~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Entorf, Horst; Moebert, Jochen; Sonderhof, Katja

Working Paper
The foreign exchange rate exposure of nations

Darmstadt Discussion Papers in Economics, No. 169

Provided in Cooperation with:
Darmstadt University of Technology, Department of Law and Economics

Suggested Citation: Entorf, Horst; Moebert, Jochen; Sonderhof, Katja (2006) : The foreign exchange
rate exposure of nations, Darmstadt Discussion Papers in Economics, No. 169, Technische
Universitat Darmstadt, Department of Law and Economics, Darmstadt

This Version is available at:
https://hdl.handle.net/10419/32065

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/32065
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Darmstadt Discussion Papers
In Economics

The Foreign Exchange Rate Exposur e of Nations

Horst Entorf, Jochen Moebert, Katja Sonderhof

Nr. 169

Arbeitspapiere
des Instituts fur Volkswirtschaftslehre
Technische Universitat Darmstadt




*

The Foreign Exchange Rate Exposure of Nations

Horst Entorff, Jochen Moebert®, and Katja Sonderhof*

April 25, 2006

Abstract

Following the well-known approach by Adler and Dumas (1984) we evaluate
the foreign exchange rate exposure of nations. Results based on data from 27
countries show that national foreign exchange rate exposures are significantly
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1 Introduction

Are stock values of nations vulnerable to exchange rate movements? Classical papers
targeting the foreign exchange rate exposure a la Adler and Dumas (1984) are
concerned with single firms or industries. We take a new perspective and investigate
the foreign exchange rate exposure of nations. This new view contributes to the
understanding of currency markets and the dependence of foreign exchange rate
exposures on macroeconomic variables.

Adequate tests of exchange rate exposure require international data sets from
heterogeneous economic situations. However, evidence from a large cross-section
of nations is rare because of the rather limited availability of company-specific
data (for notable exceptions, see, for instance, Dominguez and Tesar, 2001 a,b,
Bartram and Karolyi, 2003, Rees and Unni, 2005). In particular, the aim of relating
individual exposure to foreign trade is difficult as information on company-specific
foreign involvement is difficult to obtain. While collecting information on individual
sales going to exports might be possible in a sufficient way for many countries, it is
almost impossible to find data on firm-specific costs arising from imported goods.
However, both exports and imports are driving supply and demand on the currency
markets, such that some omitted variable bias might explain some poor results of
the relevant literature on exchange rate exposure.

We argue that using aggregate data on a national level for a large set of
countries allows us to test exchange rate exposure in a more complete way. While
access to firm data is often difficult, expensive, and subject to country and even
company-specific peculiarities, macroeconomic times series such as the IFS data
base used in this paper are available for a large group of industrialized countries and
a long period of time in a standardized way, and the data set has the advantage of
including country-specific time series on both exports and imports such that needed
cross-sectional and longitudinal heterogeneity of trade regimes has empirical support
in the data.

Results based on monthly data from 27 countries mostly ranging from January
1991 to July 2004 confirm the hypothesis according to which exchange rate exposure
depends positively on the share of national exports and negatively on the share of
imports relative to GDP.

This paper is organised as follows. We first summarize results of previous
research. Subsequently, in Section 3 we explain the theoretical foundations on which
our approach is based. In the same Section we provide a description of our data
set. Research findings are reported in Section 4 and we conclude and offer some
additional consideration for further research in the last Section.



2 Previous Research

Most studies have been of limited success in identifying foreign currency exposure.
Jorion (1990) analysed the exposure to exchange rates of 287 U.S. multinationals
and found that only 15 of them are significantly affected by exchange rates. Bodnar
and Gentry (1993), who provided evidence based on industry data for Canada,
Japan and the U.S, reported that between 20 and 35 percent of industries have
statistically significant exchange rate exposures. He and Ng (1998) investigated
the exchange rate exposure of Japanese corporations and found that for the period
1979 to December 1993, only 25 percent of the 171 Japanese multinationals have
significant exposure. Dominguez and Tesar (2001) examine the extent of firm and
industry-level exposure in a sample of industrialized and developing countries for the
period 1980-1999. In the pooled eight-country sample, they found that 23 percent
of firms and 40 percent of industries are exposed to at least one of their indicators
of exchange rate exposure (US dollar, trade-weighted exchange rate, currency of the
country’s major trading partner). Koutmos and Martin (2003) analysed exchange
rate exposure in nine aggregate sectors of major economies (Germany, Japan, the
United Kingdom, and the United States), and confirmed the existence of exposure
in approximately 40 percent of the country-sector models. In a recent paper, Rees
and Unni (2005) investigate the pre-Euro exposure to exchange rate changes of large
firms in the UK, France, and Germany and find that in all three countries exchange
rate sensitivity is considerably stronger then previously thought.

Many recent empirical studies focus their research on factors that determine
the extent of exposure. An evident question is whether exchange rate exposure is
influenced through the channel of international trade. Previous research in this area
was pioneered by Jorion (1990), who showed that a firm’s exchange rate exposure is
positively related to the ratio of foreign sales to total sales. This result was extended
and confirmed by recent work of He and Ng (1978), Dominguez and Tesar (2001),
and Allayannis and Ofek (2001), inter alia. He and Ng (1998) showed that Japanese
multinationals with higher exposure levels are related to higher export shares.
However, looking at international evidence, Dominguez and Tesar (2006) concluded
that they did not find a strong connection between trade and exposure, although
there seems to be some evidence that a higher level of foreign sales corresponds to
higher exposure for Germany (Dominguez and Tesar, 2006, Table 10). Entorf and
Jamin (2006), using data from German DAX companies, confirm that DEM/USD
rates are positively affected by the ratio of exports to GDP and negatively affected
by imports to GDP. They further hint at the fact that firms’ values and exposures
might depend on exchange rate adjustment costs. Marston (2001) and Bodnar et
al. (2002) have drawn attention to the fact that even a local firm which neither



exports nor imports can be exposed to changes in exchange rates, for instance if it
competes with foreign firms in the domestic market. Thus, as is known from the
related literature on exchange-rate pass-through, an important determinant is the
competitive structure of the industry in which a firm operates.

Some studies have shown that the use of foreign currency derivatives (FCDs),
i.e. a short-term (less than one year) hedging strategy, is related to exchange rate
exposure. Allayannis and Ofek (2001) found that the use of FCDs is negatively
related to the absolute value of foreign currency exposure. By controlling for
hedging activities, Crabb (2002) provided evidence that previous studies often
found insignificant effects because hedging mitigated currency risks. Exchange rate
exposure seems to be higher when companies operate within a system of liberalized
exchange rates. Bartov, Bodnar and Kaul (1996) consider the switch from fixed
to floating exchange rates following the breakdown of the Bretton Woods system
in 1973 and found increasing risks thereafter, whereas Bartram and Karolyi (2003)
showed that the introduction of the euro in 1999 was accompanied by significant
reductions in market risk exposures in and outside of Europe.

3 Country Model and used Data Sets

The estimated country model is the standard regression model introduced by Adler
and Dumas (1984). In addition to this model, we use the yield of the world
equity index which is orthogonalized relative to the foreign exchange yield for each
country.! Hence, we estimate for each country i the following equation

ri = aq + Bisdri + YRy + € (1)

where « is the constant term, § measures the total foreign exchange rate exposure,
r is the yield of the equity index, sdr corresponds to the yield of the national
currency per special drawing right (SDR), R;V is the orthogonalized yield of an
equity world index, 7 is the corresponding coefficient and e is the error term.
We assume that foreign exchange rate exposure depends on the importance of

!Commonly, the yield of the world index depends on the price of the special drawing right. To
capture the aggregate risk of the yield of the world index not induced by exchange rate fluctuations
we orthogonalized the yield of the world index. This so-called residual market factor R;V (McElroy
and Burmeister, 1988) is represented by the residual of an auxiliary regression model in which
the original Rw is regressed on the price of the special drawing right. Thus, R;V and sdr; are
stochastically independent.



international trade for each national economy. Importance of international trade is
measured by the export and import quota defined by exports and imports relative
to the GDP for each country. The relationship of both variables indicates whether
a more export-oriented or more import-oriented country is observed. If the national
currency unit (NCU) is depreciated, firms in export-oriented countries earn higher
profits since goods sold abroad at a constant price in the national currency are less
expensive. This implies a higher demand for exported products such that profits
and stock prices rise. Therefore, we expect to measure a foreign exchange rate
exposure 3 greater than zero which positively depends on the size of export quota.
For import-oriented countries, the line of reasoning is the same except that the sign
is reversed. A depreciation leads to higher procurement costs of commodities and
reduced profits. Stock returns and the foreign exchange rate exposure are negative.
Hence, the higher the imports, the smaller our expected exposure coefficient is. We
summarize these considerations in the following hypothesis:

Hypothesis 1 (Exposure) The Foreign FExchange Exposure measured by [
depends positively on the share of exports and megatively on the share of imports
relative to GDP.

In Section 4 we analyze the foreign exchange exposure of the following 27 countries:
Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, Mexico, the Netherlands,
New Zealand, Norway, Poland, Portugal, Singapore, Spain, Sweden, Switzerland,
the United Kingdom, and the United States. The chosen countries are considered
as the most relevant countries with respect to their economic importance.

For the computation of country exposures we used broad stock indices provided
by Morgan Stanley Capital International Inc. We used nominal monthly data
from 27 national indices as well as the world index. Figure 1 shows the time
series performance of various stock indices during the observation period. Most
countries experienced sharply rising performance indices, while Japan, for example,
performed badly due to its burst stock bubble and other economic difficulties. In
general, stock indices developed in a rather heterogeneous way. An investment in
Singapore increased the value by a factor of two while in the United States the
investment quadruples in nominal values.

To capture dividend effects the data analysis is based on performance indices
called “Gross Index (MSCI Local)”.?2  For most stock indices observations are
available from January 1991 to July 2004. These are 163 monthly observations

2MSCI offers two kind of performance indices: the Gross Index and the Net Index. While the
latter “approximates the minimum possible dividend reinvestment” with respect to tax regulations,
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Figure 1: Development of stock indices of five countries - relative to base year 1991

and we calculated 162 returns for each time series. The series from Poland have
been available since December 1992, while the series from the Czech Republic and
Hungary commenced in December 1994.

The special drawing rights (SDR) and balance of payment information were
taken from the International Financial Statistics (IFS). The SDR is an artificial
currency basket constructed by the International Monetary Fund. The SDR basket
is especially suited for our purposes since it includes the currencies of the five member
countries of the International Monetary Fund with the largest exports of services
and goods during the five-year period preceding the revision. The weights of SDR
are shown in table 1.3 Currently, these major currencies cover more than 80%
of the total foreign exchange turnover worldwide.* The next adjustment of the
currency weights of the special drawing right took place in January 2006. In 1999,
the German mark and the French franc were replaced by the euro. The IFS data are
again available on a monthly basis. The SDR were balanced for 26 of 27 countries.
Due to the division of Czechoslovakia the series from the Czech Republic starts in
February 1993. Our data set includes 11 of 12 countries which adopted the euro.®
After the fixing of the euro at the beginning of 1999 the foreign exchange yields of
the participating countries were zero. The yields of the Greek drachma were fixed
in January 2001. Thus, these time series vary relative to other euro-economies for
a longer time span than countries which adopted the Euro at the official settlement
day.

the former “approximates the maximum possible dividend reinvestment”. For exact definitions see
MSCI Index Calculation Methodology (July 2005).

3See www.imf.org for further details.

“See Triennial Central Bank Survey (2005).

5Except Luxembourg which is not part of our data set.



Table 1: Weights in % of SDR currency basket

Currency | Jan 2001 Jan 1996 Jan 1991
USD 45 39 40
EUR 29
DEM 21 21
FRF 11 11
YEN 15 18 17
GBP 11 11 11

Source: International Monetary Fund (2005)
Note: See text for details

If we look upon the correlation between stock returns and foreign exchange returns,
the countries in our sample seem to belong to different clusters. Singapore’s
time series reveals the minimal correlation being p = —0.478, while Switzerland “s
correlation coefficient is maximal and p = 0.432. The average correlation is 0.063.
All values ranked by the size of the correlation coefficient are shown in Figure 2.
Obviously stock indices of European countries are more sensitive to foreign exchange

changes than other countries in the sample.

05

04

03

02

a
AemioN
rebhuod
pue[ury
pueai|
Jiewusg

01

<01+

oonem |

HIELESY
‘kI:
2 =
Q[
S

O
2", |l

5o

024

epeuen
pueeaz maN

034

sI0debuls

04 A

-05

Figure 2: National correlation coefficients of stock and FX returns from 1991 to
2004

In Figure 3 we show the development of the national currency units relative to the
special drawing rights (SDR) and the development of the current balance surplus of
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Figure 3: Special Drawing Right and Current Balance (base year 1991)

Australia, Austria, Canada, and Japan from 1991 to mid 2004. Although the scales
of the ordinates are different, it seems that in strongly export-oriented countries
(in absolute terms) such as Japan both time series are more interrelated than in
countries like Australia or Austria which are less involved in international trade.
In countries such as Canada, characterized by small exports relative to GDP, both
time series seem to be less dependent on each other. These conjectures derived from
visual inspection are confirmed by estimated p in Figure 3.

4 Country-Specific Exchange Rate Exposures

Estimation results from equation 1 are listed in Table 2. Column (1) shows the
foreign exchange rate exposure of all included 27 countries. Column (3) presents the
coefficient on the orthogonalized world index, while columns (2) and (4) inform about
corresponding t-values. It can be seen from Durbin-Watson statistic (DW) that serial



correlation causes no estimation problems. Table 2 shows that for most countries
the coefficients of the extended Adler-Dumas model are highly significant. The
last column indicates whether the country had a cumulated trade surplus measured
in USD during the period from 1991 to 2004. Export-oriented countries such as
France, Germany, and Japan had a positive current account while relatively large
and closed economies like Canada and the United States are more import-oriented
and have a negative sign. If we compare the signs in column (1) and column (7)
exactly two-thirds of all nations have the same sign in both columns while one-third
of nations had a positive trade balance and a negative exposure or vice versa.

Interestingly, all Asian nations in our sample Japan, Korea, and Singapore
are among the group of nations with negative exposures and a trade surplus. In
particular Singapore is very special since it is the only country in the sample
where exports exceed GDP. The ratio of exports to GDP was on average 1.488
in Singapore.® Also the import quotient had a similar value which indicates that
Singapore is also a reloading point for goods from neighboring countries such as
Malaysia or Indonesia.

Among the nations which have a positive exposure but a negative current
account are countries such as Greece, Portugal, and Spain. These nations are
more import-oriented because many high-tech products are manufactured in fully
industrialized economies and must be imported. Although the current balance is
negative for those countries, the positive foreign exchange rate exposures might
indicate economies being on the verge of competing with more fully industrialized
countries. While current trade balances represent a nation’s relative importance in
international trade today, stock indices anticipate future developments. Thus, any

Austria
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Figure 4: The Austrian Balance on Goods and Services in Million Euro

5This figure is confirmed by the CIA worldfactbook which reports a ratio of 1.45 for 2004.



depreciation or appreciation might reflect the reaction of efficient financial markets
to tomorrow s possibly export-oriented economies and might therefore be positively
related to stock returns.

This explanation would also fit the coincidence of the negative current balance
and the positive foreign exchange rate exposure of Austria. Figure 4 shows the
Austrian development of the monthly balance on goods and services measured in
Million Euro from 1992 to 2005.7 At first sight Austria was a more import-oriented
country in the nineties while in recent years the export value outnumbered
the import value. To show the change of foreign trade regimes in Austria,
let us divide the whole sample into three more or less equally spaced intervals
Iy = [Jan1992; Jun1996], I» = [Jul1996; Dec2000], and I3 = [Jan2001; Oct2005].
If we sum up all surpluses and deficits in each sub-sample, the sums are
Sp, =490, S1, = —9,247, and Sp, = 9,901, which confirms our impression detailed
above. These arguments also seem reasonable for Poland. However, it is not possible
to use them as an explanation for the opposite signs found for the United Kingdom.

In the next step we use a simple regression model to explain national foreign
exchange rate exposures documented in column (1) of Table 2 by economic factors.
We exclude Singapore from our sample due to its exceptional position described
above. Therefore, we are left with 26 observations. The set of possible covariates
for these economies is taken from the current balance of the IFS. The current
balance can be divided into trade balance, service balance, income balance and
transfer balance. For each of these balance sheets export and import data are
available. However, the additional information provided by the series is negligible
since all series are highly correlated. In particular, export and import values of
each subaccount have high correlation coefficients of about 0.9. Hence, from an
econometric perspective the validation of hypothesis 1 is inappropriate due to high
collinearity. We therefore reformulate the hypothesis.

Hypothesis’ 1 (Exposure) The foreign exchange rate erposure measured by [3
depends positively on the current balance surplus.

Consequently, we summarize the available information within a new variable called
current balance surplus or current balance deficit. This variable is just the difference
between the sum of exports and the sum of imports of all sub-categories which are
part of the current balance. To take into account the importance of international
trade we calculate the value of the current balance relative to the gross domestic

"The data source is balance of payment statistic of the ”’Oesterreichische Nationalbank”’
(www.oenb.at). The values in the IFS statistic are similar.
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Table 2: Foreign Exchange Exposure for 28 countries

(1) (2) (3) (4) (5) (6 (7)
Country I6] tg Ry o tr DW R? | CurAcc
Australia -0.360 -5.094 0.627 9.326 2.373 0.457 -
Austria 0.854 4.272 0.585 4.762 2.093 0.250 -
Belgium 0.695 5.073 0.808 7977 1.763 0.477 +
Canada -0.653 -5.188 0.885 11.280 1.830 0.615 -
Czech Republic | -0.336 -1.599 0.577 3.031 2.125 0.111 -
Denmark 1.013 6.722 0.866 13.599 2.336 0.482 +
Finland 0916 3.872 1.711 11.350 1.631 0.436 +
France 1.035 7.885 1.102 17.444 2.259 0.694 +
Germany 0.885 5.381 1.247 10.757 2.075 0.633 +
Greece 0.916 1.658 0.946 5.056 1.951 0.193 -
Hungary -0.419 -1.302 1.352 5.958 2.072 0.288 -
Ireland 0.849 7.531 0.967 10.438 1.859 0.551 +
Ttaly 0.029 0.176 1.048 12.782 2.335 0.366 +
Japan -0.114 -0.648 0.852 8119 1.884 0.391 +
Korea -0.485 -3.793 1.050 6.565 1.771 0.200 +
Mexico -0.284 -3.222 1.128 9.777 2.040 0.328 -
Netherlands 1.027 8.049 1.080 12.238 2.307 0.731 +
New Zealand -0.517 -3.051 0.645 6.403 2.317 0.281 -
Norway 0.336  1.990 1.144 11.330 1.919 0.500 +
Poland 0.104 0.153 1.509 5.093 1.787 0.135 -
Portugal 0.379 1956 0.890 7.439 1.959 0.340 -
Singapore -2.096 -7.592 0.862 8.379 1.862 0.454 +
Spain 0.463 3.671 1.252 13.802 2.266 0.615 -
Sweden 0.452 1.495 1.439 12.189 2.207 0.573 +
Swiss 0.810 6.154 0.876 12.300 1.958 0.573 +
UK 0.562 5.831 0.844 20.808 1.952 0.713 -
USA -0.102 -0.942 0.984 24.235 2.164 0.838 -

Note: See text for details; ‘CurrAcc’ indicates the sign of the current trade balance in the
whole time span: + for exports>imports, - otherwise.
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product of the respective economy. For each country i we denote this variable
ACB;/GDP; and run a simple bivariate regression which uses ACB;/GDP; as a
regressor:

B = 0.3249 + 0.0688 ACB;/GDP;
(0.101)  (0.022) 2)
n = 26, R2=0209, R =0.177

Heteroscedasticity-robust standard errors are included in parentheses. Both the
constant term and the macroeconomic trade variable are highly significant at the 1%
level.® The result indicates that the higher the current account surplus, the higher
the estimated exposure coefficient is. The interpretation of the result is as follows:
If the current balance surplus relative to the gross domestic product increases by
one percentage point, the foreign exchange rate exposure rises by 0.0688 on average.

The inclusion of Singapore would yield statistically insignificant results. The
distortion caused by this single observation would even reverse the sign of the
exposure coefficient. The distortion found for Singapore in the full sample is not
observable for any other economy in the sample as was tested by performing a
leave-one-out robust check. Therefore, we assume that our results are quite robust
with respect to the countries chosen. As our considerations imply, we can improve
our regression fit by including an indicator variable for those economies which
are on the edge of becoming fully-industrialized. We abbreviate this variable by
I(Emerging;), and it comprises the following nations: Czech Republic, Greece,
Hungary, Ireland, Poland, Portugal, and Spain. In addition, we include Austria
due to the arguments mentioned above. The regression output gives the subsequent
result.

Bi = 0.1812 4+ 0.1009 ACB;/GDP; + 0.4900 I(Emerging)
(0.122)  (0.023) (0.190) (3)
n =26, R?=0.327, B = 0.268

The inclusion of the I(.) variable considerably improves the economic and statistical
significance of ACB;/GDP;. The additional indicator, too, is significant and shows
that emerging countries have a strictly higher foreign exchange rate exposure given
their AC'B;/G D P; than the other economies in the sample. To assess the robustness
of our results we also performed the same regressions for subsamples. The first
sample ranges from January 1991 to October 1997 and the second from November
1997 to July 2004. In both samples the findings we reported above are confirmed.

8The two-tailed 1% critical value for 26 observations is 2.779 and t-statistics of both coefficients
are larger than three.

12



However, in the first sample all coeficients reveal a higher economical and statistical
significance than in the second sample. While the results are similar for the exposure
coefficient, the I(.) variable is no longer statistically significant in the second sample.
An event which distinguishes the first from the second sample is the introduction of
the Euro, which might explain the difference between both results.

5 Conclusion

Based on national data from 27 countries, in this paper we measure foreign exchange
rate exposure of different nations in an extended version of the Adler-Dumas model.
Our results show that it is not only possible to identify foreign exchange exposures,
but also to show that variables capturing export and import activities are capable of
explaining estimated exposure coefficients. The analysis of the large set of time series
measuring exchange rate exposure and foreign trade has brought up some unresolved
research questions. For instance, why do the Asian countries have negative foreign
exchange rate exposures but positive current balances? Did the Asian economic
crisis have an impact on our outcome? How robust are results with respect to
alternative data and further determinants of currency exposure? It is to be hoped
that future research will supply adequate answers.
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