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Abstract

The Dynamic Relationship between the Exchange &fatee Yen/USD and the Stock
Prices in the Financial Market of United States
By Jishu Zong

This paper studies the relationship between Udksprices and the exchange rate of the
Japanese Yen to the U.S. Dollar. The motivatiotoigstablish the causal relation between the
performance of the U.S. stock market and the valfuthe Yen/USD in the foreign exchange
market. Time series techniques include, the ADE the Cointegration test and the Vector Error
Correction Model, are applied using the daily dadan January 1, 2003 to January 1, 2006. The
empirical results suggest a long run relationstepveen changes in U.S. stock prices on the
previous trading day and the current exchangeaftke Yen/USD.This leads to the conclusion
that U.S. stock prices hold a predictive power dlkierexchange rate of Yen/USD.
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I. Introduction

The relationship between exchange rates and stacispis of great interest to
many academics. In the past twenty years, numestugkes have been carried out to
investigate the interactions between exchange ratek stock prices in different
financial markets around the world. The motivatidrihese studies is to establish the
causal link between leading prices in the foreigghange market and the stock
market in the financial market of a particular coynHowever, most studies have
focused on explaining the high-frequency, statdtielationship between stock prices
and exchange rates within a country.

With the increasing integration of the global eamypthe international financial
market exhibits close interactions between exchamages and stock prices across
countries. Currently, there are only a few analyiest focus on the dynamic
relationship of financial markets between couniriespecially the interrelationship
between the exchange rate of the currency in on@too and the stock prices of
another country. Amongst the interactions betweejomfinancial markets, the
relationship between the exchange rate of the Yehtlae stock prices in the U.S. is
the most intriguing, as both U.S. and Japan aremmayers in the global financial
market. Given that Japan is ranked third globallthe total value of international
trade and that the U.S. is one of Japan’s majatirigapartners, changes in the
financial market of one country will inevitably afft that of the other.

The results of previous studies on the relationbleigveen Japan’s exchange rate

and the stock prices in Japan as well as the emgydral relation between the U.S.



and the Japanese stock markets reveal that amagecia the stock prices in Japan
causes a depreciation of the Yen in the foreigmamnge market (C.Nieh et al., 2001).
There is also a strong correlation between the opetose returns for U.S. stocks on
the previous trading day and the Japanese equitkemperformance in the current
period (K.G. Becker et al., 1990). Since the penfance of the U.S. market has a
great impact on Japanese equities, the performaintee Japanese stock market, in
turn, heavily affects the exchange rate of the Yers, suspected that the movements
in the U.S. stock market hold predictive capaleititior the exchange rate of the Yen
via the channel of the Japanese stock market. Thpope of this paper is to
investigate the causality between these two firna@riables. This study will first
draw a hypothesis about the predicting power ofUtfe. stock market prices on the
price of the Yen in the foreign exchange markee Qranger’s causality test will be
implemented to test the short run relationship.

The main contributions of this study are twofoldrsE of all, it predicts the
direction of the exchange rate of Yen/USD in thersihun based on the changes in
U.S. stock market prices. This may provide insigbtscurrency traders and investors
to make decisions about short term trading. Secemtte the Japanese economy
relies heavily on exports, and the U.S. is onehef major countries for Japanese
exports, the exchange rate of Yen/USD poses an imsenmfluence on the prices of
Japanese exports. Thus, the link between U.S. giocks and the exchange rate of
Yen/USD bears long term policy implications for thegpanese government’s attempt

to stabilize their currency.



The rest of the paper is organized as follows: i8ectl establishes the
theoretical background by reviewing previous stadiad the results obtained in this
field. Section Ill presents the data. Whereas 8edi the methodologies used to test
the hypothesis. The empirical results will be dgsmd in Section V and Section VI

summarizes the results and concludes this paper.

II. Literature Review

The dynamic relationship between stock prices amdhange rates has drawn
the attention of numerous economists. Many reseaschave studied the causal
relationship between stock market prices and exgdaates in different countries
with diverse economic environments. The resultssaraewhat mixed. Two different
causal relations are supported by these studies.fif$t, known as the traditional
approach, was first discussed by Aggarwal (1981jisnpaper “Exchange Rates and
Stock Prices: A Study of the US Capital Markets amBloating Exchange Rates”.
Aggarwal argues that a change in exchange ratekl aiter the stock prices of
multinational firms; in other words, an adjustm@anexchange rates will modify the
value of firms’ foreign operations, which will beflected on their balance sheets as
profit or loss. Consequently, the profit or lossitibutes to the balance of the current
account and the stock prices of that firm reacbetiogly (Granger, Huang and Yang,
2000). From this point of view, a change in thelexge rate is expected to give rise
to changes in stock prices. The second causaliaelaspecified in the portfolio

approach, states that a decrease in stock pridesanse a reduction in the wealth of



domestic investors, which in turn leads to a lodemand for money with an ensuing
lower interest rate. The lower interest rates eragel capital outfloveeteris paribus,
thereby resulting in the depreciation of the cucyefGranger, Huang and Yang, 2000).
The relationship between stock prices and the exgdhaate in Japan is examined in
Nieh and Lee’s paper (2001) “Dynamic relationshiptween stock prices and
exchange rates for G-7 countries”. One of the majalings is that an increase in
stock prices causes the depreciation of the Ye&aan on the next trading day. These
findings have proved the linkage between the Jagsarstock prices and Japan’s
exchange rate and they will be used to draw thetgsis for this study.

Many studies have also focused on the area ofnati®nal equity market
linkage. Bennett and Kelleher (1988), Dwyer and fetei(1988), and King and
Wadhwani (1988) have found that the correlatiorwken the U.S. and Japan market
returns is generally significant. Becker, Finneatyd Gupta (1990) further study the
synchronization of stock price movements in the.la&d Japanese markets using
more precise data: instead of employing only tlesioly data of the market, they used
both opening and closing prices to test the ovétnigturn of the other market. The
results indicated a strong correlation betweeroften to close returns for U.S. stocks
on the previous trading day and the Japanese emaitiget performance in the current
period. Moreover, the U.S. stock market movemengslipt open to close returns in
Japan the next day remarkably well ( Becker etl800).

Yau and Nieh (2006) have studied the interrelahgmbetween stock prices of

Taiwan and Japan and the NTD/Yen exchange rateid&esusing the linear



conventional time series techniques, they also eynplon-linear techniques to
increase the testing power and thus to obtain reffi@ent estimates. Advanced time
series techniques, elaborated in the paper by Zamd Andrews (1992), are
implemented to develop a unit root test with anogighous structural break. This
technique has been regarded as a more suitabldotethe stationarity of series
because it overthrew the implicit assumption magléhk conventional unit root tests
that the structural break is exogenous. Also, aiwaulate extension of the univariate
unit root test, proposed by Gregory and Henseng)LBOused to enable testing over
periods incorporating structural breaks. Yau andhNR00O6) overcame the difficulty
of interpreting the estimate coefficients of a VA®del by applying impulse response
functions (IRF) and variance decomposition (VDCytiBlong term and short term
interrelationships between the stock prices of @aiveand Japan and the NTD/Yen
exchange rate were analyzed. The findings inditdae the stock prices of Taiwan
and Japan impact each other in the short termddiitian, they demonstrate that in
terms of the relationship between stock prices archange rates, the portfolio
approach is supported for the short term, while tiaglitional approach is more
plausible for the long term in Taiwan’s financiahrket (Yau and Neih, 2006).

In general, previous empirical findings suggestt tiiee U.S. stock market
movements predict the open to close returns innJdpanext day, and an increase in
U.S. stock prices causes the depreciation of threifydapan on the next trading day.
Based on the theoretical background establishethéyprevious studies, this paper

will further investigate the linkage between theSUstock prices and the Yen/USD



exchange rate.

1. Data

The sample period selected is from January 1, 20603anuary 1, 2006. The
rationale behind the selection of this specific gemperiod is that the global
economic environment is relatively stable durings theriod of time; as such, the
behaviors of the stock prices and exchange ratedeasstudied without considering
much of the economic uncertainty. Data on the Nild&® Average Index, the Dow
Jones Industry Index and the exchange rate bettineedapanese Yen (Yen) and the
U.S. Dollar (USD) were obtained from Data Strearailypdata is used to capture the
interactions between the variables for the reasbas in a financial world where
information flow is almost perfect, the time lag wid be fairly short; investors react
almost immediately to fluctuations in the markeis. the exchange rates and stock
prices indices are dynamic and their fluctuations @mbust and vigorous, pooling
lengthy periods may not capture the hit-and-runabihs and, thus, fail to provide
investors and traders real time information.

Figure 1 presents the percentage change of thehigaamierage of the Nikkei
250 Index, the Dow Jones Industry Index and the/¥Y8D exchange rate in the
sample period. By representing the data visuallymmovement between the Nikkei
250 Index and the Dow Jones Industry Index is entid€here is also a noticeable
synchronization between the Yen/USD rate and the Dones Industry Index. This

provides a particularly interesting opportunitysimdy the relationship between US



stock prices and the exchange rate of the Dollathéo Yen. The Unit root test,
Cointegration test and Vector Error Correction Mo@éECM) are implemented to

examine this relationship.

% Change of stock prices and Yen/USD rate, 2003-2006

()
o))
c
@©
<
O
S
©
S
c
[}
o
[}
o

Q Q Q o Qo Q Q Q

0 ® ® 0 0 ® 0 D ®
Nikkei ~—————- Dow Jones ——= Yen/USD Rate

Fig. 1. Time series of U.S. and Japan stock pacesthe Yen/USD exchange rate

V. Methodologies
Unit root test

Prior to carrying out the Granger Causality te®6@), it is necessary to test for
the stationarity (the presence of unit root) oftreaariable. A non-stationary time
series Yis said to be integrated of order d; Fri(d)], if it achieves stationarity after
being differenced d times. To determine the ordantegration, unit root tests have
been developed. The most common unit root tesn@vk as Augmented Dickey
Fuller test (ADF), in which a hierarchy of three dets is formulated and tested.

(1) ﬁYt=th.1+§151ﬁYt.i+zt
(2) ﬂYt:cz+";fYt_1+§151&Yt_i+Et

P
(3) ATr=0 +pt+vTe 1+ _‘Zlﬁi&Yt.#Et
=



Model (1) is a pure Random Walk Model which wilisti be used to test for the
zero-value coefficient of ¥, Model (2) includes a drift. Model (3) is a RandonalkV
Model with both a time trend and a drift.

The null hypothesis for the ADF idy: y=0, with the alternative i y<0. By
comparing the test statistic obtained with thevate critical value for the Augmented
Dickey-Fuller Test; if the test statistic (in ahstel value) is greater than the critical
value, the null hypothesis is rejected and ther@isufficient evidence to indicate the

presence of the unit root.

Cointegration test

If variables are non-stationary (i.e. the unit soate present in the variables), the
Engle and Granger two-step cointegration test bellused to capture the long-run
equilibrium relationship between non-stationaryiatales. The first step involves the
OLS estimation of the following static cointegratigegressions:
(4) SR=ort BER: + &1t
(5) ER=a: +BSR + e
where a; denotes a deterministic term which can be eithrelindercept {) or an
intercept with a linear time treng+st); SP denotes the stock prices and ER denotes
the exchange rate. Then, the ADF test is appligdag@stimated residualz;(and £,
obtained from the OLS estimation) to find the pbkestcointegration between (4) and
(5).

n ~ r n
(&) ﬁ-Et=PEt-1+Ziniiu &t
1=



The null hypothesis is 1SR and ERarenot cointegrated (i.p=0), and the null
hypothesis will be rejected if the ADF test stati$or the residuals is greater than the

critical value.

Granger Causality tests
If the variables are non-stationaapd cointegrated, the appropriate method to

examine the causal relations is the Vector Erraréxsion Model (VECM).

1 q
(7) &3Pt =c0+¢1 (SPr1+@ER+1) +zltlnﬂ SPti +Zl&ziﬁERt-i+ E1t
= =

(8)  AER:=fo+¢2 (SP1+@ERL1) +_)-i1|3n AER:i +_>i1 s &SP i+ Lot
= =

A hypothesis is drawn from each model:

Ho: (121:(122=...=(12q=0 from model (7)

Ho: B21:B22:...:B2r=0 from model (8)

An F-test is conducted on each of the null hyps#is. The first step is to

estimate the following restricted equation by OLS:

1
(%) SPy =ct+ Zl':fi SP-i+Ht
=

(10)  ERs =dt+ ZlaiERi-i+uzt
=

Then, their respective sums of squared residuals@nputed.

T .2 T 2
EEEn =zlf_, t  R55e =Ell-l t

= =

T .2 T _ 3
RSSQ=Zﬁt ESiz =Zut

II
—
II
—

Finally, the test statistics TSand TS are calculated and the test statistics are

compared with the F-statistics.
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_RSSIrRSSg
RSSW(T-2q-1) T oT4l

_ (BSE-BEEr
~ RSS3(T-2r-1)

The null hypothesislo. ap1=025=...=024=0 is rejected if the test statistic is greater

T

T=z

~ By, T-2r-1

than the corresponding critical value. Failing egect the null hypothesis implies that
the exchange rate does not Granger cause the ticels. Likewise, failing to reject
Ho: B21=P22=...=P2=0 suggests that stock prices do not Granger ctnesexchange
rate.

On the other hand, if the variables are statioramadequate method to examine
the causal relations is a Vector Autoregressive &l@dAR), which is a Vector Error

Correction Model (VECM) without the error correctiterm:

T T
(117 aSPy= m:+_’zlmi &65Pt +lel2iﬂ.ERt-i+ 1t
1= =
(12)  AER:=Fo +le3 L & ER:- +_)i1 Pai 55P i+ L2t
1= =
In this study, the VECM is employed as the mainhuodtto test the causal

relation.

V. Empirical results

The first step is to test for the presence of thie ots in the variables. Both the
level data and the first differenced data are usedun the ADF test. Akaike’s
information criterion (AIC) is employed to deterrairthe optimal number of lags
based on the “principle of parsimony”, and the mjaii number of lags is presented in
the bracket next to the test statistic. The resutsTable 1 show that the null

hypothesis of non-stationarity cannot be rejectadahy of the level series at the 1%
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significance level. However, after first differengi the null hypothesis is rejected for
all series.

A more powerful unit root test, the DF-GLS testc@ried out to further detect
the presence of the unit roots. Optimal lags atectsd using both the Schwert
Criterion (SC) and the Modified Akaike’s InformaticCriterion (MAIC). The test
statistics in Table 1 show that the null hypothesisnot be rejected for all the level
series. After the data is first differenced, howetee null hypothesis is only rejected
for the Japanese stock variable since the DF-GESstatistic for the Japanese stock
under the SC is -22.227, which is much smaller ttten 1% critical value of the
DF-GLS. The result indicates the presence of theraats in the Yen/USD exchange
rate variable and the U.S. stock prices variableer&fore, a cointegration test is
necessary to investigate the cointegrating relalign between these two

non-stationary variables.

Tablel

ADF and DF-GLS unit root tests

Variable JP Stock US Stock EX Rate

DF-GLS SC MAIC SC MAIC SC MAIC
Level -2.023 (1) -2.017(13) -2.130(1) -1.847(7) -1.383(1) -1.383(1)
First

difference  -22.227 (1)* -11.429 (6) -2.232 (13) -2.418(19) -3.729(8) -2.040 (21)

ADF
Level -1.285 (1) -1.030 (1) -1.960 (1)
First
Difference -22.384 (1)* -24.007 (1)* -23.618 (1)*

Notes: (1) The numbers in the brackets indicateofitenal lag length. (2) The optimal lag length foe ADF test is chosen by
the Akaike’s Information Criterion (AIC). (3) Theptmal lag length for the DF-GLS test are chosersyand MAIC. (4) The
1% critical values are -3.480 for the DF-GLS tesd a3.430 for the ADF test. (5) The symbol * desatee significance at 1%

level.
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The Engle-Granger cointegration test is implemente@stimate the long-run
equilibrium between U.S. stock prices and the engbhaate of Yen/USD. The results
are summarized in Table 2. The results show tratAlDF test statistics(in absolute
value) are much higher than the critical valuéhat1% level. The null hypothesis (i.e.
there is no cointegration relation between varigbles strongly rejected for all
variables. Thus, a strong cointegration relatigmshiobserved between all pairs of

variables especially between U.S. stock pricestaaexchange rate.

Table?2

Engle-Granger cointegration test

Variables JP Stock US Stock EX Rate 1% Critical
Value

JP Stock - -22.754* -22.344* -3.430

US Stock -24.504* - -24.025* -3.430

EX Rate -23.575* -23.635* - -3.430

Note: (1) The optimal lag length for each variablselected by AIC. (2) The symbol * representsdigaificance at 1% level.

Based on the emipirical results that the exchaatgeaf Yen/USD and U.S. stock
prices are cointegrated, the VECM is chosen agpprogriate method to examine the
long-run causal relationship between U.S. stockesriand the exchange rate of
Yen/USD. The results are displayed in Table 3. dp&mal lag length is determined
based on the AIC and is indicated in the bracket teethe dependent variable. In this
case, the optimal number of lags for both varialddwo. In Table 3AUS; represents
the change in U.S. stock prices axtelX; represents the change in the exchange rate of

Yen/USD.
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Table3

VECM for U.S. stock market indices and the YEN/U&tzhange rates
Dependent Variable Constant AUS.; AEX;.1 EC term

AUS (2) 0.0002093 -0.0668106 -0.026179 -0.0058833
(Std. Err.) (0.0002659)  (0.0307124) (0.041617) {a4x05)
AEX; (2) -0.0001962 0.0445651 -0.014298 -0.006278
(Std. Ermr) (0.0001976)  (0.0228272) (0.030932) (BZBB5)

Note: (1) The optimal lag length for each variailslselected by AIC. And is presented inside themptesis. (2) Standard error

is reported in the bracket under each coefficient.

The following two observations can made based enrésults: (1) With the
change in U.S. stock prices at time\tUS;) as the dependent variable, the coefficient
for the change in Yen/USD exchange rate at timgAEX:.,) is -0.026179, which is
very close to 0. (2) Similarly, with the changetie exchange rate of Yen/USD at
time t (AEX;) as the dependent variable, the coefficient fer thange in U.S. stock
prices at time t-1AUS;,) is 0.0445651, which is also very close to 0. Base these
observations, the following hypotheses are dravinstl, the change in the exchange
rate of Yen/USD in the previous periasE, ;) does not Granger cause the change in
the U.S. stock prices in the current periad%). Secondly, the change in U.S. stock
prices in the previous periodys;;) does not Granger cause the change in the current

exchange rate of Yen/USD.

Table4

Pairwise Ganger causality tests

Null hypothesis (k) F statistics 10% Critical valueResults
U.S. Stock does not Granger cause EX Rata81*+* 2.71 Reject H
EX Rate does not Granger cause U.S. Stoak04 2.71 Accept H

Note: (1) The symbol *** represents the significanat 10% level.. (2) The 10% critical value fortBtsstic with degree of
freedom of 1 and a sample size of 1039 (1041-2*k-2)71.

The Granger causality test is implemented to testhtypotheses. The results of
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the test are reported in Table obtained show tmatR-statistic of the first Granger
causality test is statistically significant at th@% significance level since the test
statistic (i.e. 3.81) is higher than the 10% catizalue (i.e. 2.71). Thus, the null
hypothesis is rejected and this impleis that chanigeU.S. stock prices on the
previous trading day do Granger cause changes dnctimrent exchange rate of
Yen/USD. On the other hand, the F-statistic of $eeond Granger causality test is
lower than the 10% critical value. Therefore, ihi statistically significant and thus,
fails to reject the null hypothesis: changes in ¢éix@ange rate of Yen/USD on the
previous trading day do not Granger cause chamgesS. stock prices in the current
period. Finally, the result of the VECM suggestatthn the long run, changes of the
U.S. stock prices on the previous trading day affiee exchange rate of Yen/USD on

the current day.

V1. Conclusion

Previous studies have suggested a co-movement érettihe U.S. stock market
and the Japanese stock market and a correlatiamebetthe performance of the
Japanese stock market and the exchange rate ofBésed on these findings, this
study draws a hypothesis on the causal link betwde stock prices and the
exchange rate of the Japanese Yen to the Dollar.

To test the hypothesis, a number of time seridsnigaes is applied to explore
the short-run and long-run relationship between. dtSck prices and the value of
Yen/USD in the foreign exchange market. Both theFA&hd the DF-GLS tests are

employed to detect the presence of the unit radis. results confirm the unit roots
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property in the U.S. stock prices variable and é&xehange rate variable. The
Engle-Granger cointegration test is carried outhi@ next step to test the long-run
cointegration relation between the two non-statipnaariables. The result

demonstrates the existence of cointegration betwdeh stock prices and the
exchange rate of Yen/USD.

Based on the result of the cointegration testvewtor Error Correction Model is
chosen as an appropriate method to examine therlongelationship. The findings
exhibit a strong causal link between the exchaatgaf the Yen and the Dollar. More
specifically, the movements in the U.S. stock madtethe previous trading day will
affect the current value of the Japanese Yen infaheign exchange market. This
confirms the hypothesis that the performance of th&. stock market holds
predictive power over the value of the Japanese Yen

The final result can be explained in several wayge performance of the U.S.
stock market is an important indicator of the wading of the U.S. economy. It is also
an crucial indicator of the well-being of the glblegonomy. Better performance of
the U.S stock market will increase global investoosifidence in the U.S. economy.
More investors will be willing to hold the U.S. d¢&l as it is deemed the “safe”
currency. The increased buying of the Dollar vakd to the Dollar to appreciate. As a
result, the exchange rate of Yen/USD goes dowrteBperfomance of the U.S. stock
market will also increase Japanese investors’ denfie in the future of the global
economy, which will be reflected in the perfomamdehe local stock market. This

has been proved by the results of the previousiesudhere a positive correlation
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between the U.S. stock market and the Japanesk staket has been found. An
increase in U.S. stock prices will lead to an iaseein Japanese stock prices. As a
result of the increase in Japanese stock pricesg money will be pulled out of the
foreign exchange market to invest in the stock miaakd other equity markets. High
selling of the Japanese Yen will lead to the depten of the currency.

Although this study has proved the predictive powfethe U.S. stock prices on
the rate of Yen/USD, there are still many otherc@ufactors that affect the exchange
of Yen/USD. Some of the examples are: the inteedstin both the United States and
Japan, the Consumer Price Index (CPI) and the muaecount balance in both
countries. Therefore, a promising way to proceeduither empirical investigation
would be to incorporate more variables in deterngrthe value of the currency in the
foreign exchange market. Also, a basket of curesncan be used to obtain a more
holistic picture of the fluctuation of the currendyhe results obained by using more
variables and employing more advanced time seg@miques will be more powerful

in term of predicting the movement of the currenoger different circumstances.
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