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Abstract 

This paper adopts an innovative method through combining an autoregressive distributed lag model and a 

quantile regression to examine the long-run equilibrium and short-run causal relationship between the stock price 

of Taiwan and the NTD/USD exchange rate from January 1980 to December 2014. The results indicate that 

there is long-run level equilibrium relationship between the stock price of Taiwan and the NTD/USD exchange 

rates at lower distribution of stock prices, and at higher and lower distribution of exchange rates. The causality 

results show that there is unidirectional causality running from Taiwan stock price to the NTD/USD exchange 

rate at higher distribution of exchange rates. The result shows that there is evidence in favor of the portfolio 

hypothesis. 

Keywords: a quantile regression, autoregressive distributed lag model, exchange rates, portfolio hypothesis, 
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1. Introduction 

Over two decades, the relationship between exchange rates and stock prices has been issues of concern to 

financials, governments, market participants, and the general public. The traditional approach asserted that the 

depreciation of domestic currency might affect firm’s values through changes in competitiveness, thereby 

affecting firm’s profits and their stock prices. On the other hand, the portfolio approach claimed that an increase 

in stock prices might induce a rise in domestic investor’s wealth, leading to an increase in the inflows of foreign 

capital and thereby causing an appreciation in domestic currency.  

In the international finance and international investment empirical literature, there exist four views regarding the 

causal relationship between exchange rates and stock prices. The first view argues that exchange rates cause 

stock prices (traditional hypothesis). The recent studies such as Bahmani-Oskooee and Sohrabian (1992), 

Abdalla and Murinde (1997), Granger, Huang, and Yang (2000), Nieh and Lee (2001), Fang (2002), Hatemi-J 

and Roca (2005), Tian and Ma (2010), among others support this hypothesis. The second view argues that stock 

prices cause exchange rates (portfolio hypothesis). This view has been supported by Bahmani-Oskooee and 

Sohrabian (1992), Smith (1992), Abdalla and Murinde (1997), Ajayi, Friedman, and Mehdian (1998), Granger, 

Huang, and Yang (2000), Phylaktis and Ravazzolo (2005), Tsai (2012), among others. The third view implies 

that both exchange rates and stock prices cause each other (feedback hypothesis). This view has been supported 

by studies such as Bahmani-Oskooee and Sohrabian (1992), Mok (1993), Ibrahim (2000). The fourth view 

implies that there is no causality between exchange rates and stock prices (neutrality hypothesis). This 

hypothesis has been supported by Ajayi, Friedman, and Mehdian (1998), Granger, Huang, and Yang (2000).  

According to the conclusion derived from these studies, the previous empirical literature that focuses on causal 

relationship between exchange rates and stock prices is not conclusive to provide policy recommendation that 

can be applied across countries. In other words, the causal relationship between exchange rates and stock prices 

is still debatable. Furthermore, these empirical studies use ordinary least square (OLS) regression to test Granger 

causality that estimates the impact of the independent variable on the mean of the conditional dependent variable 

distribution, which only considers its conditional mean, that is, it cannot describe the dynamic relationship 

between the independent variable and the dependent variable. The methodology in this study, however, is totally 
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different from the past research studies. We use an innovative regression, which combines Pesaran, Shin, and 

Smith (2001) developed the bounds test procedure which based on the Auto-Regressive Distributed Lag (ARDL) 

model, and Koenker and Bassett (1978) proposed a quantile regression, to investigate the dynamic long-run 

equilibrium relationship between stock prices and exchange rates, the short-run causal impact of exchange rates 

on stock prices across different conditional exchange rate distribution, and the short-run causal impact of stock 

prices on exchange rates across different conditional stock price distribution. Pesaran, Shin, and Smith (2001) 

ARDL method is more efficient because it does not require a pre-test for co-integration among variables and 

more robust to conduct long-run equilibrium test. Moreover, the advantage of using a quantile regression is that a 

quantile regression will be more robust (Koenker, 2005) because it estimates the median and the full range of 

other conditions, rather than ordinary least squares regression to estimate mean. This paper is organized as 

follows. In section II, we present and discuss the methodology. Section III reports data collection and empirical 

results. Section IV provides conclusions. 

2. Methodology 

2.1 Autoregressive Distributed Lag Model  

To investigate the relationship between the stock price of Taiwan and the NTD/USD exchange rate during the 

period of January 1980-December 2014, this study employs an innovative approach through combining Pesaran, 

Shin, and Smith (2001) developed the Auto-Regressive Distributed Lag (ARDL) model and Koenker and Bassett 

(1978) proposed a quantile regression. Several empirical studies (Pesaran, 1997; Pesaran & Smith, 1998; Pesaran, 

et al., 2001) have indicated that the ARDL approach for co-integration is preferable to other conventional 

co-integration approaches such as Engle and Granger (1987), Johansen (1988), and Johansen and Juselius (1990) 

procedures. One of the reasons for using the ARDL is that it has advantage of avoiding the classification of 

variables into I(1) or I(0) and no need for unit root pre-testing. Another reason for using the ARDL approach is 

that it is more robust and performs better for small sample sizes than other co-integration techniques. The third 

reason for preferring the ARDL approach is that it allows that the variables may have different optimal lags and 

employs a single reduced form equation to estimate the long-run relationship. Taking each of the variables in 

turn as a dependent variable in this study, we estimate the following Unrestricted Error Correction model: 

△ lnEXCHt =α0 +α1lnEXCHt-1 +α2lnTWSIt-1+∑α1i△ lnEXCHt-i+ ∑α2i△ lnTWSIt-i+ε1t                    (1) 

△ lnTWSIt =β0 +β1lnEXCHt-1 +β2lnTWSIt-1 +∑β1i△ lnEXCHt-i+∑β2i△ lnTWSIt-i+ε2t                      (2) 

Here, lnEXCHt is the log of exchange rates which measures the price of USD in terms of the New Taiwan dollar 

(NTD) and lnTWSIt is the natural log of the Taiwan Weighted Stock Index. △  is the first difference operator. To 

investigate the long-run relationship between the stock price of Taiwan and the NTD/USD exchange rate, this 

study uses the F-test statistic to test the joint significance of the coefficients on one-period lagged levels of the 

variables in Equation (1), denoted by F(EXCHt|TWSIt), that is, the null hypothesis H0: α1=α2=0 against the 

alternative H1: α1≠α2≠0. Similarly, the null hypothesis for testing the non-existence of a long-run relationship in 

Equation (2) is denoted as F(TWSIt|EXCHt). Pesaran (1997) and Pesaran, Shin, and Smith (2001) provide 

critical values are based on large sample sizes. The bounds test procedure is applicable regardless of whether or 

not the underlying regressors are integrated on the order of one or zero, or are mutually co-integrated. The 

ARDL regression, on the other hand, yields a test statistic that can be compared to two asymptotic critical values. 

When the test statistic lies above the upper bound of critical values, the null hypothesis of a no long-run 

relationship is rejected whether or not the underlying orders of integration of the regressors are zero or one. 

Alternatively, when the test statistic is below the lower bound of critical values, the null hypothesis of a no 

long-run relationship among the regressors cannot be rejected. If the test statistic lies between these two bounds, 

the results are inconclusive. 

In Equation (1), causality implies that lnTWSI ‘Granger-causes’ lnEXCH provided that α2i ≠0 for all i. Similarly, 

in Equation (2), causality implies that lnEXCH ‘Granger-causes’ lnTWSI provided β1i ≠0 for all i. 

2.2 A Quantile Regression  

A quantile regression is a statistical technique intended to estimate and conduct inference about conditional 

quantile function. Koenker and Bassett (1978) proposed the quantile regression approach as an alternative to 

least squares regression in a wide range of applications. This approach takes into consideration the skewness of 

the distribution and gives a more complete picture of the performance that is affected by the various independent 

variables. This technique was further developed by Koenker and Hallock (2001) and Koenker (2005).  

According to Koenker (2005), a quantile regression is used when an estimate of the various quantile of a 

population is desired. One advantage of using a quantile regression to estimate the median and the full range of 
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other conditions, rather than ordinary least squares regression to estimate mean, is that a quantile regression will 

be more robust in response to large outliers. Like the least absolute deviations, the quantile regression objective 

function is a weighted sum of absolute deviations, which gives a robust measure of location, so that the 

estimated coefficient vector is not sensitive to outlier observations on the dependent variable. In addition, it also 

provides a more efficient approach than the least square method when the error term is non-normal. 

A quantile regression can be seen as a natural analogue in regression analysis to the practice of using different 

measures of central tendency and statistical dispersion to obtain a more comprehensive and robust analysis. 

Another advantage of a quantile regression is the fact that any quantile can be estimated.  

According to Koenker and Bassett (1978) method, we let  Ttyt ...,2,1,   be a random sample on the regression 

process ttt xuy  , having conditional distribution function 
XYF = = , where

 Ttxt ...,2,1,   denote a sequence of (row) k-vectors of a known design matrix. The θ
th

 regression quantile, 

 XYQ , 0＜θ＜1 is defined as any solution to the minimization problem  

     


tttt xyxy 1min                          (3) 

 tt XYt :          tt XYt :  

The resulting solution to equation 3 is denoted as 
 , from which we obtain the θ

th 
conditional quantile  XYQ =

x . In this paper 
ty or 

tx can be the stock prices and the exchange rate. 

2.3 An ARDL Model with a Quantile Equation 

An innovative method through combining an autoregressive distributed lag model and a quantile regression, 

which substitutes equation 3 into equations 1 and 2, can be described to equations 4 and 5. It provides a useful 

supplement to the standard constant-parameter regression estimate (only one α or β) for studying all possible 

parameters (for all quantiles) vary across high dependent variable and low dependent variable. This method also 

leads to a more dynamic and complete understanding of what might really lie behind the stories of great effect or 

non-effect for the exchange rate on the stock price or the stock price on the exchange rate. 
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           (5) 

If we investigate the short-run causality between exchange rates and stock prices, In Equation (4), causality 

implies that lnTWSI ‘Granger-causes’ lnEXCH provided that α2i ≠0 for all i during different θ
th 

conditional 

quantile  XYQ =
x . Similarly, in Equation (5), causality implies that lnEXCH ‘Granger-causes’ lnTWSI 

provided that β1i ≠0 for all i during different θ
th 

conditional quantile  XYQ =
x .  

3. Data and Empirical Results 

This study uses monthly Taiwan data that covers the period January 1980-December 2014 for a total of 420 

observations. The data on NTD/USD exchange rate and Taiwan stock prices are compiled from the Taiwan 

Economic Journal. The NTD/USD exchange rate is measured as the price of US dollar in terms of New Taiwan 

dollar. Taiwan Stock prices are measured as the Taiwan Weighted Stock Index. All variables are in logarithmic 

form. 

 y  yYF t   tt xyF 
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First, this study uses the Augmented Dickey–Fuller (ADF) unit root test to determine the order of integration of 

the two variables. Table 1 reported the unit root test results in levels and first differences. The results show that 

we cannot reject the null hypothesis of the unit root for two variables in levels. When applying the ADF test to 

the first difference of these two series, we are able to reject the null hypothesis of a unit root at the 1% level or 

better. Based on the results from the ADF test, it is concluded that these two data series are integrated of order 

one. 

 

Table 1. Results from the Augmented Dickey–Fuller unit root test 

Variable Level  p-value  First-difference p-value 

lnEXCH -1.498  0.534  -17.368 0.000 

lnTWSI 1.956  0.306  -18.909 0.000 

Note.* Denotes significance at the 1% level. 

 

In applying the bounds test, this paper first specifies the optimal lag length of the UECM on equations (1) to (2) 

and checks if there exists the long-run equilibrium relationship. This study employs the Schwarz’s Bayesian 

Information Criterion (SBC) to choose the optimal lag length because the SBC tends to define more 

parsimonious specifications (Pesaran & Shin, 1999). The lag order determined from the SBC is 1. The χ
2
sc 

statistic also indicates that there is no serial correlation in the residual when the lag length is equal to 1.  

Furthermore, the bounds tests without trend are conducted to confirm the existence of a dynamic long-run 

equilibrium relationship between the stock price of Taiwan and the NTD/USD exchange rate, and the results 

showed in Tables 2 and 3. Due to 420 observations, the critical values from Pesaran (1997) and Pesaran, Shin, 

and Smith (2001) will be used in the present study. Clearly, the computed F-statistics 1.009 and 1.945 are below 

the lower critical value 2.45 for F(EXCHt|TWSIt)and F(TWSIt|EXCHt) by using traditional OLS method. 

However, using an innovative method, that is, ARDL with a quantile regression, the results found that there exist 

long-run relationship between the exchange rate and Taiwan stock price at the lower(0.1 and 0.2 quantiles) and 

higher(0.7 to 0.9 quantiles) distribution of the exchange rate for F(EXCHt|TWSIt) in Table 2, and long-run 

relationship between Taiwan stock price and the exchange rate at the lower distribution of Taiwan stock price for 

F(TWSIt|EXCHt) in Table 3.  

 

Table 2. Co-integration test results at different quantiles for F(EXCHt|TWSIt) 

Quantile         F value    

0.1 4.351*   

0.2 7.568*   

   0.3 

   0.4  

0.5 

   0.6 

   0.7 

   0.8 

   0.9 

  OLS 

2.971 

0.972 

0.560 

2.198 

5.564* 

4.988* 

6.750* 

1.099 

  

Note. * Denotes significance at the 5% level. 

 

Table 3. Co-integration test results at different quantiles for F(TWSIt|EXCHt) 

 Quantile              F value    

0.1 11.185*   

0.2 5.205*   

   0.3 

   0.4  

 0.5 

   0.6 

   0.7 

   0.8 

   0.9 

  OLS 

1.228 

0.326 

0.073 

0.120 

0.209 

0.941 

3.216 

1.945 

  

Note.* Denotes significance at the 5% level. 
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The Granger causality test results are presented in Tables 4 and 5. The notation of x ≠>y means that variable x 

does not Granger-cause variable y. With respect to the causal relationship between the stock price of Taiwan and 

the NTD/USD exchange rate during the period of January 1980-December 2014, the findings are noteworthy. 

First, the relationship between the exchange rate and Taiwan stock price is neutral by using traditional OLS 

method. Second, through using an innovative method, there is unidirectional causality running from Taiwan 

stock prices to NTD/USD exchange rates, which supported the portfolio hypothesis, at the high distribution of 

exchange rates.  

 

Table 4. Results from causality tests at different quantiles for lnTWSI ≠> lnEXCH 

Quantile F value  p-value   

0.1 1.008 0.316  

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

OLS 

0.458 

0.005 

0.000 

0.005 

1.364 

2.015 

1.311 

4.633* 

2.508 

0.499 

0.941 

0.990 

0.946 

0.244 

0.157 

0.253 

0.032 

0.114 

 

Note. *Denotes significance at the 5% level. 

 

Table 5. Results from causality tests at different quantiles for lnEXCH ≠> lnTWSI 

Quantile F value  p-value   

0.1 0.016 0.899  

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

OLS 

0.062 

0.419 

0.594 

0.013 

0.277 

0.228 

0.578 

0.683 

2.015 

0.803 

0.518 

0.411 

0.908 

0.599 

0.634 

0.448 

0.409 

0.157 

 

Note. *Denotes significance at the 5% level. 

 

4. Conclusions 

A number of empirical studies have examined the relationship between exchange rates and stock prices. This 

paper adopts an innovative approach through combining an autoregressive distributed lag (ARDL) model and a 

quantile regression to examine the long-run and short-run causal relationship between the stock price of Taiwan 

and the NTD/USD exchange rate during the period of January 1980-December 2014. According the traditional 

OLS method, the results clearly indicate that there is no long-run equilibrium and short-run causal relationship 

between the stock price of Taiwan and the NTD/USD exchange rate. However, through using an ARDL model 

with a quantile regression, the results show that there is a long-run equilibrium relationship between the 

exchange rate and Taiwan stock price. Moreover, there is unidirectional causality running from Taiwan stock 

price to the NTD/USD exchange rate at the high distribution of exchange rates, which supported the portfolio 

hypothesis. These empirical results also provide Taiwan’s policymakers a better understanding of exchange rates 

and stock prices nexus, to formulate international financial policy in Taiwan.    
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