
1 

 

Kobe, Japan         October, 2008 
 
 

Interdependence of US and Korea   
 
 

S.D. Wang*  
 
 

 
Abstract 

 
 

With rapid globalization and capital market liberalization, it has been argued that the 
global financial markets show convergence. However, it has also been argued that the strong 
growth performance of emerging markets appears to be decoupling among industrial and 
emerging market economies. This paper examines financial linkages between the US and the 
Republic of Korea to find out whether two financial markets show converging or decoupling. 
We study the effects of turbulences in the US stock and short-term debt markets on the Korean 
financial markets by examining the relationships of the prices in those markets. When we 
compare the interdependence of financial variables before-and-after the subprime mortgage 
crisis, we found that the effect of U.S stock price on Korean stock price and Korean stock price 
on exchange rate have been increased to a larger degree even though a long run relationships 
between U.S and Korea financial market are similar qualitatively. We also found that the 
movement of the exchange rate has been affected by Korean stock price rather than interest rate 
differential between two countries when the subprime mortgage crisis began. 

 
Keywords: Financial market integration, Relationship of financial markets  
 
 
 
 
 
 
*Professor at Hankuk University of Foreign Studies.  



2 

 

I. Introduction 
 
 

As financial markets become increasingly integrated, financial market linkages 
are also believed to be an increasingly important mechanism for the transmission of 
shocks across countries. Starting from the 1990s, there has been a tremendous increase in 
financial liberalization in developing countries and a substantial increase in financial 
interdependencies between emerging market economies and the United States. In this 
regard, it has been questioned whether increased financial liberalization and 
interdependence tend to magnify the spillovers of financial shocks from the United States 
to emerging market economies.  

 
Incidents of financial market turbulence originating in the United States are often 

thought to have a major impact on emerging market economies. In general, the 
mechanisms through which shocks influence various markets operate through different 
channels in the midst of an episode of financial stress compared to the normal times. 
During tranquil periods, market illiquidity shocks are typically short-lived, as they create 
opportunities for arbitrage. Traders provide liquidity and contribute to stability of markets.  

 
However, during periods of crisis, several mechanisms amplify and propagate the 

shocks across financial markets, creating systemic risks. Typically asset price is impacted 
directly and indirectly, and financial institutions face marked-to-market price declines. As 
a consequence, positions are deleveraged, and the creditworthiness of the respective 
institutions deteriorates due to rising risk of default when the value of the corresponding 
assets is significantly affected.  

 
The recent subprime mortgage crisis, that at began in August 2007, has been 

called the worst financial crisis since the Great Depression. The unexpected large 
amount of loss in the financial institutions has been announced, and concerns of the 
global credit squeeze sparked and the global stock market lost their values. 
 

With this financial crisis, widespread credit risk resulted in a sharp reduction in 
the supply of loans and tight credit rationing. It does not only raised interest rates, but 
also made borrowing more difficult. This credit crunch increased the liquidity risk of 
the economy and cut down asset prices. Especially, in the stock markets, the crisis has 
not only caused sporadic panics, but also long-lasting unrest that makes investors 
hesitant to invest in equities.  
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For this reason, stock prices in the major markets showed downward trends and 
even some sharp drops at moments when sub-prime related shocks hit the markets. The 
monthly averages of the US Dow Jones Industrial Average(DJIA) fell greatly and 
Korean financial markets have been also hit significantly as impact of the subprime 
mortgage turmoil has been transmitted. In the first half of 2007, the Korean won had 
been strong against the US dollar, reaching the exchange rate around the level of 950 
won per dollar. With the subprime mortgage crisis of the US, however, the won-dollar 
exchange rates soared to the level of 1,400 as of 9 October 2008.  
  

Every time subprime mortgage shocks arrived, concerns of the global credit 
squeeze intensified the investors' preference for safe assets so that there happened an 
increased outflow of foreign portfolio investment from Korean stock market that 
weakened the Korean won. In line with this, we will analyze in the paper how the 
subprime mortgage problem affected Korean financial markets. Specifically, we focus 
on the effects of frequent turbulences in the US stock and short-term debt markets on 
the Korean financial markets by examining changes in the relationships of the prices in 
those markets.  
 

The paper also investigates the recent debate about ‘decoupling’ between 
developing and developed markets. Before the subprime mortgage turmoil began, there 
was a debate about whether the financial markets between developing countries and 
developed countries were decoupled.  

 
Since the US economy was such a dominant one in the world, its demand for 

goods and services drove much of the world’s industrial development. Most of 
developing countries’ growth performance depended on the US' demand to sustain their 
economic expansion. As China, India, Brazil, Central Europe and other regions of the 
world have emerged as sizable markets for goods and service, the dependence of 
developing countries on the US economy start changing.  

 
Instead of the thinking that the US and other world economy are coupled, the 

‘decoupling’ argument is appeared. In this argument, it is claimed that, even though the 
US economy slips into recession and its demand for the world’s products falls, these 
new economies can pick up.  

 
Therefore, most emerging countries may not need to be dependent on only 

United States any more and can sustain their economic growth by their own market. It 
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this sense, the emerging market financial market may not also need to be moved by the 
same direction with the US.  
 

However, after the subprime mortgage turmoil began, it seems to be that some 
financial markets like the stock markets in emerging countries are more likely to move 
in the same direction as the US market. Thus, it will be worthy to examine whether the 
Korean financial market was coupled with the US financial markets. This paper 
investigates the effects of subprime mortgage crisis on the Korean financial markets to 
find out the degree of ‘interdependence’ between the US and Korean financial markets.  

 
Many empirical studies have been conducted about convergence of the stock 

markets across countries. The works of the stock market interdependence across the 
borders include Campbell and Hamao(1992), Arshanapalli and Doukas(1993), Lin et 
al.(1994) and so on. However, it seems that there is no general consensus on the issue.  

 
Campbell and Hamao(1992) and Lin et al.(1994) argue that there exists a bi-

directional interdependence between the stock markets in the US and Japan. According 
to Masih and Masih(1997) and Janakiramanan(1998), the influences of the US markets 
on other developed and emerging countries are significant. On the other hand 
Arshanapalli and Doukas(1993) shows the US stock markets have a considerable impact 
on the French, German and UK markets after October 1987 but the performance of the 
Japanese equity market has no links with the US stock markets or the others during the 
pre and post-October crash period.  

 
There are also previous studies that examine the stock market interdependence 

between US and Korea. Their results are somewhat mixed. Moon and Hong(2003) 
shows that there is no cointegration relationship between them. However, Yoo and 
Kim(1997) and Park and Jung(2003) support cointegration relationship between them 
before and after the currency crisis. On the other hand, Yoon and Sul(2005) shows that 
the cointegration relationship between them becomes weaker when a GARCH model is 
introduced in addition to a cointegration method. Yoon(2007) shows that there is short 
term Granger causalities between two markets but no long term cointegration.  

 
In this paper we try to figure out most recent features in the US and Korean 

financial markets with respect to the ‘coupling’ issue. In doing so, we analyses the stock 
markets and short-term debt markets of both countries together as well as the Korean 
foreign exchange market, contrast to the previous works pay attentions only on the 
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stock markets.  
 
Using four variables in the Error Correction model –the U.S and Korean Stock 

price indices, interest rate differential between two countries and exchange rate-, we 
found that (i) there is one cointegration relationship among those variables in the both 
before and after periods of subprime mortgage crisis and that (ii) there is a long run 
positive relationship between DJIA and KOSPI, between DJIA and IRD, between 
KOSPI and USD/KRW and between IRD and USD/KRW in both periods, while there is 
a long run negative relationship between DJIA and USD/KRW.  
 

The rest of the paper is organized as follows. Section 2 explains the data and 
methodological framework; Section 3 provides estimates with discussion; and Section 4 
concludes.  

 
�.  Data and Methodology 
 

The interdependence of stock markets can be classified as two types; long term 
and short term ones. As time series data can be decomposed by a trend and cycles, we 
consider a trend as long term interdependence and cycles as short term one.  
 

We can also classify the interdependence of stock markets as the 
interdependence of the rates of return and that of variability. Generally, cointegration 
and error correction models are used to study the convergence of the rates of return, 
while GARCH models are used to study variability. This paper focuses on the rates of 
return.  
 
1. Data 

 
In this paper we examine long and short term interdependence of daily stock 

index returns between the US and Korean financial markets. For the stock price indices, 
we use the DJIA for the US and the KOSPI200 for Korea. 

 
For the short term debt markets, we use 3 months USD LIBOR for the US and 

90 days CD rates for Korea, taking the interest rate differential(IRD) between two. The 
5 year Treasury bond rates in the US(USTB) and Korean(KOTB) capital markets are 
added to the system but exogenously.  

  



The Won/Dollar exchange rate(USD/KRW) is taken as an endogenous variable. 
All of these variables are logged in our analysis.  

 
Daily closing data of them have been collected from the Bloomberg and the 

Bank of Korea. As the main purpose of our study is compared the interdependence 
before and after the subprime mortgage turmoil, we take two sample periods; 2002.1.2 
� 2006.12.29 and 2007.7.2 � 2008.5.2. Meanwhile, we only take account of days when 
the financial markets are open in both countries, and these common business days are 
newly indexed. The first and second sample consists of 1179(= n1) and 197(= n2) 
observations, respectively.  
 

We first check out the order of integration of each series before examining 
cointegration or Granger causality. For this procedure, the augmented Dickey-Fuller 
(ADF) unit root tests are performed. The null hypothesis for each series is that it has a 
unit root. The results for the levels and first differences are presented in Table 1. The 
reported results indicate that none of the null hypotheses on the levels can be rejected at 
the 10% level, while for the first differences we can reject all of them at the 1% level. 
Thus, it can be said that in the sample periods all variables were integrated of order one; 
I(1).  
 

 

 

2. Cointegration 
 

For our analysis we employ a vector autoregression (VAR) model that consists 
of the first differences, or the rates of return to the underlying assets. In order to avoid 
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model misspecification, we check first whether a group of these I(1) series are 
cointegrated or not, based on a vector error correction model (VECM).  

 
The VECM for our analysis can be written as  
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where Xt =[DJIAt , KOSPIt , IRDt , USD/KRWt ]T and Zt =[ΔUSTBt , ΔKOTBt]T are the 
endogenous and exogenous variable vector respectively, and 1,..., nε ε are independent 
4-dimensional Gaussian variables with mean 0, while α⊥  is the null space of α  such 

that . We estimate the adjustment coefficient vector ・, the cointegrating 

vector ・ with intercept c

0Tα α⊥ =

1, the short-run effect vector ・1,…,・l, the linear trend in 

VAR α⊥ c2, and the coefficient vector Φ associated with the exogenous variables. 

The lag length l has been chosen through SBC1 and other information criteria like AIC2.  

                                                

 
In order to conduct the cointegration tests, we employ Johansen's method that 

uses the maximum likelihood estimator (MLE) for the reduced rank of Π=αβT. A 
number of cointegration is tested by testing significance of the restrictions implied by 
the reduced rank of Π. Since the number of eigenvalues of a matrix determines its rank, 
significance of r highest eigenvalues (trace test) or the (5−r)th highest eigenvalue 
(maximum eigenvalue test) implies that the rank of Π is at least 4−r and hence that 
there exist at most r conintegrations.  

 
3. Fractional cointegration and non error-correction 
 

Since the cointegrating vector β is not identified, it is possible to impose 
some identifying restrictions on the cointegrating coefficients (elements of the β) 
and/or on the adjustment coefficients (elements of theα). Imposing such restrictions is 
associated with following two important issues in VECM analysis. 
 

First, we need to consider the possibility of fractional cointegration. Since it is 
 

1 Schwartz Bayesian Criterion.   
2 Akaike Information Criterion.  
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possible some of the cointegrating coefficients are 0, the tests for identification could be 
necessary. For this matter, various methods provide ways to test the null hypothesis that 
specific elements of β are jointly 0 against no restriction. However, theory says little 
about selection between two competing restrictions.  
 

Second, we can think of the case that some of the adjustment coefficients are 
positive. In this case, effects of a shock on X are not disappeared and it has a balanced 
path rather than long-run equilibrium level, while βTXt is stationary and α(βTXt + 
c1) goes back to 0 in the long run. Actually, this kind of model is a cointegrated VAR 

model rather than a VECM. Thus, it is natural to impose the restriction of αj ≥0�for 

�j in our model.  
 

4. Granger Causality  

 
In order to check the short-term interdependence, we use Granger causality test; 

ΔX1t Granger-causes if the later can be predicted by using past values of ΔX2t with 
accuracy better than by not doing so.  

 
In test practice, the null hypothesis ‘ΔX1t does not Granger-cause ΔX2t’ is not 

accepted if in partial regression for ΔX2t , ・1,…,・l are significantly different from 

zero individually as well as jointly, based on the standard tests (e.g., t-test and joint F-
test for the significance of each and all, respectively).  
 
�.  Results and Discussion 
 
1. Interdependence before the crisis 
 
1.1. Cointegration and Long-term interdependence 
 

Given the common integrational properties of the variables, we then proceeded 
to test for the presence of cointegration by using Johansen and Juselius's multivariate 
MLE procedure. Schwarz Criterion (SC) suggests an optimal lag length of one for the 
entire Vector Error Correction Model system.  

 



Results of Johansen and Juselius's LR tests are presented in Table 2 for the first 
sample period. They indicate quite consistently the presence of at most a single 
cointegrating vector among the set of the variables. This is concluded due to the 
evidence that the null hypothesis of r =0 is rejected at the 95% critical values by both 
tests. However, a similar finding is not observed for the null hypothesis of r < 1.  
 

 
Imposing restriction α⊥ =0, we found that in cointegration there is a long run 

positive relationship between DJIA and KOSPI. In other words, Korean stock market is 
positively related to the U.S stock market in the long run. There is also a long run 
positive relationship between DJIA and IRD which may be economically unreasonable 
because, usually, both stock price and short term interest rate go up in the economy 
boom.  

 
Even though there is a long run negative relationship between DJIA and 

USD/KRW, there is a long run positive relationship between KOSPI and USD/KRW 
and between IRD and USD/KRW. It hardly finds exact direction of relationship 
between each stock price and exchange rate because usually the relative economic 
growth is an important factor to determine the exchange rate instead of economic 
growth in each country when we consider that the stock price is a proxy for economic 
growth.  
 

On the other hand, the negative long run relationship between IRD and 
USD/KRW is possible in this sample period mainly because the USD/KRW decreased 
rapidly during the period when the FRB raised rapidly their target rate.  

 
1.2. Granger causality and short-run interdependence 
 

Meanwhile, in short term interdependences, there exist several statistically 
significant ones. Since the optimal lag is only one in this analysis, if the coefficient of 
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short-run effect is statistically significant, this indicates that there is a granger-cause 
relationship between two variables in a short run.  

 
It is shown that the increase of DJIA leads (or granger cause) to the increase in 

KOSPI and the decrease in USD/KRW. While the increases of IRD and KOSPI lead to 
the decrease in USD/KRW, the increase of IRD leads to the increase in DJIA. Among 
them, the relationships between DJIA and KOSPI and between KOSPI and USD/KRW 
can be reasonable economically.  

 
It is needless to say that there is positive interdependence between DJIA and 

KOSPI. On the other hand, if the KOSPI increases as the increase of the foreign 
investors' investments, the increase in KOSPI could decrease USD/KRW. Notice that 
there is not only a long run negative relationship between DJIA and USD/KRW, but 
also the increase of DJIA leads to the decrease of USD/KRW in a short run. This is 
possible that, in this period, while the U.S stock market was continued to be boom, 
USD/KRW was continued to decrease as the Korean economy recovered its strength.  
 
1.3. Alternative models with pair-wise cointegration  
 

As mentioned in the methodology, it is possible that we give some more 
restrictions in order to find more efficient model. We found that, when we make a 
model such that there is only pairwise cointegration relationship among 4 variables, the 
model efficiency is increased.  

 
When we compare the results of pairwise relationships and the ones in the 4 

variable- model, two pairwise relationships are reversed. Unlike benchmark model, 
there is a long run negative relationship between DJIA and IRD, and between KOSPI 
and USD/KRW (See Table 3).  
 



 
 

Those results are more economically reasonable. As already mentioned, DJIA 
increases with increasing U.S short term interest rate which can lead to the decrease of 
IRD. Since KOSPI goes up as the Korean economy is recovered, USD/KRW could 
decrease as KOSPI increases. 
 

On the other hand, in short term interdependence, when we use pairwise 
restrictions, most results are similar. Only two more statistically significant 
relationships are added. The increase of DJIA could lead to the decrease of IRD and the 
increase of IRD could lead to the decrease of KOSPI (See Table 4).  
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2. Interdependence after the crisis  
 
2.1 Cointegration and Long-term interdependence 
 

Similar analysis is performed in the second sample period. Like previous 
analysis, the optimal lag has been chosen as order of one by the SBC criterion.  

 
We found that there is at most a single cointegrating vector among the set of the 

Variables. Therefore, the cointegration results in the first and second sample periods are 
different with the recent study where there is no statistically significant long run 
relationship between U.S and Korean stock market. The results might be different 
because we consider a couple of more variables in this paper such as IRD and 
USD/KRW, which are considered to be important in the financial markets, and divide 
the sample periods into two.  
 

When we do a cointegration test with only two stock market indices, we found 
that there is a cointegration relationship in the second period but there is none in the 
first period.  
 

It is shown that the qualitative benchmark results are not much different with 
the ones in the first sample period. In the CI, the long run interdependence relationships 
among pairwise variables are qualitatively the same. There is a long run positive 
relationship between DJIA and KOSPI, between DJIA and IRD, between KOSPI and 
USD/KRW and between IRD and USD/KRW. But, there is a long run negative 
relationship between DJIA and USD/KRW.  
 

 

13 

 



 
 

 

 
However, we can quantitatively evaluate the model fitted to the real data better 

than the one in the first sample period when we compare R squares between two results. 
Furthermore, when we compare the degree of coefficients, we evaluate that the effects 
in the second sample period are mostly much higher than the ones in the first sample 
period.  

 
In table 7, we report the cointegration coefficients which are normalized so that 

it can express the relationship in terms of one of the variables as a dependant variable. 
When we compare the results of benchmark model (Model I), we find that there are 
several huge difference between two.  
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First, consider that the net effect of KOSPI on DJIA. While in the first sample 

period, 1% increase of DJIA increase only 2.5% of KOSPI, it increase 286.8% of 
KOSPI in the second sample period. Therefore, even though the qualitative result is the 
same, it should be true that the interdependence between two stock markets has been 
much strengthened since the subprime mortgage crisis began.  

 
In fact, this higher interdependence is appeared because, when the crisis has 

been realized, foreign investors sell off in the Korean stock market and exchange won to 
dollar to bring the money to home countries. The proportion of foreign investors’ equity 
ownership, which once hovered above 40% (42% in 2004), fell to around 32.3% as of 
the end of 2007.  
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Based on this phenomenon of foreign investors, we expect that the change of 

KOSPI should more affect exchange rate after subprime mortgage problem than before 
subprime mortgage problem.  

 
In the Panel 4, it is shown that, when 1% of KOSPI increases, USD/KRW 

decreased by 3.9% in the first sample period but decreased by only 0.004% in the 
second sample period. While increasing the net effect of KOSPI on USD/KRW, the net 
effect of IRD and DJIA on USD/KRW decreased after the second sample period. While 
1% of DJIA increases 9.7% and extend the IRD 0.56% in the first sample period, it 
increases only 1.24% and extend the IRD 0.22% in the second sample period. 
 
2.2. Granger causality and short-run interdependence  
 

The short term interdependences are also qualitatively similar. The only 
difference is that the increase of USD/KRW does not lead the increase of DJIA 
statistically significantly any more, but the increase of DJIA and KOSPI leads the 
decrease of IRD. This result is possible in this sample period because both stock 
markets collapsed after the subprime mortgage crisis and the U.S short term interest rate 
decreased as the FRB cut off their target rate.  
 

Similarly, we also gave some restrictions in the analysis of the second sample 
period, but the long run relationships are much more similar and robust. The short term 
relationship did not change much. 
 

Meanwhile, the net short term effect is found to be larger in the second sample 
periods than in the first sample periods when we compare the coefficients of them 
quantitatively. 
 
 
�. Conclusion  
 

This paper examined whether there is the long and short run interdependence in 
the U.S and Korean financial Markets. Especially, we have focused on study whether 
some relationships are changed before and after subprime mortgage turmoil began. For 
this analysis, we consider the four variables in the Error Correction model; DJIA, 
KOSPI, IRD, USD/KRW.  
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We find that, in the both periods, there is one cointegration relationship among 

those variables. Qualitative long run relationships are mostly similar when we compare 
the results between two periods. However, qualitatively, the degree of net effect 
changed significantly.  

 
Most importantly, we found that the net effects of DJIA on KOSPI and KOSPI 

on USD/KRW have increased. Those results are consistent with what financial analysts’ 
recent claim that the huge size of capital outflows of foreign investors from Korean 
stock market affect on the stock market collapsed and won/dollar exchange rates soar.  
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