.610)
U.S. 0.717 (0,656) 0.717 (0.656)

Korea Canada 0.67 1 (0.930) 0.076 (0.500)
France 0.34 1 (0.686) 0.552 (0.688)
Germany 0.3 19 (0.670) 0.591 (0.684)
Italy 0.452 (0.683) 0.604 (0.619)
Japan 0.511 (0.537) 0.511 (0.537)
Netherlands 0.332 (0.669) 0.506 (0.688)
Spain 0.240 (0.645) 0.58 1 (0.583)
Switzerland 0.45 1 (0.614) 0.8 16 (0.727)
U.K. 0.695 (0.68 1) 0.604 (0.605)
U.S. 0.511 (0.537) 0.511 (0.537)

Latyja Canada 0.980 (0.619) 0.915 (0.444)
France 0.93 1 (0.2 14) 0.999 (0.98 1)
Germany 0.923 (0.166) 0.923 (0.166)
Italy 0.965 (0.351) 0.977 (0.827)
Japan 0.897 (-0.160) 0.937 (0.3 12)
Netherlands 0.925 (0.150) 0.999 (0.994)
Spain 0.940 (0.244) 0.997 (0.965)
Switzerland 0.911(0.094) 0.997 (0.9 16)
U.K. 0.951 (0.485) 0.876(0.660)
U.S. 0.936 (0.603) 0.835 (0.536)

Lithuania Canada 0.992 (0.597) 0.992 (0.597)
France 0.982 (0.390) 0.982 (0.390)
Germany 0.981 (0.381) 0.981 (0.381)
Italy 0.987 (0.439) 0.987 (0.439)
Japan 0.968 (0.165) 0.968 (0.165)
Netherlands 0.981 (0.376) 0.981 (0.376)
Spain 0.986 (0.424) 0.986 (0.424)
Switzerland 0.976 (0.346) 0.976(0.346)
U.K. 0.988 (0.490) 0.988 (0.490)
U.S. 0.991 (0.58 1) 0.991 (0.581)

Mexico Canada 0.902 (0.972) 0.902 (0.972)
France 0.769 (0.857) 0.769 (0.857)
Germany 0.767 (0.864) 0.767 (0.864)
Italy 0.776 (0.846) 0.776(0.846)

To Be Continued



otes:
Numbers in the parentheses are the correlation coefficient computed based on the first

difference of logarithm-transformed data, which are for regression.
The high correlation does not necessarily cause a collinearity problem in a regression,

because in the regression we used the first difference of these variables on a logarithm scale.
e.g. suppose we have two variables X1 and X2.
X1 = a + bX2 dlog(X1) is not a linear function of dlog(X2) unless a =0.
log(X1) = log(a + bX2) =10gb + logX2 only if a =0
First Difference of [log(X1)] = First Difference of [log(X2)] only if a 0.
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Japan 0.657 (0.800) 0.657 (0.800)
Netherlands 0.793 (0.859) 0.793 (0.859)
Spain 0.647 (0.850) 0.647 (0.850)
Switzerland 0.75 1 (0.844) 0.751 (0.844)
U.K. 0.771 (0.834) 0.771 (0.834)
U.S. 0.657 (0.800) 0.657 (0.800)

Russia Canada 0.986 (0.962) 0.986 (0.962)
France 1.000(0.999) 1.000 (0.999)
Germany 0.523 (0.091) 0.523 (0.091)
Italy 0.999 (0.987) 0.999 (0.987)
Japan 0.984 (0.944) 0.984 (0.944)
Netherlands 1.000(1.000) 1.000 (1.000)
Spain 1.000 (0.997) 1.000 (0.997)
Switzerland 0.999 (0.995) 0.999 (0.995)
U.K. 0.994 (0.980) 0.994 (0.980)
U.S. 0.983 (0.975) 0.983 (0.975)

Slovak Republic Canada -0.400 (0.103) -0.400 (0.103)
France -0.178 (0.677) -0.178 (0.677)
Germany -0.187 (0.724) -0.187 (0.724)
Italy -0.064 (0.564) -0.064 (0.564)
Japan -0.363 (0.177) -0.363 (0.177)
Netherlands -0.152 (0.679) -0.152 (0.679)
Spain -0.201 (0.579) -0.201 (0.579)
Switzerland -0.165 (0.572) -0.165 (0.572)
U.K. 0.216 (0.319) 0.216(0.319)
U.S. -0.043 (0.258) -0.043 (0.258)



Appendix C: Estimation Method

1. Lag Orders Based on AIC

The Akaike information criterion, AIC(q) = log + determines the

appropriate lag length for explanatory variables. In the formula, e is a column vector

of residuals, Tis a number of observations, and q is a lag length of an explanatory

variable.

Table A5-A8 gives computed AICs, and the model with the lowest AIC is

selected. In these tables, speqflcation i represents a model, in which the lag length of

exchange rate variables (i.e., RER, VOL, TCRER, TCVOL) except the variable in that

row, is i.
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Table A5 Import Equation (Developed Countries)

Country Variable Specification lag (q) AIC Specification Iaq) AIC Specification lag (q) AIC

U.S. RER 3 3 -4.6460 2 3 -4.6358 1 3 -4.6179

2 -4.6480 2 -4.6357 2 -4.6169

1 -4.6481 1 -4.6368 1 -4.6206

VOL 3 3 -4.6460 2 3 -4.6353 1 3 -4.6182

2 -4.6482 2 -4.6357 2 -4.6177

1 -4.6479 1 -4.6358 1 -4.6206

TCRER 3 3 -4.6460 2 3 -4.6400 1 3 -4.6238

2 -4.6435 2 -4.6357 2 -4.6189

1 -4.6417 1 -4.6341 1 -4.6206

TCVOL 3 3 -4.6460 2 3 -4.6409 1 3 -4.6324

2 -4.6424 2 -4.6357 2 -4.6289

1 -4.6319 1 -4.6241 1 -4.6206

U.K. RER 3 3 -4.2633 2 3 -4.2621 1 3 -4.2612

2 -4.2642 2 -4.2680 2 -4.2671

1 -4.2596 1 -4.2629 1 -4.2678

VOL 3 3 -4.2633 2 3 -4.2633 1 3 -4.2551

2 -4.2652 2 -4.2680 2 -4.2595

1 -4.2672 1 -4.2694 1 -4.2678

TCRER 3 3 -4.2633 2 3 -4.2617 1 3 -4.2554

2 -4.2645 2 -4.2680 2 -4.2608

1 -4.2667 1 -4.2699 1 -4.2678

TCVOL 3 3 -4.2633 2 3 -4.2633 1 3 -4.2547

2 -4.2652 2 -4.2680 2 -4.2590

1 -4.2683 1 -4.2706 1 -4.2678

Japan RER 3 3 -3.6814 2 3 -3.6612 1 3 -3.6577

2 -3.6819 2 -3.6590 2 -3.6562

1 -3.6825 1 -3.6592 1 -3.6590

VOL 3 3 -3.6814 2 3 -3.6581 1 3 -3.6576

2 -3.6837 2 -3.6590 2 -3.6590

1 -3.6849 1 -3.6604 1 -3.6590

TCRER 3 3 -3.6814 2 3 -3.6638 1 3 -3.6613

2 -3.6795 2 -3.6590 2 -3.6560



Table A5 Import Equation (Developed Countries) (Continued)

Country Variable Specification lag (q) AIC - Specification lag (q) AIC Specification lag (q) AIC

1 -3.6799 1 -3.6599 1 -3.6590

TCVOL 3 3 -3.6814 2 3 -3.6696 1 3 -3.6678

2 -3.6692 2 -3.6590 2 -3.6580

1 -3.6713 1 -3.6612 1 -3.6590

Germany RER 3 3 -4.3356 2 3 -4.3324 1 3 -4.3293

2 -4.3378 2 -4.3210 2 -4.3179

1 -4.3350 1 -4.3189 1 -4.3104

VOL 3 3 -4.3356 2 3 -4.3319 1 3 -4.3194

2 -4.3378 2 -4.3210 2 -4.3102

1 -4.3400 1 -4.3232 1 -4.31 04

TCRER 3 3 -4.3356 2 3 -4.3341 1 3 -4.3267

2 -4.3362 2 -4.3210 2 -4.3153

1 -4.3372 1 -4.3210 1 -4.3104

TCVOL 3 3 -4.3356 2 3 -4.3334 1 3 -4.3247

2 -4.3364 2 -4.3210 2 -4.3114

1 -4.3371 1 -4.3220 1 -4.3104

Canada RER 3 3 -3.7407 2 3 -3.7323 1 3 -3.7294

2 -3.7421 2 -3.7376 2 -3.7351

1 -3.7374 1 -3.7331 1 -3.7351

VOL 3 3 -3.7407 2 3 -3.7354 1 3 -3.7266

2 -3.7390 2 -3.7376 2 -3.7295

1 -3.7398 1 -3.7391 1 -3.7351

TCRER 3 3 -3.7407 2 3 -3.7354 1 3 -3.7260

2 -3.7390 2 -3.7376 2 -3.7291

1 -3.7403 1 -3.7386 1 -3.7351

TCVOL 3 3 -3.7407 2 3 -3.7302 1 3 -3.7209

2 -3.7426 2 -3.7376 2 -3.7290

1 -3.7442 1 -3.7392 1 -3.7351

France RER 3 3 -3.9824 2 3 -3.9677 1 3 -3.9566

2 -3.9819 2 -3.9523 2 -3.9420

1 -3.9842 1 -3.9546 1 -3.9259

VOL 3 3 -3.9824 2 3 -3.9699 1 3 -3.9606



Table A5 Import Equation (Developed Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

2 -3.9822 2 -3.9523 2 -3.9425

1 -3.9843 1 -3.9540 1 -3.9259

TCRER 3 3 -3.9824 2 3 -3.9662 1 3 -3.9609

2 -3.9842 2 -3.9523 2 -3.9481

1 -3.9836 1 -3.9479 1 -3.9259

TCVOL 3 3 -3.9824 2 3 -3.9771 1 3 -3.9732

2 -3.9747 2 -3.9523 2 -3.9450

1 -3.9735 1 -3.9512 1 -3.9259

Netherlands RER 3 3 -3.9124 2 3 -3.8908 1 3 -3.8884

2 -3.9142 2 -3.8995 2 -3.8969

1 -3.9149 1 -3.8993 1 -3.9036

VOL 3 3 -3.9124 2 3 -3.8914 1 3 -3.8868

2 -3.9142 2 -3.8995 2 -3.8944

1 -3.9160 1 -3.9016 1 -3.9036

TCRER 3 3 -3.9124 2 3 -3.9024 1 3 -3.8996

2 -3.9034 2 -3.8995 2 -3.8966

1 -3.9034 1 -3.8992 1 -3.9036

TCVOL 3 3 -3.9124 2 3 -3.9001 1 3 -3.8956

2 -3.9064 2 -3.8995 2 -3.8944

1 -3.9083 1 -3.9015 1 -3.9036

Italy RER 3 3 -3.5344 2 3 -3.5232 1 3 -3.5116

2 -3.5362 2 -3.5294 2 -3.51 79

1 -3.5352 1 -3.5286 1 -3.5202

VOL 3 3 -3.5344 2 3 -3.5242 1 3 -3.5165

2 -3.5313 2 -3.5294 2 -3.5224

1 -3.5293 1 -3.5275 1 -3.5202

TCRER 3 3 -3.5344 2 3 -3.5249 1 3 -3.5091

2 -3.5345 2 -3.5294 2 -3.51 55

1 -3.5362 1 -3.5302 1 -3.5202

TCVOL 3 3 -3.5344 2 3 -3.5249 1 3 -3.51 75

2 -3.5300 2 -3.5294 2 -3.5221

1 -3.5279 1 -3.5285 1 -3.5202



Table A5 Import Equation (Developed Countries) (Continued)

County Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

Spain RER 3 3 -3.2419 2 3 -3.2359 1 3 -3.2355

2 -3.2450 2 -3.2390 2 -3,2388

1 -3.2468 1 -3.2410 1 -3.2380

VOL 3 3 -3.2419 2 3 -3.2348 1 3 -3.2346

2 -3.2439 2 -3.2390 2 -3.2390

1 -3.2457 1 -3.2409 1 -3.2380

TCRER 3 3 -3.2419 2 3 -3.2418 1 3 -3.2410

2 -3.2391 2 -3.2390 2 -3.2386

1 -3.2413 1 -3.2412 1 -3.2380

TCVOL 3 3 -3.2419 2 3 -3.2356 1 3 -3.2350

2 -3.2431 2 -3.2390 2 -3.2387

1 -3.2455 1 -3.2412 1 -3.2380

Switzerland RER 3 3 -3.6903 2 3 -3.6917 1 3 -3.6900

2 -3.6934 2 -3.6981 2 -3.6964

1 -3.6959 1 -3.7005 1 -3.7063

VOL 3 3 -3.6903 2 3 -3.6911 1 3 -3.6899

2 -3.6926 2 -3.6981 2 -3.6968

1 -3.6948 1 -3.7003 1 -3.7063

TCRER 3 3 -3.6903 2 3 -3.6914 1 3 -3.6919

2 -3.6936 2 -3.6981 2 -3.6984

1 -3.6940 1 -3.6984 1 -3.7063

TCVOL 3 3 -3.6903 2 3 -3.6909 1 3 -3.6900

2 -3.6927 2 -3.6981 2 -3.6971

1 -3.6946 1 -3.7000 1 -3.7063



Table A6 Export Equation (Developed Countries)

Country Variable Specification lag (q) AIC Specification l9g) AIC Specification lag (q) AIC

U.S. RER 3 3

2

-3.8675
-3.8697

2 3
2

-3.8632
-3.8665

1 3

2

-3.8478
-3.8499

1 -3.8729 1 -3.8695 1 -3.8408

VOL 3 3 -3.8675 2 3 -3.8676 1 3 -3.8553

2 -3.8656 2 -3.8665 2 -3.8506

1 -3.8679 1 -3.8689 1 -3.8408

TCRER 3 3 -3.8675 2 3 -3.8631 1 3 -3.8524

2 -3.8698 2 -3.8665 2 -3.8550

1 -3.8683 1 -3.8640 1 -3.8408

TCVOL 3 3 -3.8675 2 3 -3.8634 1 3 -3.8602

2 -3.8697 2 -3.8665 2 -3.8626

1 -3.8620 1 -3.8562 1 -3.8408

U.K. RER 3 3

2

-4.1380
-4.1380

2 3

2

-4.1333
-4.1317

1 3
2

-4.1280
-4.1252

1 -4.1318 1 -4.1264 1 -4.1227

VOL 3 3 -4.1380 2 3 -4.1282 1 3 -4.1140

2 -4.1386 2 -4.1317 2 -4.1177

1 -4.1372 1 -4.1301 1 -4.1227

TCRER 3 3 -4.1380 2 3 -4.1338 1 3 -4.1216

2 -4.1380 2 -4.1317 2 -4.1203

1 -4.1399 1 -4.1339 1 -4.1227

TCVOL 3 3 -4.1380 2 3 -4.1271 1 3 -4.1154

2 -4.1403 2 -4.1317 2 -4.1191

1 -4.1383 1 -4.1288 1 -4.1227

Japan RER 3 3

2

-4.2957
-4.2946

2 3
2

-4.2810
-4.2744

1 3
2

-4.2802
-4.2739

1 -4.2952 1 -4.2753 1 -4.2772

VOL 3 3 -4.2957 2 3 -4.2659 1 3 -4.2649

2 -4.2981 2 -4.2744 2 -4.2732

1 -4.3000 1 -4.2766 1 -4.2772

TCRER 3 3 -4.2957 2 3 -4.2794 1 3 -4.2775

2 -4.2945 2 -4.2744 2 -4.2732



Table A6 Export Equation (Developed Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

1 -4.2962 1 -4.2761 1 -4.2772

TCVOL 3 3
2

-4.2957
-4.2884

2 3

2

-4.2809
-4.2744

1 3
2

-4.2794
-4.2731

1 -4.2906 1 -4.2767 1 -4.2772

Germany RER 3 3
2

-4.6859
-4.6896

2 3
2

-4.6757
-4.6710

1 3
2

-4.6663
-4.6636

1 -4.6919 1 -4.6733 1 -4.6729

VOL 3 3 -4.6859 2 3 -4.6786 1 3 -4.6702

2 -4.6870 2 -4.6710 2 -4.6638

1 -4.6891 1 -4.6731 1 -4.6729

TCRER 3 3
2

-4.6859
-4.6854

2 3

2

-4.6796
-4.6710

1 3
2

-4.6717
-4.6640

1 -4.6871 1 -4.6726 1 -4.6729

TCVOL 3 3 -4.6859 2 3 -4.6829 1 3 -4.6826

2 -4.6820 2 -4.6710 2 -4.6703

1 -4.6765 1 -4.6664 1 -4.6729

Canada RER 3 3

2

-3.0786
-3.0808

2 3

2

-3.0725
-3.0745

1 3
2

-3.0681
-3.0699

1 -3.0837 1 -3.0777 1 -3.0783

VOL 3 3 -3.0786 2 3 -3.0728 1 3 -3.0721

2 -3.0794 2 -3.0745 2 -3.0736

1 -3.0799 1 -3.0746 1 -3.0783

TCRER 3 3 -3.0786 2 3 -3.0742 1 3 -3.0722

2 -3.0796 2 -3.0745 2 -3.0721

1 -3.0815 1 -3.0762 1 -3.0783

TCVOL 3 3
2

-3.0786
-3.0773

2 3
2

-3.0762
-3.0745

1 3
2

-3.0752
-3.0732

1 -3.0785 1 -3.0753 1 -3.0783

France RER 3 3
2

-3.9550
-3.9563

2 3
2

-3.9407
-3.9338

1 3

2

-3.9330
-3.9278

1 -3.9528 1 -3.9305 1 -3.9225

VOL 3 3 -3.9550 2 3 -3.9415 1 3 -3.9309



Table A6 Export Equation (Developed Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC
2 -3.9565 2 -3.9338 2 -3.9234
1 -3.9587 1 -3.9358 1 -3.9225

TCRER 3 3 -3.9550 2 3 -3.9399 1 3 -3.9285
2 -3.9565 2 -3.9338 2 -3.9228

1 -3.9583 1 -3.9360 1 -3.9225
TCVOL 3 3 -3.9550 2 3 -3.9530 1 3 -3.9476

2 -3.9452 2 -3.9338 2 -3.9279
1 -3.9410 1 -3.9308 1 -3.9225

Netherlands RER 3 3 -4.2015 2 3 -4.1604 1 3 -4.1599
2 -4.2055 2 -4.1685 2 -4.1680
1 -4.2061 1 -4.1701 1 -4.1667

VOL 3 3 -4.2015 2 3 -4.1619 1 3 -4.1609
2 -4.2038 2 -4.1685 2 -4.1678

1 -4.2046 1 -4.1702 1 -4.1667

TCRER 3 3 -4.2015 2 3 -4.1989 1 3 -4.1961

2 -4.1677 2 -4.1685 2 -4.1675
1 -4.1697 1 -4.1708 1 -4.1667

TCVOL 3 3 -4.2015 2 3 -4.1671 1 3 -4.1654
2 -4.1993 2 -4.1685 2 -4.1676
1 -4.2007 1 -4.1706 1 -4.1667

Italy RER 3 3 -3.9464 2 3 -3.9408 1 3 -3.9308
2 -3.9473 2 -3.9414 2 -3.9307
1 -3.9488 1 -3.9430 1 -3.9356

VOL 3 3 -3.9464 2 3 -3.9375 1 3 -3.9251

2 -3.9468 2 -3.9414 2 -3.9295
1 -3.9493 1 -3.9436 1 -3.9356

TCRER 3 3 -3.9464 2 3 -3.9420 1 3 -3.9282
2 -3.9462 2 -3.9414 2 -3.9293
1 -3.9482 1 -3.9435 1 -3.9356

TCVOL 3 3 -3.9464 2 3 -3.9375 1 3 -3.9360
2 -3.9463 2 -3.9414 2 -3.9399
1 -3.9375 1 -3.9341 1 -3.9356



Table A6 Export Equation (Developed Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

Spain RER 3 3 -2.9754 2 3 -2.9693 1 3 -2.9606

2 -2.9775 2 -2.9654 2 -2.9567

1 -2.9800 1 -2.9678 1 -2.9593

VOL 3 3 -2.9754 2 3 -2.9703 1 3 -2.9634

2 -2.9737 2 -2.9654 2 -2.9571

1 -2.9724 1 -2.9640 1 -2.9593

TCRER 3 3 -2.9754 2 3 -2.9712 1 3 -2.9678

2 -2.9755 2 -2.9654 2 -2.9620

1 -2.9727 1 -2.9623 1 -2.9593

TCVOL 3 3 -2.9754 2 3 -2.9680 1 3 -2.9576

2 -2.9761 2 -2.9654 2 -2.9542

1 -2.9782 1 -2.9670 1 -2.9593

Switzerland RER 3 3 -3.9973 2 3 -3.9951 1 3 -3.9924

2 -3.9970 2 -3.9924 2 -3.9891

1 -3.9992 1 -3.9948 1 -3.9975

VOL 3 3 -3.9973 2 3 -3.9943 1 3 -3.9914

2 -3.9973 2 -3.9924 2 -3.9891

1 -3.9987 1 -3.9937 1 -3.9975

TCRER 3 3 -3.9973 2 3 -3.9924 1 3 -3.9918

2 -3.9994 2 -3.9924 2 -3.9917

1 -4.0002 1 -3.9926 1 -3.9975

TCVOL 3 3 -3.9973 2 3 -3.9919 1 3 -3.9895

2 -3.9991 2 -3.9924 2 -3.9891

1 -4.0012 1 -3.9940 1 -3.9975



Table A7 Import Equation (Developing Countries)

Country Variable Specification lag (q) AIC Specification lagjg) AIC Specification lag (q) AIC
-3.4641

Argentina RER 3 3

2

-3.4897
-3.4697

2 3
2

-3.4788
-3.4746

1 3
2 -3.4223

1 -3.4951 1 -3.4928 1 -3.4357

VOL 3 3 -3.4897 2 3 -3.4634 1 3 -3.4084

2 -3.4902 2 -3.4746 2 -3.4235

1 -3.4881 1 -3.4891 1 -3.4357

TCRER 3 3 -3.4897 2 3 -3.4497 1 3 -3.4140

2 -3.5074 2 -3.4746 2 -3.4290

1 -3.5232 1 -3.4935 1 -3.4357

TCVOL 3 3 -3.4897 2 3 -3.4611 1 3 -3.4626

2 -3.5026 2 -3.4746 2 -3.4767

1 -3.4974 1 -3.4454 1 -3.4357

Czech Rep. RER 3 3 -3.5095 2 3 -3.5150 1 3 -3.4916

2 -3.4859 2 -3.0504 2 -3.0445

1 -3.4938 1 -3.0558 1 -2.8092

VOL 3 3 -3.5095 2 3 -3.4844 1 3 -3.4629

2 -3.5136 2 -3.0504 2 -3.0407

1 -3.5243 1 -3.0612 1 -2.8092

TCRER 3 3 -3.5095 2 3 -3.4835 1 3 -3.4749

2 -3.51 89 2 -3.0504 2 -3.0483

1 -3.51 97 1 -3.0536 1 -2.8092

TCVOL 3 3 -3.5095 2 3 -3.4808 1 3 -3.4812

2 -3.5195 2 -3.0504 2 -3.0495

1 -3.5057 1 -3.0523 1 -2.8092

Israel RER 3 3 -3.6287 2 3 -3.6323 1 3 -3.6281

2 -3.6317 2 -3.6264 2 -3,6221

1 -3.6340 1 -3.6280 1 -3.6305

VOL 3 3 -3.6287 2 3 -3.6312 1 3 -3.6265

2 -3.6331 2 -3.6264 2 -3.6213

1 -3.6361 1 -3.6292 1 -3.6305

TCRER 3 3 -3.6287 2 3 -3.6325 1 3 -3.6290

2 -3.6317 2 -3.6264 2 -3.6226



Table A7 Import Equation (Developing Countries) (Continued)

Count Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

1 -3.6347 1 -3.6281 1 -3.6305

TCVOL 3 3 -3.6287 2 3 -3.6303 1 3 -3.6292

2 -3.6341 2 -3.6264 2 -3.6240

1 -3.6350 1 -3.6271 1 -3.6305

Kazakhstan RER 3 3 -0.9531 2 3 -0.9570 1 3 -0.9563

2 -0.9583 2 -0.9588 2 -0.9570

1 -0.9649 1 -0.9604 1 -0.9426

VOL 3 3 -0.9531 2 3 -0.9555 1 3 -0.9492

2 -0.9635 2 -0.9588 2 -0.9504

1 -0.9726 1 -0.9671 1 -0.9426

TCRER 3 3 -0.9531 2 3 -0.9550 1 3 -0.9474

2 -0.9638 2 -0.9588 2 -0.9514

1 -0.9739 1 -0.9689 1 -0.9426

TCVOL 3 3 -0.9531 2 3 -0.9577 1 3 -0.9554

2 -0.9613 2 -0.9588 2 -0.9555

1 -0.9682 1 -0.9606 1 -0.9426

Korea RER 3 3 -2.6369 2 3 -2.6314 1 3 -2.6295

2 -2.6389 2 -2.6288 2 -2.6260

1 -2.6407 1 -2.6308 1 -2.6345

VOL 3 3 -2.6369 2 3 -2.6280 1 3 -2.6251

2 -2.6394 2 -2.6288 2 -2.6261

1 -2.6409 1 -2.6306 1 -2.6345

TCRER 3 3 -2.6369 2 3 -2.6349 1 3 -2.6318

2 -2.6367 2 -2.6288 2 -2.6260

1 -2.6386 1 -2.6309 1 -2.6345

TCVOL 3 3 -2.6369 2 3 -2.6312 1 3 -2.6303

2 -2.6362 2 -2.6288 2 -2.6288

1 -2.6358 1 -2.6281 1 -2.6345

Latvia RER 3 3 -2.7119 2 3 -2.7094 1 3 -2.6877

2 -2.7242 2 -2.6769 2 -2.6523

1 -2.7092 1 -2.6620 1 -2.5242

VOL 3 3 -2.7119 2 3 -2.7216 1 3 -2.6816



Table A7 import Equation (Developing Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

2 -2.7121 2 -2.6769 2 -2.6394

1 -2.7144 t -2.6737 1 -2.5242

TCRER 3 3 -2.7119 2 3 -2.7063 1 3 -2.6585

2 -2.7169 2 -2.6769 2 -2.6253

1 -2.71 92 1 -2.6807 1 -2.5242

TCVOL 3 3 -2.7119 2 3 -2.7155 1 3 -2.6819

2 -2.7258 2 -2.6769 2 -2.6306

1 -2.7285 1 -2.6805 1 -2.5242

Lithuania RER 3 3 -1.6173 2 3 -1.6166 1 3 -1.6186

2 -1.6234 2 -1.5809 2 -1.5853

1 -1 .6279 1 -1 .5873 1 -1 .5952

VOL 3 3 -1.6173 2 3 -1.6160 '1 3 -1.6211

2 -1.6250 2 -1.5809 2 -1.5852

1 -1.6301 1 -1.5871 1 -1.5952

TCRER 3 3 -1.6173 2 3 -1,6173 1 3 -1.6099

2 -1.6226 2 -1.5809 2 -1.5861

1 -1.6304 1 -1.5883 1 -1.5952

TCVOL 3 3 -1.6173 2 3 -1.6142 1 3 -1.6094

2 -1.6217 2 -1.5809 2 -1.5816

1 -1.6268 1 -1.5918 1 -1.5952

Mexico RER 3 3 -2.7798 2 3 -2.7753 '1 3 -2.7618

2 -2.7797 2 -2.7752 2 -2.7624

1 -2.7835 1 -2.7791 1 -2.7266

VOL 3 3 -2.7798 2 3 -2.7734 1 3 -2.7275

2 -2.7790 2 -2.7752 2 -2.7254

1 -2.7817 1 -2.7780 1 -2.7266

TCRER 3 3 -2.7798 2 3 -2.7738 1 3 -2.7759

2 -2.7817 2 -2.7752 2 -2.7769

1 -2.7710 1 -2.7654 1 -2.7266

TCVOL 3 3 -2.7798 2 3 -2.7735 1 3 -2.7237

2 -2.7788 2 -2.7752 2 -2.7253

1 -2.7816 1 -2.7779 1 -2.7266



Table A7 Import Equation (Developing Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

Russia RER 3 3 -2.4527 2 3 -2.4424 1 3 -2.4420
2 -2.4144 2 -2.4353 2 -2.4200

1 -2.4184 1 -2.4315 1 -2.4375

VOL 3 3 -2.4527 2 3 -2.4054 1 3 -2.3877
2 -2.4547 2 -2.4353 2 -2.4110
1 -2.4604 1 -2.4387 1 -2.4375

TCRER 3 3 -2.4527 2 3 -2.4076 1 3 -2.4015

2 -2.4546 2 -2.4353 2 -2.41 57

1 -2.4620 1 -2.4428 1 -2.4375

TCVOL 3 3 -2.4527 2 3 -2.4083 1 3 -2.3941

2 -2.4606 2 -2.4353 2 -2.4107
1 -2.4682 1 -2.4405 1 -2.4375

Slovak Rep. RER 3 3 -2.1667 2 3 -2.1417 1 3 -2.1391

2 -2.1714 2 -2.1080 2 -2.1057
1 -2.1770 1 -2.1139 1 -2.0959

VOL 3 3 -2.1667 2 3 -2.1534 1 3 -2.1505
2 -2.1643 2 -2.1080 2 -2.1032

1 -2.1709 1 -2.1160 1 -2.0959

TCRER 3 3 -2.1667 2 3 -2.1516 1 3 -2.1516

2 -2.1598 2 -2.1080 2 -2.1059

1 -2.1658 1 -2.1142 1 -2.0959

TCVOL 3 3 -2.1667 2 3 -2.1505 1 3 -2.1501

2 -2.1636 2 -2.1080 2 -2.1096
1 -2.1676 1 -2.1095 1 -2.0959



Table A8 Export Equation (Developing Countries)

Country Variable Specification lag (q) AIC - Specification lag (q) AIC Specification lag (q) AIC

Argentina RER 3 3 0.0306 2 3 0.0323 1 3 0.0253

2 0.0194 2 -0.0248 2 -0.0356

1 0.0177 1 -0.0258 1 -0.0626

VOL 3 3 0.0306 2 3 0.0204 1 3 0.0306

2 0.0221 2 -0.0248 2 -0.0070

1 0.0119 1 -0.0417 1 -0.0626

TCRER 3 3 0.0306 2 3 0.0305 1 3 0.0330

2 0.0212 2 -0.0248 2 -0.0300

1 0.0123 1 -0.0333 1 -0.0626

TCVOL 3 3 0.0306 2 3 0.0206 1 3 0.0309

2 0.0247 2 -0.0248 2 -0.0168

1 0.0144 1 -0.0355 1 -0.0626

Czech Rep. RER 3 3 -1.0595 2 3 -1.0607 1 3 -1.0601

2 -1.0635 2 -1.0869 2 -1.0869

1 -1.0678 1 -1.0895 1 -1.1185

VOL 3 3 -1.0595 2 3 -1.0599 1 3 -1.0589

2 -1.0661 2 -1.0869 2 -1.0845

1 -1.0703 1 -1.0927 1 -1.1185

TCRER 3 3 -1.0595 2 3 -1.0595 1 3 -1.0566

2 -1.0645 2 -1.0869 2 -1.0843

1 -1.0703 1 -1.0922 1 -1.1185

TCVOL 3 3 -1.0595 2 3 -1.0572 1 3 -1.0533

2 -1.0686 2 -1.0869 2 -1.0836

1 -1.0750 1 -1.0935 1 -1.1185

Israel RER 3 3 -3.5093 2 3 -3.5037 1 3 -3.5007

2 -3.5057 2 -3.5089 2 -3.5024

1 -3.5053 1 -3.5074 1 -3.4700

VOL 3 3 -3.5093 2 3 -3.4987 1 3 -3.4872

2 -3.5123 2 -3.5089 2 -3.4979

1 -3.5173 1 -3.5130 1 -3.4700

TCRER 3 3 -3.5093 2 3 -3.4971 1 3 -3.4859

2 -3.5118 2 -3.5089 2 -3.4983



Table A8 Export Equation (Developing Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

1 -3.5156 1 -3.5116 1 -3.4700

TCVOL 3 3 -3.5093 2 3 -3.5036 1 3 -3.5016

2 -3.5061 2 -3.5089 2 -3.5067

1 -3.5027 1 -3.5041 1 -3.4700

Kazakhstan RER 3 3 0.7129 2 3 0.7155 1 3 0.7169

2 0.7056 2 0.6890 2 0.6898

1 0.6936 1 0.6820 1 0.6817

VOL 3 3 0.7129 2 3 0.7211 1 3 0.7179

2 0.7043 2 0.6890 2 0.6900

1 0.6967 1 0.6821 1 0.6817

ICRER 3 3 0.71 29 2 3 0.7085 1 3 0.7078

2 0.7121 2 0.6890 2 0.6890

1 0.7060 1 0.6828 1 0.6817

TCVOL 3 3 0.7129 2 3 0.7203 1 3 0.7169

2 0.7048 2 0.6890 2 0.6899

1 0.6977 1 0.6821 1 0.6817

Korea RER 3 3 -2.8121 2 3 -2.8120 1 3 -2.8054

2 -2.8145 2 -2.8031 2 -2.7966

1 -2.8163 1 -2.8048 1 -2.8017

VOL 3 3 -2.8121 2 3 -2.8112 1 3 -2.8063

2 -2.8138 2 -2.8031 2 -2.7991

1 -2.8135 1 -2.8025 1 -2.8017

TCRER 3 3 -2.8121 2 3 -2.8127 1 3 -2.8088

2 -2.8137 2 -2.8031 2 -2.7991

1 -2.8124 1 -2.8024 1 -2.8017

TCVOL 3 3 -2.8121 2 3 -2.8105 1 3 -2.8051

2 -2.8146 2 -2.8031 2 -2.7984

1 -2.8153 1 -2.8038 1 -2.8017

Latvia RER 3 3 -1.5826 2 3 -1.5752 1 3 -1.5727

2 -1.5860 2 -1.5950 2 -1.5962

1 -1.5936 1 -1.6020 1 -1.3570

VOL 3 3 -1.5826 2 3 -1.5759 1 3 -1.5708



Table A8 Export Equation (Developing Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

2 -1 .5882 2 -1.5950 2 -1.5891

1 -1.6018 1 -1.6106 1 -1.3570

TCRER 3 3 -1.5826 2 3 -1.5789 1 3 -1.5859

2 -1.5856 2 -1.5950 2 -1.6059

1 -1.5842 1 -1.5949 1 -1.3570

TCVOL 3 3 -1 .5826 2 3 -1 .5761 1 3 -1 .5751

2 -1 .5895 2 -1 .5950 2 -1 .6003

1 -1.5941 1 -1.6014 1 -1.3570

Lithuania RER 3 3 -1.1323 2 3 -1.0579 1 3 -1.0634

2 -1.1370 2 -1.0732 2 -1.0763

1 -1.1474 1 -1.0825 1 -1.0626

VOL 3 3 -1.1323 2 3 -1.0599 1 3 -1.0669

2 -1.1377 2 -1.0732 2 -1.0736

1 -1.1548 1 -1.0865 1 -1.0626

TCRER 3 3 -1.1323 2 3 -1.1092 1 3 -1.1117

2 -1.0675 2 -1.0732 2 -1.0787

1 -1.0763 1 -1 .0777 1 -1 .0626

TCVOL 3 3 -1.1323 2 3 -1.0564 1 3 -1.0671

2 -1.1146 2 -1.0732 2 -1.0790

1 -1.1168 1 -1.0775 1 -1.0626

Mexico RER 3 3 -1.7473 2 3 -1.7467 1 3 -1.7462

2 -1.7497 2 -1.7408 2 -1.7399

1 -1 .7505 1 -1 .7417 1 -1 .7371

VOL 3 3 -1.7473 2 3 -1.7465 1 3 -1.7459

2 -1.7504 2 -1.7408 2 -1.7400

1 -1.7524 1 -1.7425 1 -1.7371

TCRER 3 3 -1 .7473 2 3 -1 .7467 1 3 -1 .7450

2 -1.7497 2 -1.7408 2 -1.7386

1 -1.7521 1 -1.7431 1 -1.7371

TCVOL 3 3 -1.7473 2 3 -1.7480 1 3 -1.7466
2 -1.7489 2 -1.7408 2 -1.7395

1 -1.7514 1 -1.7432 1 -1.7371



Table A8 Export Equation (Developing Countries) (Continued)

Country Variable Specification lag (q) AIC Specification lag (q) AIC Specification lag (q) AIC

Russia RER 3 3 -2.0750 2 3 -2.0652 1 3 -2.0676

2 -2.0860 2 -2.0914 2 -2.0932

1 -2.0943 1 -2.1007 1 -2.0990

VOL 3 3 -2.0750 2 3 -2.0738 1 3 -2.0758

2 -2.0749 2 -2.0914 2 -2.0941

1 -2.0846 1 -2.1025 1 -2.0990

TCRER 3 3 -2.0750 2 3 -2.0694 1 3 -2.0686

2 -2.0826 2 -2,0914 2 -2.0932

1 -2.0903 1 -2.0992 1 -2.0990

TCVOL 3 3 -2.0750 2 3 -2.0690 1 3 -2.0703

2 -2.0826 2 -2.0914 2 -2.0950

1 -2.0934 1 -2.0996 1 -2.0990

Slovak Rep. RER 3 3 -2.1670 2 3 -2.1747 1 3 -2.1719

2 -2.1674 2 -2.1304 2 -2.1258

1 -2.1763 1 -2.1385 1 -2.1390

VOL 3 3 -2.1670 2 3 -2.1644 1 3 -2.1648

2 -2.1801 2 -2.1304 2 -2.1267

1 -2.1882 1 -2.1349 1 -2.1390

TCRER 3 3 -2.1670 2 3 -2.1711 1 3 -2.1730

2 -2.1733 2 -2.1304 2 -2.1282

1 -2.1804 1 -2.1357 1 -2.1390

TCVOL 3 3 -2.1670 2 3 -2.1653 1 3 -2.1683

2 -2.1769 2 -2.1304 2 -2.1301

1 -2.1788 1 -2.1324 1 -2.1390
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2. AR Structure

The appropriate AR structure is determined by sequential LR tests. Table A9-

Al2 give the relevant test statistics and p-values.

Table A9 Test of AR Structure Based on LR Tests
(Import Equation, Developed Countries)

Country Structure Log Likelihood LR Test Statistics '-va1ue
U.S. R(1) 933.73

AR(l,3) 943.68 J1IXIII)
U.K. R(I,3) 833.27

AR(1, 3, 4 873.19 '911eXIIIsJ
Japan

WLt)IXII1C
German

AR(1, 3, 4) 953.75 L1J11IXIIsIJ[T AR(1, 2, 3) 555.21
(l,2,3,4) 557.65 LIXI)4

R(1, 2, 3) 859.37
R(1, 2, 3, 4) 959.6

TTAR(1, 2, 3) 702.10
AR 1,2,3,4 715.01 IKIiIiC

585.59
R 1,3,4 679.05 186.91 0.0$$

S.ain AR 1,3 466.75
'(1,3,4) 489.08 44.68 0.011

Switzerland AR(1, 3) 757.60
AR(1,3,4) 815.03 114.85 0.000



Table AlO Test of AR Structure Based on LR Tests
(Export Equation, Developed Countries)
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Country AR Structure Log Likelihood LR Test Statistics p-value
U.S. AR(1, 2, 3) 729.38

AR(1, 2, 3,4) 779.53 100.30 0.000
U.K. AR(1,3) 722.16

AR(1, 3, 4) 763.50 82.68 0.000
Japan AR(up to 7) 799.26

AR(upto8) 811.86 25.22 0.000
Germany AR(1, 3, 4) 1025.48

AR(1, 3,4, 5) 1047.94 44.92 0.000
Canada AR(1,3) 383.56

AR(1, 3, 4) 390.81 14.51 0.000
France AR(up to 7) 890.24

AR(up to 8) 905.11 29.74 0.000
Netherlands AR(1, 2, 3,4) 815.53

AR(up to 5) 823.78 16.50 0.000
Italy AR(1,3) 822.00

AR(1, 3, 4) 889.80 135.61 0.000
Spain AR(1, 2, 3, 4) 355.36

AR(up to 5) 357.68 4.63 0.03 1
Switzerland AR(1, 3) 795.20

AR(1, 3, 4) 880.45 170.49 0.000



Table All Test of AR Structure Based on LR Tests
(Import Equation, Developing Countries)

138

Country AR Structure Log Likelihood
LR Test
Statistics p-value

Argentina AR(1) 57.63
AR(1,4) 60.73 6.21 0.013

Czech Rep. AR(0) 169.59

AR(l) 200.45 61.72 0.000
Israel AR(1, 2, 3) 423.04

AR(1, 2, 3, 4) 426.57 7.06 0.008
Kazakhstan AR(up to 10) -108.34

AR(uptoll) -99.76 17.14 0.000
Korea AR(1, 2, 4, 5) 176.79

AR(1,2,4,5,6J 180.14 6.71 0.010
Latvia AR(upto4) 106.01

AR(1,2,3,4,6) 111.89 11.75 0.001
Lithuania AR(up to 9) 40.02

AR(1-9, 11) 41.99 3.94 0.047
Mexico AR(1-3, 6-13) 224.44

AR(1-3, 6-14) 233.62 18.35 0.000
Russia AR(1) 39.52

AR(1, 3) 41.94 4.84 0.028
Slovak Rep. AR(1-5, 8-9, 12) 81.80

AR(1-5, 8-9, 12-13) 86.97 10.34 0.001



Table Al2 Test of AR Structure Based on LR Tests
(Export Equation, Developing Countries)
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Country AR Structure Log Likelihood LR Test Statistics p-value
Argentina AR(up to 8) 11.82

AR(l-8, 12) 19.30 14.95 0.000
Czech Rep. AR(up to 6) 167.02

AR(upto7) 175.78 17.51 0.000
Israel AR(1, 2, 3, 4) 381.70

AR(1-4, 8) 384.27 5.14 0.023
Kazakhstan AR(up to 12) -129.21

AR(uptol3) -121.33 15.76 0.000
Korea AR(1, 2, 3) 251.20

AR(1, 2, 3, 4) 256.49 10.58 0.00 1
Latvia AR(1-5, 7-li) 23.06

AR(1-5, 7-12) 35.43 24.75 0.000
Lithuania AR(up to 10) -13.53

AR(up to 11) -8.85 9.37 0.002
Mexico AR(upto8) -151.12

AR(up to 9) -138.86 24.52 0.000
Russia AR(1,2) -39.31

AR(1, 2, 3) -31.05 16.53 0.000
Slovak Rep. AR(up to 9) 60.25

AR(up to 10) 66.19 11.88 0.001




