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SUMMARY

This thesis examines exchange rate exposure of 30 U.S. industries between

1974 and 2008 using traditional and orthogonalized linear models. Similar to the

literature, when using traditional linear model we find that exposure is very time

dependent and often insignificant. However, we discover that orthogonalization helps

uncover more evidence of industry exposure. Within the orthogonalized linear model

framework, we find that exposure is statistically and economically important, and the

effect of orthogonalization is more pronounced for exposure to currency indices. We

also test symmetry in exchange rate exposure by subdividing the sample period into

the periods of appreciations and depreciations. Interestingly, we find little evidence

that exchange rate is asymmetric even if we use orthogonalized linear model. Lastly,

we discover that exchange rate exposure cannot be explained by our international

trade data.
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CHAPTER I

BACKGROUND INFORMATION, INTRODUCTION AND

LITERATURE REVIEW

1.1 Background Information

1.1.1 Exchange Rate Exposure

As firms are engaged in international activities such as importing, exporting, and

investing in foreign countries, they are exposed to the risk of exchange rate move-

ments. Fluctuations in exchange rates can affect the settlement of contracts, cash

flows, the firm’s value, and its position in the market. As a result, exchange rate

exposure which measures the sensitivity of the firm’s stock returns to the exchange

rate changes is an important issue for financial managers. It is conventional to classify

exchange rate exposure into three types:

1. Transaction exposure can be defined as the sensitivity of domestic currency

values of the firm’s contractual cash flows denominated in foreign currencies to

unexpected exchange rate changes. Transaction exposure arises when firms are

engaged in fixed price contracts. To illustrate, suppose that a U.S. firm bought

a product from its Japanese supplier who gave three-month credit terms and

invoiced ¥100 million. When the U.S. firm pays the ¥100 million, it has to

convert the dollars into Yens at the spot exchange rate on the maturity date.

As a result, the actual dollar amount that it has to pay is unpredictable; should

the Yen appreciate the dollar amount will be higher.

2. Economic exposure can be defined as exposure to unanticipated changes

in exchange rates, which can have effect on the firm’s competitive position

in the international market and thus on its earnings, cash flows and foreign
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investments. Suppose, for example, that the U.S. dollar appreciates significantly

against the Japanese Yen. This change will hurt the U.S. auto industry as cars

from Japan will be less expensive, and thus it would bolster the competitive

position of Japanese car makers.

3. Translation exposure is defined as the risk that the firm’s consolidated fi-

nancial statements can be affected by changes of exchange rates. Suppose a

U.S. firm has a subsidiary in the United Kingdom. This subsidiary will produce

financial statements in British Pound. In order to consolidate financial state-

ments worldwide, the firm must translate the financial statement from British

Pound to U.S. dollar. Thus it is obvious that numbers in the consolidated finan-

cial statement will be based on the exchange rate movements of British Pound

against the U.S. dollar.

1.1.2 Asymmetric Responses to Exchange Rate Movements

In most studies, exchange rate exposure is assumed to be symmetric, meaning

that the firm value change symmetrically in response to appreciations and depreca-

tions of domestic currency. For example, a net importer is assumed to benefit from

appreciations of the domestic currency and suffer from deprecations of the domestic

currency. However, firms’ values often behave asymmetrically to changes of exchange

rates for several reasons1.

1. Asymmetric exposure due to asymmetric price-to-market behavior

Pricing to market involves adjusting export prices based on the degree of com-

petition in foreign markets. For example, exporters with an objective of main-

taining their market shares will not allow foreign currency prices to increase

1See Koutmos and Martion (2003)
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when the domestic currency appreciates. To avoid the risk of losing sales vol-

ume, they would maintain foreign currency prices and thus reduce their domes-

tic profit margins. On the other hand, when the domestic currency depreciates,

such exporters will lower foreign currency prices so that their sales volumes

increase. Hence, cash flows would increase to a lesser degree with domestic

currency depreciations than decrease with domestic currency appreciations.

2. Asymmetric responses due to hysteretic behavior Hysteresis refers to

effects that persist after the original causes of the effects no longer exist. It is

reasonable that new exporters are attracted to the market when the domestic

currency weakens. However when the domestic currency strengthens, exporters

may exhibit hysteretic behavior by remaining in the less favorable market to

protect their high sunk-cost investments.

3. Asymmetric responses due to asymmetric hedging behavior A com-

pany’s attempt to manage its exchange rate exposure is called hedging. Firms

can hedge using various financial contracts and operational techniques. Exam-

ples are forward market hedging, option market hedging, choice of the invoice

currency and exposure netting.2 Since firms usually take one side hedges to pre-

vent losses from macroeconomic shocks, the relation between firms’ value and

the exchange rate movements is often known to be asymmetric. For example,

a firm with a long position3 will usually hedge against the depreciations of the

U.S. dollar and remain unhedged against appreciations. In an event of dollar

appreciation, the firm will benefit; however, if the dollar depreciate, the firm

will not suffer given that it is appropriately hedged.

2See Eun, C. and Redsnick (2005)
3Long position implies that the firm will benefit when the U.S. dollar appreciates and suffer when

the it depreciates. For example, a firm that is expecting to pay a fixed amount of foreign currency
to its supplier in the future is considered having a long position of U.S. dollar.
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1.2 Introduction and Literature Review

The study regarding the relationship between foreign exchange rate movements

and the value of the firm has been a contentious issue in the international financial

economics literature. Dumas (1978) and Adler and Dumas (1980, 1984) suggest that

exchange rate exposure can be defined as the sensitivity of stock returns to exchange

rate movements. As discussed in the previous chapter, one would expect exchange

rate exposure to be significant; however, many early studies suggest otherwise. For

example, Jorion (1990) finds that only 15 out of 287 of U.S. multinational corpora-

tions exhibit significance at 5% level. Griffin and Stulz (2001) show that common

shocks to industries across countries are significantly more important to firms’ values

than competitive shocks due to changes in exchange rates. He and Ng (1998) re-

port that 25% of 171 Japanese multinational corporations have significant exposure.

Several studies have tried to explain this puzzle. There have been some studies

that suggest nonlinear exchange rate exposure. Kizysand Pierdzioch (2007) exam-

ine exchange rate exposure by using nonlinear models with time-varying parameters.

Their study shows that exchange rate exposure of Japan, the U.K. and the U.S. are

nonlinear and vary over time. This finding is also consistent with Bartram (2004)

who shows that the classical approach for exposure estimation appears to be unreal-

istic and too simplifying. There have also been studies that try to explain the role of

foreign activities on the exchange rate exposure of a firm or an industry. Using data

on U.S. companies, Jorion (1990) shows that exchange rate exposure is positively

correlated with the degree of foreign involvement. Moreover, he finds low variability

in exposure coefficients among firms with low or no foreign involvement. He and Ng

(1998) suggest that the exchange rate exposure of a firm is determined by its level of

export ratio as well as firm’s hedging policy. Dominguez and Tesar (2006) examine

correlations between exposure and firm size, multinational status, foreign sales, inter-

national assets, and competitiveness and trade at the firm and industry levels of eight
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countries. They discover that for five out of the eight countries in the sample, over

20% of the firms are exposed to weekly exchange rate movements and that exposure

at the industry level is generally much higher, with over 40% of industries exposed in

Germany, Japan, the Netherlands and the U.K..

Bartov and Bodnar (1994) suggest that asymmetric exposure, among other com-

plexities, might contribute to the failures of previous studies to show significant

correlation between exchange rate and stock returns. There have been relatively

few studies that address this issue. For instance, Choi and Prasard (1995) discover

that approximately 60% of U.S. multinational firms with significant exposure bene-

fited, and around 40% suffered, with a depreciation of dollar. Koutmos and Martin

(2003) propose that asymmetric exchange rate exposure may occur due to asymmetric

pricing-to-market behavior, hysteretic behavior, and asymmetric hedging behavior.

They also provide empirical evidence that show asymmetric exposure in Germany,

Japan, the U.K., and the U.S..

Recent studies also include Priestley and Ødegaard (2007) who study the exchange

rate exposures by orthogonalizing the market returns with respect to exchange rate

changes and a set of macroeconomic factors. They find that the extent of exposures is

only fully revealed when we subdivide the sample period into regimes and simultane-

ously use an orthogonalized market portfolio in the regression4. Batram and Karolyi

(2006) take a new look at the exposure puzzle by studying the potential impact of the

introduction of the Euro on stock returns of 3,220 nonfinancial firms from 20 coun-

tries. They find that the introduction of the Euro decreased foreign exchange rate

exposure, but these changes are statistically and economically small. Bae, Kwon,

and Li (2008) study the exchange rate exposure and risk premium by using data

on American depositary receipts (ADR)5 of Australia, Japan, France and the U.K..

4See also Eq. (3)
5ADR represents a specified number of shares in a foreign stock that is traded on a U.S. exchange.
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They show that the exchange rate changes are negatively correlated with the under-

lying share of ADRs, but positively to ADR returns observed in the U.S. markets.

They also discover that U.S. and local investors require different risk premiums for

exchange rate risk present in ADR investments.

This thesis examines exposure of thirty U.S. industry portfolios to movements in

U.S. Dollar over the floating period by using monthly data. With few exceptions the

literature typically uses exchange rate indices to examine the exposure. In this thesis

you use both exchange rate indices as well as bilateral exchange rates. More specif-

ically, we utilize an index that measures the value of US Dollar against the U.S.’s

major trading partners and an index that is more broad in terms of coverage. We

use two bilateral U.S. Dollar rates namely Euro-USD and Yen-USD rates. These two

represent major trading blocks of the U.S. Use of both index and bilateral rates may

uncover interesting results in terms of the degree and direction of exposure. Following

the literature, we explore exposure first by running conventional regression models

as well as a methodology that allows us to separate the entire sample into periods

of appreciations and depreciations effectively and hence thereby allows us to study

if the exposure of industry portfolios may have asymmetric behavior as such appre-

ciations have different exposure profiles than depreciations in general. This is novel

(to our best knowledge) as it has not been used in the exposure literature before.

In order to address the endogeneity between portfolio returns and the exchange rate

returns, following Priestley and Ødegaard (2007), we also use orthoganizled regres-

sions in investigating the exposure of industry portfolios. In addition to asymmetry

in exposure, we also investigate if there is variation across subsamples by splitting

the sample into 6 subperiods, 1974-1978, 1979-1985, 1985-1990, 1991-1995, 1996-2001

and 2002-2008. To better visualize the variation of exposure across time, we also

perform rolling regression of the traditional linear model with the window size of 60

months and plot the graphs of exposure for 11 industries for illustration.
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Similar to the literature, we find that when using traditional linear regression in

estimating exposure, there is little evidence of exchange rate exposure. When using

the orthogonalization method proposed by Priestley and Ødegaard (2007), we find

similar results to theirs in that we uncover more evidence of exposure. Our results

also suggest that exposure is usually time dependent which is also consistent with

previous studies. We however find little evidence about asymmetry of exposure both

in the traditional model and orthogonalized model. For most industries, we cannot

reject the null hypothesis that the exposure is symmetric. We also compare the trade

data of a subset of the industries with the exposure results of these industries. We

discover that an industry’s exposure cannot always be explained by its trade data, at

least by our data. For example, an industry which most heavily exports probably is

not the most exposed industry.
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CHAPTER II

METHODOLOGY

2.1 Traditional Linear Exposure

Adler and Dumar (1984) define firm-specific exchange rate exposure as the effect

of exchange rate changes on the value of a firm after controlling for market move-

ments. Thus exchange rate exposure of an industry can be measured by the following

regression:

rit = αi0 + βimrmt +
n∑

j=1

αi,jxj,t + εit (1)

where rit is the excess return on industry i at time t, rmt is the excess return on the

market portfolio, xj,t is the percentage change in j exchange rate, αi0 is a constant,

and εit is the random error. Since one important characteristic of the stock return and

interest rate data is the presence of heteroscedasticity, robust standard errors are used.

αi,j, the slope coefficient, is the estimate of currency j exposure because it describes

the sensitivity of stock returns to changes in currency j. However, interpreting αi,j as

exposure raises a problem. Since the market portfolio is an aggregation of individual

industry stocks, if individual industries are exposed, so is the market. As Priestley

and Ødegaard (2007) point out, αi,j is not the total exchange rate exposure of industry

i to exchange rate j, but rather the exposure of industry i over and above that of

the market portfolio. Suppose for example that an industry has the same exposure

as the market portfolio, estimation results from Eq. (1) would lead to a conclusion

that the exposure of such industry is zero. This issue warrants an investigation since

Dumas and Solnik (1995) has shown that market portfolios are exposed to exchange

rate movements. To address this issue, we introduce orthogonalized linear exposure.
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2.2 Traditional Linear Exposure with Macroeconomic Vari-
ables

In the section 2.3 we will discuss the orthogonalization method where four macroe-

conomic factors are added to the regression as independent variables. In order to see

the effect of the method, we need to include the macroeconomic factors into the right

hand side of Eq. (1) and rewrite it as follows:

rit = αi0 + βimrmt +
n∑

j=1

αi,jxj,t + amzzt + εit (2)

where zt is a vector of macroeconomic variables, namely, changes in consumer price

index, changes in industrial production, term spread and default spread1. The pur-

pose of adding these variables into the regression is twofold. First, we can observe if

the variables have explanatory power in the traditional exposure regression. Second,

it allows us to see the effects of orthogonalization by comparing the exposure obtained

from estimating Eq. (2), with that from Eq. (6) below.

2.3 Orthogonalized Linear Exposure

Following Priestley and Ødegaard (2007), we first orthogonalize the return of

market portfolio on a set of changes of exchange rates:

rmt =
n∑

j=1

αi,jxj,t + umt (3)

where umt is an error term which is defined as the orthogonal market return. That is

the part of market portfolio return uncorrelated with the changes in exchange rates.

Allayannis (1996) and Griffin and Stulz (2001) have employed this technique; however,

they find that orthogonalization does not materially affect their results. Priestley and

Ødegaard (2007) point out that orthogonalization in Eq. (3) is still inadequate since it

1Details on how we define and obtain these variables are discussed in chapter 3.
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does not take into account the fact that the market portfolio return and the exchange

rate may be related to some macroeconomic variables unrelated to exposure. In order

to take these effects out of the market portfolio and exchange rate, we estimate the

following regressions:

rmt =
n∑

j=1

αi,jxj,t + amzzt + umt (4)

xj,t = amzzt + uj,t (5)

where zt is the vector of macroeconomic variables discussed in Section 2.2. Now

umt is the orthogonal market portfolio return, and uj,t is the orthogonalized changes

of exchange rate j. Priestley and Ødegaard (2007) argue that this methodology

removes the correlation between exchange rates and stock returns caused by the

macroeconomic factors. Now we can estimate the orthogonalized linear exchange

rate exposure using the following regression:

rit = αi0 + βimrmt +
n∑

j=1

αi,juj,t + aizt + vit (6)

where αi,j is the orthogonalized linear exposure of industry i to exchange rate j.

2.4 Testing Symmetry in Exchange Rate Exposure

To test for possible asymmetries in exposure, Koutmos and Martin (2003) extend

traditional linear model by decomposing exchange rate change into its positive and

negative components. This methodology is equivalent to subdividing the sample

periods into those with positive and negative exchange rate changes. Bansal (1997)

and Baillie and Kilic (2006) undertook similar decompositions. However, they use

this approach to study forward premium puzzle. We define x+
j,t = Max(xj,t, 0) and

x−j,t = Min(xj,t, 0) and rewrite Eq. (1) as follows:

rit = αi0 + βimrmt +
n∑

j=1

(α+
i,jx

+
j,t + α−i,jx

−
j,t) + εit (7)
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We decompose the orthogonalized exchange rate movements in a similar fashion;

define u+
j,t = Max(uj,t, 0) and u−j,t = Min(uj,t, 0) and rewrite Eq. (6) as follows:

rit = αi0 + βimrmt +
n∑

j=1

(α+
i,ju

+
j,t + α−i,ju

−
j,t) + aizt + vit (8)

We can use Eq. (7) and Eq. (8) to test the null hypothesis that exposure is symmetric,

i.e., H0 : α−i,j = α+
i,j against the alternative hypothesis: Ha : α−i,j 6= α+

i,j. Also we will

test the null hypothesis that the joint null hypothesis that the exposure is zero and

symmetric, i.e., H0 : α−i,j = α+
i,j = 0 against the null hypothesis Ha : H0 is not true.

11



CHAPTER III

DATA AND DESCRIPTIVE STATISTICS

3.1 Exchange Rates

In this thesis we use the data on broad and major currency indices as well as

bilateral exchange rates. The currency indices are weighted averages of the foreign

exchange value of the U.S. dollar against a subset of the broad index currencies that

circulate widely outside the country of issue. Broad currency index includes the Euro

Area, Canada, Japan, Mexico, China, United Kingdom, Taiwan, Korea, Singapore,

Hong Kong, Malaysia, Brazil, Switzerland, Thailand, Philippines, Australia, Indone-

sia, India, Israel, Saudi Arabia, Russia, Sweden, Argentina, Venezuela, Chile and

Colombia. Major currency index includes the Euro Area, Canada, Japan, United

Kingdom, Switzerland, Australia, and Sweden. Both currency indices are converted

to the same base month, March 1997. Following the work of Priestley and Ødegaard

(2007), we choose Japanese Yen and Euro as the bilateral currencies because Japan

and Euro are major trading partners of the U.S. and their industries compete with

those of the U.S.1 We collected the data on exchange rates from the Federal Reserve

Bank of St. Louis’s website. Data on Japanese Yen and trade weighted exchange

indices are available for the entire sample period. Data on Euro are available only

after January 1999, the month in which the Euro was introduced. We however use

the European community exchange rate (ECU) as the proxy for the Euro before 1999.

ECU data are available from December 1978 to December 1998.

1According to Bureau of Transportation Statistics, Japan was the second largest trading partner
of the U.S. between 1970’s and 1990’s and is currently listed as the fourth largest. Germany, United
Kingdom, France and Italy have been consistently considered as major trading partners of the U.S.
for the entire sample period.
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Figure 1 plots the time series of the major currency index and the percentage change

of the index. During the sample period, the dollar shows distinct periods of appreci-

ations and depreciations. The dollar started to appreciate substantially around 1980

and reached its peak around 1985. This was due to high interest rates in the U.S.

The increase in the value of the dollar was followed by a sharp depreciation which

was caused by the high trade deficit and the Plaza Accord.2 The dollar continued

to depreciate until 1987 when it was stabilized briefly by government intervention.

However, the devaluation resumed in the late 1980s. Then the dollar was relatively

stable in the first half of 1990s and began to appreciate in 1995 and reach its second

peak in 2002. This was followed by a period of depreciation from 2002 to the middle

of 2008. This was probably caused by the increasing popularity of Euro in interna-

tional transactions after 2001.

Figure 2 plots the time series of the broad currency index and its monthly per-

centage change. We can observe that the dollar started to appreciate in 1974 and

peaked in 1985. This was followed by a slight depreciation until the dollar recovered

just before 1990. Then there was a stable increase of dollar during 1990 to 2002.

During 2002 to 2008, the dollar weakened continuously except for the spike towards

the end of 2008.

Figure 4 shows the movements of the U.S. dollar per Euro. The movements of

dollar relative to Euro are very similar to those of the major exchange rate index.

This could be resulted from the fact that the majority of currencies in the exchange

rate basket are in the Euro zone. Looking at Figure 3, we can see that the extent of

dollar appreciation in the 1990s was much less relative to the Japanese Yen than to

the exchange rate index. This is also the case for the period of dollar appreciation in

the 1990s.

2Plaza Accord was an international agreement signed in 1985 in an attempt to devalue the U.S.
dollar.
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Figure 1: The time series plots of the major currency index and the percentage
change of the index.
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Figure 2: The time series plots of the broad currency index and the percentage
change of the index.
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Figure 3: The time series plots of Yen/USD and the percentage change of the
exchange rate.
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Figure 4: The time series plots of the Euro/USD and the percentage change of the
exchange rate.
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3.2 Industry and Market Returns

In this thesis, we investigate exchange rate exposure at the industry level. We

collect value weighted stock returns of 30 U.S. industries provided by Kenneth French

and Eugene Fama. They assign each NYSE, AMEX, and NASDAQ stock to an

industry portfolio based on its four-digit SIC code at that time. We use the S&P

500 monthly return as the proxy for market return. The data are sampled over the

period of January 1974 to December 2008. The excess return is defined as the return

subtracted by the 3 month treasury bill rate. The treasury bill rate was also obtained

from the Federal Reserve Bank of St. Louis’s website.

Table 2 reports the summary statistics of excess returns for the 30 industries

over the period of January 1974 to December 2008. Tobacco industry is the most

profitable sector with average monthly excess return of 1.00%, and the least profitable

are those categorized as ”Others” with 0.27% average return. The most volatile

industry is coal with a standard deviation of 10.39% for the excess return. Another

interesting characteristic of the excess return data is the skewness. Returns of only

four industries, namely, food, healthcare, coal, and petroleum are right-skewed. This

characterized abnormal losses in most industries.

3.3 Macroeconomic Variables

As discussed in chapter 2, we also need a set of macroeconomic variables, namely,

changes in consumer price index, changes in industrial production, term spread and

default spread. We define term spread as 10 year treasury constant maturity rate

subtracted by 3 month treasury bill rate. Default spread is defined as Moody’s Baa

corporate bond yield subtracted by Aaa corporate bond yield. All data are available

for the entire sample period and obtained from the Federal Reserve Bank of St. Louis’s

website.
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Table 1: Summary statistics of excess industry returns

Industry Mean Std. Dev. Min Max Skewness Kurtosis

Food Products 0.68 4.69 -17.98 19.71 0.05 5.24
Beer & Liquor 0.69 5.71 -20.15 25.30 -0.05 5.08
Tobacco Products 1.00 6.61 -25.37 32.37 -0.05 5.67
Recreation 0.59 6.94 -33.36 30.45 -0.55 6.20
Printing and Publishing 0.45 5.50 -26.24 22.81 -0.32 5.52
Consumer Goods 0.40 4.97 -22.18 18.00 -0.26 5.04
Apparel 0.67 6.57 -31.37 31.87 -0.06 6.13
Healthcare, Medical Equipment,
Pharmaceutical Products

0.53 5.22 -20.98 28.96 0.13 5.63

Chemicals 0.43 5.62 -28.47 21.65 -0.26 5.58
Textiles 0.45 6.51 -33.14 22.39 -0.77 6.55
Construction and Construction
Materials

0.51 6.07 -29.19 25.30 -0.40 6.03

Steel Works Etc 0.34 7.65 -32.57 30.43 -0.29 5.57
Fabricated Products and Ma-
chinery

0.39 6.37 -31.71 21.92 -0.66 5.93

Electrical Equipment 0.72 6.40 -32.60 18.58 -0.32 4.99
Automobiles and Trucks 0.28 6.74 -36.58 22.03 -0.52 6.01
Aircraft, ships, and railroad
equipment

0.78 6.46 -31.04 23.00 -0.42 4.91

Precious Metals, Non-Metallic,
and Industrial Metal Mining

0.33 8.02 -34.33 34.69 -0.18 4.78

Coal 0.89 10.39 -38.13 45.79 0.36 5.25
Petroleum and Natural Gas 0.67 5.65 -19.21 23.26 0.06 4.43
Utilities 0.50 4.17 -12.88 18.28 -0.09 4.10
Communication 0.43 4.90 -15.95 21.99 -0.21 4.53
Personal and Business Services 0.67 6.91 -28.59 23.42 -0.15 4.17
Business Equipment 0.41 7.47 -32.15 24.40 -0.29 4.61
Business Supplies and Shipping
Containers

0.37 5.31 -27.59 19.63 -0.20 5.71

Transportation 0.51 5.73 -28.58 18.58 -0.35 4.85
Wholesale 0.54 5.41 -29.18 17.29 -0.44 6.04
Retail 0.60 5.80 -29.80 26.56 -0.17 5.20
Restaurants, Hotels, Motels 0.62 6.08 -24.48 27.27 -0.28 4.94
Banking, Insurance, Real Estate,
Trading

0.52 5.39 -22.38 20.40 -0.38 5.02

Others 0.27 5.72 -27.89 19.67 -0.43 5.10
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Table 2: Summary statistics of macroeconomic variables

Industry Mean Std. Dev. Min Max Skewness Kurtosis

Percentage Change of Consumer
Price Index

0.36 0.38 -1.92 1.52 -0.30 6.44

Percentage Change of Industry
Production

0.20 2.05 -5.24 5.65 -0.20 3.13

Term Spread 0.14 0.11 -0.22 0.37 -0.52 2.80
Default Spread 0.09 0.04 0.05 0.28 1.46 5.56

3.4 Import, Export and Market Capitalization

We obtained data on imports and exports from the Center for International Data

at UC Davis. Data are available for only 21 industries from 1974 to 2006 as shown

in Table 3. We assign each observation to an industry basket based on its four-digit

SIC code. Data on market capitalization are available at Kenneth French’s website.

Even though data on imports and exports from 2007 to 2008 are not available, we

assume that the lack of the data will not materially affect the ranking. We rank each

industry based on 2 measures that characterize its international activities. Table 3

shows the ranking based on average normalized total international trade, defined as

the average ratio of the sum of imports and exports to market capitalization of the

industry in each time period. The concept of normalizing imports and exports data

has been used by Chakraborty et al (2008). Table 4 reports the ranking based on

average ratio of exports to imports in each time period. Looking at Table 3, we find

that during the period 1974-2006 the apparel industry and the tobacco industry are

the most and least trade intensive, respectively. We can also see that the rankings

change quite significantly from period to period. This corresponds to changes in

import and export values of each portfolio and changes in market capitalization of

each industry. Considering the first column of Table 4, the industry that exports
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most heavily compared to its imports during 1974-2006 is the coal industry. This

holds true for almost every sub-periods except in the last sub-period.

21



T
a
b
le

3
:

In
d
u
st

ry
R

an
k
in

g
B

as
ed

on
N

or
m

al
iz

ed
Im

p
or

t
+

E
x
p

or
t

In
du

st
ry

19
74

-2
00

6
19

74
-1

97
8

19
79

-1
98

5
19

85
-1

99
0

19
91

-1
99

5
19

96
-2

00
1

20
02

-2
00

6
Fo

od
P

ro
du

ct
s

9
4

4
9

12
9

11
B

ee
r

&
L

iq
uo

r
20

13
14

18
21

21
20

T
ob

ac
co

P
ro

du
ct

s
21

20
21

19
15

20
21

R
ec

re
at

io
n

10
8

9
8

9
10

12
P

ri
nt

in
g

an
d

P
ub

lis
hi

ng
18

19
19

21
19

18
18

C
on

su
m

er
G

oo
ds

12
18

16
12

11
11

10
A

pp
ar

el
1

1
2

1
2

1
3

H
ea

lt
hc

ar
e,

M
ed

ic
al

E
qu

ip
m

en
t,

P
ha

rm
ac

eu
ti

ca
l

P
ro

du
ct

s
19

21
20

20
20

19
19

C
he

m
ic

al
s

11
15

11
13

13
12

7
T

ex
ti

le
s

3
5

5
4

6
2

2
C

on
st

ru
ct

io
n

an
d

C
on

st
ru

ct
io

n
M

a-
te

ri
al

s
8

11
10

10
8

7
9

St
ee

l
W

or
ks

E
tc

4
7

3
6

5
4

4
Fa

br
ic

at
ed

P
ro

du
ct

s
an

d
M

ac
hi

ne
ry

5
6

7
5

4
5

6
E

le
ct

ri
ca

l
E

qu
ip

m
en

t
15

12
12

17
16

17
5

A
ut

om
ob

ile
s

an
d

T
ru

ck
s

2
9

6
3

3
3

1
A

ir
cr

af
t,

sh
ip

s,
an

d
ra

ilr
oa

d
eq

ui
p-

m
en

t
7

3
8

7
7

6
8

P
re

ci
ou

s
M

et
al

s,
N

on
-M

et
al

lic
,

an
d

In
du

st
ri

al
M

et
al

M
in

in
g

14
10

13
14

17
16

17

C
oa

l
6

2
1

2
1

8
15

P
et

ro
le

um
an

d
N

at
ur

al
G

as
16

14
15

16
18

15
13

U
ti

lit
ie

s
N

A
N

A
N

A
N

A
N

A
N

A
N

A
C

om
m

un
ic

at
io

n
N

A
N

A
N

A
N

A
N

A
N

A
N

A
P

er
so

na
l

an
d

B
us

in
es

s
Se

rv
ic

es
N

A
N

A
N

A
N

A
N

A
N

A
N

A
B

us
in

es
s

E
qu

ip
m

en
t

13
17

17
11

10
13

14
B

us
in

es
s

Su
pp

lie
s

an
d

Sh
ip

pi
ng

C
on

ta
in

er
s

17
16

18
15

14
14

16

T
ra

ns
po

rt
at

io
n

N
A

N
A

N
A

N
A

N
A

N
A

N
A

W
ho

le
sa

le
N

A
N

A
N

A
N

A
N

A
N

A
N

A
R

et
ai

l
N

A
N

A
N

A
N

A
N

A
N

A
N

A
R

es
ta

ur
an

ts
,

H
ot

el
s,

M
ot

el
s

N
A

N
A

N
A

N
A

N
A

N
A

N
A

B
an

ki
ng

,
In

su
ra

nc
e,

R
ea

l
E

st
at

e,
T

ra
di

ng
N

A
N

A
N

A
N

A
N

A
N

A
N

A

O
th

er
s

N
A

N
A

N
A

N
A

N
A

N
A

N
A

22



T
a
b
le

4
:

In
d
u
st

ry
R

an
k
in

g
B

as
ed

on
E

x
p

or
t/

Im
p

or
t

In
du

st
ry

19
74

-2
00

6
19

74
-1

97
8

19
79

-1
98

5
19

85
-1

99
0

19
91

-1
99

5
19

96
-2

00
1

20
02

-2
00

6
Fo

od
P

ro
du

ct
s

5
8

6
5

6
5

6
B

ee
r

&
L

iq
uo

r
19

20
21

19
19

18
18

T
ob

ac
co

P
ro

du
ct

s
2

2
2

2
2

1
1

R
ec

re
at

io
n

18
18

18
18

18
19

19
P

ri
nt

in
g

an
d

P
ub

lis
hi

ng
6

10
8

6
4

6
7

C
on

su
m

er
G

oo
ds

17
15

14
17

17
17

17
A

pp
ar

el
20

19
19

21
20

20
21

H
ea

lt
hc

ar
e,

M
ed

ic
al

E
qu

ip
m

en
t,

P
ha

rm
ac

eu
ti

ca
l

P
ro

du
ct

s
8

6
7

7
8

9
11

C
he

m
ic

al
s

4
5

4
4

5
4

4
T

ex
ti

le
s

12
11

13
14

14
12

9
C

on
st

ru
ct

io
n

an
d

C
on

st
ru

ct
io

n
M

a-
te

ri
al

s
14

12
12

13
13

14
15

St
ee

l
W

or
ks

E
tc

15
16

17
15

15
15

14
Fa

br
ic

at
ed

P
ro

du
ct

s
an

d
M

ac
hi

ne
ry

7
4

5
8

7
7

8
E

le
ct

ri
ca

l
E

qu
ip

m
en

t
11

7
9

10
11

13
12

A
ut

om
ob

ile
s

an
d

T
ru

ck
s

16
14

16
16

16
16

16
A

ir
cr

af
t,

sh
ip

s,
an

d
ra

ilr
oa

d
eq

ui
p-

m
en

t
3

3
3

3
3

3
2

P
re

ci
ou

s
M

et
al

s,
N

on
-M

et
al

lic
,

an
d

In
du

st
ri

al
M

et
al

M
in

in
g

13
17

15
12

9
8

5

C
oa

l
1

1
1

1
1

2
3

P
et

ro
le

um
an

d
N

at
ur

al
G

as
21

21
20

20
21

21
20

U
ti

lit
ie

s
N

A
N

A
N

A
N

A
N

A
N

A
N

A
C

om
m

un
ic

at
io

n
N

A
N

A
N

A
N

A
N

A
N

A
N

A
P

er
so

na
l

an
d

B
us

in
es

s
Se

rv
ic

es
N

A
N

A
N

A
N

A
N

A
N

A
N

A
B

us
in

es
s

E
qu

ip
m

en
t

10
9

10
9

12
11

13
B

us
in

es
s

Su
pp

lie
s

an
d

Sh
ip

pi
ng

C
on

ta
in

er
s

9
13

11
11

10
10

10

T
ra

ns
po

rt
at

io
n

N
A

N
A

N
A

N
A

N
A

N
A

N
A

W
ho

le
sa

le
N

A
N

A
N

A
N

A
N

A
N

A
N

A
R

et
ai

l
N

A
N

A
N

A
N

A
N

A
N

A
N

A
R

es
ta

ur
an

ts
,

H
ot

el
s,

M
ot

el
s

N
A

N
A

N
A

N
A

N
A

N
A

N
A

B
an

ki
ng

,
In

su
ra

nc
e,

R
ea

l
E

st
at

e,
T

ra
di

ng
N

A
N

A
N

A
N

A
N

A
N

A
N

A

O
th

er
s

N
A

N
A

N
A

N
A

N
A

N
A

N
A

23



CHAPTER IV

EMPIRICAL RESULTS

This chapter reports the results of estimating exchange rate exposure. First we

discuss the results from estimation of traditional linear exposure in Eq. (1). To

see the effects of macroeconomic factors, we also report the results from regressing

excess stock returns on the macroeconomic factors, the market excess return and the

changes of exchange rates as described in Eq. (2). Then we discuss the results from

orthogonalized regressions as described in Eq. (6). In each model we report results

from the estimation of exposure to the currency indices, Euro and Japanese Yen. We

also report the results from testing symmetry in exchange rate exposure using the

method described in section 2.4. At the end of this section, we also plot the graphs of

exposure estimates of 11 industries using rolling regression method with the window

size of 60 months.

4.1 Traditional Linear Exposure

4.1.1 Exposure to Euro and Yen

Tables 5, 6, and 7 report the results from estimating traditional linear exposure

to Euro and Japanese Yen. More specifically, we estimate the exposure using Eq.

(1) and use Japanese Yen and Euro as the set of exchange rates. The tables report

results for each of the five subperiods and the entire sample. We examine economic

significance of exposure coefficients by looking at the size of the coefficients and the

change in the adjusted R2 (∆R̄2) from adding the exchange rate changes to the re-

gression.

Considering the entire sample period, 1979 to 2008, only three out of 30 industries
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have significant exposure1 to Euro, and only two industries are statistically exposed

to the Japanese Yen. Sixteen industries have negative coefficients on changes of U.S.

dollar against Euro, while eight industries have negative coefficients on changes of

U.S. dollar against Japanese Yen. Roughly speaking, this implies that the U.S. in-

dustries benefit more from the appreciations of the U.S. dollar against Japanese Yen

than from those of U.S. dollar against Euro. Coal industry is the only industry that

is exposed to both currencies. The ∆R̄2 of each industry is low with an average of

0.0019. Coal industry has the largest ∆R̄2 of 0.021. It is interesting to note that the

coal industry has negative significant exposure to Euro, while it is positively exposed

to Japanese Yen. This means that it suffers when U.S. dollar appreciates against

Euro and suffers when U.S. dollar appreciates against Japanese Yen.

Although Table 3 shows that apparel industry is among the most trade intensive

industries, our results suggest that it is not exposed to Euro or Japanese Yen in any

subperiod.

Considering the subperiods, we find that the number of industries that are exposed

to the currencies changes significantly across the subperiods. In the first subperiod,

1979 to 1985, no industry is statistically exposed to movements of the U.S. dollar

against Japanese Yen or Euro. On the other hand, seven industries are statistically

exposed to the currencies during 1986 to 1990. Furthermore, one industry is exposed

during 1996 to 2001 while six are exposed during 2002 to 2008. It is also interesting to

note that the sign of exposure also changes significantly over time. For example, the

coal industry is negatively exposed to Euro in the first and the last two subperiods

and is positively exposed to the currency in the second and third subperiod.

In conclusion, using traditional linear exchange rate exposure model, we find that

1We consider an industry as significantly exposed if the estimated exposure is significant at 5%
level.
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few industries have statistically significant exposure coefficients and exposure is gen-

erally not economically significant.

4.1.2 Exposure to Broad and Major Currency Indices

Tables 8 through 11 report the results of the estimates of linear exchange rate

exposure to broad and major currency indices. Considering the entire sample, 1974

to 2008, seven industries are statistically exposed to broad currency index movements

and three industries are exposed to major currency index movements. For most

industries, the signs and the sizes of the coefficients of both indices are consistent

in both regressions. The average ∆R̄2 in both regressions are almost the same at

approximately 0.002. Similar to the those we get from estimating of exposure to Euro

and Japanese Yen, the exposure coefficients change signs across the subperiods. The

number of industries that are exposed to the broad currency index in each subperiod

ranges from one to five. On the other hand, the number ranges from zero to six in

the case of major currency index. If we consider the entire sample period, we can

see that precious metal industry and coal industries are the most statistically and

economically exposed industries to the broad currency index. On the other hand, the

top two industries in the case of major currency index are precious metal and retail

industries.

These results however are not consistent with our trade data in that the precious

metal industry is ranked in the middle by average normalized total international trade

and export-import ratio. In summary, similar to the bilateral exchange rate case, only

a few industries are found to have statistically or economically significant exposure

to the currency indices. Moreover, exposure coefficients of most industries vary both

in size and sign over time.
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4.2 Orthogonalized Linear Exposure

4.2.1 Exposure to Euro and Yen

Table 12, 13, and 14 report the estimates of orthogonalized linear exposure to

Euro and Japanese Yen which is discussed in section 2.3. Considering the results of

the entire sample period, we find that 12 industries are statistically exposed to Euro

as opposed to three industries when using traditional linear model. Additionally, six

industries are found to have significant exposure to Japanese Yen; on the other hand,

only two industries are found to be significantly exposed to the currency when using

unorthogonalized linear model. On average, ∆R̄2 is 0.006, triple that of the traditional

linear model. Coal industry remains the most statistically and economically exposed

industry to both currencies with relatively high ∆R̄2 of 0.026. Considering the results

for subperiods, we find that more industries are exposed to both Euro and Japanese

Yen when compared with the results from traditional linear regression. The signs

of exposure also change across subperiods. It is also interesting to note that, for

those industries that are statistically exposed, orthogonalization seems to yield higher

coefficients in size.

4.2.2 Exposure to Broad and Major Currency Indices

The estimates of exposure to Broad and Major currency indices are reported in

Tables 15 through 18. Looking at the results for broad currency index of the entire

sample, 1974 to 2008, we find that 28 out of 30 industries are statistically exposed to

the broad currency index. Moreover all the coefficients are significantly larger than

the those we obtain from estimating nonorthogonalized model. Most of the exposure

coefficients are also economically significant with the average ∆R̄2 of 0.015 as opposed

to 0.002 in the traditional linear model. Considering the estimates of exposure to the

major currency index as reported in Table 17, we find that 23 out of 30 industries are

statistically exposed to the currency index. The average ∆R̄2 is 0.010, significantly
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higher than that of the traditional linear model. It is also important to note that all

the industries have negative exposure to both currency indices. This finding suggests

that U.S. industries generally suffer from an appreciation of U.S. dollar.

4.3 Symmetry Testing: Traditional Linear Exposure

This section reports the results obtained from estimating Eq.(7) as well as the

results from testing the null hypothesis that the exposure is symmetric. As discussed

in section 2.4, decomposing exchange rate movements into positive and negative com-

ponents is equivalent to subdividing the sample period into those with positive and

negative exchange rate changes. Thus if the null hypothesis that the exposure is

symmetric is rejected for a given industry and a given currency, it implies that the

exposure of the industry to the currency depends on whether the dollar is appreciating

or depreciating.

4.3.1 Exposure to Euro and Yen

The results from estimating Eq. (7), using Japanese Yen and Euro as the set of

exchange rates, are reported in Table 19. The sixth and seventh columns show the

F-statistics and the P-values from testing the null hypotheses: H0 : α−
¤

= α+
¤

and

H0 : α−¥ = α+
¥, respectively. In the case of exposure to Euro, we find that we can

reject the null hypothesis at 5% significant level 2only for two industries, financial

and fabricated product industries. On the other hand, we cannot reject the null

hypothesis that the exposure to Japanese Yen is symmetric for any industry.

4.3.2 Exposure to Broad and Major Currency Indices

Tables 20 and 21 report the estimates of exposure to broad and major currency

indices using the model described in Eq. (8). We also report the results from testing

2We set our significant level at 5%
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the null hypothesis: H0 : α−I = α+
I where I is the broad or major currency index. The

F-statistics and P-values from the test are reported in the fourth column. Considering

Table 20, we find that six industries have asymmetric exposure to the broad currency

index, while only one industry has asymmetric exposure to the major currency index.

4.4 Symmetry Testing: Orthogonalized Linear Exposure

This section reports the results obtained from estimating Eq.(8) as well as the

results from testing the null hypothesis that the orthogonalized linear exposure is

symmetric.

4.4.1 Exposure to Euro and Yen

Table 22 reports the results of symmetry test of orthogonalized exposure to Euro

and Japanese Yen. In the case of Euro, we find that we cannot reject the null

hypothesis for any industry. On the other hand, we can reject the null hypothesis

that the petroleum industry has symmetric exposure to the Japanese Yen.

4.4.2 Exposure to Broad and Major Currency Indices

Looking at Table 24 we can reject the null hypothesis that the exposure to the

broad currency index is symmetric for five industries. On the other hand, we cannot

reject the null hypothesis for any industry in the case of the major currency index.

In conclusion, we find that orthogonalization does not help uncover the asymme-

try of exposure. After using the orthogonalization technique fewer industries show

asymmetric exposure to currency movements. Moreover, the results are very sensitive

to the choice of exchange rates. Even the broad and major currency indices, which

are closely related, yield very different results.
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4.5 Rolling Regression

To help visualize the exchange rate exposure, we estimate the traditional lin-

ear exposure to the broad currency index using rolling regression with the window

size of 60 months. We choose food, printing, construction, auto, precious metal,

coal, petroleum, communication, transportation, wholesale, and financial industries

as examples. The results are plotted in Figures 5 through 15. Notice how exposure

fluctuates over time in all industries with perhaps one exception; the precious metal

industry remained negatively exposed to the currency index almost the entire period.

Another interesting characteristic of exposure is that its standard deviation tends to

increase towards the end of the sample period. This is clear in the food, auto, coal,

and communication industries.
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Figure 5: Time series plot of broad currency index exposure of the food industry
and its 95% confidence interval using traditional linear regression.

Figure 6: Time series plot of broad currency index exposure of the printing and
publishing industry and its 95% confidence interval using traditional linear regression.
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Figure 7: Time series plot of broad currency index exposure of the construction
industry and its 95% confidence interval using traditional linear regression.

Figure 8: Time series plot of broad currency index exposure of the auto industry
and its 95% confidence interval using traditional linear regression.
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Figure 9: Time series plot of broad currency index exposure of the precious metal
industry and its 95% confidence interval using traditional linear regression.

Figure 10: Time series plot of broad currency index exposure of the coal industry
and its 95% confidence interval using traditional linear regression.
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Figure 11: Time series plot of broad currency index exposure of the petroleum and
natural gas industry and its 95% confidence interval using traditional linear regression.

Figure 12: Time series plot of broad currency index exposure of the communication
industry and its 95% confidence interval using traditional linear regression.
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Figure 13: Time series plot of broad currency index exposure of the transportation
industry and its 95% confidence interval using traditional linear regression.

Figure 14: Time series plot of broad currency index exposure of the wholesale
industry and its 95% confidence interval using traditional linear regression.
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Figure 15: Time series plot of broad currency index exposure of the financial indus-
try and its 95% confidence interval using traditional linear regression.
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CHAPTER V

CONCLUSION

When we use traditional linear model to estimate exchange rate exposure, we find

that only a small number of industries are statistically or economically exposed. The

orthogonalization method described in Section 2.3 helps uncover more exposure; we

find that more industries are exposed and the size of exposure is generally bigger.

However, when we test the symmetry of exposure by subdividing testing the hypoth-

esis that the exposures during appreciations and depreciations are equal, we find that

we cannot reject the hypothesis at 5% significant level for most industries. We also

obtain similar results when using orthogonalized model.
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