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Abstract

A shortcut to measuring exchange rate exposure at the company level can be to exploit the

information content in the stock prices. A regression analysis is conducted for the main Danish non-

financial companies. The use of one all-comprising exchange rate indicator fails to address the

complexity of the extra-market exchange rate exposure of individual companies. As such, only a

minority of companies has significant exposures when using the effective Danish exchange rate in an

OLS regression analysis while half of the companies have significant exposures when using five main

exchange rates. A GARCH(1,1) regression analysis is shown to further improve the detection of

exposures. The success in identifying exposures for Danish non-financial companies is in contrast to

earlier US studies and is relevant in a European context.
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 1. Introduction 1

Foreign exchange risk is a major concern for investors and managers alike. One of the difficulties in

managing foreign exchange risk  - whether from an investor’s or a manager’s point of view  - is

measuring the extent to which companies are exposed to the risk. Fundamentally addressing the

problem of measuring exchange rate operating exposure involves analyzing the competitive position

of the specific company, the dynamics of that company, as well as the dynamics of the markets in

which the company is involved. A shortcut to the measurement problem may be to exploit the

information content in the stock prices.

According to Adler and Dumas (1984) exchange rate exposure can be measured by the regression

coefficient (or coefficients if more than one currency) when a stock’s price is regressed on exchange

rate(s). Authors have used this stock market approach to measure the extra-market exchange rate

exposure of companies on an industry level (e.g. Bodnar and Gentry, 1993 and Bartov and Bodnar,

1994) as well as on a company level (e.g. Jorion, 1990). Most of the analyses involve US data and

in spite of selection procedures (e.g. only inclusion of companies with reported foreign operations)

that should favor findings of exposures, they tend to fail finding significant relations between the

changes in exchange rates and the contemporaneous changes in stock prices.

Using a stock market approach this paper examines the exchange rate exposure of Danish non-

financial companies. Part of the reason for the lack of success in finding significant relationships in

previous analyses can be the dependence on US data. Findings for US non-financial companies may

not be representative for European non-financial companies. Denmark parallels the other EEC

countries when it comes to the openness of the economy as measured by Export of Goods and

Services in per cent of Gross Domestic Product (see Appendix 1). As such, the results from an

analysis of the exchange rate sensitivity of Danish non-financial companies is interesting not only from

a Danish perspective but also from a European perspective.

                                                                
1 My interest in this area of research stems from having worked for some years with managing  - from the
perspective of the Finance Department  -  operating exposure of a major Danish company involved in shipping, oil
activities, etc. The practical problems encountered when analyzing if, how, and to what degree the company
should financially hedge the operating exposure forms the theoretical challenge that is the motivation behind this
research.
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Using monthly return data from 1990 to 1998 in an augmented market model this paper analyzes the

company level extra-market exchange rate exposure of Danish, blue chip, non-financial companies

listed on Copenhagen Stock Exchange. The sectors covered are Industry, Commerce & Service,

and Shipping. Although a limited number, the companies included in the analysis represent more than

half of the total market value of the Copenhagen Stock exchange.

Following the tradition in the field, the exposures that are measured through the regression analyses

are extra-market exposures as the return on the All-Share Index is included as an independent

variable. In relation to exchange rate indicators two alternative approaches are used. One approach

in which the effective DKK is used as the sole exchange rate indicator and another approach in

which exchange rates representing the main world currencies and the currencies of the main Danish

export markets are included.

Using the effective DKK as the sole exchange rate indicator under an ordinary least squares (OLS)

approach, a minority of companies exhibits a significant extra-market exchange rate exposure.

However, using 5 different exchange rates as exchange rate indicators, the proportion of companies

that exhibits a significant extra-market exchange rate exposure to at least one of the five exchange

rates rises to half of the companies. This finding suggests that collapsing exchange rates into one

exchange rate indicator fails to address the complexity of the extra-market exchange rate exposure

of individual companies and thus fails to find significant extra-market exchange rate exposures.

Financial returns data often exhibit volatility clustering, where large changes in returns are followed by

further large changes. As such the magnitude of residuals often seems to be related to the magnitude

of recent residuals  - heteroskedasticity. By modeling the variance of residuals it may be possible to

obtain more efficient estimators. Autoregressive Conditional Heteroskedasticity (ARCH) models

(Engle, 1982) and Generalized Autoregressive Conditional Heteroskedasticity (GARCH) models

(Bollerslev, 1986) are designed to model and forecast conditional variances. As such, it seems

obvious to test if modeling the variance can improve the ability to detect extra-market exchange rate

exposures of individual companies.

Using a GARCH(1,1) approach  - and thus modeling the mean as well as the variance  - the

proportion of companies that exhibits a significant extra-market exchange rate exposure to at least
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one of the five exchange rates rises from half of the companies to nearly all the companies. This

finding suggests that failing to model the variance of residuals reduces the ability to detect extra-

market exchange rate exposure. However, a GARCH(1,1) approach does pose problems in this

context.

The remainder of the paper is organized as follows. Section 2 gives an overview of the literature.

Section 3 describes the data. Section 4 performs an OLS regression analysis using only one

exchange rate indicator while section 5 performs an OLS regression analysis using 5 exchange rate

indicators. Section 6 performs a GARCH(1,1) regression analysis using 5 exchange rate indicators.

Section 7 concludes.



4

2. Literature Overview

Foreign exchange risk  - as defined by Adler and Dumas (1984)  - is a statistical quantity which

summarizes the probability that the actual domestic purchasing power of home or foreign currency on

a given future date will differ from its originally anticipated value. On the other hand exchange rate

exposure is defined in terms of what the company has at risk. Adler and Dumas argue that exchange

rate exposure can be measured through a regression analysis where the change in exchange rate is an

independent variable helping to explain the change in the stock price.

Through monthly return data covering the period 1971-1987 Jorion (1990) analyzes the individual

extra-market exchange rate exposures of 287 US companies with reported foreign operations.

Jorion uses the regression equation

Rit = β0i + β2Rst + β3Rmt + ηit

where Rit is the stock return, Rst is the rate of change in a trade-weighted exchange rate, and Rmt is

the stock market return. Jorion finds the extra-market exchange rate exposure coefficients to be

insignificant except in a few cases. Furthermore, he finds exposure to be positively correlated with

the degree of foreign involvement measured by the ratio of foreign sales to total sales.

Bilson (1994) examines the exposure of American Airlines (AMR) using the regression equation

RAMR = β0 + β1RSP + β2RCR + β3RDM + U

where RAMR is the rate of return on AMR and RSP, RCR, and RDM are the rates of return on the

S&P500, Crude Oil Futures, and the DEM, respectively. Using monthly data from January 1985 to

December 1991 Bilson estimates β3 to be -0.2077 but insignificant.

Chow et al (1997) examine the extra-market exchange rate exposure of 213 US companies with

reported foreign operations. Using monthly data over the period 1977 to 1991 they find only rare

evidence of a significant contemporaneous relation between the returns on the stocks and the

changes in a real exchange rate index. However, they do find that the significance increases with the

horizons over which the returns are considered.
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Several authors analyze the sensitivity of companies to changes in exchange rates on an industry or

group level. Amihud (1994) analyzes the extra-market exchange rate exposure of 32 of the most

exporting US companies. Using monthly data covering the period 1979 to 1988 Amihud finds no

significant effect on the value of the companies from changes in an exchange rate index. Bodnar and

Bartov (1994) find no evidence of a contemporaneous effect but do find a significant, lagged effect

from changes in exchange rates to actual stock prices during the period 1978-1990 for 208 US

companies with international activities. However, Bartov and Bodnar (1995) find that the significant

lagged relation found in Bodnar and Bartov (1994) disappears for the companies that use the foreign

currency as the functional currency (made possible in 1981).

Using monthly returns from the period 1979 to 1988 Bodnar and Gentry (1993) find that between

20 and 35 per cent of the industries in the US, Canada, and Japan have statistically significant

exposures to specified exchange rate indexes. That Canada and Japan seem to be more exposed

than the US, Bodnar and Gentry find consistent with exchange rates having a larger effect on smaller

and more internationally oriented economies.

Conventional regression analyses assume a constant variance. Working with financial time series this

may not be a plausible assumption. Consequently Engle (1982) introduced autoregressive conditional

heteroskedastic (ARCH) models when estimating the means and variances of inflation in the UK.

These ARCH models were later generalized as GARCH (Generalized ARCH) models by Bollerslev

(1986) who advocated for the simple but often very useful GARCH(1,1) model. The (1,1) refers to

the presence of a first-order GARCH term and a first-order ARCH term.

Using the monthly percentage return on a stock index under a GARCH approach Bollerslev and

Wooldridge (1992) illustrate the relevance of using robust inference procedures. Heteroskedasticity

consistent covariance should be used to compute the quasi-maximum likelihood (QML) covariances

and standard errors when the residuals are not conditionally normally distributed  - if not, incorrect

standard errors will prevail and lead to false interpretations on the robustness of the coefficients (and

thus the estimated extra-market exchange rate exposures).
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3. Data

The period considered is January 1990 to December 1998. All data are monthly in accordance with

the majority of analyses previously undertaken. The sample is restricted to blue chip stocks in order

that the prices of the stocks reflect constant attention from investors and analysts.

As of the end of 1997 sixteen blue chip non-financial stocks were listed on the Copenhagen Stock

Exchange (CSE). However, two stocks represent sister companies with equal capital holdings in the

same industry group and show almost identical (correlation > 0.99) returns over the period. Thus,

the least traded stock is excluded. Furthermore, the sample of stocks is restricted to stocks showing

at least seven years of monthly stock returns. This excludes three stocks that were listed on the CSE

in 1994, 1995 and 1996 respectively. The final sample of stocks consists of twelve stocks (see

Appendix 2).

Although a limited number of stocks in the sample, when including related stocks (listed stocks in the

same company but with higher voting power and listed stocks of sister companies) the total market

value of the companies thus considered comprises more than half of the total market value of the

CSE as of the end of 1998. Only looking in relation to the non-financial sectors the stocks in the

sample comprise three quarters of the total market value or if divided into segments around 60%,

80%, and 95% of the Industry, Commerce & Services, and Shipping segments respectively (see

Appendix 3).

The stock price data are obtained from DSD (Danish Stock Data  - a database established by

Centre for Analytical Finance at The Aarhus School of Business). The stock prices are corrected for

dividends and capital changes. The stock prices are end of month observations. The stock prices

thus obtained from DSD are stationary in their first differences (Appendix 4). The stock returns that

are used as dependent variables in the subsequent equations are continuously compounded monthly

returns (ln(stock pricet)-ln(stock pricet-1)).

In order to limit the problem of omitted variables when regressing the stock returns against exchange

rate indicator(s), the return on the All-Share Index of CSE is included as an explanatory variable.
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The inclusion of the return on the All-Share Index transforms the estimated exchange rate exposure

from a total exchange rate exposure to an extra-market exchange rate exposure because the All-

Share Index may itself be subject to exchange rate exposure.

Data for the All-Share Index of CSE (TOTAL) are obtained from DSD. The index is calculated so

that it is corrected for dividends and capital changes. The data for the index are end of month

observations. The index thus obtained from DSD is stationary in its first differences (Appendix 4).

The index returns that are used as an independent variable in the subsequent equations are

continuously compounded monthly returns (ln(TOTALt)-ln(TOTALt-1)).

Whether one or several exchange rate indicators are used to represent the development in exchange

rates, some common complexities arise. These complexities concern the question of real versus

nominal and anticipated versus unanticipated changes in exchange rates.

From a theoretical point of view the considered changes in exchange rates should be real. However,

two aspects motivate the use of nominal changes. Using the real exchange rates would assume that

inflation rates are instantaneously observed, as these inflation rates are necessary for calculating the

real exchange rates (Bodnar and Gentry, 1993). Such an instantaneous observation is not possible in

real life. Furthermore, over short time intervals changes in nominal exchange rates are highly

correlated with changes in real exchange rate. Among the industrialized countries month-to-month

changes in exchange rates show little correlation with month-to-month changes in relative purchasing

power parities (Mussa, 1979). Consequently, nominal changes in exchange rates are used in the

subsequent regressions.

From a theoretical point of view the considered changes in exchange rates should be unanticipated as

anticipated changes are already reflected in the stock prices. However, Meese (1990) finds that

neither models of exchange rates based on macroeconomic fundamentals nor models of exchange

rates based on the forecast of market participants as embodied in the forward rate or survey data

can explain exchange rate movements significantly better than a random walk model for the post-

Bretton Woods period. This is a confirmation of the findings of Meese and Rogoff (1983) that the

current exchange rate performs just as well in predicting the future exchange rate than estimated

models at a one to twelve month horizon. Chinn and Meese (1995) do find that error correction
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terms can explain exchange rate movements significantly better than a no change forecast (challenged

by Berkowitz and Giorgianni, 1997) but only for long-term prediction horizons. For short-term

prediction horizons they find that fundamental models forecast no better than a random walk model.

Thus, there is ample evidence that changes in the nominal exchange rates are largely unpredictable.

Consequently, an attempt to divide the changes in the nominal exchange rates into anticipated and

unanticipated changes shall not be made.

A main argument for collapsing all exchange rates into one exchange rate indicator is the avoidance

of multicollinearity. On the flip side, using only one all-telling exchange rate indicator may fail to

address the complexity of the extra-market exchange rate exposures of individual companies and

thus fail to discover significant extra-market exchange rate exposures. Two alternative approaches

shall be followed. One approach shall use the effective DKK (EFDKK) as the sole exchange rate

indicator while the other approach shall use a multiple of exchange rates.

To reduce the problem of multicollinearity the multiple of exchange rates is restricted to include

exchange rates that represent the currencies of the main Danish export markets and the main world

currencies. The focus is on export markets and main world currencies in order to capture the direct

as well as the more indirect exchange rate exposures of Danish non-financial companies. The top 3

main destinations of Danish export in 1997 was Germany, Sweden, and the UK (22%, 12%, and

10% of total Danish export respectively) thus qualifying DKK/DEM, DKK/SEK, and DKK/GBP to

be included in the list of independent variables. The top 3 main world currencies in the global foreign

exchange market during the 1990s are USD, DEM, and JPY (Danmarks Nationalbank, 1998) thus

qualifying DKK/USD, DKK/DEM, and DKK/JPY to be included in the list of independent

variables. Because DKK/DEM qualifies in both instances, the final list of exchange rates consist of

five exchange rates: DKK/USD, DKK/DEM, DKK/JPY, DKK/SEK, and DKK/GBP (in the

following abbreviated to USD, DEM, JPY, SEK, and GBP).

Data for the effective DKK (EFDKK) is obtained from Danmarks Nationalbank while the five

exchange rates in the alternative approach (USD, DEM, JPY, SEK, GBP) are obtained from DSTB

(Danmarks Statistik Tidsserie Bank). The data are end of month observations. While JPY exhibits

the largest fluctuations against the DKK during the period, DEM exhibits the smallest fluctuations

(Appendix 5). The effective DKK and the exchange rates obtained from DSTB are stationary in



9

their first differences (Appendix 4). The returns that are used as independent variables in the

subsequent equations are continuously compounded monthly returns (e.g. ln(USDt)-ln(USDt-1).

To address the problem of multicollinearity between the independent variables  - especially the

problem of multicollinearity between the five exchange rates in the multiple exchange rate approach  -

a correlation matrix of the continuously compounded monthly returns have been calculated

(Appendix 6). The returns on the five exchange rates show a maximum, absolute correlation of 0.39

during the period  - thus not establishing immediate reason for abolishing the multiple exchange rate

approach.

Descriptive statistics for the dependent variables (the twelve stock returns) and the independent

variables (the returns on the All-Share index, the effective DKK, and the five exchange rates) are

shown in Table 1  - for graphs, see Appendix 7 (levels) and Appendix 8 (returns). All variables in

Table 1 are continuously compounded monthly returns.

The mean returns on the stocks are all positive. On average the mean return on the individual stocks

are higher than the return on the All-Share Index reflecting the increasing premium on blue chip

stocks that the Danish market has experienced in the last couple of years.

The maximum, the minimum, and the standard deviation of the returns on the individual stocks and

the All-Share Index show the familiar result of diversification. The maximum, the minimum, and the

standard deviation of the return on the All-Share Index is smaller in absolute terms than the

equivalent returns on the average of the individual stocks  - and in fact in this case also smaller in

absolute terms than the equivalent returns on any of the individual stocks.

The maximum, the minimum, and the standard deviation of the returns on the exchange rates show

that USD and JPY are generally the most volatile currencies against DKK, while DEM is the least

volatile. However, SEK and GBP exhibit the largest, negative returns for any of the exchange rates

(the EMS crises late 1992).

Most of the stock returns have negative skewness implying that the distributions have long left tails

compared to the normal distribution. The figures for kurtosis imply that most of the stock returns are
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leptokurtic (peaked compared to the normal distribution). As a result some of the stock returns are

clearly not normally distributed.

The returns of the exchange rates show a mixture of positive and negative skewness. The most

remarkable skewness is the one of DEM. The large positive skewness stems from the speculative

pressure against DKK in 1993 that especially hit the DKK/DEM exchange rate (and lies behind the

maximum figure for DEM). This is also the reason behind the large kurtosis for DEM. The returns of

those exchange rates that have not been directly affected by the European Monetary System (USD

and JPY) are much closer to resemble a normal distribution than DEM, SEK, and GBP.
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4. A Regression Using One Exchange Rate Indicator

Using the effective DKK as the only exchange rate indicator, the extra-market exchange rate

exposure of a company can be estimated (OLS) through the time series regression,

dlog(Company)t = C + β1dlog(TOTAL)t + β2dlog(EFDKK)t +  ε t (1)

where dlog(Company)t is the continuously compounded monthly return on the individual stock, C is

a constant, dlog(TOTAL)t is the continuously compounded monthly return on the All-Share Index,

and dlog(EFDKK)t is the continuously compounded monthly return on the effective DKK.

The result of this OLS regression analysis for the time period from January 1990 to December 1998

can be seen in Table 2.

Please insert table 2 here.

Only two companies exhibit extra-market exchange rate exposures that pass a conventional

significance test (5%). Both companies seem to be favored by a strong DKK, which is not in

accordance with the traditional theory that an appreciating home currency is harmful to the

competitive position of the home companies. However, the traditional theory is supported by the sign

of the two companies that pass a significance test at the 10% level. As such the consequences of an

appreciating / depreciating DKK seem to be mixed.

For a majority of companies the residuals do not seem to follow a normal distribution as the Jarque-

Bera test statistic is significantly above 3 for two thirds of the companies. For all companies the

Durbin-Watson statistic lies comfortably between 1.82 and 2.32. Finally, Lagrange Multiplier test (1

lag) indicates that the existence of autoregressive conditional heteroskedasticity is significant for three

companies.

In its ability to detect extra-market exchange rate exposures of individual non-financial companies the

above analysis does not seem to substantially depart from previous investigations using one single
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exchange rate indicator (Jorion, 1990). One might expect more companies to show a significant

extra-market exchange rate exposure when dealing with Danish data instead of US data given the

country characteristics (Appendix 1). However, pulling in the other direction is the sample selection

procedure that has not explicitly favored companies with international operations.
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5. A Regression Using Five Exchange Rate Indicators

Using USD, DEM, JPY, SEK, and GBP as the exchange rate indicators  - thus reflecting the main

world currencies and the currencies of the main Danish export markets  - the extra-market exchange

rate exposure of a company can be estimated (OLS) through the time series regression,

dlog(Company)t = C + β1dlog(TOTAL)t + β2dlog(USD)t + β3dlog(DEM)t 

 + β4dlog(JPY)t + β5dlog(SEK)t + β6dlog(GBP)t + ε t (2)

where dlog(Company)t is the continuously compounded monthly return on the individual stock, C is

a constant, dlog(TOTAL)t is the continuously compounded monthly return on the All-Share Index,

dlog(USD)t is the continuously compounded monthly return on the DKK/USD exchange rate,

dlog(DEM)t is the continuously compounded monthly return on the DKK/DEM exchange rate,

dlog(JPY)t is the continuously compounded monthly return on the DKK/JPY exchange rate,

dlog(SEK)t is the continuously compounded monthly return on the DKK/SEK exchange rate, and

dlog(GBP)t is the continuously compounded monthly return on the DKK/GBP exchange rate.

The result of this OLS regression analysis for the time period from January 1990 to December 1998

can be seen in Table 3.

Please insert table 3 here.

Half of the companies seem to have extra-market exchange rate exposures to one of the five

exchange rates when a 5% significance level is used. Compared to the regression analysis containing

the effective DKK as the sole exchange rate indicator (table 2), where only two companies passed

the 5% significance level, table 3 represents a major improvement in detecting extra-market

exchange rate exposures of Danish non-financial companies. The result suggests that collapsing all

exchange rates into one single exchange rate indicator fails to address the complexity of the extra-

market exchange rate exposures of individual non-financial companies.
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The companies that pass the significance test of 5% have mixed signs for their extra-market

exchange rate exposures  - thus not in full supporting the traditional theory that appreciating foreign

currencies / a depreciating home currency is beneficial to the competitive position of the home

companies. Specifically, one company is long USD and short GBP, two companies are long DEM,

one company is short JPY, one company is long GBP, and one company is short GBP.

The results as to the residuals do not depart too much from the results for the regression analysis with

the effective DKK as the sole exchange rate indicator. For a majority of companies the residuals do

not seem to follow a normal distribution as the Jarque-Bera test statistics in those cases are

significantly above 3. Looking behind the Jarque-Bera test statistic, table 3 shows that while the

residuals are skewed to the left with exceptions, the residuals for all companies are slightly or highly

leptokurtic. For all companies the Durbin-Watson statistic lies comfortably between 1.75 and 2.30.

Finally, Lagrange Multiplier test (1 lag) indicates that the existence of autoregressive conditional

heteroskedasticity is significant for the same three companies as was the case with the former

regression with only one exchange rate indicator. Increasing the number of lags reveals only one

more company that may have significant autoregressive conditional heteroskedasticity.

Three companies seem to have problems with structural changes in the relationship as shown by

Chow’s breakpoint test. The break point is put at July 1994  - thus dividing the period into halves

with the EMS crises belonging to the first half and the Asian crisis belonging to the second half.
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6. A Regression Using a GARCH(1,1) Approach

The regression models used in the preceding sections assumed a constant variance. However,

financial returns data often exhibit volatility clustering especially with high frequency data. Large

changes tend to follow large changes while small changes follow small changes  - thus relating the

magnitude of the present residuals to the magnitude of the recent residuals. Incorrectly assuming that

the variance is constant leads to OLS estimators that are not efficient. By modeling the variance of

residuals it may be possible to obtain more efficient estimators.

Dealing with stock returns and currency returns modeling the variance may improve the ability to

detect extra-market exchange rate exposures of individual companies. The last section showed that

autoregressive conditional heteroskedasticity was present for three to four companies in the OLS

approach. Thus, the basic idea is to obtain estimates that take into account the different error

variances for the individual stock returns through the period.

Autoregressive Conditional Heteroskedasticity (ARCH) models (Engle, 1982) and Generalized

Autoregressive Conditional Heteroskedasticity (GARCH) models (Bollerslev, 1986) are designed to

model and forecast conditional variances. The fairly basic but still powerful GARCH(1,1) model

introduced by Bollerslev is the most commonly used model for modeling variance and will be applied

in the following.

Using USD, DEM, JPY, SEK, and GBP as the exchange rate indicators the extra-market exchange

rate exposure of a company can be estimated (GARCH(1,1)) via estimating the conditional mean

and the conditional variance simultaneously through the conditional mean equation,

dlog(Company)t = C + β1dlog(TOTAL)t + β2dlog(USD)t + β3dlog(DEM)t

   + β4dlog(JPY)t + β5dlog(SEK)t + β6dlog(GBP)t + ε t       (3)

where dlog(Company)t is the continuously compounded monthly return on the individual stock, C is

a constant, dlog(TOTAL)t is the continuously compounded monthly return on the All-Share Index,

dlog(USD)t is the continuously compounded monthly return on the DKK/USD exchange rate,
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dlog(DEM)t is the continuously compounded monthly return on the DKK/DEM exchange rate,

dlog(JPY)t is the continuously compounded monthly return on the DKK/JPY exchange rate,

dlog(SEK)t is the continuously compounded monthly return on the DKK/SEK exchange rate, and

dlog(GBP)t is the continuously compounded monthly return on the DKK/GBP exchange rate,

and the conditional variance equation

σ2
t  =  C  +  αε2

t-1  +  βσ2
t-1 (4)

where σ2
t is the one month ahead forecasted variance, C is a constant, ε2

t-1 is the squared residual of

last month from the mean equation (the ARCH term), and σ2
t-1 is the forecasted variance of last

month (the GARCH term).

The result of this GARCH(1,1) regression analysis for the time period from January 1990 to

December 1998 can be seen in Table 4. In the analysis heteroskedasticity consistent covariance is

used to compute the quasi-maximum likelihood (QML) covariances and standard errors.

Please insert table 4 here.

All companies but one seem to have extra-market exchange rate exposures to at least one of the five

exchange rates when a 5% significance level is used. Compared to the OLS regression analysis

(table 3), where only half of the companies passed the 5% significance level, table 4 represents a

major improvement in detecting extra-market exchange rate exposures for Danish non-financial

companies. The results suggest that modeling variance can improve the detection ability considerably.

Looking at the specific exposures it is interesting to note that where ever the OLS approach found a

significant extra-market exchange rate exposure, the GARCH(1,1) approach confirms this finding in

all cases but one. Although not exactly similar in figures the GARCH(1,1) and the OLS approach do

not disagree as to directions and magnitudes in those cases.

Besides confirming the findings of the OLS approach, the GARCH(1,1) approach identified five

more companies with significant extra-market exchange rate exposures. Similarly to the exposures
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that the two approaches agreed to be significant, the exposures that GARCH(1,1) is alone to identify

have not a common sign  -  some exposures are positive, others are negative.

In the variance equation only two companies do not have a significant GARCH(1) term while the

ARCH(1) term shows less significance. The lack of significance of the ARCH(1) term for many

companies is problematic. Furthermore, in the variance equation many companies have either

coefficients that are negative or that sum to more than one. Extracting information as to the

coefficients in the mean equation is problematic for these companies. As such, only for some

companies does it seem rational to use a GARCH(1,1) approach.

The problems related to the GARCH(1,1) approach may be solved by extending the sample period

or using more high frequency data . However, both “solutions” create problems of their own in

raising the risk of structural breaks and non-contemporaneous relations. Consequently the

GARCH(1,1) approach does show its potential, but also its limitations in this context.

The results of the GARCH(1,1) approach suggest that modeling variance can in some cases improve

the detection of extra-market exchange rate exposures. Looking at the fundamentals of the individual

companies could be interesting in order to get an indication as to whether such an improvement is in

fact fundamental  - e.g. NOV has production facilities in Japan (short JPY) and its main competitors

are based in the US (long USD)  - or rather a result of spurious regressions. However, using the

fundamentals of the companies as a checkpoint is troublesome. In order to get a qualified view of the

fundamental exchange rate exposure of the specific company (let alone the extra-market exchange

rate exposure), it is necessary to perform an analysis that incorporates the competitive situation of the

company, the dynamics of the company, and the dynamics of the markets in which the company is

involved. Such a fundamental analysis is beyond the scope of this paper.
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7. Conclusions

Through a stock market approach this paper shows that at least half of the main Danish non-financial

companies exhibited a significant extra-market exchange rate exposure through the period 1990-

1998. This is not revealed when conducting an OLS regression analysis with the effective DKK as

the sole exchange rate indicator  - as it fails to address the complexity of the world facing individual

companies  - but when allowing a limited number of important exchange rates to enter the analysis. A

GARCH approach may be able to further improve the detection ability.
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Appendix 1 Export of Goods and Services in per cent of Gross Domestic Product
Average

Country 1990 1991 1992 1993 1994 1995 1996 90-96 1997

Austria 40.2% 39.8% 38.5% 37.0% 37.5% 38.6% 40.8% 38.9% 42.2%
Belgium 68.2% 66.6% 64.8% 62.0% 65.0% 67.3% 68.5% 66.0% 72.3%
Denmark 35.8% 37.2% 36.5% 35.0% 35.5% 35.4% 35.3% 35.8% 36.0%
Finland 23.1% 22.3% 26.9% 33.1% 35.8% 37.7% 38.1% 31.0% 39.8%
France 22.6% 22.7% 22.7% 22.0% 22.8% 23.5% 24.1% 22.9% 26.6%
Germany 32.3% 25.4% 23.7% 22.1% 22.7% 23.0% 23.3% 24.6% 25.3%
Greece 16.8% 16.1% 16.9% 15.9% 16.3% 15.8% 15.2% 16.1% 15.2%
Ireland 59.5% 60.2% 62.7% 67.9% 71.8% 78.4% 80.0% 68.6% 84.2%
Italy 18.6% 17.4% 17.8% 20.7% 22.1% 25.1% 24.2% 20.8% 24.7%
Luxembourg 96.9% 97.1% 95.1% 93.6% 88.6% 91.8% 90.9% 93.4% NA
Netherlands 54.2% 54.1% 52.1% 50.6% 51.3% 53.0% 53.6% 52.7% 54.7%
Portugal 28.4% 25.3% 23.6% 22.7% 24.5% 26.4% 26.7% 25.4% NA
Spain 17.1% 17.1% 17.6% 19.4% 22.3% 24.0% 25.5% 20.4% 28.1%
Sweden 29.9% 27.9% 27.9% 32.7% 36.4% 40.9% 40.0% 33.7% 43.8%
United Kingdom 24.2% 23.3% 23.8% 25.4% 26.4% 28.4% 29.3% 25.8% 28.4%
EEC countries:

Simple mean 37.8% 36.8% 36.7% 37.3% 38.6% 40.6% 41.0% 38.4% 40.1% 1

Median 29.9% 25.4% 26.9% 32.7% 35.5% 35.4% 35.3% 31.0% 36.0% 1

Denmark 35.8% 37.2% 36.5% 35.0% 35.5% 35.4% 35.3% 35.8% 36.0%

United States 9.7% 10.2% 10.2% 10.0% 10.4% 11.3% 11.4% 10.5% 11.9%

Canada 25.2% 24.4% 26.3% 29.4% 33.6% 37.6% 39.1% 30.8% 40.2%

Japan 10.7% 10.2% 10.1% 9.3% 9.3% 9.4% 9.9% 9.8% 11.1%

Source: International Financial Statistics
1 Excluding Luxembourg and Portugal
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Appendix 2 Selected Non-Financial Stocks from Copenhagen Stock Exchange 1 

CSE ID-Code Name of Stock Abbr. Start End Obs.
Industry:
DK001021842-9 Bang&Olufsen Hold. B BO 1990:1 1998:12 108
DK001018175-9 Carlsberg B CAR 1990:1 1998:12 108
DK001019295-4 Coloplast B COL 1990:1 1998:12 108
DK001020749-7 Danisco DAN 1990:1 1998:12 108
DK001023446-7 FLS Industries B FLS 1990:1 1998:12 108
DK001023586-0 GN Store Nord GN 1990:1 1998:12 108
DK001022792-5 Novo Nordisk B NOV 1990:1 1998:12 108
DK001023098-6 Superfos SUP 1990:1 1998:12 108
Commerce & Services:
DK001019376-2 ISS-Int. Service System B ISS 1990:1 1998:12 108
DK001018965-3 Sophus Berendsen B 2 SB 1990:1 1997:12 96
DK001020242-3 Tele Danmark B 3 TEL 1991:3 1998:12 93
Shipping:
DK001024434-2 D/S 1912 B APM 1990:1 1998:12 108
1 All blue-chip (KFX) non-financial stocks of CSE as of the end of 1997 except D/S Svendborg B (sister stock

  of D/S 1912 B), Falck, Københavns Lufthavne, and SAS Danmark (introduced 1995, 1994, and 1996).
2 In January 1998 it was decided to split the company (Sophus Berendsen A/S) into two new listed

   companies (Ratin A/S and Sophus Berendsen A/S).
3 Introduced on the CSE March 1991.
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Appendix 3 Total Market Values (TMV) end 1998 (mill. USD)
TMV of TMV of TMV Company TMV Company

Stock Stock 1 Company 2 
/TMV CSEsector

3 /TMV CSEtotal
4

Industry:
BO 747 747 2.3% 0.8%
CAR 1,670 3,726 11.4% 3.8%
COL 1,324 1,324 4.1% 1.3%
DAN 3,287 3,287 10.1% 3.3%
FLS 796 942 2.9% 1.0%
GN 1,330 1,330 4.1% 1.3%
NOV 8,570 8,570 26.3% 8.7%
SUP 455 455 1.4% 0.5%
Subtotal 18,179 20,381 62.5% 20.6%
Com & Ser:
ISS 1,719 1,974 6.9% 2.0%

SB 691 6,527 5 23.0% 6.6%
TEL 14,609 14,609 51.4% 14.8%
Subtotal 17,020 23,111 81.3% 23.4%
Shipping:
APM 3,793 14,687 95.1% 14.9%
Subtotal 3,793 14,687 95.1% 14.9%
Total 38,992 58,179 76.1% 58.8%
1 Fact Book 1999, Copenhagen Stock Exchange (CSE); DKK/USD exchange rate: 6.3637
2 Related stocks (A-shares and sister companies) listed on CSE are included.

   A-shares that are not listed on CSE are not included (BO and NOV).
3 Total Market Value of  three CSE sectors: Industry 32,616 Mill. USD
  (Fact Book 1999, Copenhagen Stock Exchange) Commerce & Serv. 28,433 Mill. USD

Shipping 15,436 Mill. USD
Above Sectors 76,486 Mill. USD

4 Total Market Value of  CSE exluding foreign companies: 98,893 Mill. USD
  (Fact Book 1999, Copenhagen Stock Exchange)
5 Including Ratin A/S
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Appendix 4 Unit Root Test on First Differences  -  Dependent and Independent Variables
Ship.

Company 1 BO CAR COL DAN FLS GN NOV SUP ISS SB TEL APM

Dickey-Fuller Test Statistic2 -7.34 -10.81 -8.07 -8.95 -10.68 -10.61 -8.75 -11.36 -10.70 -11.01 -10.12 -13.14
Level of significance3 *** *** *** *** *** *** *** *** *** *** *** ***
Effective DKK rate
and exchange rates
Dickey-Fuller Test Statistic2 

Level of significance3 

Copenhagen Stock Exchange

All-Share Index 4 

Dickey-Fuller Test Statistic2 

Level of significance3 

1
 The stock prices are adjusted for dividends and capital changes.

2
 Augmented Dickey-Fuller test on first differences (no trend, no intercept, no lags).

3
 Based on MacKinnon critical values for rejection of hypothesis of a unit root (1%: ***, 5%: **, 10%: *).

4
 The All-Share Index is a weighted market value index and is adjusted for dividends and capital changes.

-9.99

***

-9.30

***

-9.42

***

-8.98

***

-8.41

***

-9.05

***

-10.30

***

TOTAL

Com. & Ser.Industry

EFDKK USD DEM JPY SEK GBP
Exchange rates
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Appendix 5 The Effective DKK and Selected Exchange Rates
Effective DKK (Max.-Min.)
and exchange rates Abbr. Jan. 90 Mean Max. Min. Dec. 98 /Minimum
Effective DKK rate EFDKK 0.95 1.00 1.05 0.93 1.03 13%
DKK per USD USD 6.50 6.24 7.04 5.37 6.36 31%
DKK per DEM DEM 3.87 3.86 4.11 3.80 3.81 8%
DKK per JPY JPY 0.0451 0.0531 0.0658 0.0402 0.0552 64%
DKK per SEK SEK 1.06 0.90 1.07 0.74 0.79 44%
DKK per GBP GBP 10.94 10.25 11.81 8.53 10.66 38%
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Appendix 6 Correlation Matrix of Independent Variables
Equation 1
dlog(EFDKK)
dlog(TOTAL)
Equation 2 dlog(USD) dlog(DEM) dlog(JPY) dlog(SEK) dlog(GBP) dlog(TOTAL)
dlog(USD) 1.00 0.04 0.39 0.12 0.37 0.34
dlog(DEM) 0.04 1.00 0.13 0.05 0.15 0.01
dlog(JPY) 0.39 0.13 1.00 -0.07 0.12 0.18
dlog(SEK) 0.12 0.05 -0.07 1.00 0.33 0.26
dlog(GBP) 0.37 0.15 0.12 0.33 1.00 0.39
dlog(TOTAL) 0.34 0.01 0.18 0.26 0.39 1.00

dlog(EFDKK) dlog(TOTAL)
1.00
-0.42

-0.42
1.00
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Appendix 7   Graphs of Dependent and Independent Variables  -  Levels
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Appendix 8   Graphs of Dependent and Independent Variables  -  Compounded Returns
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Table 1 Descriptive Statistics for Dependent and Independent Variables
Variable Mean MaximumMinimum Std. Dev. Skewness Kurtosis Jarque-Bera
Industry:
dlog(BO) 2.1% 30.4% -64.3% 12.5% -1.22 9.26 200.88
dlog(CAR) 0.7% 18.2% -17.1% 6.4% -0.17 3.21 0.70
dlog(COL) 1.7% 26.4% -19.6% 6.8% -0.08 4.74 13.66
dlog(DAN) 0.7% 21.3% -16.6% 5.8% -0.08 4.27 7.34
dlog(FLS) 0.1% 36.6% -25.5% 9.3% 0.29 4.40 10.18
dlog(GN) 1.1% 23.4% -31.3% 9.4% -0.45 4.23 10.31
dlog(NOV) 1.6% 17.7% -22.1% 6.0% -0.78 5.38 36.08
dlog(SUP) 0.3% 23.6% -39.5% 7.9% -0.98 8.51 152.55
Com. & Ser.:
dlog(ISS) 1.0% 23.1% -35.3% 9.3% -0.88 5.15 34.26
dlog(SB) 1.7% 20.8% -16.6% 5.8% 0.14 3.94 3.84
dlog(TEL) 1.4% 39.2% -11.7% 7.2% 1.58 9.81 218.49
Shipping:
dlog(APM) 0.8% 23.9% -30.9% 8.3% -0.34 4.55 12.78
All-Share Index
dlog(TOTAL) 0.5% 10.7% -11.7% 4.4% -0.26 2.98 1.21
Effective DKK
dlog(EFDKK) 0.1% 2.8% -3.4% 0.9% -0.34 5.32 26.04
Exchange rates:
dlog(USD) 0.0% 10.3% -7.0% 3.0% 0.50 3.56 5.90
dlog(DEM) 0.0% 5.3% -1.8% 0.7% 4.03 34.99 4853.38
dlog(JPY) 0.2% 13.9% -6.2% 3.4% 0.80 4.26 18.37
dlog(SEK) -0.3% 4.6% -12.3% 2.1% -1.70 11.65 385.07
dlog(GBP) 0.0% 5.1% -10.5% 2.3% -0.72 6.00 49.26
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Table 2 OLS Regression Analysis Using 1 Exchange Rate Indicator 1 

Ship.

Company 1 BO CAR COL DAN FLS GN NOV SUP ISS SB TEL APM

Coefficients2:
C 0.01 0.00 0.01 0.00 -0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00

** ** **
dlog(TOTAL) 1.15 0.90 0.65 0.84 1.31 1.16 0.85 1.24 1.03 0.90 0.71 1.51

*** *** *** *** *** *** *** *** *** *** *** ***
dlog(EFDKK) -0.02 0.60 -1.26 1.18 -0.36 -1.54 0.08 1.79 0.07 0.29 -0.38 0.16

* ** * **
R-squared 0.16 0.35 0.27 0.35 0.41 0.39 0.39 0.41 0.24 0.40 0.20 0.64
Residuals:

Jarque-Bera3 201 2.0 29.6 24.6 1.0 4.3 14.0 121 104 1.8 102 9.7
*** *** *** *** *** *** *** ***

Durbin-Watson stat 2.08 1.96 1.94 1.93 2.00 2.23 1.82 1.99 2.32 1.91 2.13 2.15
LM ARCH Test 0.1 0.0 15.1 0.2 1.8 5.8 8.4 0.3 0.0 0.1 0.0 2.5
(Obs*R2) 4 *** ** ***
1 Equation: dlog(Company) = C dlog(TOTAL) dlog(EFDKK) 
2 Level of significance is indicated below the coefficient (1%: ***, 5%: **, 10%: *)
3 Level of significance for normally distributed residuals is indicated below the Jarque-Bera (1%: ***, 5%: **, 10%: *)
4 Level of significance is indicated below Engle's Lagrange Multiplier test statistic   (1%: ***, 5%: **, 10%: *)

  Number of lags is put at 1.

Industry Com. & Ser.
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Table 3 OLS Regression Analysis Using 5 Exchange Rate Indicators 1 

Ship.
Company BO CAR COL DAN FLS GN NOV SUP ISS SB TEL APM
Coefficients2:
C 0.01 0.00 0.01 0.00 -0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00

** *** **
dlog(TOTAL) 1.07 0.90 0.72 0.82 1.29 1.30 0.79 1.20 0.96 0.94 0.70 1.56

*** *** *** *** *** *** *** *** *** *** *** ***
dlog(USD) -0.71 -0.15 0.24 -0.06 0.08 0.26 0.21 0.38 -0.02 -0.01 -0.13 0.35

* * **
dlog(DEM) -1.80 -0.22 2.54 -0.20 -1.07 2.39 -0.05 -1.53 -1.33 0.21 -0.25 0.38

*** ** *
dlog(JPY) -0.13 -0.08 -0.08 -0.39 0.32 0.24 -0.18 -0.21 0.37 0.16 -0.14 0.00

**
dlog(SEK) -0.61 0.42 -0.57 -0.19 0.11 0.13 0.04 0.49 -0.06 0.12 -0.29 0.10

** *
dlog(GBP) 1.70 -0.26 0.27 0.09 -0.12 -0.58 0.10 -1.15 0.16 -0.45 0.66 -0.79

*** *** * * ***
R-squared 0.25 0.38 0.35 0.38 0.43 0.43 0.41 0.50 0.26 0.43 0.24 0.68
Residuals:
Skewness -0.63 0.15 -0.61 -0.27 0.16 -0.26 -0.37 -0.31 -1.29 -0.02 1.06 -0.25
Kurtosis 5.91 3.75 3.87 3.88 3.30 4.30 4.69 5.65 6.79 3.44 7.26 4.84
Jarque-Bera3 44.9 2.9 10.0 4.8 0.9 8.7 15.1 33.1 93.7 0.8 87.7 16.2

*** *** * ** *** *** *** *** ***
Durbin-Watson stat 2.21 1.95 1.75 1.92 2.06 2.15 1.86 2.12 2.30 1.93 2.12 2.14
LM ARCH Test (1 lag) 1.4 0.3 10.1 0.5 2.6 6.7 5.4 0.0 0.0 0.0 0.1 0.9

(Obs*R2) 4 *** *** **
LM ARCH Test (2 lags) 2.4 0.3 16.2 1.7 5.2 6.8 5.8 0.2 0.3 3.6 0.1 1.0
(Obs*R2) 4 *** * ** *
LM ARCH Test (6 lags) 2.8 8.6 17.3 6.0 9.4 7.3 14.3 1.9 1.7 14.0 0.7 1.8
(Obs*R2) 4 *** **
LM ARCH Test (12 lags) 4.4 15.5 18.2 12.9 9.7 12.2 22.1 5.7 7.4 4.3 3.9 6.0

(Obs*R2) 4 ** **

Chow Breakpoint Test 6 20.2 15.5 8.9 11.4 2.4 2.5 11.9 18.7 6.7 4.3 5.5 8.1
(break point = 1994:7) *** ** ***
1
 Equation: dlog(Company) = C dlog(TOTAL) dlog(USD) dlog(DEM) dlog(JPY) dlog(SEK) dlog(GBP) 

2
 Level of significance is indicated below the coefficient (1%: ***, 5%: **, 10%: *)

3
 Level of significance for normally distributed residuals is indicated below the Jarque-Bera (1%: ***, 5%: **, 10%: *)

4
 Level of significance is indicated below Engle's Lagrange Multiplier test statistic   (1%: ***, 5%: **, 10%: *)

5
 Level of significance is indicated below White's test statistic (1%: ***, 5%: **, 10%: *)

6
 Level of significance is indicated below Chow's log likelihood ratio (1%: ***, 5%: **, 10%: *)

Industry Com. & Ser.
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Table 4 GARCH(1,1) Regression Analysis Using 5 Exchange Rate Indicators 1 

Ship.
Company BO CAR COL DAN FLS GN NOV SUP ISS SB TEL APM

Coefficients2:
C 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.01 0.01 0.01 0.00

** ** *** **
dlog(TOTAL) 0.67 0.98 0.75 0.85 1.21 1.04 0.76 1.26 0.93 1.01 0.72 1.53

*** *** *** *** *** *** *** *** *** *** *** ***
dlog(USD) -0.69 -0.13 0.26 -0.14 0.25 0.23 0.25 0.40 -0.09 -0.18 -0.12 0.45

** ** * **
dlog(DEM) -1.44 -0.48 2.66 0.11 -0.93 2.15 -0.05 -1.52 -1.33 0.14 -0.27 0.66

*** ** * ***
dlog(JPY) -0.24 -0.10 -0.06 -0.33 0.27 0.39 -0.33 -0.13 0.40 0.27 -0.15 -0.06

** * ** ** * *
dlog(SEK) -0.44 0.30 -0.56 -0.12 0.11 0.01 0.05 0.38 -0.02 0.10 -0.32 0.04

*
dlog(GBP) 1.94 -0.24 0.17 0.10 -0.01 -0.35 -0.14 -1.35 0.20 -0.59 0.68 -0.61

** * *** *** ** ***

Coefficients2: (var. eq.)
C 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

*** ** *** ** *** *
ARCH(1) 0.29 -0.21 -0.01 -0.06 0.19 0.33 0.13 0.16 -0.07 -0.11 -0.02 0.14

* *** *** * *** **
GARCH(1) 0.61 1.03 0.93 1.04 -0.99 0.23 0.78 0.84 1.05 0.87 0.38 0.76

*** *** *** *** *** *** *** *** *** ***
R-squared 0.23 0.38 0.35 0.38 0.42 0.41 0.39 0.49 0.26 0.41 0.24 0.68
Durbin-Watson stat 2.20 1.96 1.77 1.90 2.01 2.16 1.88 2.07 2.29 1.89 2.11 2.17
1 

Equation: dlog(Company) = C dlog(TOTAL) dlog(USD) dlog(DEM) dlog(JPY) dlog(SEK) dlog(GBP) 
  
 Bollerslev-Wooldrige robust standard errors & covariance

2
 Level of significance is indicated below the coefficient (1%: ***, 5%: **, 10%: *)

Industry Com. & Ser.


