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Early Globalization and the Law of One Price:  

Evidence from Sweden, 1732-1914 
 

Mario J. Crucini† 
Vanderbilt University 

mario.j.crucini@vanderbilt.edu 

 

Gregor W. Smith†† 
Queen’s University 

smithgw@econ.queensu.ca 

 
We review research using departures from the law of one price to measure the advent 

of globalization in Europe and Asia. In an application, we then study the role of distance 

and time in statistically explaining price dispersion across 32 Swedish towns for 19 

commodities from 1732 to 1914. The resulting large number of relative prices (502,689) 

allows precise estimation of distance and time effects, and their interaction. We find an 

effect of distance that declines significantly over time, beginning in the 18th century, well 

before the arrival of canals, the telegraph, or the railway. 

Keywords: Distance Effect, Law of One Price, Globalization, Historical Price Convergence, 

Market Integration in Sweden 

JEL classification: N70, F61, E37 

 

I. INTRODUCTION 

 
When you think globalization began depends on how you define it. Ancient 

civilizations and medieval cities of course exchanged tools, plants, diseases, and 
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ideas. But most recent studies of early globalization define it as integration of a 

market across regions or countries, as measured by the convergence of commodity 

prices. These studies focus on prices partly of necessity. We often do not know 

the shipping costs or travel times, and how they evolved over time, that would help 

us track integration with those measures. But prices also have distinct advantages. 

First, they allow studies to tie in directly to research on the modern law of one 

price, by using exactly the same statistical methods as are applied to today’s data. 

Second, reliable statistical inference is possible because there are many observations. 

O’Rourke and Williamson (2002) note the international trade in luxury goods-

such as spices, silk, furs, and gold-from 1500 to 1800. But they suggest that falling 

transport costs led to a globalization big bang in the 1820s marked by the integration 

of markets for necessities like grains and textiles. For the first time, this international 

integration began to affect how capital and labour were used within domestic 

economies and thus also to be the subject of political debates. Some recent research 

has suggested that market integration occurred even earlier, in the late 18th century 

in northern Europe and in Asia, particularly as measured by the convergence of 

prices within countries or regions. 

In this paper we briefly review the research on historical price convergence, 

both international and intranational. We then seek to contribute to research in price 

history with a study of Sweden, with data drawn from the work of Lennart Jӧrberg 

(1972) who led a team of researchers. This research choice has three appealing 

features. First, it allows a long span of data, from 1732 to 1914. Studying data 

back to the 18th century is not always possible in the related research, as noted by 

Jacks, O’Rourke, and Williamson (2011). Second, there is a large number of 

locations, with prices collected at up to 32 market towns. This geographical richness 

proves useful in studying the effect of distance on relative prices and how that effect 

evolved over time. Third, we also study 19 commodities, including a range of foodstuffs 

and manufactured goods. The list includes: Baltic herring, bar iron, beef, butter, 

charcoal, hay, hops, log timber, oxen, pork, sawn batten, sheep, straw, tallow, tallow 

candles, tar, wax candles, wheat, and wool. Thus we can see whether price dispersion 

reflected the perishability or weight-to-value ratio of a specific commodity, for example. 

The large span of years, commodities, and locations provides a great deal of 

statistical precision. We find an effect of distance on price dispersion, for almost 

all commodities. Pooling across the commodities, we find that the distance effect 

declines over time. This decline shows considerable variation from year to year. 
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For example, it was interrupted during the early 19th century. Most notably, the 

process of convergence began in the 18th century, and specifically after 1760. This 

finding of early convergence mirrors results from recent studies of international and 

intranational grain markets. 

 

II. THE LAW OF ONE PRICE IN HISTORICAL DATA 

 
A wealth of recent research looks at the extent of price convergence between 

locations, its evolution over time, and the causes of and obstacles to that convergence. 

First, several studies assess the law of one price (LOP) internationally. For example, 

Rogoff, Froot and Kim (2001) describe the price differences between London and 

Amsterdam for 7 commodities over many centuries. O’Rourke and Williamson 

(1994) study 13 commodities traded between the US and UK from 1870 to 1913, 

and report a convergence trend. Klovland (2005) studies 39 commodities in Britain 

and Germany for a similar period, from 1850 to 1913, and again studies the 

persistence of LOP deviations. Chilosi and Federico (2015) study the integration of 

Asia in the world economy after 1800 by tracking price differences for commodities 

such as silk, tea, cotton, and rice between cities in India, Indonesia, Japan, and China 

and those in the United Kingdom, the Netherlands, and France. They find that most 

convergence occurred early in the 19th century, which they attribute to the decline 

of European trading monopolies with Asia. 

Second, several studies examine LOP deviations intranationally. For example, 

Shiue (2002) studies grain prices across 121 prefectures in China during the 18th 

century. She reports effects of distance and access to water transport on price 

differences but shows that overall grain markets appeared to be integrated 

across regions. This finding challenges the view that such integration (via a 

transport revolution) is a precursor to economic growth, for such growth was quite 

limited in China during this period. Cheung (2008) describes the rice market within 

China in the 18th century and the extent of its integration, using both statistical 

methods and a history of Qing policy. Dobado-González and Marrero (2005) 

document how corn prices converged across 32 Mexican states from 1885 to 1908. 

Trenkler and Wolf (2005) study wheat flour prices across Polish cities in the 

interwar period. Slaughter (1995) studies the prices of 10 goods in US cities during 

1820-1860 and describes how they tended to converge across cities over time. 

These studies of intranational prices draw one’s attention to mechanisms such as 
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improved transport and communication, which have been documented within a 

number of countries. For example, Slaughter describes the roles of canals, steamboats, 

and railroads in price convergence. 

Third, a number of studies compare international and intranational price dispersion 

for two key commodities: rice and wheat. Studying these goods has four distinct 

advantages: (a) they are storable; (b) they are internationally traded; (c) in some 

cases their prices are recorded according to standardized varieties; and (d) in some 

cases shipping costs can be collected. These features suggest that arbitrage could 

operate, with the passage of time, as emphasized by Pippenger and Phillips (2008) 

in their study of wheat prices in the late 20th century. Shiue (2005) describes the 

differences in grain prices across cities in Germany and its neighbors as the 

zollverien customs union spread between 1815 and 1855. She compares these 

differences with those between German and non-German cities and finds a small 

border effect. Jacks (2005) studies the period 1800-1913 for up to 100 cities in 10 

countries. He documents wheat price convergence using several different statistics 

and finds a decline in the effect of distance over time. Shiue and Keller (2007) 

show integration of rice markets in the Yangzi Delta in the 18th century and a similar 

pattern in grain markets in Britain. Dobado-Gonzlez, Garca-Hiernaux, and 

Guerrero (2015) confirm intranational integration of rice markets within parts of 

China and Japan in the 18th century (as in Europe) though not international integration 

in the Far East. 

Several studies also document interruptions in the process of convergence. Jacks, 

O’Rourke, and Williamson (2011) study historical and contemporary data sources 

since 1700. They document the increases in price volatility during 1776-1819 

when trade in the Atlantic economies was disrupted by the Revolutionary War 

and the French Wars. Dobado-González, Garćia-Hiernaux, and Guerrero (2012) 

comprehensively review debates on the timing of price convergence, and trace it 

back to the 18th century by studying wheat prices internationally. Kaukiainen 

(2001) provides some concrete examples of the mechanisms at work. He studies 

the inter-city times for the transmission of Lloyds’s List (a shipping newsletter) and 

the private correspondence of a Finnish merchant. These data show that steamships, 

improved mail-coach times, and faster packet ships led to declines in mail dispatch 

times that helped integrate markets even if goods shipped no faster. Notably, these 

improvements occurred early in the 19th century, before the telegraph and the 

railway. 
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III. SWEDISH COMMODITY PRICE DATA AND 

CURRENCY HISTORY 

 
Our goal is to study intranational price dispersion in Sweden back to the 18th 

century and using a range of commodities. Jӧrberg (1972) describes the Swedish price 

data, which apply to 32 towns or regions at various times and to many commodities. 

Scholars have used them to study the cost of living and real wages, but apparently 

not LOP deviations. Lagerlöf (2015) studies grain prices from this source for 1816-

1870, within a broader study of Malthusian checks. He finds that local grain prices 

were correlated with local harvests, suggesting that grain markets were not fully integrated. 

The numbers come from market price scales that were used for taxes, tithes, and 

other payments. The prices were averages of current annual prices in market towns 

within each region. Prices were recorded at Thomasmӓss (December 21) each year 

until 1803, and in November thereafter. 

Table 1 lists the location codes and districts studied by Jӧrberg. It then lists 

the largest market town in each district, along with its latitude and longitude. We 

measure the great circle distance between towns in kilometres. Of course the actual 

travel distance may have differed from this, but we have not found data on actual 

travel methods or times. Thus there may be some attenuation bias in distance effects 

due to measurement error.  

The commodity list includes nine agricultural commodities (beef, butter, hay, 

hops, pork, straw, tallow, wheat and wool), two animals (oxen and sheep), one 

fish (Baltic herring), four non-agricultural commodities (bar iron, log timber, sawn 

batten, and tar) and three sources of light or heat (charcoal, tallow candles, and 

wax candles). This mix of goods is typical of price history datasets. Since the 

number of towns in the study is 32, the number of possible pairs is 496 but the 

number of available location pairs differs substantially by commodity. 

Sweden adopted a series of unusual monetary arrangements during the 18th 

century. From 1732 to 1775 prices are quoted in silver dalers (daler silvermynt) 

(with unit öre, with 32 per daler). From 1776 to 1802 they are quoted in riksdaler 

specie (with units shilling, with 48 per riskdaler). During this period there were two 

internal units of account: riksdaler banco and riksdaler riksgälds, that had a varying 

relative value. Jӧrberg (1972, p. 79) notes that market price scales were quoted in 

riksdaler riksgälds. After 1803 all prices are in kronor (singular: krona) per metric 

unit. Weights and measures also varied over time. 
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Table 1. Swedish Towns 

Code District Town Latitude Longtitude 

1 Stockholm county Stockholm 59.326 18.058 

2 Uppsala county Uppsala 59.857 17.639 

3 Södermanland county Nyköping 58.753 17.010 

4 OӦstergӧtland county Linköping 58.416 15.624 

5 Jӧnkӧping county Jӧnkӧping 57.782 14.159 

6 Kronoberg county Växjö 56.877 14.809 

7 Kalmar county Kalmar 56.661 16.363 

7a Isle of Ӧland Borgholm 56.879 16.656 

8 Isle of Gotland Visby 57.641 18.296 

9 Blekinge county Karlskrona 56.160 15.586 

10 Kristianstad county Kristianstad 56.031 14.155 

10a Kristianstad Kristianstad 56.031 14.155 

10b AӒngelholm AӒngelholm 56.243 12.862 

10c Simrishamn Simrishamn 55.556 14.350 

11 Malmöhus county Malmö 55.603 13.001 

12 Halland county Halmstad 56.674 12.857 

13 Göteborg and Bohus Gothenburg 57.697 11.987 

14 AӒlvsborg county Vanersborg 58.381 12.323 

15 Skaraborg county Skara 58.386 13.438 

16 Värmland county Karlstad 59.378 13.504 

17 OӦrebro county OӦrebro 59.274 15.208 

17a Närke OӦrebro 59.274 15.208 

17b Nora, Linde, Karlskoga Nora 59.519 15.040 

18 Västmanland county Västeras 59.616 16.552 

19 Kopparberg county Falun 60.602 15.633 

20 Gävleborg county Gävle 60.675 17.142 

20a Gästrikland Gävle 60.675 17.142 

20b Hälsingland Hudiksvall/Soderhamn 61.489 17.062 

21 Västernorrland county Härnosand 62.632 17.938 

21a Medelpad Sundsvall 62.391 17.307 

21b Angermanland Härnosand 62.632 17.938 

22 Jӓmtland county O   Ӧstersund 63.222 14.602 

22a Härjedalen Harjedalen 62.250 13.950 

22b Jӓmtland OӦstersund 63.222 14.602 

23 Västerbotten county Umea 63.838 20.248 

24 Norrbotten county Lulea 65.584 22.155 

Notes: Codes and districts are from Jörberg (1972). Town denotes the largest market town in each district, 

or the midpoint if two towns are listed. Latitude and longitude are in degrees. 
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Figure 1. Regions of Sweden 

Source: Jӧrberg, L. 1972. A History of Prices in Sweden 1732-1914. Vol. I: Sources, Methods, Tables. 

Lund: CWK Gleerup. 

 

Jӧrberg (pp 81-83) discussed at length the pitfalls in trying to convert prices 

into comparable, common currency units over time. Given those pitfalls, he advised 

against an attempt to convert all prices into, say, kronor for the entire period. We 

focus on relative prices across locations and how their dispersion varied over time-

rather than on relative prices over time-and so automatically follow this advice. Thus 

the prices are in a common currency for a specific year but the currency units vary over 

time. The currency changes do not affect our calculations. However, they would 

preclude the use of some other methods, such as the time-series modelling adopted 

by Jacks (2005) or that of Dobado-González, Garćia-Hiernaux, and Guerrero (2012) 

that measures mean-reversion. 

Although we have found no data on travel times or shipping costs, outlines of 

Swedish history by Weibull (1993) and Kent (2008) document some of the milestones 
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in transportation and communications during this period. The early 19th century saw 

the introduction of canals, including the Trollhӓtte canal in 1800 and the Göta 

canal in 1832. Even then, a trip from Stockholm to Gothenburg could take a week. 

Railways (which reduced these travel times) and the telegraph followed during the 

1850s and 1860s. Sweden was not an early industrializer, though. In 1900 half of 

employment remained in agriculture.  

For other European countries, some comparable sources of price data exist 

because of the work of the International Scientific Committee on Price History in the 

1930s and 1940s, described by Cole and Crandall (1964). These sources include the 

monographs by Posthumus (1946) on Holland, Elsas (1936, 1949) on Germany, 

Hauser (1936) on France, Hamilton (1947) on Spain, and Pribram (1938) on Austria. 

The Danish price history project begun by Friis and Glamann (1958) is another 

rich source. Data from these and other studies can be found at the Global Price 

and Income History Group (www.gpih.ucdavis.edu), the IISH List of Datafiles 

of Historical Prices and Wages (www.iisg.nl/hpw/), or at eh.net. But data for 

these countries involve significantly fewer intranational locations. Historical 

data on grain prices can be found at Corn Returns Online (cornreturnsonline.org) 

while modern data are available at the Center for International Price Research 

(centerforinternationalprices.org). 

 

IV. PATTERNS IN COMMODITY PRICE INTEGRATION 

 
We next consider departures from the law of one price both by commodity and 

pooled over commodities, measured with a median over time and also year by year. 

Our analysis proceeds in two stages. First we consider time-invariant barriers, 

represented by the distance between towns. Second, we consider the possibility 

that the economic impact of distance changed over time. Obvious candidates are 

improvements in transportation that reduced the cost per kilometre of shipments. 

Less obvious, but also plausible, is the notion that expansions of the transportation 

network gave rise to new trading linkages where trade costs were initially prohibitive. 

Consider a commodity i in year t that is priced in towns j and k: its price is 

denoted p. Begin with the log relative price: 

 

𝑞𝑖,𝑗𝑘,𝑡 = 𝑙𝑛𝑝𝑖,𝑗,𝑡 − 𝑙𝑛𝑝𝑖,𝑘,𝑡          (1) 

 

http://www.iisg.nl/hpw/)
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The time-varying measure of dispersion then is defined as: 

 

𝑎𝑞𝑖,𝑗𝑘,𝑡 = 100 ∗ |𝑞𝑖,𝑗𝑘,𝑡|         (2) 

 

When the focus is time-invariant barriers, we work with the median of the absolute 

value of LOP deviations, where the median is taken over all time periods for which 

the bilateral relative price observations are available: 

 

𝑚𝑎𝑑𝑎𝑞𝑖,𝑗𝑘 = 𝑚𝑒𝑑𝑖𝑎𝑛𝑡(𝑎𝑞𝑖,𝑗𝑘,𝑡)         (3) 

 

We study the median absolute deviation to mitigate sensitivity to outliers as may 

arise due to measurement error. 

In each sub-section of our analysis we present both pooled and good-specific 

results. This is important for three reasons. First, much research focuses on 

grain prices and because wheat is one of our commodities the disaggregated 

analysis provides a point of contact with this work. Second, since the question of 

interest is market integration broadly defined, it is important to know if results for 

wheat hold for other commodities in the cross-section. Third, pooling enables us to 

stimate parameters more precisely. 

All standard errors are cluster-robust, so that they are not understated due to 

correlation across towns or years. We thus follow Cameron and Miller’s (2015) 

guidelines for inference. In time-invariant statistical models we cluster over 

town pairs jk. In time-varying regressions we cluster over both town pairs jk 

and years t, using the multiway clustering of Cameron, Gelbach, and Miller 

(2011). (Cameron and Miller suggest that I = 19 is not a large enough number 

of commodities to cluster in that dimension.) In practice these standard errors are 

considerably larger than the traditional heteroskedasticity-robust ones, so the 

resulting inferences are conservative. 

 

 

4.1 Time-Invariant Distance Effects 

 

Denoting distance by 𝑑𝑗𝑘, the statistical specification is: 

 

𝑚𝑎𝑑𝑞𝑖,𝑗𝑘 = 𝛼𝑖 + 𝛽𝑙𝑛𝑑𝑗𝑘 + 𝜀𝑖,𝑗𝑘         (4) 
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which includes fixed effects for commodities, labelled αi. Fixed effects for town 

pairs jk are not included because they are very highly collinear with log distance. 

 

Table 2. Commodity-by-Commodity Estimation 1732-1914 

 

𝑚𝑎𝑑𝑞𝑖,𝑗𝑘 = 𝛼𝑖 + 𝛽𝑖𝑙𝑛𝑑𝑗𝑘 + 𝜀𝑖,𝑗𝑘 

Commodity �̂�𝑖 (𝑠𝑒) R2 N 

Baltic Herring 
7.58*** 

(1.06) 
0.27 87 

Bar Iron 
8.78*** 

(2.04) 
0.17 70 

Beef 
0.62 

(1.09) 
0.00 227 

Butter 
5.53***  
(0.52) 

0.15 531 

Charcoal 
23.44*** 

(5.80) 
0.20 55 

Hay 
3.97*** 

(0.61) 
0.07 527 

Hops 
12.48*** 

(1.56) 
0.22 261 

Log Timber 
20.82*** 

(3.26) 
0.13 249 

Oxen 
18.39*** 

(1.70) 
0.24 237 

Pork 
8.58*** 

(1.07) 
0.26 249 

Sawn Batten 
9.47*** 

(1.73) 
0.08 429 

Sheep 
8.44*** 

(1.08) 
0.12 292 

Straw 
10.01*** 

(1.29) 
0.09 489 

Tallow 
4.96*** 

(0.63) 
0.13 310 

Tallow Candles 
1.66*** 

(0.29) 
0.08 432 

Tar 
8.46*** 

(1.44) 
0.33 51 

Wax Candles 
4.05*** 

(0.93) 
0.04 431 

Wheat 
2.94*** 

(0.50) 
0.13 332 

Wool 
3.76 

(9.26) 
0.01 10 

Notes: Distance is in kilometres. Standard errors in parentheses are robust to heteroskedasticity with 
*p<0.1,**p<0.05,***p<0.01. 
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Table 2 reports the results of estimating this statistical model (4) for each 

commodity. Commodity-specific intercepts are not shown. For 17 commodities 

the distance effect, as measured by 𝛽 , is significant at the 1% level; for 2 

commodities (beef and wool) it is positive but statistically insignificant. The largest 

values are for charcoal, log timber, oxen, and hops. This heterogeneity in 𝛽𝑖 could 

arise due to differences in value-to-weight ratios. 

Table 3 reports the pooled regression results with coefficients on distance 

constrained to be the same across commodities. This involves 5268 observations on 

the 19 commodities in 32 Swedish towns. The row of results labelled 𝛼𝑖 allows 

each commodity to have a different constant term in the regression (not reported) 

whereas the row labelled α forces all regressions to have the same constant term. 

The restriction on the constant has some effect on the value �̂� of a n d  t h e s e  

intercepts are clearly important since the fraction of variance explained drops 

from 76% to 6% when a common intercept is imposed. In either case the distance 

effect is statistically significant at the 1% level. The fact that price dispersion is 

rising in distance of course is consistent with research studies that use modern data 

and with previous studies of historical prices reviewed in section 2. 

In summary, we have found evidence of a positive role of distance in accounting 

for price dispersion, both in the pooled estimation and in most commodity-level 

results. We next explore how this dispersion, and its correlation with distance, 

changed over time. 

 

Table 3. Pooled Estimation 1732-1914 

 

𝑚𝑎𝑑𝑞𝑖,𝑗𝑘 = 𝛼𝑖 + 𝛽𝑙𝑛𝑑𝑗𝑘 + 𝜀𝑖,𝑗𝑘 

Intercept �̂� R2 N 

 (se)   

α 
7.44*** 

(0.50) 
0.06 5268 

αi 
5.60*** 

(0.33) 
0.76 5268 

Notes: Distance is in kilometres. Standard errors in parentheses are clustered by town pair jk where 
*p<0.1, **p<0.05,***p<0.01. If jk dummy variables are included in these specifications the ln(djk ) 

variable is dropped due to multi-collinearity. Intercept i is for a specific commodity. 
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4.2 Time Variation 

 

We report statistics that measure whether price dispersion varied over time and 

specifically whether we can attribute that variation to an evolving effect of distance. 

In a historical study spanning 182 years, it seems reasonable to expect improvements 

in transportation technology and infrastructure to alter price dispersion over time. 

We use year-specific effects to allow flexibility in measuring the rate of change of 

market integration. 

The only new variable introduced is time itself. This can be thought of as 

exploratory data analysis, but an obvious advantage is that this covariate, time, is 

exogenous. The disadvantage of simply using time as a regressor is a loss of test 

power in assessing the effect of a specific event, such as a particular technological 

change such as the expansion of roads or railroads. But we have a lot of data, so this 

agnostic approach should detect both a trend to integration of commodity markets 

and interruptions to that trend, whatever their causes. 

Given our earlier findings we begin by controlling for distance in the same way, 

but now we do not use the median across time of the absolute deviations. Thus the 

specification is: 

 

𝑎𝑑𝑞𝑖,𝑗𝑘,𝑡 = 𝛼𝑖 + 𝛼𝑡 + 𝛽𝑡𝑙𝑛𝑑𝑗𝑘 + 𝜀𝑖,𝑗𝑘    (5) 

 

The variable 𝛼𝑡  is a year-specific fixed effect: 𝛼𝑡 =1 in a specific year and 0 

otherwise. The coefficient 𝛽𝑡 also is year-specific. Measuring the time-varying 

effects in this way allows for dispersion to increase or decrease with a wide range 

of patterns over time. There are 502,689 observations. 

Table 4 gives the results, pooled across commodities. The first row allows for no 

time variation, but only commodity-specific intercepts, 𝛼𝑖, and a constant effect 

of distance, measured by 𝛽. We now study a time-varying measure of dispersion, 

𝑎𝑑𝑞𝑖,𝑗𝑘,𝑡, yet it is striking that distance and commodity-specific fixed effects 

(which of course do not vary over time) still have a great deal of explanatory power. 

The R2 statistic is 0.5990. 

However, it also is easy to detect time variation. In the second row there are 

intercept time effects; in the third row there are only slope time effects; in the fourth 

row both are present. The changes in the R2 are small numerically but statistically 
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significant, given the large number of observations. Thus we cannot reject the 

hypothesis that both the slope and intercept changed over time. 

 

Table 4. Pooled Estimation with Time Effects 1732-1914 

 

𝑎𝑑𝑞𝑖,𝑗𝑘,𝑡 = 𝛼𝑖 + 𝛼𝑡 + 𝛽𝑡𝑙𝑛𝑑𝑗𝑘 + 𝜀𝑖,𝑗𝑘 

Parameters �̂� 

(se) 

R2 N 

αi, β 
5.37*** 

(0.33) 
0.5990 502,689 

𝛼𝑖, 𝛼𝑡, 𝛽 
7.35*** 

(0.46) 
0.6228 502,689 

𝛼𝑖, 𝛽𝑡   0.6200 502,689 

𝛼𝑖, 𝛼𝑡, 𝛽𝑡   0.6246 502,689 

Notes: Distance is in kilometres. Standard errors in parentheses are clustered by town pair and year using 

the method of Cameron, Gelbach and Miller (2011) where *p<0.1, **p<0.05, ***p<0.01. The dummy 

variables 𝛼𝑖 and 𝛼𝑡 apply to goods and years respectively. 

 

Figure 2 graphs the estimated slope 𝛽𝑡, along with 95% confidence intervals, for 

each year from 1732 to 1914. Early in the period this slope is quite variable, but a 

downward trend is evident after about 1775. However, given that variations in 

both the slope and intercept coefficients are significant, it is possible that one could 

find 𝛽𝑡  falling from one year to another yet α̂ t rising so that predicted price 

dispersion rose at many distances in the sample. Thus 𝛽𝑡  may not be a good 

measure of the distance effect’s variation over time. It falls fastest in the remainder 

of the 18th century, then continues a more gradual decline-with some volatility-

until 1914. We note that there is indeed a mild upward drift in 𝛼𝑡. Combined with 

figure 2 this shows that the distance function became flatter over time. These year-

specific intercepts and slopes are estimated quite precisely for each year, 

because of the large number of locations and commodities. One thus can measure 

the overall effect of time (at a given distance 𝑑𝑗𝑘) with the statistic 𝛼𝑡 + 𝛽𝑡ln (𝑑𝑗𝑘). 

Figure 3 graphs this statistic against time, along with 95% confidence intervals, for 

each year and at the median distance. This overall time effect is volatile at the 

beginning of the sample, but then begins a marked decline after 1760. 
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Figure 2. Distance Function Slope 𝜷𝒕, 1732-1914 

  

Source: The figure shows the time-varying slope from equation (5), estimated pooling commodities. 

Dashed lines give the 95% confidence intervals based on double-clustered standard errors. 

 

 

Figure 3. Median Distance Function, 1732–1914 

 

Source: The figure shows the time-varying component from equation (5), estimated pooling commodities, 

and evaluated at the median distance:  𝛼𝑡 + 𝛽𝑡ln [median(𝑑𝑗𝑘)] . Dashed lines give the 95% 

confidence intervals based on double-clustered standard errors. 
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It is interesting to explore whether this pattern holds true for each commodity. 

Again we take advantage of the many locations to explore the time path non-

parametrically, without imposing a functional form on the trend. We estimate 

equation (5) but with commodity-specific, time-varying parameters 𝛼𝑖,𝑡 and 𝛽𝑖,𝑡. 

The fit varies across commodities, with R2 ranging from 0.06 for wax candles or 

0.10 for beef to 0.34 for Baltic herring or 0.44 for bar iron. The explanatory power 

for wheat, where R2 = 0.22, is typical. 

Figure 4 shows the commodity-specific distance function evaluated at the median 

distance: 𝛼𝑖,𝑡 + 𝛽𝑖,𝑡ln [median(𝑑𝑗𝑘)]. The 12 commodities shown are those with (i) 

more than 20,000 observations and (ii) observations spanning the entire period. This 

set includes 420,289 observations: 84% of the total used in table 4 and figure 2. 

The distance function becomes flatter over the entire time period for each commodity, 

except oxen. Moreover, this pattern clearly began in the 18th century for each 

commodity except oxen and straw. The disaggregated data thus show that figure 2 

provides a good summary of the overall pattern of price convergence. 

 

Figure 4. Median Distance Function by Commodity, 1732–1914 

  

Source: The figures show the commodity-specific distance function evaluated at the median distance: 

𝛼𝑖𝑡 + 𝛽𝑖𝑡ln [median(𝑑𝑗𝑘)]. for each year, and its 95% confidence interval. The 12 commodities 

are those with (i) more than 20,000 observations and (ii) observations spanning the entire period. 
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Figure 4. Continued 
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The last panel of figure 4 plots the distance function for wheat, and so allows 

comparison with other studies that focus on that commodity. As we noted in section 

2, some studies find wheat prices converging over the 1800s but with an interruption 

early in that century. We do not find these same patterns within Swedish wheat 

prices, where figure 4 shows that the distance function does not have a trend after 

1800 and does not appear to tilt up during the Napoleonic Wars. Instead, we find 

most of the decline in wheat-price dispersion within Sweden occurred before 1800. 

However, the results pooled across commodities in figure 2 do show both a continuing 

decline in dispersion from 1800 to 1850 and some interruption in intranational 

convergence during the early nineteenth century. 

 

V. CONCLUSION 

 
This paper aims to contribute to research on price history by studying prices for 

19 commodities in 32 Swedish towns from 1732 to 1914. These large ranges of 

commodities, intranational locations, and years are made possible due to the 

work of Jӧrberg (1972) and his colleagues. The large number of observations 

enhances precision in each statistical model and allows us to study time effects non-

parametrically. The statistical model also allows for changes over time in the currency 

units that preclude construction of a continuous price series. We cluster standard errors 

so as not to overstate precision due to error correlation across towns or years. 

We find a resilient effect of distance on price dispersion, for almost all  

commodities. Pooling across them, we find that the distance function became flatter 

over time, evidence of advances in communication and transportation. This pattern 

applied over most commodities. But it was by no means monotonic, with considerable 

variation from year to year. Notably, this process appears to have begun in the 18th 

century, before the arrival of canals, the telegraph, or the railway. 

Even if we do not know the transport and communication changes that were 

at work in 18th century Sweden, we know from the other research cited here that a 

falling distance effect in relative prices historically has been an accurate 

indicator of such improvements. This is a key lesson from the historical research. 

Prices continue to be less expensive to collect than many other data. Atkin and 

Donaldson (2015) find that internal transportation costs (and hence distance 

effects) on prices in Ethiopia and Nigeria can have a large effect on prices at the 
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port of exit and hence on international trade. Just as in the historical  data, 

intranational price convergence may be a precursor to globalization. 
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The RTAs with trade facilitation provisions have been expected to generate a larger net 

trade-creating effect and complement the discriminatory feature of RTAs but have yet to 

be empirically proven. Recognizing the limitations of existing studies, we conducted a 

quantitative analysis on the effects of RTAs with and without trade facilitation provisions 

on both intra- and extra-bloc trade by using a modified gravity equation. We applied the 

Poisson Pseudo-Maximum Likelihood (PPML) estimation with time varying exporter 

and importer fixed effect method to panel data consisting of 45,770 country pairs 

covering 170 countries for 2000-2010. We found that the trade facilitation provisions in 

existing RTAs are non-discriminatory by generating more intra- and extra-bloc trade in 

general. In particular, we found that the trade effects of RTAs in the APEC region are 

much stronger than the general case covering all RTAs in the world. In addition, as we 

control the trade effect of a country’s trade facilitation, which is ranked by the World 

Bank’s logistic performance index, RTAs consisting of trade facilitation provisions are 

discriminatory for trade in final goods and non-discriminatory for trade in intermediate 

goods. Overall, we endeavor to “explain,” instead of “hypothesizing,” why most of the 

recent RTAs contain trade facilitation provisions, especially in light of the deepening 

regional interdependence through trade in parts and components under global value 

chains and support the necessity of multilateralizing RTAs by implementing non-

discriminatory trade facilitation provisions.  
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Gravity Equation, APEC 
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I. INTRODUCTION 

 
With countries expecting gains from freer trade, discriminatory regional trade 

agreements (RTAs) have proliferated since the late 1980s. However, the shallow 

integration through discriminatory tariff reforms alone has been insufficient to 

generate significant gains. Multilateralizing regionalism, through deepening regional 

trade negotiations, has taken center stage among recent trade issues, as shown in 

the comprehensive investigation of Baldwin and Low (2009). More specifically, 

Baldwin (2014) and Lejárraga (2014) elaborate about the importance of deeper 

integration that is complemented with a reduction of non-tariff barriers to tariff 

reforms. Deeper integration is expected to not only enhance the gains from RTAs 

but also reduce discrimination and lead regional trade blocs to a more desirable 

global free trade environment.  

Enhancing trade facilitation is a desirable option for promoting a global free 

trade environment that complements discriminatory RTAs, as reported by 

leading multilateral organizations such as the OECD (2002), Maur (2008) of the 

World Bank, Hamanaka, Tafgar, and Lazaro (2010) of the Asian Development 

Bank, UNCTAD (2011), UNESCAP (2011), Neufeld (2014) of the World Trade 

Organization, and Yasui (2014) of the World Customs Organization. Accordingly, 

most of recent RTAs equipped with trade facilitation provisions are expected to 

produce larger trade-creating and smaller trade-diverting effects.1 On the other 

hand, Hamanaka, Tafgar, and Lazaro (2010) worry about discriminatory features 

of the trade facilitation provisions by reviewing characteristics of existing RTAs 

with trade facilitation provisions in the Asia Pacific region.2 However, the trade-

 
1 According to Chart 2 in Neufeld (2014), 95% of RTAs formed between 2000 and mid-2013 contain 

trade facilitation provisions, in contrast to 14%, 50%, and 92% of RTAs with trade facilitation 

provisions formed during the 1970s, 1980s, and 1990s, respectively.  
2 Only members can exclusively take the benefit of trade facilitation measures under the RTA and 

different trade facilitation treatment is applied to non-members. For example, documentation 

requirement for customs clearance against members of an RTA is much simpler than that against 

non-member trading partners. Hamanaka, Tafgar, and Lazaro (2010) list some member-specific 

trade facilitation measures under RTAs in the Asia Pacific region. As a case, the ASEAN-Japan 

CEPA provides express shipment in Article 22 of Chapter 2 for trade in goods but the express 

customs procedure is applicable to goods traded between members only. 
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creating and diverting effects of RTAs consisting of trade facilitation provisions 

have yet to be empirically tested. Dennis (2006) and Kim et al. (2013) quantitatively 

measure the additional gains derived from enhanced trade facilitation in the cases 

of the Middle East and North Africa region (MENA) and the Asia Pacific Economic 

Cooperation region (APEC), respectively, by comparing those gains with the ones 

derived from tariff reduction alone. However, their findings apply to a specific 

RTA and their quantitative analyses measure the general effect of enhanced trade 

facilitation, independent of tariff reforms of RTAs and are in line with existing 

empirical studies, as surveyed in Dennis (2010). They do not investigate the 

interacting effects of RTAs with trade facilitation provisions.  

Recognizing the limitations of existing studies, this paper investigates the 

interacting effects of RTAs with and without trade facilitation provisions on intra- 

and extra-bloc trade by using a modified gravity equation. From this quantitative 

analysis, we examine whether trade facilitation provisions generate more gains 

from easier trade and reduce discriminatory feature of RTAs in general and in the 

APEC region.3 More specifically, for each RTA dummy, we construct two binary 

variables: one for intra-bloc membership (Insiders: member-member country pairs) 

and the other for extra-bloc membership (Outsiders: member-non-member country 

pairs). By doing so, we are able to decompose the trade effects into trade-creating 

and trade-diverting effects. Thus, it could be examined whether RTAs containing 

trade facilitation provisions are discriminatory or non-discriminatory. Moreover, 

we consider deepening global value chains and the resulting increase in the trade 

of parts and components by classifying total tradable goods into final and 

intermediate goods. The effects of trade facilitation provisions are expected to 

differ according to the commodity type.4 

 For the quantitative analysis, we use panel data consisting of 45,770 country-

pairs covering 170 countries for three years, 2000, 2005, and 2010. In order to 

address the zero trade issue and the presence of heteroskedasticity, we adopt the 

Poisson Pseudo-Maximum Likelihood (PPML) estimation method introduced by 

Santos Silva and Tenreyo (2006). Moreover, we control bilateral linkages by 

 
3 In order to investigate whether the APEC’s principle of open regionalism works for multilateralizing 

RTAs, we estimate the trade effects of RTAs with and without trade facilitation provisions 

covering the APEC region separated from RTAs around the world. 
4 See Felipe and Kumar (2010) and Yadav (2014). 
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applying multilateral trade resistance, introduced by Anderson and van Wincoop 

(2003), through the use of the time varying exporter and importer fixed effect. As 

in Baier and Bergstrand (2007), the time varying exporter and importer fixed 

effects also control endogeneity problem of RTAs and properly estimate the average 

treatment effect of entering an RTA. In order to control the general effect of trade 

facilitation, we introduce the World Bank’s logistic performance index (LPI) as an 

independent variable measuring a country’s level of trade facilitation. Results 

covering an alternative sample period, 2007, and those from an alternative specification 

will be compared in order to check the robustness of the PPML estimation. 

Section II briefly reviews the trade creation and diversion effects of RTAs with 

a consideration of trade facilitation and raises research questions to be empirically 

investigated. Section III describes the model, estimation method, and data for 

the quantitative analysis. Section IV reports empirical findings and Section V 

concludes this research. 

 

II. TRADE FACILITATION, TRADE,  

AND REGIONAL TRADE AGREEMENTS 

 
Trade facilitation is an effort to pursue greater “convenience” in international 

trade by easing economic activities across borders. The reduction in trade costs, 

resulting from better trade facilitation, has an identical effect as lowering tariff or 

non-tariff barriers, both resulting in an increase in social welfare through the gains 

from freer and easier trade.5 More specifically, trade facilitation improves importing 

countries’ welfare by narrowing the gap between the world market price and 

domestic price of the imported goods, which leads to an increase in the trade 

volume. According to UNESCAP (2007), estimated trade costs in industrialized 

countries are decomposed into transport costs, border-related trade barriers, and 

retail and wholesale distribution costs. Each share 21% (freight costs of 11% and 

transit costs of 9%), 44% (tariffs and non-tariffs of 8%, language barriers of 7%, 

currency barrier of 14%, information costs barrier of 6%, and security barrier of 

3%) and 55% of total trade costs, respectively. This indicates that the trade costs 

incurred by inefficient trade facilitation cause more than half of the transaction 

costs across borders. 

 
5 See Deardorff (2001). 



Trade Facilitation Provisions in Regional Trade Agreements: Discriminatory or Non-discriminatory?  451  

ⓒ 2016 East Asian Economic Review 

The effects of trade facilitation on bilateral trade vary according to commodity 

type as investigated in Felipe and Kumar (2010). More specifically, Yadav (2014) 

empirically examines the impact of trade facilitation on parts and components and 

final goods trade for the machinery and transport equipment sector. He finds that 

the “border efficiency” is more important for the parts and components trade than 

final goods trade. In particular, considering deepening production networks by 

vertical specialization of supply chains in recent years, production networks may 

significantly affect RTA-related benefits over time. Arndt (2001) theoretically 

proves that the output expansion effect of production networks overwhelms 

negative trade diversion effect of discriminatory preference given to members of RTAs.  

Quite a few empirical experiments about analyzing the positive effect of trade 

facilitation on trade and welfare have been conducted by using survey, gravity 

model, partial equilibrium model, and computable general equilibrium model 

(CGE) analysis, as surveyed in the APEC (2002), OECD (2003), Kim and Park 

(2005), Felipe and Kumar (2010), and Otsuki (2011). As aforementioned, many 

“qualitative” studies have emphasized the important role of trade facilitation 

provisions for a more desirable formation of RTAs, such as the OECD (2002), 

Maur (2008), Hamanaka, Tafgar, and Lazaro (2010), UNCTAD (2011), UNESCAP 

(2011), Neufeld (2014), and Yasui (2014). However, there is no “quantitative” 

analysis of the trade creation and diversion effect of RTA with trade facilitation 

provisions. Thus, it is still not clear that the trade facilitation provisions in existing 

RTAs can generate significant enough additional gains from freer and easier trade 

by increasing the trade creation effect and decreasing the trade diversion effect.  

In this empirical experiment, we attempt to quantitatively investigate changes in 

intra- and extra-bloc trade volume by applying a gravity regression model analysis. 

By conducting this experiment, we can answer whether the trade facilitation 

provisions in existing RTAs can be a way to multilateralize regionalism and lead 

to a more desirable global free trade environment. More specifically, we attempt 

to investigate the following research questions. 

 

Q1: Does the trade-creating effect of eliminating tariff by forming RTAs become 

significantly stronger if the RTAs are equipped with trade facilitation 

provisions? If yes, deeper integration through enhancing trade facilitation is a 

desirable policy option to complement the limited gains from tariff reform 

alone. 



452   Innwon Park and Soonchan Park 

ⓒ Korea Institute for International Economic Policy 

Q2: Are the trade facilitation provisions in existing RTAs discriminatory or non-

discriminatory? If the answer is non-discriminatory, the RTAs with trade 

facilitation provisions do not divert trade from efficient non-members to 

inefficient members and mitigate the discriminatory feature of RTAs. Then, 

currently proliferating RTAs can be regarded as stepping stones for a global 

free trade. 

 

Q3: Do the afore-mentioned trade effects of trade facilitation provisions differ 

according to the commodity type? 

 

III. METHODOLOGY 

 
1. Model Specification and Estimation Method 

 

We employ a modified gravity model of bilateral trade flows to estimate the trade-

creating and trade-diverting effects of RTAs with trade facilitation provisions, as 

specified in Equation 1. 

 

Equation 1. 

 

ln(Tradez
ijt) = 0 + 1ln(Yit) +2ln(Yjt) + 3ln(DISTij) + 'X' + 

γ1RTAk/Insiderijt + γ2RTAk/Outsiderijt + ijt 

 

where i and j denote particular countries and t denotes time. 

 

 Tradez
ijt denotes the value of bilateral trade between i and j by commodity type, 

where z∈ {Total, Final, and Intermediate goods}, 

 Yit and Yjt are real GDP,  

 DISTij is the bilateral distance between i and j,  

 X' is a set of control variables that includes the Colony, Contiguity, and 

Common Language dummies,  

 

In order to examine whether RTAs with trade facilitation provisions generate more 

gains from easier trade and reduce discriminatory feature of RTAs, we construct 

two binary variables: one for intra-bloc membership (Insiders: member-member 
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country pairs) and the other for extra-bloc membership (Outsiders: member-non-

member country pairs) as follows: 

 RTAk/Insideritj is a binary variable which is unity if i and j belong to the same 

type of RTA (k) by inclusion of trade facilitation provisions, where k∈{TF: 

RTA with trade facilitation provisions, NTF: RTA without trade facilitation 

provisions} 

 RTAk/Outsiderijt is a binary variable that is unity if i belongs to an RTA and j 

does not, or vice versa, by inclusion of trade facilitation provisions, where 

k∈{TF: RTA with trade facilitation provisions, NTF: RTA without trade facilitation 

provisions} 

 

Table 1 clarifies the assigned RTA dummies by type of RTAs and by membership 

in the upper panel, either 1 or 0. As shown in the lower panel of Table 1, the 

expected positive signs of γ1 measure trade-creating effects of RTAs with or 

without trade facilitation provisions. On the other hand, the possible negative 

estimates, γ2, imply that RTAs divert trade from nonmembers to members. 

Accordingly, the lower panel of Table 1 indicates the discriminatory or non-

discriminatory features of RTAs with trade facilitation provisions. 

 

Table 1. Clarification of RTA Dummies and Coefficients 

RTA Dummies 

Country i 

Country j 
 Member Non-Member 

 

Type of 

RTAs 

(k) 

TF 

(RTA with 

Trade 

Facilitation 

Provisions) 

NTF 

(RTA without 

Trade 

Facilitation 

Provisions) 

TF 

(RTA with 

Trade 

Facilitation 

Provisions) 

NTF 

(RTA without 

Trade 

Facilitation 

Provisions) 

Member 
TF RTA/Insider = 1 RTA/Insider = 0 RTA/Outsider = 1 RTA/Outsider = 0 

NTF RTA/Insider = 0 RTA/Insider = 1 RTA/Outsider = 0 RTA/Outsider = 1 

Non-Member 
TF RTA/Outsider = 1 RTA/Outsider = 0 RTA/Outsider = 0 RTA/Outsider = 0 

NTF RTA/Outsider = 0 RTA/Outsider = 1 RTA/Outsider = 0 RTA/Outsider = 0 
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Table 1. Continued 

Estimated Coefficients 

Country i 

Country j 
 Member Non-Member 

 

Type of 

RTAs 

(k) 

TF 

(RTA with 

Trade Facilitation 

Provisions) 

NTF 

(RTA without 

Trade Facilitation 

Provisions) 

TF 

(RTA with 

Trade Facilitation 

Provisions) 

NTF 

(RTA without 

Trade Facilitation 

Provisions) 

Member 

TF 
Trade-creating 

RTA (γ1>0) 
 

Trade-diverting 

RTA (γ2<0) 

Discriminatory 

Trade Facilitation 

Provisions & 

vice versa 

 

NTF  
Trade-creating 

RTA (γ1>0) 
 

Trade-diverting 

RTA (γ2<0) 

Non-Member 

TF 

Trade-diverting  
RTA (γ2<0)  

Discriminatory 
Trade Facilitation 

Provisions & 
vice versa 

   

NTF  
Trade-diverting 

RTA (γ2<0) 
  

 

In order to solve the zero trade issue and the presence of heteroskedasticity, the 

PPML estimation is applied to Equation 1. Then, Equation 1 is estimated in its 

multiplicative form, as in Equation 2. 
 

Equation 2. 
 

Tradez
ijt = exp(0 +1ln(Yit) +2ln(Yjt) + 3ln(DISTij) + 'X' 

+ γ1RTAk/Insiderijt + γ2RTAk/Outsiderijt)uijt, where uijt=exp(ijt). 

 

In order to control endogeneity problem of RTAs6 and problem of multilateral 

resistance terms7, we address the time varying exporter and importer fixed effects 

 
6 To take endogeneity problem of RTAs into account, Baier and Bergstrand (2002) and Magee (2003) 

employ an instrumental variables (IV) regression approach. However, Baier and Bergstrand (2004) 

show that IV regressions of the average treatment effects of RTAs are unstable and the exogeneity of 

the instruments is often rejected. Alternatively, Baier and Bergstrand (2007) propose using panel data 

with country and year fixed effects to properly estimate the average treatment effect of entering an RTA. 
7 As introduced in Anderson and van Wincoop (2003). 
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(αit and αjt), as in Equation 3. Owing to the time varying exporter and importer 

fixed effects included in the country-specific variables, Yit and Yjt are dropped 

from Equation 2, as follow. 

 

Equation 3. 

 

Tradez
ijt = exp(0 +it +jt + 1ln(DISTij) + 'X' 

+ γ1RTAk/Insiderijt + γ2RTAk/Outsiderijt)uijt, where uijt=exp(ijt)  

or 

ln(Tradez
ijt) = 0 +it +jt + 1ln(DISTij) + 'X' 

+ γ1RTAk/Insiderijt + γ2RTAk/Outsiderijt + ijt. 

 

 
2. Data 

 

We use annual data consisting of 45,770 country-pairs in total. The dataset 

features a panel structure that covers 170 countries in 2000, 2005, and 2010, 

respectively. The nominal value of bilateral trade is measured by the sum of the 

bilateral imports. The data for bilateral imports at the three-digit Broad Economic 

Categories (BEC) level are obtained from the UN Comtrade database, wherein 

“intermediate goods” include BEC codes 111, 121, 21, 22, 31, 322, 42, and 53. 

Data for country-pair specific variables (e.g., distance, contiguity, colony, and 

common language) are obtained from the Centre d'É tudes Prospectives et 

d'Informations Internationales (CEPII). We classify RTAs into RTAs with and 

without trade facilitation provisions using the WTO Regional Trade Agreements 

Database. 

Summary statistics, for the data used in the estimations, are presented in Table 

2. Of 45,770 observations, 4,300 country-pairs (9.4 percent) belong to the intra-

bloc membership of existing RTAs in a given year; among them 2,191 country-

pairs (51.0 percent) are the member of RTAs with trade facilitation provisions 

and 2,109 country-pairs (49.0 percent) are members of RTAs without trade 

facilitation provisions; 41,470 country-pairs (90.6 percent) are linked through the 

extra-bloc membership. 

 

 



456   Innwon Park and Soonchan Park 

ⓒ Korea Institute for International Economic Policy 

Table 2. Summary Statistics 

 
Total 

(obs. = 45,770) 

RTA with Trade 

Facilitation 

Provisions 

(obs. = 2,191) 

RTA without 

Trade Facilitation 

Provisions 

(obs. =2,109) 

No RTA 

(obs.=41,470) 

 Mean 
Standard 

Deviation (SD) 
Mean SD Mean SD Mean SD 

Total Trade 5.8 71.0 44.7 248 18.7 735 3.5 48.4 

Trade in final goods 2.6 35.1 20.7 111 83.1 351 1.5 26.9 

Trade in 

intermediate goods 
3.2 37.3 23.8 139 10.3 401 2.0 23.0 

ln(Distance) 8.77 0.77 7.58 0.92 7.51 1.00 8.89 0.64 

Colony 0.01 0.09 0.02 0.12 0.01 0.08 0.01 0.09 

Common language 0.15 0.36 0.14 0.35 0.22 0.41 0.15 0.36 

Contiguity 0.02 0.13 0.12 0.32 0.11 0.31 0.01 0.08 

 
In Table 2, we present some notable findings. First, the RTA members trade 

more and the overall trade-creating effect of RTAs is stronger with trade 

facilitation provisions. In particular, the RTA members, with trade facilitation 

provisions, trade intermediate goods more than those without trade facilitation 

provisions and vice versa in the final goods trade. Second, the logarithmic mean 

of the geographical distance between members of existing RTAs is shorter than 

those of the whole sample or those between countries excluded from existing 

RTAs, regardless of trade facilitation provisions. This finding is supported by the 

higher mean of geographical location sharing (Contiguity) in existing RTAs. Third, 

there is no significant difference in cultural similarity between intra-bloc and 

extra-bloc membership, as indicated in the mean of colonial linkage and use of 

common language. 

 

IV. RESULTS 

  
1. Trade Creation and Diversion Effects: Panel Data Analysis 

 

We apply the PPML estimation to Equation 3. As summarized in Table 3, the 

gravity model fits the data well, and it explains a major part of the variations in 

bilateral trade flows. The conventional variables behave much in the same way as 

the model predicts, and the estimated coefficients are statistically significant, 
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except for the common language dummy. The estimated coefficient for bilateral 

distance is significantly negative. The estimated coefficients for colonial linkage 

and contiguity are significantly positive.  

From the significantly positive coefficients for RTA/TF/Insider and RTA/NTF/ 

Insider dummy variables in Model (1) focusing on trade-creating effect only, we 

find that intra-bloc membership increases bilateral trade in both final and 

intermediate goods. Furthermore, the trade-creating effects of RTAs vary according 

to the commodity type. That is, the intra-bloc trade-creating effect is stronger on 

final goods than on intermediate goods, regardless of the existence of trade 

facilitation provisions. However, as we include both intra-bloc and extra-bloc 

membership in Model (2) which is our preferred regression model, the RTAs 

consisting of trade facilitation provisions (estimated coefficients for RTA/TF/ 

Insider) create 1.5 times more trade in intermediate goods than in final goods 

(e1.352=3.87 relative to e0.925=2.52).8 Furthermore, the trade-creating effects 

generated by RTAs with trade facilitation provisions are 3.0, 2.0, and 3.9 times 

stronger for total, final, and intermediate goods trade, respectively, than those 

generated by RTAs without trade facilitation provisions (estimated coefficients for 

RTA/NTF/Insider).  

We also find that in general the RTAs do not divert trade from non-members to 

members, as estimated in both the significantly positive coefficients for RTA/TF/ 

Outsider and statistically insignificant coefficients for RTA/NTF/Outsider. Overall, 

the RTAs with trade facilitation provisions increase not only intra-bloc trade but 

also extra-bloc trade. This finding is supported by the estimations shown in Model 

(3) covering RTAs with trade facilitation provisions only. Lastly, we find that the 

RTAs without trade facilitation provisions are non-trade-creating and divert both 

final and intermediate goods trade, as shown in Model (4). From the estimation 

results, we conclude that trade facilitation provisions in existing RTAs are non-

discriminatory and complement the discriminatory feature of RTAs without trade 

facilitation provisions. 

 

 

 
8 Similar to Yadav (2014). 
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2. Trade Creation and Diversion Effects: Cross-Sectional Data Analysis with 

Controlling Nation’s Overall Level of Trade Facilitation 

 

In order to distinguish the interacting trade effects of RTAs with member-specific 

trade facilitation provisions from the effects of nation’s overall trade facilitation, 

we include the World Bank’s logistic performance index (LPI) as an independent 

control variable measuring a country’s average level of trade facilitation. Accordingly, 

the gravity equation in the Equation 3 is modified to Equation 4, as follows. 

 

Equation 4. 

 

ln(Tradez
itj) = 0 +it +jt + 1ln(DISTij) + 'X' + δln(LPIit∙LPIjt) 

+ γ1RTAk/Insiderijt + γ2RTAk/Outsiderijt + ijt 

 

where LPI is the logistic performance index. The logistic performance index is 

obtained from the World Bank. For this experiment, we use cross-sectional data 

for 9,705 country pairs that include 154 countries for 2010 because of the limited 

availability of LPI data reported by the World Bank.9 In line with the studies 

surveyed by Dennis (2010), we expect that better trade facilitation, as measured by 

logistic performance index in country-pairs, increases trade. 

As reported in Table 4, there is no significant difference in the results, compared 

with the panel data analysis, without controlling the general effect of trade 

facilitation (see Table 3). The trade-creating effect of trade facilitation, measured 

by LPI, is significantly strong10 but the trade effects of RTA are weaker as we 

control the overall effect of trade facilitation. Moreover, in contrast with the case 

without controlling the overall effect of trade facilitation, we find that the intra-

bloc trade-creating effect (estimated coefficient for RTA/TF/Insider in Model 5) is 

stronger on intermediate goods than on final goods when trade facilitation 

provisions exist, whereas the opposite is true when trade facilitation provisions do 

not exist (estimated coefficient for RTA/NTF/Insider in Model 5). This finding is 

supported by the estimations shown in Model (7).  

 
9 The sample size should be 11,751 country pairs, but there are some missing data for intermediate 

goods trade. 
10 Similar to Felipe and Kumar (2010). 
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Furthermore, as we include both intra-bloc and extra-bloc membership in Model 

(6), the significantly negative coefficients for RTA/TF/Outsider and RTA/NTF/ 

Outsider are estimated for trade in final goods. It indicates that the RTAs with trade 

facilitation provisions divert trade in final goods from non-members to members. 

Unlike the decrease in final goods imports from non-members, the RTAs with trade 

facilitation provisions create more intermediate goods trade and RTAs without trade 

facilitation provisions do not divert, as shown by the estimated coefficient for the RTA/ 

TF/Outsider and RTA/NTF/Outsider. It indicates that trade facilitation provisions 

are discriminatory for final goods trade but not for intermediate goods trade. This 

finding is supported by the estimations shown in Model (7). We also find that 

RTAs without trade facilitation provisions are non-trade-creating for both final and 

intermediate goods trade. In particular, unlike the RTAs with trade facilitation 

provisions, the RTAs without trade facilitation provisions significantly divert 

intermediate goods trade (Model (8)). These findings confirm that the discriminatory 

feature of RTAs differs according to commodity type. From the estimation results, 

we conclude that trade facilitation provisions in existing RTAs are non-discriminatory 

for intermediate goods trade but discriminatory for final goods trade. 

 

3. Robustness Check 

 

To check the robustness of the PPML estimation, we compare the estimation 

results covering a different sample period, 2007 (Model (9) as equivalent to Model 

(6)) and those from an alternative specification for marginal effects of the RTAs 

with trade facilitation provisions (Model (10) as comparable to Model (7)), as 

shown in Table 5. Compared with the results in Table 4, the similar patterns found 

in Table 4 strongly support the robustness of the PPML estimation. 

 

Table 5. Robustness Check 

Dependent 

Variable: 

Bilateral Trade 

Model (9) 

Alternative Sample Period1 

Model (10) 

Alternative Specification 

RTAs with Intra-bloc and 

Extra-bloc Membership2 

Marginal Effect of RTAs 

with Trade Facilitation Provisions3 

 Total 
Final 

Goods 

Intermediate 

Goods 
Total 

Final 

Goods 

Intermediate 

Goods 

Ln(Dist) 
-0.663 

(0.035)*** 

-0.578 

(0.040)*** 

-0.731 

(0.035)*** 

-0.689 

(0.035)*** 

-0.595 

(0.038)*** 

-0.757 

(0.040)*** 
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Table 5. Continued 

Dependent 

Variable: 

Bilateral Trade 

Model (9) 

Alternative Sample Period1 

Model (10) 

Alternative Specification 

RTAs with Intra-bloc and 

Extra-bloc Membership2 

Marginal Effect of RTAs 

with Trade Facilitation Provisions3 

 Total 
Final 

Goods 

Intermediate 

Goods 
Total 

Final 

Goods 

Intermediate 

Goods 

Colony 
0.378 

(0.224)* 

0.435 

(0.222)** 

0.418 

(0.240)* 

0.452 

(0.220)** 

0.524 

(0.233)** 

0.370 

(0.233) 

Common Language 
-0.017 

(0.089) 

-0.029 

(0.094) 

0.005 

(0.094) 

-0.008 

(0.084) 

-0.029 

(0.091) 

0.029 

(0.092) 

Contiguity 
0.362 

(0.090)*** 

0.364 

(0.098)*** 

0.360 

(0.091)*** 

0.327 

(0.091)*** 

0.359 

(0.101)*** 

0.304 

(0.095)*** 

Ln(LPILPI)  
13.176 

(0.593)*** 

13.608 

(0.588)*** 

12.884 

(0.662)*** 

25.994 

(1.306)*** 

26.303 

(1.293)*** 

25.732 

(1.461)*** 

RTA/Insider    
0.428 

(0.274) 

-0.181 

(0.328) 

0.826 

(0.288)*** 

RTA/TF/Insider 
0.547 

(0.349) 

-0.305 

(0.277) 

1.205 

(0.407)*** 

0.526 

(0.190)*** 

-0.222 

(0.178) 

1.026 

(0.230)*** 

RTA/NTF/Insider  
0.436 

(0.108)*** 

0.417 

(0.117)*** 

0.495 

(0.121)*** 
   

RTA/Outsider    
0.108 

(0.255) 

-0.479 

(0.312) 

0.476 

(0.258)* 

RTA/TF/Outsider 
0.155 

(0.337) 

-0.694 

(0.262)*** 

0.774 

(0.395)** 

0.536 

(0.168)*** 

-0.213 

(0.153) 

1.022 

(0.198)*** 

RTA/NTF/Outsider 
-0.393 

(0.339) 

-0.867 

(0.277)*** 

-0.015 

(0.397) 
   

No. of Observations 6,917 6,917 9,200 9,694 9,694 9,705 

R2 0.93 0.91 0.94 0.92 0.91 0.92 

Exporter and Importer 

Fixed Effects 
yes yes yes yes yes yes 

Notes: 1. Cross-sectional analysis for 2007.  

2. Equivalent to Model (6) in Table 5. 

3. Comparable to Model (7) in Table 5. 
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4. An Application to the APEC Region 

 

One of the distinguishing features of the APEC’s efforts for trade and investment 

liberalization is non-exclusive. Non-discriminatory application of trade facilitation 

can be an example and has been recognized as one of the most important objectives 

among the APEC’s cooperation programs. The APEC’s Bogor declaration in 1994 

stated that trade facilitation was needed to complement trade liberalization. More 

specifically, the APEC’s Shanghai declaration in 2003 stated the objective of 

reducing transaction costs by 5 percent by focusing on the four areas of trade 

facilitation, customs procedures, standards and conformity, business mobility, and 

e-commerce. Compared to tariff reducing reform policies among only trade bloc 

members, trade facilitation makes cross-border transactions easier for members to 

open up toward nonmembers thereby satisfying the APEC’s commitment to 

“open regionalism.”  

In order to investigate whether the APEC’s efforts for enhancing trade facilitation, 

we estimate the trade effects of RTAs with and without trade facilitation provisions 

covering the APEC region separated from RTAs around the world. For this 

experiment, we rerun Equation 3, estimate the trade effects of RTAs in the APEC 

region (hereafter APEC-RTAs) separated from the sample covering all RTAs in 

the world, and report in Table 6.  

As we compare estimation results in Table 6 with results in Model (2) of 

Table 3, we find that (i) both intra-bloc and extra-bloc trade-creating effects of 

APEC-RTAs are significantly positive with trade facilitation provisions (APEC_ 

RTA/TF/Insider and APEC_RTA/TF/Outsider) but statistically insignificant without 

trade facilitation provisions (APEC_RTA/NTF/Insider and APEC_RTA/NTF/ 

Outsider); (ii) no matter what the APEC-RTAs are equipped with or without 

trade facilitation provisions, the APEC-RTAs are not diverting trade indicating the 

non-discriminatory feature of APEC-RTAs (APEC_RTA/TF/Outsider and APEC 

_RTA/ NTF/Outsider); (iii) for NON-APEC-RTAs, both intra-bloc and extra-bloc 

trade-creating effects are weaker with trade facilitation provisions and stronger 

without trade facilitation provisions than those of the APEC-RTAs; and (iv) the 

NON-APEC-RTAs without trade facilitation provisions are trade-diverting 

particularly for trade in final goods (negative coefficient of NONAPEC_RTA 

/NTF/Outsider). 
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Table 6. Trade-creating and Trade-diverting Effects of APEC-RTAs with and 

without Trade Facilitation Provisions: 

PPML Estimation with Panel Data of 2000, 2005, and 2010 

 
Total Final Goods 

Intermediate 

Goods 

Ln (Dist) 
-0.655 

(0.030)*** 

-0.559 

(0.036)*** 

-0.726 

(0.029)*** 

Colony 
0.363 

(0.138)*** 

0.428 

(0.137)*** 

0.303 

(0.152)** 

Common Language 
-0.050 

(0.067) 

-0.059 

(0.067) 

-0.027 

(0.066) 

Contiguity 
0.385 

(0.071)*** 

0.421 

(0.080)*** 

0.358 

(0.069)*** 

APEC_RTA/TF/Insider 
1.371 

(0.188)*** 

1.099 

(0.205)*** 

1.598 

(0.190)*** 

APEC_RTA/NTF/Insider 
0.040 

(0.113) 

-0.072 

(0.145) 

0.125 

(0.122) 

APEC_RTA/TF/Outsider 
1.088 

(0.164)*** 

0.947 

(0.181)*** 

1.190 

(0.168)*** 

APEC_RTA/NTF/Outsider 
0.279 

(0.229) 

0.099 

(0.267) 

0.411 

(0.222)* 

NONAPEC_RTA/TF/Insider 
0.695 

(0.195)*** 

0.300 

(0.214) 

0.974 

(0.201)*** 

NONAPEC_RTA/NTF/Insider 
0.393 

(0.106)*** 

0.446 

(0.111)*** 

0.353 

(0.122)*** 

NONAPEC_RTA/TF/Outsider 
0.305 

(0.172)* 

-0.071 

(0.187) 

0.573 

(0.178)*** 

NONAPEC_RTA/NTF/Outsider 
-0.183 

(0.154) 

-0.387 

(0.165)** 

-0.047 

(0.165) 

No. of Observations 45,139 45,139 45,770 

R2 0.91 0.92 0.91 

Time Varying Exporter and 

Importer Fixed Effects 
yes yes yes 

 

 

V. CONCLUDING REMARKS 
 

 In this quantitative analysis, we attempted to “explain,” instead of “hypothesizing” 

why most of the recent RTAs contain trade facilitation provisions, especially in light 

of the deepening regional interdependence under global value chains, and thus 

support the necessity of multilateralizing RTAs through the deeper integration of 

non-discriminatory trade facilitation provisions.  
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As we evaluate empirical findings in Section IV, we can answer the research 

questions raised in Section II. Both eliminating tariff by forming RTAs and enhancing 

trade facilitation are trade-creating and the positive effect is much stronger if the 

RTA is equipped with trade facilitation provisions. It means that the existing RTAs 

possessing trade facilitation provisions are trade-creating, whereas the RTAs 

without trade facilitation provisions do not create but rather divert trade, thereby 

indicating the non-discriminatory features of trade facilitation provisions in existing 

RTAs. Thus, deeper integration through implementing non-discriminatory trade 

facilitation provisions is a desirable policy option to complement the discriminatory 

feature of RTAs and a powerful policy option to propel domestic reform as well.11  

In particular, as we control the general impact of trade facilitation indicated by 

the World Bank’s LPI, we find that the intra-bloc trade-creating effect is stronger 

on intermediate goods than on final goods when trade facilitation provisions exist, 

whereas the opposite is true when trade facilitation provisions do not exist. We also 

find that the preferential treatment in trade, created by forming RTAs consisting 

of trade facilitation provisions, is discriminatory for trade in final goods and non-

discriminatory for trade in intermediate goods. 

As a case study applied to RTAs in the APEC region, we find that trade facilitation 

provisions matter more significantly to RTAs covering the APEC economies 

compared to other regions and have not been discriminatory supporting the APEC’s 

principle of open regionalism. Accordingly, we positively support the APEC’s 

unilateral liberalization effort for reducing trade costs across borders through the 

enhancement of trade facilitation measures. In addition, we strongly suggest that 

the proposed region-wide FTAAP (free trade areas of the Asia-Pacific) should 

contain non-discriminatory trade facilitation provisions.  

Before closing, as a referee suggested for the estimation technique, if we use a 

“two-way fixed-effect model estimation for this panel analysis instead of using 

time varying exporter and importer fixed effect model, we may more efficiently 

control the macroeconomic environment which might affect the dependent variable 

with year dummies.” Regarding another referee’s suggestion on the RTA database, 

 
11 Many governments use RTAs as a pushing factor for domestic reform including transparent 

customs procedures, regulatory reforms, and information technology. According to Wilson, Mann, 

and Otsuki (2005), domestic reform efforts by both importing and exporting countries remarkably 

increase global trade and economic well-being. 
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our “database does not delve into details about whether the trade facilitation provisions 

cover TBT (technical barriers to trade), SPS (sanitary and phytosanitary measures), 

service trade, or difference in obligation.” These issues should be covered but we 

will leave them for our future research. 
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In this paper, we estimate the exchange rate exposure, indicating the effect of exchange 

rate movements on firm values, for a sample of 1,400 firms in seven East Asian countries. 
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exposure to exchange rate volatility with an increase in return horizon. Consequently the 

ratio of firms with significant exposures increases with the return horizons. Interestingly, 
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called “exposure puzzle” may be a matter of the methodology used to measure exposure. 
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I. INTRODUCTION 

 

Exchange rate movements can directly affect firm values when overseas assets 

are converted to domestic currency and can also indirectly influence in firm values, 

such as when there are changes in competitive pricing against a foreign competitor. 

From the perspective of an individual firm, exchange rate movements could be 

considered foreign exchange rate risk. Economics has defined the risk to firm values 

resulted from exchange rate fluctuations as a “foreign exchange rate exposure.” 

Heckerman (1972), Shapiro (1977), Adler and Dumas (1980), Wihlborg (1980), 

and Hodder (1982) have developed theoretical models that can assess the effects 

of exchange rate movements on firms’ stock prices (proxy for the firm values). 

However, many studies have faced a problem in that the ratio of firms that exhibit 

significant exposure is very lower than theoretical intuition and general expectation. 

These studies have made a great effort to identify the reason of this phenomenon 

or find an empirical methodology to solve this matter. However, there is still no clear 

solution proposed. Thus, this paper aims to suggest a method of accurately estimating 

exchange rate exposure for a sample of 1,400 firms in seven East Asian countries.  

This paper is organized as follows. Chapter II includes a review of previous studies, 

and propose the direction of analysis. Chapter III describes the definition of exchange 

rate exposure, and its implications are drawn through an empirical analysis. Finally, 

Chapter IV concludes. 

 

II. REVIEW OF PREVIOUS STUDIES AND 

RESEARCH DIRECTION 

 
Beginning with the work by Adler and Dumas (1984), exchange rate exposure 

has been estimated based on a simple linear regression of stock returns on exchange 

rate changes. However, Bodnar and Wong (2000) argue that exchange rate exposure 

from previous studies is misestimated, since the results are affected not only by 

exchange rate movements but also by macroeconomic conditions like interest rate 

fluctuations. In this regard, Jorion (1990) insists that instead of measuring ‘total 

exposure’ exposure should be calculated in that way the effect of two factors could 

be distinguished. For that, he includes market stock returns as a control variable to 

the simple regression by Adler and Dumas (1984), and distinguishes this ‘residual 

exposure’ from ‘total exposure’. Jorion (1990) examines the extent of exposure of 
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297 U.S. firms for the period of 1971 to 1987 using the nominal effective exchange 

rate, which is calculated as a trade-weighted basket of currencies. He finds that the 

number of firms with significant exposures is only 15, smaller than what he 

previously expected.1 Although He and Ng (1998) find that foreign sales play an 

important role in the exposures of Japanese multinational corporations, they report 

that only 25% of the firms’ stock returns were positively exposed to the exchange 

rate for the period of January 1979 to December 1993. 

Bodnar and Wong (2000) also estimate exchange rate exposure and find that 

most firms are not significantly affected by exchange rate movements. Kiymaz 

(2003), even, analyzes 109 publically listed firms in Turkey from 1991 to 1998 

and finds unexpected results in that the stock prices decrease as the lira depreciates.2 

In a study of emerging countries, Chue and Cook (2008) employ a different 

approach and find an evidence that firm values are affected by exchange rate 

movements. They provide the result that share values of most emerging market 

firms were negatively affected by exchange rate depreciation from 1999 to 2000, 

however, this negative exposure has disappeared in the more recent years (2002~ 

2006). They focus on the exposures in absolute terms as to assess whether emerging 

market firms as a class are negatively affected by exchange rate depreciation and 

to consider the within-country correlation of stock prices that is usually higher for 

emerging markets than for developed market. And they use variables such as the 

 
1 He argued that foreign exchange rate exposure generally had a big impact on firms engaged in 

foreign trade compared to firms that did not engage in foreign trade. 
2 Jorion (1990) conducted analysis of foreign exchange rate exposure by using the rate of change in 

exchange rate compared to a previous period as the variable representing exchange risk. After that, 

many researchers used the same method. However, Kang and Lee (2011) used the standard deviation of 

the exchange rate rather than rate of exchange change compared to a previous period to analyze and 

compare the foreign exchange rate exposure of 392 Korean firms. Their studies reflect some meaningful 

implications. First, when the rate of change in the exchange rate was used as a variable representing 

exchange risk, the number of firms with negative exchange rate exposure was greater than the 

number of firms with positive exchange rate exposure despite the fact that Korea had a high export 

rate. Even when a lagged variable of the rate of change in the exchange rate was included, such phenomenon 

did not change. Second, when the standard deviation of exchange was an explanatory variable reflecting 

exchange risk, the number of firms exhibiting significant foreign exchange rate exposure increased. 

Third, when the rate of change in exchange rate was used as a variable representing exchange risk, the 

number of export-oriented manufacturing firms subject to foreign exchange rate exposure was small compared 

to firms in non-manufacturing industry, therefore producing confusion. However, when the standard deviation 

of the exchange rate was used, the result was the reverse, thereby corresponding with theoretical inference. 
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US Fed Funds rate, and the yen-dollar and euro-dollar cross-rates as instruments 

to identify the direct effects of exchange rate movements on firm value.  

As most studies have illustrated, the ratio of firms exposed to exchange rates has 

been lower than what has been generally expected, and the relationship between 

exchange rate movements and stock returns does not correspond to the predictions 

of economic theory. Thus, this phenomenon has been identified as the “foreign 

exchange rate exposure puzzle,”3 and many researchers have undertaken multi-

dimensional efforts to investigate its cause. Bodnar and Gentry (1993) obtain the 

results that are somewhat of an improvement when compared to previous studies 

by categorizing the subjects by industry rather than by individual firm. They find 

that the ratio of industries with significant exposures is 23% in the U.S. and 25% 

in Japan. Second, Bastov and Bodnar (1994), Chow, Lee and Solt (1997), Bodnar 

and Wong (2003), and Dominguez and Tesar (2006) conduct empirical analysis by 

paying attention to the fact that it takes time for exchange rate movements to affect 

stock prices4 and by taking the lag into account in the variables for exchange rate. 

However, the improvement is insignificant and there is multicollinearity among 

the lagged variables. Therefore, these analysis could not be a fundamental solution 

to the exposure puzzle. Third, studies that analyze specific countries fail to find 

strong evidence of exposure of firms to exchange rate risk, and there is an attempt 

to conduct a global analysis by examining various countries in the European, 

Asian, and American continents (Bartram and Karolyi, 2006; Doidge, Griffin, and 

Williamson, 2006). Fourth, the analysis is conducted by using the effective exchange 

rate as an exchange rate variable as well as the exchange rate against the currency 

of a country that has the biggest influence in the region (Doidge, Griffin and 

Williamson, 2006; Dominguez and Tesar, 2006).5 For example, exchange rate 

against Japanese yen is used for Asian region, and exchange rate against the 

German deutsche marks is used for Europe. Although the results of these analysis 

provide a greater ratio of exchange rate exposure, still the exposure is lower than 

 
3 Bartram and Bodnar (2007) argued that because firms hedge exchange rates, the result of lower 

exchange risk is a natural result and accordingly, it is not puzzle. 
4 They explained that a market participant needs time to recognize the effect of change in exchange 

rate on firm value. 
5 For various case studies on measuring exchange exposure, refer to Dominguez and Tesar (2001, 

2006) 
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generally expected. Other methods have been utilized and target countries and 

periods are changed, all have failed to acquire significantly improved results.6  

The existing studies have shown the low level of significant exchange rate 

exposures than theoretical intuition and general expectation. The explanation for 

this phenomenon (called ‘exposure puzzle) can be that, as is argued by Bartram 

and Bodnar (2007), firms deploy hedging strategies at the management level, such 

as relocating overseas operations and product pricing, in preparation for and in 

consideration of the exchange rate movements and the associated risks. Furthermore, 

firms have shown an increasing tendency to reduce short-term exchange rate risk 

by using financial derivatives. Bartram, Brown and Minton (2010) also report that 

the low exposure, which has been considered a puzzle, is somewhat explained by 

effect of channels such as operational hedging, financial risk management and etc. 

However, when a firm cannot hedge the exchange rate risk due to the additional 

cost of hedging such risk or to the difficulty in measuring the exchange rate risk, 

the firm values have exposures to exchange rates. In fact, the reality is that many 

firms do not have a complete foreign exchange rate risk management system, with 

the exception of some global firms. To begin with, the return horizon, which is 

used to measure changes in stock prices and the exchange rats, is expanded from 

one month to at least six months or one year, as similar to Chow, Lee and Solt 

(1997), and Bodnar and Wong (2003).7 There are several important reasons for 

this. First, it can help to mitigate the effect of disturbing noise in short term, which 

has been pointed out as a contributing factor for the low significant exposures in 

many studies. Furthermore, it can help to focus on long-term changes in exchange 

rate that affect the decision-making of investors. Second, there is a strong possibility 

that many firms measure exchange rate exposure by comparing the exchange rates 

at the current time against the exchange rates at the time that management plan 

was established, which could have been three months ago, six months ago, or a 

year ago. Today, most firms perform accounting evaluations over three-month 

 
6 Generally, the trade weight exchange rate is used as the exchange rate. However, Bartram (2004) 

pointed out the problem of the effect of exchange exposure as being diversified and thus, attempted 

to use the bilateral exchange rate. In this case, exchange exposure somewhat increased. 
7 Bodnar and Wong (2003) showed that foreign exchange rate exposure is more easily identified by 

expanding the measurement period of each rate of change, given the difficulty in measuring foreign 

exchange exposure due to involvement of short-term noise when change of stock price and 

exchange rate are used to estimate foreign exchange rate exposure. 
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periods, and such a fact needs to be considered. In other words, the reality is that a 

certain lag is inevitable for the effect of exchange rate changes on a firm’s value. 

Third, to resolve the multicollinearity, which arises when numerous lagged variables 

of the exchange rate change are included in the regression, the return horizon used 

to measure the changes in stock prices and exchange rates needs to be expanded to 

conduct an analysis. Additionally, the implied volatility based on the Black Scholes 

model is considered to examine the effect of exchange rate risk, which is hard for 

individual firms to completely resolve. In particular, this paper conducts an empirical 

analysis by paying attention to the fact that East Asian countries tend to focus on 

trade for economic growth, and therefore targets firms in seven countries in East Asia.  

This paper is therefore organized with the following considerations. First, the 

return horizon, used to measure changes in stock prices and exchange rates, is 

expanded from one month to three, six and twelve months, and the extent of significant 

exposures is examined across the four return horizons. Second, as for the exchange 

rate variable, three different indicators (nominal effective exchange rates, exchange 

rates against the dollar, and the exchange rates against the yen) are used. Since the 

influence of the exchange rate against the yen can be very large for firms in East 

Asia,8 it is included with our analysis. The effect of exchange rate against the 

dollar on a firm’s stock price and that of exchange rate against the yen can be 

compared, and the difference in the influence of the two currencies over firm values 

in East Asia can be explored. This comparison has rarely been discussed in 

previous studies for East Asian countries. Third, we also use the implied volatility 

in the currency option price, based on the Black-Scholes model, as a control variable 

for the analysis. The effect of the intrinsic foreign exchange rate risk, which is 

difficult for a firm to hedge against the firm stock price, is further explored by 

considering this variable as an additional foreign exchange rate risk index. 

Chowdhury (1993), Cushman (1988), Thursby and Thursby (1987), and Kenen 

and Rodrik (1986) confirm that a fluctuation in the exchange rate has a clear 

negative impact on trade and investment. The reason for this is that firms have a 

tendency to avoid trade and investment when fluctuations in the exchange rate 

increase, making it difficult for firms to forecast changes in the profits earned. Thus, 

 
8 Kang, Kim and Wang (2005) analyzed that the yen/dollar exchange rate had a big impact on the 

won/dollar exchange rate and industrial production. They explained that this was because Japan is 

Korea’s third largest trading partner and a country that carries out large-scale capital investment. 
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to accurately analyze the exposure to exchange rates, the effects of the fluctuation 

in exchange rate needs to be controlled. Even in this case, various return horizons 

are used to confirm whether there are changes in the extent of exposure to exchange 

rate, for establishing accurate models and enhancing the robustness of the models. 

Last, the exposure to exchange rate volatility is examined with the increase in the 

return horizons used to measure changes in exchange rates and stock prices. 

 

III. MEASUREMENT OF ESCHANGE RATE EXPOSURE AND 

EMPIRICAL ANALYSIS 

 
1. Measurement of Exchange Rate Exposure 

 
The extensive literature on exchange rate exposure defines exposure as the effect 

of exchange rate changes on the economic value of firms, rather than on the 

accounting value. Following this, we use the firm’s stock price for a proxy of firm 

value, and the coefficient resulting from the regression of stock price on exchange 

rates could be interpreted as the exposure (Dumas, 1978; Adler and Dumas, 1980; 

Hodder, 1982). 

The appreciation in local currency could make exporting goods more expensive 

in terms of the foreign currencies, and this may lead to a fall in foreign demand, 

then the value of domestic asset could shrink. By contrast, in the case of importing 

firms which import goods from other countries and sell them to domestic customers 

or have production facilities abroad could get more profit from the appreciation in local 

currency. However, firms, centering on large-sized firms, could use a variety of 

method to hedge the exchange rate risk. Resulting from this, the correlation between 

firm values and exchange rates is likely to weaken for multinational or large-sized firms. 

The existing literature on exchange rate exposure have found that the ratio of 

firms with significant exposures is lower than general expectation. There can be 

various reasons for this result. First, the result can be caused by the exclusion of a 

variable explaining macroeconomic conditions in the regression analysis, such as 

when the analysis is conducted by using the basic Formula shown in Formula (1). 

For example, when the exchange rate appreciates due to a very strong domestic 

economy, a firm’s stock price increases. If only the change in exchange rate is 

included as an explanatory variable, the appreciation of exchange rate can be 

incorrectly interpreted to cause the increase in the firm’s stock price.  
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(1) 𝐒𝐑𝐢𝐭 = 𝛂 + 𝛃𝟏𝐄𝐑𝐭 + 𝛜𝐭 

(𝐒𝐑𝐢𝐭 represents the change in stock price of firm i at time t, and 𝐄𝐑𝐭 is the 

change in an exchange rate at time t) 

 

In response, Jorion (1990) conducts an analysis by adding the market stock price 

index in the regression, as seen in Formula (2). In Formula (2), the condition of the 

domestic economy is reflected in order to address the above-mentioned problem.  

 

(2) 𝐒𝐑𝐢𝐭 = 𝛂 + 𝛃𝟏𝐄𝐑𝐭 + 𝛃𝟐𝐌𝐒𝐓𝐑𝐭 + 𝛜𝐭 

(𝐒𝐑𝐢𝐭 represents the change of stock price of firm i at time t, 𝐄𝐑𝐭 represents the 

change in an exchange rate at time t, and 𝐌𝐒𝐓𝐑𝐭 is the change in market stock index) 

 

Bodnar and Wong (2000) identify from Formula (1) as the total exposure and 

from Formula (2) as residual exposure. In an empirical analysis, exchange rate 

exposure is generally analyzed by defining it as the residual exposure. Although, 

Bodnar and Wong (2000) find statistically low significant exposures at 5% 

significance level with the model including exchange rate volatility. Thus, it may 

not be a fundamental solution to address the low exposure phenomenon.  

 

(3) 𝐒𝐑𝐢𝐭 = 𝛂 + 𝛃𝟏𝐄𝐑𝐭 + 𝛃𝟐𝐄𝐑𝐕𝐎𝐋𝐭 + 𝛃𝟑𝐌𝐒𝐓𝐑𝐭 + 𝛜𝐭 

(𝐒𝐑𝐢𝐭 is the change of the stock price of a firm i at time t, 𝐄𝐑𝐭 is the change in 

the exchange rate at t, ERVOLt is the exchange rate volatility at times t, and MSTRt 

is the change in the market index at time t) 

 

By the way, if a key variable that influences stock price is excluded, the effect 

of exchange rate on stock price cannot be accurately measured. Thus, a control 

variable that can influence stock price needs to be added to the analysis. This 

makes it possible to compare the result of analysis including a control variable and 

without a control variable, and the robustness and the accuracy of the analysis of 

the exchange rate exposure can be judged. For instance, Formula (3) includes 

exchange rate volatility as a control variable to Formula (2) in order that we reflect 

instability of the financial markets and conduct a more precise analysis of 

exchange rate exposure. 
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2. Empirical Analysis 

 
In section 2, we analyze the extent of exchange rate exposure for a sample of 

1,400 firms in seven East Asian countries, including China, Indonesia, Japan, 

Korea, Malaysia, Singapore, Thailand. As the dependent variable, firm’ stock price 

is used and as the independent variables foreign exchange rates, exchange rates 

volatility and market stock indexes are used. To select a sample of 200 firms for 

each country, the data availability is considered by priority, and then it is finally 

chosen according to market capitalization. As for exchange rate indicators, nominal 

effective exchange rate, exchange rate against the dollar, and exchange rate against 

the yen are used. The average stock price in each country is used as a market stock 

index, representing the returns in the financial markets. Three-month implied 

volatility in the currency option prices9 is used as a representative of the volatility 

in foreign exchange rate. Meanwhile, the period of the analysis is set to the available 

time series of three-month ATM (at the money) implied volatility, considering that 

it is the shortest time series among the variables. Table 1-1 represents the available 

time series of three-month ATM implied volatility and Table 1-2 indicates the 

market indexes of each of the countries. 

 
Table 1. The available time series of the implied volatility and of each country’s market 

stock price indices 

 

Table 1-1. Three-month ATM Implied Volatility 

 Available time series 

Korea 1999.3-2013.3 

China 1999.3-2013.3 

Japan 1996.1-2013.3 

Singapore 2001.1-2013.3 

Malaysia 2006.4-2013.3 

Thailand 1999.1-2013.3 

Indonesia 2002.1-2013.3 

Source: Bloomberg 

 
9 Some studies used monthly standard deviation of daily exchange rate as a representative of exchange 

rate volatility. But it is highly correlated with rate of change in exchange rate, the main indicator of foreign 

risk. Thus, to prevent the multicollinearity problem and reflect the potential exchange rate fluctuation that 

is hardly captured in past exchange rate fluctuation, implied volatility in currency option price is used in this 

paper. 
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Table 1-2. Market Stock Price Indices 

 Index 

Korea KOSPI (Korea Composite Stock Price Index) 

China SSE (Shanghai Stock Exchange) Composite Index 

Japan NIKKEI225 

Singapore STI (Straits returns Index) 

Malaysia KLCI (Kuala Lumpur Composite Index) 

Thailand SET (Stock Exchange of Thailand Index) 

Indonesia JCI (Jakarta Composite Index) 

Source: Bloomberg. 

 

As mentioned above, two types of model are used in analysis. First, the basic 

model where the dependent variable is stock return and the independent variables 

are exchange rate change and market return, is used to measure exposures 

(Formula (4)). Second model additionally includes exchange rate volatility as a 

control variable (Formula (5)). 

 

(4) ∆𝒏𝐒𝐢𝐭 = 𝛂 + 𝛃𝟏∆𝒏𝐅𝐗𝐭 + 𝛃𝟐∆𝒏𝐌𝐭 + 𝛜𝐭 

(∆𝒏 represents the rate of change compared to previous n month, 𝐒𝐢𝐭 is the 

stock price of firm i at time t, 𝐅𝐗𝐭 is the exchange rate at time t, and 𝐌𝐭 is the 

market index at time t) 

 

(5) ∆𝒏𝐒𝐢𝐭 = 𝛂 + 𝛃𝟏∆𝒏𝐅𝐗𝐭 + 𝛃𝟐∆𝒏𝐈𝐕𝐭 + 𝛃𝟑∆𝒏𝐌𝐭 + 𝛜𝐭   

(∆𝒏 represents the rate of change with respect to the value at the previous n 

month, Sit is the stock price of a firm i at time t, 𝐅𝐗𝐭 the exchange rate at time t, 

𝐈𝐕𝐭 is the implied volatility in the currency option price at time t, and 𝐌𝐭 is the 

market index at time t) 

 

In this paper, we estimate exchange rate exposures in the following three aspects. 

First, the fluctuation in the ratio of firms with significant exchange rate exposures 

is analyzed as the return horizon increases from one month to three, six and twelve 

months, respectively. Additionally three kinds of exchange rates, including a 

nominal exchange rate, an exchange rate against U.S. dollar and Japanese yen, are 

used for the robustness of our analysis. Second, we add exchange rate volatility to 

the basic model for two objectives. One of the objectives is to confirm whether 

there is a change in the extent of exposure to exchange rate when the control 
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variable is included. The other is focusing on the exposure to the volatility itself. 

We empirically demonstrate the argument that the high degree of exchange rate 

volatility can be associated with firm values. Meanwhile, standard error by Newey-

West method is applied to consider autocorrelation and heteroskedasticity of error-

term that are frequently occurred in time series analysis. 

Table 2 and Graph 1 show the results from the basic model for a sample of 1,400 

firms in seven East Asian countries. The numbers in the Tables and bars in the 

graphs represent the number of firms that exhibit statistically significant exposures 

at 5% significance level. As shown in the tables, we attempt to estimate exposure 

allowing for changes in the return horizons from one month to three months, six 

months and one year. Furthermore three exchange rate variables are used for 

comparison and the results from each case are as follows. 

Table 2-1 and Graph 1-1 present the number of firms significantly exposed to 

the nominal exchange rate. At the monthly return horizon, only 198 firms of 1,400 

firms exhibit statistically significant exposures at 5% significance level. Looking 

across countries, the number of firms exposed to nominal exchange rate ranges 

from a minimum of 14 in China and Singapore to a maximum of 58 in Japan. The 

number of firms with exposures for a sample of 1,400 firms increases to 376 at the 

quarterly, 579 at the half-yearly and 747 at the yearly horizons, respectively. This 

result suggests that it takes some time for exchange rates to affect stock prices. 

Also, it implies that a long-term changes in exchange rate is more influential for 

establishing expectations of stock investors. 

By the way, the rate of increase in the number of firms showing significant 

exposures with increase in return horizons varies across the countries. In Singapore, 

only 14 firms exhibit significant exposures at the monthly return horizon, but it 

increases to 111 firms at the yearly horizon. On the other hand, the number of 

Japanese firms with significant exposures increases from 58 to 144 as the return 

horizon increases from one month to one year, showing the most high exposure 

among seven East Asian countries. One possible reason for this could be that 

relatively more firms in Japan and Singapore engage in extensive foreign sales and 

hold international assets, thus, exchange rate movements are likely to affect these 

firms’ value more than firms in other countries. Meanwhile the number of firms 

with significant exposures in Singapore increases 7.5 times when the return 

horizon increases from one month to one year, and it is faster than any other 
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country. It shows that firms’ stock prices in Singapore are affected by long-term 

changes of exchange rates rather than by short-term changes. 

Table 2-2 and Graph 1-2 represent the results using exchange rate against the 

U.S. dollar. The number of firms with significant exposures increases sharply with 

increase in the return horizon, in all of the seven East Asian countries as similarly 

as the results using the nominal exchange rate above. At the monthly return horizon, 

Malaysia appears to be the most exposed country to U.S. dollar exchange rate in 

our sample. At the annual return horizon, however, Japan still shows the largest 

number of firms exposed to exchange rate. Meanwhile, as the return horizon 

increases from one month to one year, the number of firms with significant exposures 

in China increases 23.4 times from 5 to 117, a greater change than that of other 

countries. This result suggests that in China long-term changes in exchange rate 

against U.S. dollar more affect firms’ stock prices than short-term changes. One 

potential explanation for the rapid increase in exposures with increase in the return 

horizons is that exchange rate against U.S. dollar was almost fixed in short-term 

because of Chinese exchange rate regime, which was a peg to the U.S. dollar until 

July 2005. Thus it is quite reasonable that exchange rate movement is unlikely to 

be captured in short-term, and that the relationship between exchange rate 

movements and stock return is more obvious in longer-term.  

Table 2-3 and Graph 1-3 represent the number of firms with significant exposures 

to exchange rate against Japanese yen at 5% significance level for a sample of 

1,200 firms in six countries with the exception of Japan. The results are similar as 

those using exchange rate against U.S. dollar where the number of firms with 

significant exposures increases with the return horizons. In particular, the number 

of firms with significant exposures increases 6.7 times from 19 to 128 in Singapore, 

when the return horizon is changed from one month to one year. Malaysia, 

however, shows almost no change, reporting 111 firms at the monthly horizon, and 

112 firms at the yearly horizon, respectively. 

Table 3 and Graph 2 show the exposure estimates based on the regression which 

adds exchange rate volatility to the basic model as an explanatory variable. The 

statistical significance of a regression coefficient 𝛃𝟏 , indicating the effect of 

exchange rate movements on stock return, is examined. To begin with, the result 

of using a nominal effective exchange rate is presented in Table 3-1 and Graph 2-1. 

At the monthly return horizon, 188 out of 1,400 firms in seven East Asian countries 

show significant exposures. That is fewer than that in the analysis without 
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considering exchange rate volatility. However at the yearly horizon, it increases to 

750 firms as similar with that in the analysis without considering exchange rate 

volatility. Looking across countries, at the monthly horizon, China and Singapore 

have only 12 and 15 firms showing significant exposures, respectively, Japan has 

51 firms with significant exposures. The total number of firms showing significant 

exposures increases to 373 at the quarterly horizon, to 587 at the half-yearly 

horizon and to 750 at the yearly horizon. In particular, Singapore reports the most 

rapid increase in the number of firms with significant exposures, when the return 

horizon increases. Also, Malaysia shows the increasing number of firms with 

significant exposures, and this result is different from the analysis without 

considering exchange rate volatility.  

Table 3-2 and Graph 2-2 represent the results of using exchange rate against the 

U.S. dollar as an exchange rate variable. Similar to the analysis without considering 

exchange rate volatility, exposure increases sharply with the return horizon. Malaysia 

was the most exposed country at the monthly horizon, but the number of firms with 

significant exposures decreases from 109 to 89, when compared with the analysis 

without exchange rate volatility. At the yearly horizon, Japan, still, is the most 

exposed to foreign exchange rate risk. Similar results are obtained when using 

exchange rate against the Japanese yen as an exchange rate variable, and the results 

are presented in Table 3-3 and Graph 2-3. If we compare Table 3 from Formula (5) 

and Table 2 from Formula (4), most of the results are in correspondence with each 

other. That is, there is no big change, whether exchange rate volatility is added to the 

model, or not. 

From now, we estimate exposure to exchange rate volatility in the same sample 

above. Exchange rate volatility is observed in the corresponding month, thus the 

return horizon is not considered. However we allow for changes in the return 

horizon to measure the fluctuation in firm values and exchange rate itself. The 

extent of exposure is measured as the number of significant coefficient 𝛃𝟐 (at 5% 

significance level) in Formula (5).  

First, the nominal effective exchange rate is used as an exchange rate variable, 

and in the results, the number of firms with significant exposures is represented in 

Table 4-1 and Graph 3-1. At the monthly horizon, 120 firms out of 1,400 firms are 

affected by exchange rate volatility. The number of exposed firms sharply 

increases to 376 at the quarterly, 616 at the half-yearly and 774 at the yearly 
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horizons. In detail, only 12 firms in Korea and 26 firms in Japan are exposed to 

exchange rate volatility.  

Table 4-2 and Graph 3-2 show the result of using exchange rate against the U.S. 

dollar as an exchange rate variable. The number of firms exposed to exchange rate 

volatility increases sharply with the return horizons in seven East Asian countries. 

At the monthly horizon, the most exposed country is Japan and it is Malaysia at 

the yearly horizon. Similar results are obtained when exchange rate against Japanese 

yen is used. In comparison with the case of using U.S. dollar exchange rate, the 

country most influenced by exchange rate volatility changes from Malaysia to China. 

The estimation result of 𝛃𝟐 is compared with the result of 𝛃𝟏, representing 

exposure to exchange rate, in the same Formula (5) and the following implication 

is found. First, the ratio of firms affected by exchange rate volatility, increases with 

the return horizons. When the return horizon increases, the degree of increase in 

the number of firms exposed to exchange rate volatility is slightly more than that 

of firms exposed to exchange rate movement. Second, countries that are the most 

exposed to exchange rate are somewhat different from countries that are the most 

exposed to exchange rate volatility. For example, Malaysia ranks 5 out of 7 

countries, with only 98 firms showing significant exposures to exchange rate at the 

yearly horizon, as seen in Table 3-1. However, Malaysia ranks at the top, with 125 

firms showing significant exposures to exchange rate volatility at the yearly 

horizon as seen in Table 4-1. 

 
Table 2. The Number of Firms with a Significant Exchange Rate Exposure According to 

the Return of Horizon 

 
Table 2-1. In Case of a Nominal Effective Exchange Rate as an Exchange Rate Variable 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 26 44 72 100 

China 200 14 40 74 99 

Japan 200 58 88 123 145 

Singapore 200 14 55 81 111 

Malaysia 200 42 41 67 86 

Thailand 200 23 41 68 82 

Indonesia 200 21 67 94 124 

Total 1,400 198 376 579 747 
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Table 2-2. In Case of Exchange Rate against the U.S. Dollar as an Exchange Rate 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 25 55 75 114 

China 200 5 35 74 117 

Japan 200 52 73 100 128 

Singapore 200 16 40 76 95 

Malaysia 200 109 54 77 118 

Thailand 200 14 47 83 103 

Indonesia 200 15 51 83 136 

Total 1,400 236 355 568 811 

 
Table 2-3. In Case of the Exchange Rate against the Japanese Yen as an Exchange Rate 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 23 56 80 123 

China 200 23 58 55 100 

Singapore 200 19 58 89 128 

Malaysia 200 111 85 91 112 

Thailand 200 14 59 76 91 

Indonesia 200 23 56 80 123 

Total 1200 213 372 471 677 

 

Notes: These tables show the results of exposure analysis obtained from Formula (4).  

(4) ∆𝒏𝐒𝐢𝐭 = 𝛂 + 𝛃𝟏∆𝒏𝐅𝐗𝐭 +  𝛃𝟐∆𝒏𝐌𝐭 + 𝛜𝐭 

In Formula (4), ∆n represents the rate of change compared to previous n months, Sit is the stock price 

of firm i at time t, 𝐅𝐗𝐭 is the exchange rate at time t, and 𝐌𝐭 is the market index at time t, 𝛃𝟏 indicates 

the effect of change in exchange rate on change in firm’s stock price. Thus, the number samples for 

which 𝛃𝟏 is significant at a 5% significance level can be interpreted as the number of firms that have 

a statistically significant exposure. 

 

 
Table 3. The Number of Firms with a Significant Exchange Rate Exposure According to 

the Return Horizon in Case of Including Exchange Rate Volatility as a Control 

Variable 

 
Table 3-1. In Case of a Nominal Effective Exchange Rate as an Exchange Rate Variable 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 21 48 77 97 

China 200 12 40 81 105 

Japan 200 51 77 105 127 

Singapore 200 15 50 82 114 

Malaysia 200 41 44 72 98 

Thailand 200 23 46 75 79 

Indonesia 200 25 68 95 130 

Total 1,400 188 373 587 750 
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Table 3-2. In Case of the Exchange Rate against the U.S. Dollar as an Exchange Rate 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 26 56 78 110 
China 200 5 36 70 117 
Japan 200 46 73 85 129 
Singapore 200 19 43 79 97 
Malaysia 200 89 43 83 126 
Thailand 200 16 50 86 114 
Indonesia 200 16 61 86 136 
Total 1,400 217 362 567 829 

 
Table 3-3. In Case of the Exchange Rate against the Japanese Yen as an Exchange Rate 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 32 65 85 111 

China 200 25 57 63 105 

Singapore 200 17 54 86 112 

Malaysia 200 97 80 94 111 

Thailand 200 17 54 86 112 

Indonesia 200 29 66 92 130 

Total 1200 217 376 506 681 

 

Notes: These tables show the results of exposure analysis obtained from Formula (5). 

(5) ∆𝒏𝐒𝐢𝐭 = 𝛂 + 𝛃𝟏∆𝒏𝐅𝐗𝐭 + 𝛃𝟐∆𝒏𝐈𝐕𝐭 + 𝛃𝟑∆𝒏𝐌𝐭 + 𝛜𝐭   

In Formula (5) , ∆n represents the rate of change with respect to the value at the previous n months, 

Sit is the stock price of a firm i at time t, FXt the exchange rate at time t, 𝐈𝐕𝐭 is the implied volatility 

in the currency option price at time t, and 𝐌𝐭 is the market index at time t, 𝛃𝟏 indicates the effect of 

change in the exchange rate on change in firm’s stock price. Thus, the number samples for which 𝛃𝟏 

is significant at a 5% significance level can be interpreted as the number of firms that have a statistically 

significant exposure. 

 

 
Table 4. The Number of Firms Influenced by Exchange Rate Volatility According to the 

Return Horizon   

 
Table 4-1. In Case of a Nominal Effective Exchange Rate as an Exchange Rate Variable 

  The No. of Firms One Month Three Months Six Months One Year 

Korea 200 12 43 79 114 

China 200 12 41 82 113 

Japan 200 26 71 96 119 

Singapore 200 12 50 83 105 

Malaysia 200 20 64 106 125 

Thailand 200 16 36 76 99 

Indonesia 200 22 62 94 104 

Total 1,400 120 367 616 779 
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Table 4-2. In Case of the Exchange Rate against the U.S. Dollar as an Exchange Rate 

 The No. of Firms One Month Three Months Six Months One Year 

Korea 200 13 48 77 113 

China 200 14 45 85 111 

Japan 200 28 78 107 139 

Singapore 200 12 51 80 106 

Malaysia 200 11 54 106 129 

Thailand 200 17 38 76 92 

Indonesia 200 25 63 98 104 

Total 1,400 120 377 629 794 

 
Table 4-3. In Case of the Exchange Rate against the Japanese Yen as an Exchange Rate 

 The No. of Firms One Month Three Months Six Months One Year 

Korea 200 9 53 81 96 

China 200 12 47 86 126 

Singapore 200 11 54 76 95 

Malaysia 200 10 48 88 119 

Thailand 200 13 44 76 91 

Indonesia 200 28 67 99 109 

Total 1,200 83 313 506 636 

 

Notes: These tables show the results of the foreign exposure analysis obtained from Formula (5).  

(5) ∆𝒏𝐒𝐢𝐭 = 𝛂 + 𝛃𝟏∆𝒏𝐅𝐗𝐭 + 𝛃𝟐∆𝒏𝐈𝐕𝐭 + 𝛃𝟑∆𝒏𝐌𝐭 + 𝛜𝐭 

In Formula (5) , ∆𝒏 represents the rate of change with respect to the value at the previous n months, 

𝐒𝐢𝐭 is the stock price of a firm i at time t, FXt the exchange rate at time t, IVt is the implied volatility 

in the currency option price at time t, and Mt is the market index at time t, 𝛃𝟐  indicates the effect of 

exchange rate volatility on the change in firm’s stock price. Thus, the number samples for which 𝛃𝟐  is 

significant at a 5% significance level can be interpreted as the number of firms that have a statistically 

significant exposure. 
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Graph 1. The Ratio of Firms with a Significant Foreign Exchange Rate Exposure 

According to the Return Horizon 

 
Graph 1-1. In Case of a Nominal Effective Exchange Rate as an Exchange Rate Variable 

 

 

Graph 1-2. In Case of the Exchange Rate against the U.S. Dollar as an Exchange Rate    

 

 
Graph 1-3. In Case of the Exchange Rate against the Japanese Yen as an Exchange Rate 
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Graph 2. The Ratio of the Firms with a Significant Foreign Exchange Rate Exposure 

According to the Return Horizon When the Exchange Rate Volatility is Included 

 
Graph 2-1. In Case of a Nominal Effective Exchange Rate as an Exchange Rate 

 

 
Graph 2-2. In Case of the Exchange Rate against the U.S. Dollar as an Exchange Rate 

 

 
Graph 2-3. In Case of the Exchange Rate against the Japanese Yen as an Exchange Rate 
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Graph 3. The Ratio of Firms Influenced by the Exchange Rate Volatility According to the 

Return Horizon  

 
Graph 3-1. In Case of a Nominal Effective Exchange Rate as an Exchange Rate 

 

 
Graph 3-2. In Case of the Exchange Rate against the U.S. Dollar as an Exchange Rate 

 

 
Graph 3-3. In Case of the Exchange Rate against the Japanese Yen as an Exchange Rate 

 

 

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
1 month 3 months 6 months 1 year

Korea China Japan Singapore Malaysia Thailand Indonesia

 

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
1 month 3 months 6 months 1 year

Korea China Japan Singapore Malaysia Thailand Indonesia

 

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
1 month 3 months 6 months 1 year

Korea China Singapore Malaysia Thailand Indonesia



Estimating Exchange Rate Exposure over Various Return Horizons: Focusing on Major Countries in East Asia 489 

ⓒ 2016 East Asian Economic Review 

IV. CONCLUSION 

 
The proportion of firms with significant exchange rate exposures was lower than 

generally expected, thus, complementary studies have continued for solving the 

exposure puzzle. Some empirical studies have proposed that allowing for changes 

in the return horizons which are used to measure the exposure could be one of the 

solution. A study by Bodnar and Wong (2000) have shown that exchange rate exposure 

increases with the increase in the return horizon. Similarly with using lagged 

variables, it reflects the fact that it takes some time for exchange rate to affect stock 

prices. However adding lagged variables to the model, while return horizon is fixed, 

for example, to previous month, can cause multi-collinearity problem.  

Thus, in this paper, we show an empirical evidence that significant exposures to 

exchange rate increases with the return horizons used to measure changes in stock 

prices and exchange rates, for a sample of 1,400 firms in seven East Asian countries. 

In other words, the implication that the long-term changes in exchange rate has 

more impact on firm values than temporary and short-term changes can be derived 

from the analysis with various return horizons. Interestingly, the exposure to 

exchange rate volatility increases faster than the exposure to exchange rate itself 

with the return horizon. From the fact that the increasing exposure to volatility and 

exchange rate itself as the return horizon increases, it is reconfirmed that the exposure 

puzzle may be the matter of methodology.  
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This paper examines the persistent properties of 12 sectoral relative prices between Korea 

and Japan obtained following the Classification of Individual Consumption according to 

Purpose (COICOP) over the period of 1985-2016. Applying a new econometric method 

developed by Pesaran which controls for the cross-section dependence in a panel, we are 

not able to reject the hypothesis that the sectoral real exchange rates contain a common 

stochastic trend. On the other hand, the well-known panel unit root tests such as the IPS 

and LLC tests widely used by previous studies strongly reject the unit root hypothesis. Since 

the error term of the regression for our panel exhibits significant cross-section dependence, 

these opposite results justify that the use of the new econometric method is appropriate.  

Keywords: PPP, Cross-section Dependence, Panel Unit Root Tests, Real Exchange Rates, 

Sectoral Price Indices 

JEL classification: F31, F41, F42 

 

 

I. INTRODUCTION 

 
Korea and Japan have been closely linked not only economically but also in 

many aspects. For example, Japan has been one of the major trading partners of 

Korea and the volume of trade between the two countries has significantly 

increased since the development of the Korean economy. Further, there has been 

a structural transformation in the Korean economy: Korea’s capital markets have 

been extensively integrated to the international financial markets and Korea 

significantly opened its product markets to the world since the Asian financial crisis 

in 1997-98 so that the ratios of Korean export and import to its GDP are around 

50% as of 2015, respectively. Although all these events point to the direction in 

favor of a closer integration of product markets, this paper empirically investigates 

the degree of product market integration between Korea and Japan using a measure 
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of sectoral relative consumer price persistence over the period of 1985-2016. In 

particular, we examine if sectoral relative prices between the two countries 

converted with the common currency contain a stochastic trend or converge to their 

equilibrium value in the long run.  

We apply a new econometric method for testing the unit root hypothesis of real 

exchange rates: we use the panel unit root test in the presence of cross-section 

dependence developed by Pesaran (2007). His method is to augment the cross-

sectional averages of lagged levels and first-differences of the individual series in 

the standard augmented Dickey-Fuller (ADF) regressions to control for cross-

section dependence. The use of Pesaran’s method has two advantages compared 

to previous studies.  

One advantage is that the method obtains an additional cross-sectional power 

using panel data and mitigates the well-known shortcoming of univariate unit root 

tests in terms of their power properties.1 The other advantage is that the method takes 

into account of cross-section dependence frequently presented in panel data sets. 

In particular, panels with sectoral real exchange rates are likely exhibit high cross-

section dependence since they are constructed using a common nominal exchange 

rate. The well-known panel unit root tests such as the LLC test developed by Levin 

et al. (2002), the IPS test by Im et al. (2003), and the Maddala-Wu test by Maddala 

and Wu (1999) assume that individual time series in the panel are independently 

distributed across cross-sections. However, O’Connell (1998) shows that the 

typical panel unit root tests developed under the cross-sectional independence 

assumption reject too often the unit root hypothesis in the presence of significant 

cross-section dependence. Further, recent econometric studies show that the 

method of demeaning the individual series cross-sectionally does not effectively 

mitigate the problem of cross-section dependence in a general setting. Pesaran’s 

method overcomes this deficiency of the previous tests. Pesaran (2007) also 

confirms O’Connell (1998)’s finding applying the new econometric method: he 

examines if the CPI-based real exchange rates constructed using quarterly 

consumer price indices of 17 OECD countries contain a stochastic trend for the 

periods of 1974Q1-1998Q4 and 1988Q1-1998Q4, and finds that the IPS test rejects 

 
1 The other alternative to solve the problem of low power is to use a very long time series so that the 

standard univariate unit root tests such as the ADF test can have an effective power (see, for 

example, Froot and Rogoff (1995) and Lothian and Taylor (1996)). 
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the unit root hypothesis for both cases, while his test developed under the 

assumption of cross-section dependence does not reject it. He also shows that these 

opposite results are mainly due to the significant cross-section dependence in those 

panels. As formally and informally discussed in Section III and IV, the error term 

of the regression for our panel of sectoral real exchange rates exhibits significant 

cross-section dependence. Therefore, the use of Pesaran (2007)’s method is 

appropriate for our study.  

We find that sectoral relative prices between Korea and Japan do not revert to 

their equilibrium value in the long run applying Pesaran (2007)’s panel unit root 

test. We also consider the influence of a potential structural transformation after 

the Asian financial crisis on the real exchange rate process but find that the 

conclusion remains unchanged. Conversely, we obtain opposite results using the 

IPS and LLC tests which assume the cross-section independence: we strongly 

reject the unit root hypothesis at the conventional significant levels. These opposite 

results suggest that the IPS and LLC tests could be spurious and demonstrate the 

advantage of using the new econometric method since there is significant cross-

section dependence in our panel. In this sense, our results are consistent with those 

of O’Connell (1998) and Pesaran (2007), although we use different data sets and 

sample periods from these studies.  

Our study is related to various empirical studies which test purchasing power 

parity (PPP) in the long run. In general, previous studies have reached two 

consensuses about the test results. First, studies using univariate unit root tests are 

not able to reject the hypothesis that the real exchange rate contains a unit root unless 

a sample has a very long time series of the real exchange rate (see, for example, 

Glen (1992), Lothian and Taylor (1996), and Rogoff (1996)). For example, Glen 

(1992) presents evidence that real exchange rates are mean reverting in the long 

run, using a long time series annual price data for G7 countries for the period of 

1900-1987. However, he obtains the opposite result of the divergence of the real 

exchange rate, using a short time series monthly data for the period of 1973M6-

1988M12. Similarly, Lothian and Taylor (1996) obtain strong evidence of mean 

reversion for US-UK and French-UK real exchange rates, using almost two 

century time series price and exchange rate data for the period of 1791-1990.  

Second, studies based on the panel unit root tests tend to reject the unit root 

hypothesis but find that the speed of convergence of real exchange rates is very 

slow. Some of these studies employed the panel unit root tests developed under the 
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assumption of cross-section independence. Those studies include Frankel and Rose 

(1996), Oh (1996), Ceechetti et al. (2002), Mayoral and Gadea (2011), and etc. All 

these studies employ the LLC test, the IPS test, or both for testing the PPP 

hypothesis and reach the same conclusion of mean reversion of the real exchange 

rates in the long run, although they have different data sets and sample periods.2 

For example, Frankel and Rose (1996) use a panel of 150 countries and 45 annual 

observations for the period of 1948-1992 and reject the unit root hypothesis based 

on the LLC test. However, they find that the speed of convergence is slow: the 

half-life of convergence of the real exchange rates is about 4 years. This number 

is within the range of the conventional estimates of 3 to 5 years documented in 

Rogoff (1996). Ceechetti et al. (2002) use a panel of 19 US city price data from 

1918 to 1995 and obtain evidence in favor of price convergence using both the 

LLC test and the IPS test. However, they find that half-life of convergence is about 

9 years, which is extremely slow. Our study differs from these previous studies in 

that we use the new econometric method which intends to resolve the deficiency 

of the previous econometric methods of the panel unit root tests developed under 

the assumption of cross-section independence in the error terms.3  

 
2 As long as the error term of the regression for these panels exhibits strong cross-section dependence, 

it is possible that the mean reversion results may be turned down, according to O’Connell (1998), 
Pesaran (2007), and our study. Therefore, reexamining these previous studies may be an interesting task.  

3 Like us, studies such as Chen and Engel (2005), Imbs et al. (2005), Gadea and Mayoral (2009), 

Crucini and Shintani (2008), and Mayoral and Gadea (2011) examine the persistent behavior of 

disaggregate real exchange rates using sectoral price data or micro level price data. One key issue 

among these studies is related to an aggregation bias. For example, using the Eurostat data, Imbs 

et al. (2005) estimate that half-life of convergence for aggregate real exchange rates constructed 

using the consumer price indices is in the range of 3 to 5 years, while half-life for sectoral real 

exchange rates is about 1 year. Based on these results, they argue that the aggregation bias may 

significantly affect the PPP puzzle. On the other hand, Gadea and Mayoral (2009) using the same 

data as Imbs et al. (2005) obtain that half-lives for both aggregate and sectoral real exchange rates 

are in the range of 3 to 5 years, suggesting the aggregation bias is not a robust feature. Crucini and 

Shintani (2008) also obtain a similar result using micro price data for OECD countries. One 

criticism about these studies except for Crucini and Shintani (2008) is that they take for granted 

that the sectoral real exchange rates are mean-reverting in the long run. Note that the cross-section 

dependence in the panel is likely higher for sectoral real exchange rates than for CPI-based real 

exchange rates since the former contains a common nominal exchange rate whose variance is in 

general much greater than those of the price indices. Therefore, appropriate tests should be first 

used to test the PPP hypothesis before they examine a possibility of an aggregation bias.  
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Our paper is also related to the studies that use Korean price data. Using various 

econometric methods, several studies examine the persistent behavior of the real 

exchange rates constructed using the price indices of Korea and its trading partners. 

Those studies include Kim (1998), Kim (2000), Kim (2001), Kang and Joo (2004), 

Oh and Park (2004), Rhee (2006), Lee and Yoon (2008), Oh and Hong (2010), 

Bang (2010), and etc. All these studies except for Bang (2010) apply various 

univariate unit root tests for the PPP hypothesis. For example, Kim (2000) and 

Kang and Joo (2004) employ both the ADF test and the Phillips-Perron (PP) test 

to examine the persistent behavior of Korean real effective exchange rates and find 

that those exchange rates are not mean reverting in the long run. Kim(1998), Kim 

(2001), Rhee (2006), and Lee and Yoon (2008) employ Johansen cointegration test 

to investigate if PPP holds in the long run using consumer, core consumer, 

wholesale, and producer price indices of Korea and its major trading partners as 

well as bilateral nominal exchange rates. In general, they find that PPP does not 

hold. However, Lee and Yoon (2008) present evidence that PPP tends to hold when 

core consumer price indices are considered. As an alternative to the standard unit 

root tests, Oh and Park (2004) apply sign test developed by Campbell and Dufour 

(1995) using consumer and wholesale price indices and find that PPP does not hold.  

On the other hand, Bang (2010) constructs a panel with industrial real effective 

exchange rates for Korea and rejects the unit root hypothesis using the LLC and 

IPS tests. Our study is similar to Bang (2010) in that we also construct a panel with 

sectoral real exchange rates between Korea and Japan for testing the PPP 

hypothesis. However, our study differs from his study in that we use the method 

which controls for the cross section dependence more effectively than the two 

panel unit root tests used by him. In fact, we confirm the concern of O’Connell 

(1998) and Pesaran (2007): the IPS test could be spurious in the presence of 

significant cross-section dependence. 

The remainder of the paper is organized as follows. We present the procedure 

of implementing the panel unit root test in the presence of cross section dependence 

developed by Pesaran (2007) in Section II. Section III displays the time series 

pattern of Korean and Japanese sectoral price indices as well as sectoral real 

exchange rates. We present our empirical results on the test for the presence of a 

common stochastic trend in the sectoral real exchange rates using Pesaran (2007)’s 

method in Section IV. We also provide the results from the IPS and LLC tests for 

comparison. Conclusions follow.   
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II. EMPIRICAL METHOD  

 
This section presents our empirical method for the examination of the time series 

properties of sectoral prices of Korea relative to Japan.  

 

1. PPP 

 

Let tP  denote the Korean consumer price index at time t , 
*

tP  denote the 

Japanese price index, and tS  denote the price of the Korean won in term of the 

Japanese yen (the yen-won nominal exchange rate). Then, 
*ln( / )t t t ty PS P  is 

the log of the relative price of the Korean (KO) commodity basket in terms of the 

Japanese (JP) basket (or the log of the KO-JP real exchange rate). If the law of one 

price holds for the goods in the basket individually, then 0.ty   That is, PPP 

holds. However, the basket includes not only traded goods but also non-traded 

goods. Further, there are various trade barriers in real world which cause the law 

of one price to be violated at least in the short run. Considering this, empirical 

studies have mainly investigated if PPP is violated in the short run but holds in the 

long run.  

One popular empirical examination for PPP in the literature is to test if the real 

exchange rate contains a stochastic trend using univariate unit root tests. However, 

univariate unit root tests suffer from a low power when sample size is relatively 

small. One way to overcome this short-coming is to gain additional cross-sectional 

power using panel data. For this, we construct a panel using sectoral price indices 

to test the PPP hypothesis. Investigating the persistent properties of those price 

indices are directly related to the test of the PPP hypothesis since the consumer 

price index is constructed based on the weighted average of those sectoral price 

indices.  

Let itP  denote the Korean price index in sector i  at time t  and 
*

itP  denote 

the Japanese price index in sector i . Then, 
*ln( / )it it t ity P S P  is the log of the 

relative price of the Korean commodity basket in terms of the Japanese basket in 

sector i  (or the log of the KO-JP real exchange rate in sector i ). We then 

examine if sectoral real exchange rates are mean reverting in the long run allowing 



Sectoral Price Divergence between Korea and Japan                  499  

 

ⓒ 2016 East Asian Economic Review 

heterogeneity of the speed of convergence to the long run value as well as cross-

section dependence of those sectoral real exchange rates in the panel.  

 

2. An Empirical Model for Cross-section Dependence 

 

Consider the following specification of persistence of sectoral real exchange 

rates in a panel with N cross-sectional units:  

 

, 1 ,iit i i t i t ity y f         for 1,2, ,i N and 1,2, ,t T   (1) 

 

where 
ity  is the log of the real exchange rate in sector i  at time t  and 

, 1it it i ty y y    . If 0i   then ity  follows a unit root process. If the value of 

i  is negative then ity  is stationary. In this case, i  governs the speed of 

convergence of ity  to its long run value. Note that this specification allows the 

speed of convergence to be different across sectors. This assumption is reasonable 

since some sectors mainly include non-traded goods and other sectors mainly 

include traded goods. The error term contains three components: i  is a sector 

specific time-invariant constant, tf  is the unobserved time-varying common 

effect which is serially uncorrelated with mean zero and a constant variance, and 

it  is a sector-specific (idiosyncratic) . . .i i d  innovation with mean zero, a 

constant variance, and independently distributed both across i  and t . The sector 

specific constant i  controls for the influence of time-invariant heterogeneity 

across sectors. The unobserved common factor tf  captures the influence of 

cross-sectional dependence in the sectoral real exchange rates possibly induced by 

macroeconomic shocks.  

One key issue in the literature of the panel unit root tests is how to deal with 

cross-sectional dependence in panel data. Previous panel unit root tests such as 

Levin et al. (2002) and Im et al. (2003) assumed that the error term is independent 

across cross-sectional units ( 0tf  ). However, this assumption is restrictive for 

our study in that sectoral real exchange rates in the panel contain the common yen-

won nominal exchange rate. Therefore, the error terms are not likely to be cross-
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sectionally independently distributed. One may assume 1i   for all i  so that 

pair-wise cross-sectional covariance of the error terms is the same across sectors. 

Under this assumption, one can remove the common time effect using the deviation 

from the cross-sectional average as the basic unit of analysis before applying the 

panel unit root test. However, this cross-sectional de-meaning may not work in 

general specifications where the pair-wise covariances differ across sectors. And 

there is no prior reason why 1i   for all i  in our dataset.4 For example, the 

influence of the yen-won exchange rate can be different across sectors. In our study, 

we allow the sensitivity to the common component in the error term to be different 

across sectors and thus the pair-wise cross-sectional covariance of the error terms 

to be different.   

 

3. A Panel Unit Root Test in the Presence of Cross-sectional Dependence 

 

Our main interest is to examine if KO-JP sectoral real exchange rates contain a 

unit root, based on specification (1). For this, we express the null hypothesis as  

 

0 1: 0NH     ,                       (2) 

 

against the heterogeneous alternative,  

 

1 2: 0 0 0a NH        .                 (3) 

 

To test the above unit root hypothesis based on specification (1), we use Pesaran 

(2007)’s method. Pesaran assumes that the common factor, ,tf  is serially 

uncorrelated and has mean zero and a constant variance. He also assumes that 

, ,it tf and 
i are independent for all i  and t . Under these assumptions as well 

as other usual assumptions mentioned in Pesaran(2007), he shows that the 

unobserved common factor can be proxied by the cross-sectional mean of the 

 
4 Imbs et al. (2005) also emphasize the potential effect of heterogeneity in price adjustment dynamics 

in panel data.  
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lagged value and of the first order difference [see Pesaran (2007) for the detail]. 

Then, we can test the unit root hypothesis (2), based on the t -value of the OLS 

estimate, ib , in the following cross-sectionally augmented DF (CADF) regression: 

 

, 1 1 ,iit i i t i t i t ity b y c y d y e               (4) 

 

where 
1

1 N

t it

i

y y
N 

  is the cross-sectional mean and ite is a residual. Note that 

the sum of two terms,
1 ,i t i tc y d y    filters out the effects of the unobserved 

common factor tf . This is the key difference from the well-known panel unit root 

tests that use the deviation from the cross-sectional average to mitigate the effects 

of cross-sectional dependence.  

The t -value of the estimate ib  in regression (4) is defined by  

 
'

, 1

' 1/2

, 1 , 1

( , )
ˆ ( )

i w i

i

i i w i

y M y
t N T

y M y



 


            (5) 

 

where  

 

,1 , , 1 ,0 , 1( , , ) ', ( , , ) 'i i i T i i i Ty y y y y y       

' 1 '

1( ) , ( , , )w TM I W W W W W y y

     

1 1 0 , 1(1,1, ,1) ', ( , , ) ', ( , , ) 'T Ty y y y y y         

'

,2ˆ
4

i i w i

i

y M y

T


 



 and 

' 1 '

, , 1( ) , ( , )i w T i i i i i iM I G G G G G W y

   . 

 

Note that ( , )it N T  can be compared with the standard DF t -statistic. The main 

difference between the two t -values is that ( , )it N T  takes into account of cross-

sectional dependence. That is, ( , )it N T  can be interpreted as the cross-

sectionally augmented DF statistic for sector i  since the standard DF regression 
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does not include 
1 .i t i tc y d y    In principle, ( , )it N T  should have more power 

than the DF test when there is a significant degree of cross-section dependence in 

data because the former eliminates the effect of the common factor on the 

persistence of the real exchange rate.  

Pesaran (2007) proposes several methods to aggregate the individual CADF 

statistics ( , )it N T  so that one can test for the panel unit root hypothesis in the 

presence of cross-section dependence more powerfully, while allowing 

heterogeneity of the speed of convergence across cross-section units [see Pesaran 

(2007, pp. 276-277) for the detail]. We consider the most representative one among 

his methods: based on the idea of Im et al. (2003)’s aggregation method (also 

known as the IPS test), the method takes the average of individual t -values: 

 

1

1
( , ) ( , ).

N

i

i

CIPS N T t N T
N 

                   (6) 

 

He also provides critical values for various pairs of ,N T  under each of the 

standard three model specifications by simulations [see Pesaran (2007, Table II(a)-

(c))]: one model specification is that regression (4) does not include intercept and 

time trend terms; another is that it includes only an intercept term; and the other is 

that it includes both intercept and time trend terms.  

Pesaran also relaxes the assumptions of the serially uncorrelated error term in 

specification (1) so that both ity  and the common factor tf  follow an AR(p) 

process. Then, the corresponding CADF regression is followed by: 

 

, 1 1 ,

1

( ) ,i

p

it i i t i t i t ij i t j ij t j it

j

y b y c y d y y d y e    



              (7) 

 

where the term ,

1

( )
p

ij i t j ij t j

j

y d y  



    is augmented to capture residual serial 

correlation and the lagged levels of the cross-sectional means of the processes. 

Nevertheless, the formula for the calculation of t -value is the same as equation (5) 

except for the term W . It is now modified in the following way:
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1 , 1 , 1( , , , , , , , , )i i p pW y y y y y y           . This modification takes into 

account of the inclusion of the term 
,

1

( )
p

ij i t j ij t j

j

y d y  



    in the regression. We 

use ( , )CIPS N T obtained from regression (7) and its critical values for our 

empirical study of testing the panel unit root hypothesis (2). 

 
Table 1.  COICOP Divisions of Consumer Prices 

 Title of Group 

G1 Food and non-Alcoholic beverages 

G2 Alcoholic beverages, tobacco and narcotics 

G3 Clothing and footwear 

G4 Housing, water, electricity, gas and other fuels 

G5 Furnishings, household equipment and routine, household maintenance 

G6 Health 

G7 Transport 

G8 Communication 

G9 Recreation and culture 

G10 Education 

G11 Restaurants and hotels 

G12 Miscellaneous goods and services 

Data Source: OECD Statistics (accessed September 15th, 2016). 

 

 

III. DATA 

 
We obtain monthly “National Consumer Price Indices by COICOP Divisions” 

from the OECD database (stats.oecd.org) for the period of 1985M01-2016M07. 

For each month, OECD joint with IMF publishes prices of 12 groups divided by 

the purpose of individual consumption. These groups are presented in Table 1. We 

use these 12 sectoral price indices for Korea and Japan as well as the yen-won 

nominal exchange rate to construct a panel of 12 sectoral KO-JP real exchange 

rates.5 

 
5 All price indices are seasonally adjusted using the software package of “X-12-ARIMA” provided 

by the US Census Bureau.  
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Table 2. Summary statistics 

  ( , )it tcorr y s   ( ) / ( )it tsd y sd s   , 1( , )it i tcorr y y   , 1( , )it i tcorr y y    

G1 0.95 1.05 0.98 0.34 

G2 0.85 1.18 0.98 0.29 

G3 0.99 1.02 0.98 0.39 

G4 0.99 0.97 0.98 0.38 

G5 0.99 1.00 0.98 0.40 

G6 0.98 1.02 0.98 0.39 

G7 0.96 0.94 0.99 0.34 

G8 0.95 1.06 0.99 0.37 

G9 0.99 1.00 0.99 0.37 

G10 0.98 1.02 0.98 0.36 

G11 0.99 0.99 0.98 0.39 

G12 0.98 0.98 0.98 0.36 

Data Source: OECD Statistics (accessed September 15th, 2016). ( , )it tcorr y s  is the cross correlation 

between the change in the log of the sectoral real exchange rate and the change in the log of 

the nominal exchange rate; ( ) / ( )it tsd y sd s   is the ratio of the standard deviation of the 

change in the log of the sectoral real exchange rate to that of the change in the log of the 

nominal exchange rate change; 
, 1( , )it i tcorr y y 

 is the first order autocorrelation of the log 

of the sectoral real exchange rate; and 
, 1( , )it i tcorr y y    is the first order autocorrelation 

of the change in the log of the sectoral real exchange rate. 

 
Table 2 presents summary statistics of time series properties of logs of the 

sectoral KO-JP real exchange rates and of the yen-won nominal exchange rate. 

First, the contemporaneous cross correlations between the sectoral real exchange 

rate changes and the yen-won nominal exchange rate changes are close to one for 

all sectors except for “Alcoholic beverages, tobacco, and narcotics” (G2). For 

example, the contemporary cross correlation between the real and nominal 

exchange rate changes for the sector of “Clothing and footwear” (G3) is 0.99. This 

suggests that the sectoral real exchange rates move very closely together with the 

nominal exchange rate. Second, the ratios of the standard deviation of the sectoral 

real exchange rate changes to that of the nominal exchange rate changes are close 

to one for all sectors except for “Alcoholic beverages, tobacco, and narcotics”. 

This suggests that the volatility of the nominal exchange rate changes mainly 

determines the volatility of the sectoral real exchange rate changes. Third, the first 

order autocorrelations of the sectoral real exchange rates are close to one for all 

sectors. We also find that the first order autocorrelation of the nominal exchange 
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rate is about 0.98, implying that both the sectoral real exchange rates and the 

nominal exchange rate are very persistent.  

 
Figure 1-1. Yearly Japanese Sectoral Consumer Prices 

 

 
Figure 1-2. Yearly Korean Sectoral Consumer Prices 

 
Data Source: OECD Statistics (accessed September 15th, 2016). We multiply 100 by logs of each series 

normalized by its 1985M1 value.  
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These three findings are consistent with empirical evidence obtained using CPI-

based real exchange rates in developed countries [see for example Mussa (1986), 

Engel (1999), and Chari et al. (2002)]. Fourth, the first order autocorrelations of 

the sectoral real exchange rate changes are strictly positive and in the range of 0.29 

to 0.4. The first order autocorrelation of the nominal exchange rate changes is 

about 0.40, suggesting that both the sectoral real exchange rates and the nominal 

exchange rate do not behave like a random walk.6 The fourth fact is not consistent 

with the so-called Messe and Rogoff (1983) puzzle: no exchange rate models can 

outperform the random walk in out of sample forecasting. The first three facts are 

apparently consistent with the so-called PPP puzzle: both high volatility and strong 

persistence of real exchange rates cannot be solely explained by either real shocks 

or monetary (financial) shocks. In addition, the significant positive autocorrelations 

of sectoral real exchange rate changes suggest that real exchange rates are not 

likely mean-reverting in the long run. In the next section, we will conduct more 

rigorous analysis to examine if these sectoral real exchange rates converge to their 

long run value. 

We now discuss the time series properties of sectoral consumer prices for Korea 

and Japan as well as sectoral real exchange rates. Figure 1 draws the logs of yearly 

consumer prices: we normalize the series by its value in 1985M1 and multiply the 

logs of normalized values by 100 so that the series can be interpreted as a 

percentage deviation of its initial value.7 Although we use monthly data for our 

main analysis, yearly data are used here to make visualization clear. One distinct 

feature is that the time series of yearly Japanese sectoral consumer prices reflect 

the influence of the so-called deflation era in Japan. In general, the price increase 

is about 4 to 8 times greater in Korea than in Japan. For example, the price of “Food 

and non-Alcoholic beverages”(G1) has increased about 20% in Japan but 147% in 

Korea during the last 30 years since 1985 [see Figure 1.1 and 1.2]. In addition, four 

sectoral prices in Japan have been even decreased or changed very little. Those 

price indices include “Furnishings, household equipment and routine, household 

maintenance” (G5), “Communication” (G8), “Transport” (G7), and “Recreation 

 
6 Although we do not report the standard errors for the estimates of autocorrelations for the sectoral 

real exchange rate changes and the nominal exchange rate changes for simplicity, they are 

statistically significant at the usual conventional levels.  
7 We use January price indices to construct yearly series.  
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and culture” (G9). During the same period, the price indices except for the price 

index of “Communication” have significantly increased in Korea. For example, 

the price of “Transport” has increased about 137% in Korea but only about 0.7% 

in Japan. Furthermore, the Japanese sectoral prices have increased very little since 

the mid-1990s, consistent with the so-called deflation era. Of the 12 price indices, 

the magnitude of the highest price increase is about 10% during the last 20 years 

in Japan, while it is about 76% in Korea. Exceptionally, the price index of 

“Communication” has steadily decreased both in Korea and Japan. The price 

change between 1985 and 2015 is about -38.6% in Japan and -40.9% in Korea. In 

summary, some price indices have increased both in Korea and Japan, although 

the magnitude of the price change is quite different between the two countries. On 

the other hand, some price indices have increased only in Korea and have not 

changed much in Japan. Finally, the price index of “Communication” has 

decreased in a similar amount both in Korea and Japan. The divergence of price 

changes across sectors between the two countries suggests that the adjustment of 

the yen-won nominal exchange rate alone may not be enough in order for PPP to 

hold in the long run. 

Figure 2 draws the logs of yearly yen-won nominal exchange rate and KO-JP 

sectoral real exchange rates. One key feature is that the Korean won has been 

continuously depreciated relative to its 1985M1 value. This pattern reflects the fact 

that the Japanese inflation rate has been much lower than the Korean inflation rate, 

holding other things constant. By comparing the time series of the nominal 

exchange rate with that of sectoral real exchange rates, we confirm that the two 

series move very closely and the movement of the nominal exchange rate is 

critically related to that of the real exchange rates, consistent with empirical facts 

in Table 2. Further, there is a tendency that all sectoral real exchange rates move 

closely together over time. This co-movement suggests that a common factor, 

likely the movement of the nominal exchange rate, may govern the movement of 

sectoral real exchange rates. This co-movement also illustrates that there is a 

significant degree of cross-section dependence and suggests that empirical 

methods for testing PPP should take into account of it. 
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Figure 2-1. Yearly Yen-Won Nominal Exchange Rate 

 

 
Figure 2-2. Yearly KO-JP Sectoral Real Exchange Rates 

 

Data Source: OECD Statistics (accessed September 15th, 2016) and ECOSYS of the Bank of Korea.  

We multiply 100 by logs of each series normalized by its 1985M1 value.  
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IV. RESULTS ON PANEL UNIT ROOT TESTS FOR SECTORAL 

REAL EXCHANGE RATES 

 
In this section, we use two generations of panel unit root tests to examine the 

long run convergence of the sectoral real exchange rates: the first one includes the 

IPS test developed by Im et al. (2003) and the LLC test developed by Levin et al. 

(2002); the second one includes the CIPS test developed by Pesaran (2007). The 

main difference among these tests is that the latter takes into account of the effect 

of cross-section dependence more effectively than the former. For example, 

O’Connell (1998) and Pesaran (2007) show that the former tests have severe size 

distortions in the presence of high cross-sectional dependence in panel data.  

 

Table 3. IPS and LLC Tests for Sectoral KO-JP Real Exchange Rates 

Sample Period Intercept Only Lag Intercept and Trend Lag Obs 

Panel A. IPS Tests 

1985M1-2016M7 -5.79*** 1 to 2 -5.92*** 1 4548 

1985M1-1997M10 -5.14*** 1 -3.01*** 1 1848 

1997M11-2016M7 -3.15*** 1 to 2 -4.68*** 1 2700 

Panel B. LLC Tests 

1985M1-2016M7 -4.19*** 1 to 2 -6.80*** 1 to 2 4548 

1985M1-1997M10 -5.31*** 1 -4.58*** 1 1848 

1997M11-2016M7 -1.51* 1 to 2 -3.64*** 1 2700 

Data Source: OECD Statistics (accessed September 15th, 2016). The statistics in Panel A of the table are 

Im et al. (2003)’s w -statistics which are the standardized t -statistics. The statistics in 

Panel B of the table are Levin et al. (2002)’s t -statistics. The lag length is selected based 

on BIC. The number of cross-section units in the panel is 12. “obs” represents the number of 

observations in each sample. *, **, and *** represent statistical significance at 10, 5, and 1% 

level, respectively. 

 

We consider two model specifications for testing the unit root hypothesis (2): 

the first specification includes an intercept term in the regressions and the second 

one includes both intercept and trend terms. The second specification with a 

deterministic trend is not consistent with the PPP hypothesis since there are no 

economic theories predicting that the real exchange rate trends over long time 

periods. However, as presented in Section III, the Korean won relative to the 

Japanese yen has continuously depreciated during our sample period and appears 

to follow a trend. Therefore, based on the model specification with a deterministic 
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trend, we intend to investigate if the so-called deflation error in Japan has 

influenced the process of the real exchange rate process. 

To examine the persistent properties of KO-JP sectoral real exchange rates, we 

mainly consider the entire sample period of 1985M1-2016M7 since having longer 

time series data as much as possible would help the unit root tests to be more 

powerful. In addition, we divide the entire sample period into two to investigate if 

macroeconomic events may have influenced a structural change in the process of 

the real exchange rate: one is the sample period of 1985M1:1997M10; the other is 

the period of 1997M11:2016M7. The second sub-period includes the periods of 

the Asian financial crisis in 1997-1998 and of the global financial crisis in 2008-

2009. Several studies argue that the Korean economy has experienced a structural 

transformation after the Asian financial crisis [see for example Chang (2003) and 

Moon (2015)]. Therefore, we intend to investigate that the crisis shocks may have 

a permanent effect on the process of the real exchange rate.  

 

1. The IPS and LLC Tests 

 

As a starting point, we consider the IPS and LLC tests for the hypothesis that 

KO-JP sectoral real exchange rates contain a stochastic trend. These tests have 

been widely used in the literature to test the nonstationary behavior of time series 

in panel datasets under the assumption of no cross-section dependence and thus 

can be compared to the CIPS test which is our main method.  

The key difference between the IPS and LLC tests is that the LLC test sets the 

unit root null hypothesis against the alternative hypothesis where all sectoral real 

exchange rates are stationary, while the IPS test relaxes these homogeneity 

restrictions under the alternative hypothesis. Table 3 displays the results of the IPS 

and LLC tests for the unit root hypothesis for the three sample periods and for the 

two model specifications. In Panel A, we present the test results from the IPS test 

by reporting Im et al. (2003)’s w -statistics which are the standardized t -statistics. 

In Panel B, we present the results from the LLC test by reporting Levin et al. 

(2002)’s t -statistics. We set lag length based on the Bayesian information criteria 

(BIC). Overall, we find that the IPS test strongly rejects the unit root hypothesis 

for all the three sample periods and the two model specifications we considered. 

The w -statistics are statistically significant at the 1% level for all cases. We also 

find that the LLC test strongly rejects the null hypothesis for all the cases 
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considered. Levin et al. (2002)’s t -statistics are statistically significant at the 1% 

level for all cases. There is one exception: the LLC test rejects the unit root 

hypothesis at the 10% level for the sample period of 1997M11-2016M7 and for 

the model specification with only intercept term. We also find that these results are 

robust to the selection of lag length: We consider different lag lengths from 0 to 15 for 

robustness check and find that the conclusion in general remains unchanged.  

However, there is one important concern regarding the robustness of the results 

from the IPS and LLC tests in the presence of significant cross-section dependence. 

That is, O’Connell (1998) and others show that the panel unit root tests developed 

under the assumption of cross-section independence are spurious in that the tests 

tends to over-reject the unit root hypothesis for real exchange rates in the presence 

of significant cross-sectional dependence. As visually displayed in Section 3, KO-

JP sectoral real exchange rates move closely together suggesting that there is 

significant degree of cross-sectional dependence in our panel dataset. To formally 

measure cross section dependence of these sectoral real exchange rates, we also 

compute pair-wise correlations using residuals from typical individual ADF 

regressions. As reported in Table 4, the average of those correlations for each 

sample period is very high. For example, for the entire sample period the average 

cross correlations are around 0.91 for both model specifications. These strong 

correlations are also observed in the two subsample periods, suggesting that a 

different panel unit root test should be considered. 

 

Table 4. Cross-sectional Correlations of Residuals in the ADF Regressions of 

Sectoral Real Exchange Rates 

Sample Period Intercept Only Intercept and Trend Obs 

1985M1-2016M7 0.91 0.91 4548 

1985M1-1997M10 0.89 0.90 1848 

1997M11-2016M7 0.90 0.91 2700 

Data Source: OECD Statistics (accessed September 15th, 2016). All the numbers in the table are the 

average of pair-wise correlations using residuals from typical individual ADF regressions. 

The lag length is set at 1 to be consistent with the models in Table 3. The number of cross-

section units in the panel is 12. “obs” represents the number of observations in each sample. 
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2. The CIPS Test 

 

We obtained supporting evidence that the sectoral real exchange rates revert to 

their long run value based on the IPS and LLC tests. However, our conclusion 

might not be safe, considering the fact that the significant degree of cross-section 

dependence in the sectoral real exchange rates is  documented in Table 4. Therefore, 

we now consider the CIPS test which controls for the influence of cross-section 

dependence in the error term.  

Table 5 presents the results of Pesaran (2007)’s CIPS test for the panel of 12 

sectoral KO-JP real exchange rates. Analogous to the cases of the IPS and LLC 

tests, we provide the results from not only the three sample periods but also the 

two model specifications. Again, we set lag length based on the BIC. For each case, 

we report ( , )CIPS N T  in (6). Overall, we find that there is little evidence of long 

run convergence of sectoral real exchange rates. For a robustness check, we use 

different lag lengths from 0 to 24 and find that the conclusion in general remains 

unchanged.8 These results contradict to those from the IPS and LLC tests and 

suggest that the apparent support for the PPP hypothesis based on the IPS and LLC 

tests could be spurious since the CIPS test is robust to the presence of cross-section 

dependence.  

 
Table 5. CIPS Tests for Sectoral KO-JP Real Exchange Rates 

Sample Period Intercept Only Lag  Intercept and Trend Lag  Obs. 

1985M1-2016M7 -1.54 0 -1.87 0 4548 

1985M1-1997M10 -0.67 0 -1.65 0 1848 

1997M11-2016M7 -1.52 0 -2.49 0 2700 

Data Source: OECD Statistics (accessed September 15th, 2016). All the numbers in the table are the CIPS 

statistics defined in equation (6). The lag length is selected based on BIC. The number of 

cross-section units in the panel is 12. “obs” represents the number of observations in each 

sample. *, **, and *** represent statistical significance at 10, 5, and 1% level, respectively. 

 
Specifically, the CIPS test does not reject the unit root hypothesis at the standard 

conventional levels. These results hold true for the entire sample period as well as 

for the two subsample periods. We also consider different dates for the division of 

 
8 For the sake of space, we do not report the results for different lag lengths. But the results 

are available upon request. 
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subsample periods and find that the conclusion remains intact. One would expect 

that product markets between Korea and Japan are more integrated in the second 

subsample period than in the first subsample period. However, the data do not 

show a clear picture and rather suggest that capital market liberalization and high 

openness of product markets after the Asian financial crisis do not much affect the 

process of the real exchange rate. Second, the long run divergence of sectoral real 

exchange rates appears in both model specifications, suggesting that the 

nonstationary behavior of the real exchange rates is not much related to their time 

trend component.  

Overall, we are not able to reject the unit root hypothesis for sectoral real 

exchange rates using the CIPS test. That is, we do not find enough evidence that 

the deviations of sectoral real exchange rates from PPP are stationary.  

 

3. Traded Goods Versus Non-traded Goods 

 

In this subsection, we look into a reason for the non-stationary behavior of the 

KO-JP sectoral real exchange rates. Our sample of sectoral price indices includes 

both traded and non-traded goods. Therefore, one may argue that the presence of 

the price indices for non-traded goods may derive the divergence of the sectoral 

real exchange rates. To examine the role of non-traded goods, we divide our 

sample of 12 sectoral real exchange rates into two. One includes those real 

exchange rates constructed using price indices of traded goods and the other 

includes those real exchange rates constructed using price indices of non-traded 

goods. The former includes the following 4 sectors: “Food and non-Alcoholic 

beverages” (G1), “Alcoholic beverages, tobacco and narcotics” (G2), “Clothing 

and footwear” (G3), and “Housing, water, electricity, gas and other fuels” (G4). 

And the latter includes the other 8 sectors. We admit that our classification of 

traded and non-traded goods is not perfect since our sample does not have more 

detailed price data.  

Table 6 presents the results of Pesaran (2007)’s CIPS test for the panels of 

traded and nontraded sectoral KO-JP real exchange rates. For the non-traded 

sectoral KO-JP real exchange rates, the CIPS test does not reject the unit root 

hypothesis for all the three sample periods considered, consistent with the results 

from the sample with both traded and non-traded sectoral real exchange rates. 

However, for the traded sectoral real exchange rates, the CIPS test now rejects the 
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unit root hypothesis at the 10% significant level for the period of 1997M11-

2016M7, while it does not reject it for the period of 1985M1-1997M10. This result 

can be interpreted as the traded goods markets between Korea and Japan have been 

more integrated after the Asian financial crisis, although the statistical significance 

is marginal. This result is also in favor with the fact that both Korean financial and 

product markets have been significantly open to the world markets after the Asian 

financial crisis.9  

 

Table 6. CIPS Tests for Traded and Non-traded Sectoral KO-JP Real Exchange Rates 

Sample Period Intercept Only Lag  Intercept and Trend Lag  Obs. 

Panel A. Traded Sectoral KO-JP Real Exchange Rates 

1985M1-2016M7 -1.57 0 -2.54 0 1516 

1985M1-1997M10 -1.06 0 -1.78 0 616 

1997M11-2016M7 -2.31* 0 -2.62 0 900 

Panel B. Non-traded Sectoral KO-JP Real Exchange Rates 

1985M1-2016M7 -1.51 0 -1.49 0 3032 

1985M1-1997M10 -0.41 0 -1.60 0 1232 

1997M11-2016M7 -1.52 0 -2.49 0 1800 

Data Source: OECD Statistics (accessed September 15th, 2016). All the numbers in the table are the CIPS 

statistics defined in equation (6). The lag length is selected based on BIC. “obs” represents 

the number of observations in each sample. *, **, and *** represent statistical significance at 

10, 5, and 1% level, respectively. 

 

 
V. CONCLUSION  

 

This paper investigates the degree of product market integration between Korea 

and Japan. In particular, we examine if sectoral KO-JP real exchange rates revert 

to their mean value in the long run. Implementing the new panel unit root test in 

the presence of cross-section dependence, we do not find enough evidence that a 

deviation of the sectoral real exchange rates from PPP converges in the long run. 

 
9  Since our stationary alternative hypothesis allows heterogeneity in sectoral persistence, it is 

possible that a few sectors may derive the result of nonstationary sectoral real exchange rates. 

Hence, we reconstruct panels taking out either the maximum or minimum sectoral real exchange 

rate and apply the CIPS test. But we find that the conclusion remains unchanged.  
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However, for the traded sectoral real exchange rates, we marginally reject the 

hypothesis that a deviation from PPP diverges in the long run. These two pieces of 

evidence suggest that further analysis using more detailed price data or micro level 

price data is needed to understand better the degree of product market integration 

between Korean and Japan. We leave this issue for a future study.  

Our paper has two innovations in the related literature. One is technical. We 

apply the new panel unit root test for the study of PPP. This method improves the 

power properties of univariate unit root tests which have been widely applied to 

the real exchange rate data. In addition, the method overcomes the deficiency of 

the well-known panel unit root tests such as the IPS and LLC tests. The other is 

economical. Previous studies using the Korean price data mainly apply univariate 

unit root tests for the PPP hypothesis. Implementing the new panel econometric 

technique, future studies may examine more thoroughly issues related to the 

integration of product markets between the Korean and world economy.  
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This paper examines quantile dependence and directional predictability between the foreign 

exchange market and the stock market in Korea. Instead of adopting a multivariate model 

such as a vector autoregressive model, a multivariate GARCH model or a combination 

of both models, we apply the cross-quantilogram recently proposed by Han et al. (2016). 

Considering various quantile ranges, we investigate various spillover effects between two 
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I. INTRODUCTION 
 

The interaction between stock market and currency market has been the 

subject of a long-drawn academic debate with inconclusive results. There are two 

competing hypotheses to explain these macroeconomic variables; traditional and 

portfolio approaches. The traditional approach, suggested by Dornbusch et al. 

(1980) is that exchange rate movements lead change in stock prices since the stock 
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prices represent firm’s values denominated in foreign currency. In contrast to 
traditional theory, portfolio approach, first discussed by Branson et al. (1977) 
postulates that changes in stock prices may have an influence on exchange rate via 
portfolio adjustments.  

Even though the theoretical explanations have attempted to show causal relation 
between stock market and exchange rate market, the empirical findings are rather 
mixed for the causal direction. Furthermore, the empirical results of causal relation 
between two financial markets have been varied by countries and time periods. 
Table 1 reports the summary of previous empirical studies.  

 
Table 1. Related Review on Relationship between Exchange Rate and Stock Price 

Authors Method Sample Period Countries 
Traditional Approach: EX → ST 

Abdalla et al.(1997) GC/VAR, ECM Jan.1985-Jul.1994 India, Korea, Pakistan 
Ajayi et al.(1998) GC Dec.1987-Sep.1991 Korea 
Granger et al.(2000) GC/VAR Jan.1995-Nov.1997 Japan, Thailand 
Wu (2000) ECM Apr.1991-May.2000 Singapore 
Pan et al.(2007) GC/ECM Before Asian crisis Japan, Malaysia, Thailand 

Pan et al.(2007) GC/ECM During Asian crisis Hong Kong, Japan, Korea, Singapore, 
Taiwan, Thailand 

Kang et al.(2012) GC, B-GARCH Jan.2002-Mar.2011 Korea, Singapore, Taiwan 

Portfolio Approach: ST → EX 
Abdalla et al.(1997) GC/ ECM Jan.1985-Jul.1994 Philippines

Ajayi et al.(1998) GC Apr.1985-Aug.1991 Canada, France, Germany, Italy, Japan, 
U.K, U.S 

Ajayi et al.(1998) GC Dec.1987-Sep.1991 Indonesia, Malaysia, Philippines, Taiwan, 
Thailand 

Granger et al.(2000) GC/VAR Jan.1995-Nov.1997 Taiwan 
Hatemi-J et al.(2002) GC/VAR Jan.1993-Dec.1998 Sweden

Pan et al.(2007) GC/ECM Before Asian crisis Korea, Singapore 

Lee and Ahn (2010) GC/VAR Jan.2006-Dec.2009 Korea 

Bi-directional Causality: EX ↔ ST 

Ajayi et al.(1996) ECM Apr.1985-Jul.1991 
Canada, France, Germany, Italy, Japan, 
Netherlands, U.K, U.S. 

Granger et al.(2000) GC/VAR Jan.1995-Nov.1997 Korea, Malaysia, Philippines 
Lee (2007) GMM Jan.1999-Dec.2006 Korea

Pan et al.(2007) GC/ECM Jan 1988-Oct.1992 Hong Kong 
Kang et al.(2012) GC, B-GARCH Jan.2002-Mar.2011 Hong Kong 

Note: GC, ECM and B-GARCH represent Granger causality, error correction model and bivariate GARCH 
model, respectively.  
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Abdalla and Murinde (1997) find the supportive evidences in favor of traditional 
approach using a country’s monthly exchange rates. The studies show that there is 
uni-directional causality from exchange rate to stock return in India, Korea and 
Pakistan. Similarly, Wu (2000) shows Singapore-dollar exchange rates Granger 
stock prices. In contrast, Ajayi et al. (1998) find significant linkage between two 
financial markets by indicating uni-directional causality from the stock market to 
the currency market for advanced countries including Canada, France, Germany, 
Italy, Japan, U.K, and U.S from 1985 to 1991. Hatemi-J and Irandoust (2002) 
confirm that stock market tends to lead exchange rates in favor of the portfolio 
approach for Sweden. In a similar vein, Pan et al. (2007) find out there is uni-
directional causal relationship from stock price to exchange rate for Korea and 
Singapore before Asian financial crisis. 

On the other hand, some of the studies have found bi-directional causality 
between two financial markets (Ajayi and Mougoue, 1996). In this regard, Pan et 
al. (2007) also provide evidences to indicate bi-directional causal relationship for 
Hong Kong before the Asian financial crisis. Granger et al. (2000) investigate 
causality based on Granger causality tests for nine Asian countries during the 
Asian financial crisis then obtain fairly differing results by country. They show 
that exchange rate market tends to lead the stock market in Japan and Thailand, 
which support traditional approach whereas stock market takes the lead in Taiwan. 
Furthermore, bi-directional relation is discovered for Korea, Malaysia and the 
Philippines. In Singapore, there exists no such causal relation. 

The ratio of foreign investors in Korean stock market has been high as shown in 
Table 3. It has been mostly more than thirty percent since 2001 and it reached its 
peak 40.1% in 2004. In other words, the foreign investment in Korea is a major 
component in Korean financial market. There have been numerous studies to 
investigate the relation between two financial markets, however, the existing 
literature is inconclusive on the relation between stock market and exchange rate. 

Korean stock market can be affected by the change in exchange rate of Korean 
Won via the traditional approach (Abdalla and Murinde, 1997; Kang and Yoon, 
2012) while it also can affect the foreign exchange market via the portfolio 
approach (Lee and Ahn, 2010). On the other hand, Lee (2007) and Granger et al. 
(2000) provide bi-directional interaction between exchange rates and stock prices 
in Korea. In addition, Pan et al. (2007) find out that the results are in line with the 
traditional approach during Asian crisis, while they agree with the portfolio approach 
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before Asian crisis in Korea. Therefore, examining the detailed relationship between 
foreign exchange market and stock market in Korea is appropriate to study the 
interaction between two markets and moreover it is very important for investors 
and policy makers in Korea.  

Volatility spillover and co-movement of financial markets have been extensively 
investigated in the literature. See Baele (2005), I (2015), Karolyi (1995), Kanas 
(2000), Ng (2000), Yang and Doong (2004), Wu (2005) and references therein. 
Researchers typically adopted a vector autoregressive model, a multivariate GARCH 
model or a combination of both models to analyze volatility spillover and co-
movement of financial markets (In et al., 2001; Jebran and Iqbal, 2016), among 
others. The existing methods generally depend on modeling conditional variance 
and conditional correlation of multivariate financial time series and therefore they 
cannot provide quantile-based detailed relationship between financial markets.  

However, the cross-quantilogram recently proposed by Han et al. (2016) can 
address this aspect. The cross-quantilogram is a correlation statistic of quantile hit 
processes and measures dependence between a quantile range of one time series 
and a quantile range of the other time series. Therefore, it can provide quantile-
based dependence between two financial markets. Moreover, it is particularly 
appropriate in analyzing financial time series because it does not require any 
moment condition of time series. It is well known that finite fourth moments do 
not exist for most stock return or exchange rate return series even if commonly 
used models such as multivariate GARCH models in general assume the existence 
of finite fourth moments of time series. 

We consider the relationship between foreign exchange market and stock market 
in Korea for the period from 3 January 1997 to 31 October 2014. The main results 
of the paper are as follows. First, when Korean Won depreciates largely at day	 , 
i.e., the exchange rate return is less than its 0.05 quantile, it is more likely for 
Korean stock market to have a large loss in the next day but to have a large gain 
from day	 + 2. This shows that there exists a risk spillover from foreign exchange 
market to stock market in the next day. Second, when Korean Won appreciates 
largely at day	 , i.e., the exchange rate return is larger than its 0.95 quantile, it is 
more likely for the stock market to have a large gain for the next two days. Third, 
the tail dependence is asymmetric. Comparing the magnitude of spillover, the risk 
spillover (spillover from left tail to left tail) is much stronger than the positive from 
right tail to right tail. 
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Fourth, when stock market has a large loss at day	 , it is more likely for Korean 
Won to depreciate largely in the next day. If we consider the dependence in the 
next day, a risk spillover exists in both directions between the foreign exchange 
market and the stock market. From day	 + 2, it is more likely for Korean Won to 
fluctuate largely for some lags. Fifth, when stock market has a large gain at day	 , 
a direction is not conclusive in the next day. The values of the cross-quantilogram 
for both tails of the exchange rate return are low even if they are significantly positive. 

The rest of the paper is organized as follows. Section II explains the cross-
quantilogram and related Box-Ljung type test statistic. Section III provides the data 
description and preliminary results using a vector autoregressive model. Section 
IV presents the main results of the paper and Section V concludes the paper.  

 
II. ECONOMETRIC TOOL 

 
Linton and Whang (2007) introduce the (auto-) quantilogram to measure predictability 

in different parts of the distribution of a stationary time series based on the 
correlogram of quantile hits. Han et al. (2016) develop its multivariate version and 
consider the cross-quantilogram. To construct confidence intervals of the cross-
quantilogram, they propose and investigate the stationary bootstrap procedure and 
a self-normalized approach. 

As explained in Linton and Whang (2007) and Han et al. (2016), the advantages 
of the cross-quantilogram are 1) it is simple to interpret, 2) no moment condition 
is required for time series, 3) it captures properties of a joint distribution, 4) it can 
consider arbitrary lags. In particular, the second part is important for financial time 
series because it is known that financial time series such as stock return or 
exchange rate return has heavy tails and does not have a finite fourth moment. The 
cross-quantilogram can be used 1) to measure quantile dependence between two 
series, 2) to test directional predictability between two series, 3) to test model 
specification. 

Let , ( ) be either  conditional quantile or unconditional quantile of , . 

To measure dependence between two events , ≤ , ( )  and , ≤, ( )  for an arbitrary pair of = ( , )′	 and a positive integer	 , Han et 

al., (2016) analyze the cross-quantilogram and related Portmanteau tests. In the 

literature, 1 , ≤ , (∙)  is called the quantile-hit or quantile-exceedance 
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process for = 1, 2 , where 1 ∙  denotes the indicator function. The cross-
quantilogram is defined as the cross-correlation of the quantile-hit processes 

 ( ) = , , ( ) , , ( )
, , ( ) , , ( ) 	          (1) 

 
for = 0,±1,±2,…, where 
 , − , ( ) = 1 , < , ( ) − . 
 
Its sample counterpart is  
 ( ) = ∑ , , ( ) , , ( )∑ , , ( ) ∑ , , ( )  , 

 
where , ( ) is the estimate of either  conditional quantile or unconditional 

quantile of , .  

If one is interested in measuring dependence between two events , ( ) ≤, ≤ , ( )  and , ( ) ≤ , ≤ , ( )  for arbitrary quantile 

ranges ,  and , , one can use an alternative version of the cross-

quantilogram that is defined by replacing − , ( )  in (1) with 

 , − , ( , ) = 1 , ( ) < < , ( ) − − . 

 
See footnote 4 in Han et al. (2016). This alternative version could be easier to 

interpret and therefore we will adopt this alternative version of the cross-
quantilogram in this paper. The stationary bootstrap inference procedure is still 
valid for this alternative version as mentioned in Han et al. (2016) and, therefore, 
we will use it to construct confidence bands.  

If ( ) = 0, there is no dependence or directional predictability from an 

event , ( ) ≤ , ≤ , ( )  to an event , ( ) ≤ , ≤ , ( ) . 

If	 ( ) ≠ 0, there exists quantile dependence or directional predictability 
between two events. If ( ) > 0, it means that it is more likely for ,  
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to be in a range , , , ( )  when ,  is located in a range , , , ( ) . If ( ) < 0, it means that it is less likely for ,  

to be in a range , , , ( )  when ,  is located in a range , , , ( ) . 

We use the stationary bootstrap procedure by Politis and Romano (1994) to 
obtain confidence intervals of the cross-quantilogram and they are based on 10,000 
bootstrap replicates in our application. The tuning parameter is chosen by adapting 
the rule suggested by Politis and White (2004), and later corrected in Patton et al. 
(2009). 

Suppose that τ ∈ Τ	 and  are given. One may be interested in testing 
 	 	 	 ∶ 	 	 	 	 (1) =	 ∙	 ∙	 ∙	 = 	 ( ) = 0	 , 

 
     	 	 	 ∶ 	 	 	 	 ( ) ≠ 0 for some ∈ 	 1, . . . , . 

 

For this test, the Box-Ljung type test statistic ( ) = ∑ ( ) can be used. 

We will use the Box-Ljung version ( ) = ( + 2)∑ ( )/( − ) because 

it has a better finite sample performance for a large  and a small sample size.   

 
III. DATA AND PRELIMINARY VAR ANALYSIS 

 
1. Data Description 
 
We consider the sample period from 3 January 1997 to 31 October 2014 (4,413 

daily observations). The exchange rate is based on USD/KRW and therefore a 
positive exchange rate return means that Korean Won appreciates. The stock return 
is the return series of the KOSPI index. Both return series are in percentage form. 
Table 2 provides descriptive statistics of the time series. While the standard 
deviation of the stock return is higher than that of the exchange rate return, the 
sample kurtosis of the exchange rate return is much larger. This is because the 
exchange rate return has some extreme outliers. Figure 1 provides histograms of 
both return series. For the exchange rate return series, the 5% and 10% quantiles 
are located at -1.0026 and -0.6197, respectively. For the stock return series, the 5% 
and 10% quantiles are located at -3.1245 and -2.0645, respectively. 
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Table 2. Descriptive Statistics 

 Exchange Rate Return Stock Return 

Mean -0.0054 0.0249 

Median 0.0113 0.0788 

Maximum 20.346 11.284 

Minimum -13.455 -12.805 

Std. Dev. 0.9724 1.8892 

Skewness 1.0318 -0.2191 

Kurtosis 90.0760 7.6543 

Note: The descriptive statistics of the return series of exchange rate USD/KRW and the return series of the KOSPI 
index for the sample period from 3 January 1997 to 31 October 2014. Both are in percentage form. 

 
Figure 1. 

 
Histogram. FX represents the exchange rate return of USD/KRW and ST does the return series of the 
KOSPI index. The upper panel of the figure is a histogram of FX. The 5% quantile is located at -1.0026, 
the 10% quantile at -0.6197, the 90% quantile at 0.6026 and the 95% quantile at 0.8754. The lower panel 
of the figure is a histogram of ST. The 5% quantile is at -3.1245, the 10% quantile at -2.0645, the 90% 
quantile at 1.9357 and the 95% quantile at 2.8576. 
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Table 3 presents changes in shareholdings in terms of market capitalization by 
shareholder type in the firms listed in the Korean Exchange from 1999 to 2013. It 
shows that foreign shareholders are one of the main investors in the Korean stock 
market. Foreign shareholders owned over thirty percent of total market capitalization 
from 2001 except for 2008. The percentage by foreign shareholders reached 
highest (40.1%) in 2004 and is 32.9% in 2013. Such a high ratio indirectly implies 
that the relationship between foreign exchange market and stock market is very 
important for investors and policy makers in Korea.  

 
Table 3. Shareholding by Shareholder Type in Korean Stock Market 

 Government Institutions 
Other 

corporations 
Individuals Foreigners 

Year 
Market 

Cap 
Weight

Market 
Cap 

Weight
Market 

Cap 
Weight

Market 
Cap 

Weight
Market 

Cap 
Weight 

1999 78.6 16.6 67.6 14.3 90.0 19.0 150.1 31.7 87.6 18.5 

2000 28.5 13.2 35.5 16.4 43.0 19.9 50.7 23.5 58.3 27.0 

2001 27.5 8.9 47.3 15.4 52.7 17.1 81.3 26.4 99.1 32.2 

2002 19.4 6.6 45.2 15.3 58.7 19.8 75.6 25.6 97.1 32.8 

2003 18.0 4.6 61.6 15.7 73.7 18.8 91.5 23.3 147.9 37.7 

2004 18.3 4.1 75.5 17.0 79.7 18.0 92.3 20.8 178.0 40.1 

2005 26.5 3.7 134.8 18.6 130.9 18.0 164.0 22.6 269.8 37.2 

2006 30.5 3.9 161.7 20.8 140.6 18.1 170.7 22.0 273.1 35.2 

2007 30.1 2.8 210.1 20.0 220.5 21.0 265.6 25.3 325.4 30.9 

2008 17.0 2.8 72.7 11.7 176.2 28.3 186.3 30.0 169.4 27.3 

2009 16.7 1.7 117.1 12.0 206.6 21.2 336.2 34.6 296.0 30.4 

2010 40.5 3.3 166.3 13.5 346.3 28.0 297.9 24.1 385.4 31.2 

2011 27.4 2.4 148.4 13.0 339.3 29.6 279.3 24.4 350.3 30.6 

2012 41.4 3.3 200.1 15.8 309.3 24.5 303.1 24.0 409.5 32.4 

2013 42.9 3.3 209.9 16.1 314.4 24.1 308.6 23.6 429.5 32.9 

Note: Changes in shareholding in terms of market capitalization by type of shareholders in the firms listed 
in the Korean Exchange. Weight stands for the percentage of market capitalization and total weight 
must be 100 percent. The unit of market cap is one trillion Korean Won.  

Source: http//www.index.go.kr/potal/main/EachDtlPageDetail.do?idx_cd=2438 (accessed July 21, 2016) 

 

 
Figure 2 provides the sample cross-correlogram between exchange rate return 

(FX) and stock return (ST). At the first lag ( = 1), the correlation between 
 and  is the highest (0.094) while the correlation between  and 
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 is insignificant. The correlation between  and  is the highest 
(0.085) at the lag = 6.   

 
Figure 2. 

The sample cross-correlogram between exchange rate return and stock return. FX represents the exchange 
rate return of USD/KRW and ST does the return series of the KOSPI index. 

 
2. Preliminary VAR Analysis 
  
To investigate the relationship between exchange rate return and stock return, 

one of the most typical model adopted is a vector autoregressive (VAR) model. 
In this subsection, we briefly show some results that the usual VAR analysis provides. 
We focus on the impulse response analysis because it is what researchers mostly use. 

Based on the BIC, the VAR(4) model is selected for the data.1 The model is 
identified as in Sims (1980) using a Cholesky decomposition of the error variance-
covariance matrix. Impulse response functions measure the effect of a one-standard 
deviation shock of a variable on the variables in the system. Since a different 
ordering of the variables might produce different outcomes with respect to the 
impulse responses, we consider both orderings to analyze the impulse responses as 
shown in Figures 2-3. 

Figure 3 presents impulse response functions when the exchange rate return is 
ordered first. One standard deviation shock to the exchange rate return at day  

 
1 Each return series is the log difference of either exchange rate or stock index. Since they are already 

first differenced, these return series are obviously not unit root processes. Hence, unit root test and 
cointegration test are unnecessary.  
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causes the stock return to peak (0.638) in the next day and the effect becomes 
negligible from + 3. On the other hand, the shock to the stock return does not 
have any significant effect on the exchange rate return at all. 

 
Figure 3.  

Impulse response function with exchange rate return being ordered first. The solid line signifies impulse 
response functions and the dashed lines represent 95% confidence bands. FX represents the exchange rate 
return of USD/KRW and ST does the return series of the KOSPI index. 

 
Figure 4 provides the impulse response functions when the stock return is 

ordered first. The shock to the exchange rate return at day  causes stock return 
to slightly increase (0.131) at day + 2 and fluctuate, but the effect is mostly 
insubstantial and insignificant. On the other hand, the shock to stock return causes 
the exchange rate return to increase (0.313) in the next day and the effect becomes 
mostly insignificant after that.  

As it is well known, the results of the impulse response analysis of the VAR 
model depend on the ordering of the variables and they provide rather limited 
information on the dependence between two series. 2  Moreover, the Granger 

 
2 We also applied the generalized impulse response function (GIRF) to avoid problem that results 

from orthogonal impulse response function (OIRF) are sensitive to variables ordering. That is, 
GIRF is unaffected by the ordering of variables. We note that the GIRF to an exchange rate shock 
coincides with the OIRF to an exchange rate return shock when an exchange return is ordered first 
as shown in the left panel of Figure 2. Also we note that the orthogonal impulse response to an 
exchange return shock shown in the left panel in Figure 3 is very different from the corresponding 
GIRF. Likewise, the GIRF to a stock return shock is identical only with the OIRF to a stock return 
shock when a stock return is ordered first as in the right panel of Figure 3.  
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causality test also provides only limited information for dependence between these 
two series. Table 4 reports the test results, which show that exchange rate return 
(FX) and stock return (ST) Granger cause each other. In the next section, we try to 
provide more complete relationship between exchange rate return and stock return.  

 
Table 4. Granger Causality Test Result 

Lag : FX does not Granger cause ST : ST does not Granger cause FX 

1 27.08** 10.79** 

2 13.84** 5.75** 

3 10.60** 4.64** 

4 8.09** 3.73** 

Note: FX represents the exchange rate return of USD/KRW and ST does the return series of the KOSPI 
index. ** indicates rejecting  on the 1% significance level. 

 
Figure 4.  

 
Impulse response function with stock return being ordered first. Same as Figure 2. 

 
 

IV. MAIN RESULTS BASED ON CROSS-QUANTILOGRAM 
 

1. Spillover from Foreign Exchange Market to Stock Market 
 
In this section, we examine a significant impact of change in Korean Won on 

the stock market. Figure 5-6 show cross-quantilograms and Box-Ljung test statistics 
from foreign exchange market to stock market. Since the tail dependence of financial 
markets has been of interest in the literature, we let τ  be [0, 0.05] or [0.95, 1], 
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where τ  is the quantile range of exchange rate return. The quantile range of stock 
return τ  is set to be [0, 0.05], [0.05, 0.1], [0.1, 0.2], [0.2, 0.4], [0.4, 0.6], [0.6, 
0.8], [0.8, 0.9], [0.9, 0.95] and [0.95, 1] for 20 lags.  

 

1) Spillover from Left Tail 

In Figures 5(a) and 5(b), we examine quantile dependence and directional 
predictability from foreign exchange market to stock market when Korean Won 
has a large loss, = [0, 0.05], i.e., Korean Won depreciates largely. In Figure 
5(b), the Box-Ljung test statistic is significant at both tails ( = [0, 0.05], [0.95, 
1]) and at mid-ranges ( = [0.2, 0.4], [0.4, 0.6], [0.6, 0.8]). For both tails, the 
cross-quantilograms are significantly positive for some lags in Figure 5(a). 
However, for mid-ranges, the cross-quantilograms are significantly negative for 
some lags, which means that it is less likely for stock return to be in mid ranges 
when Korean Won depreciates largely.  

For a detailed tail dependence, Table 5 reports the cross-quantilogram for the 
first five lags at both tails. From = [0, 0.05] to = [0, 0.05] in Table 5, the 
cross-quantilogram , . ( ) is significantly positive for the first lag, which 

implies that it is more likely for stock market to have a large loss in the next day 
when there is a large loss in foreign exchange market. The risk spillover from the 
exchange market to stock market is insignificant at day + 2 then back to be 
significant from + 3 . More specifically, a cyclic pattern exists when cross-
quantilograms fall and rise, and the duration of these pattern is usually of 4-5 days. 
Hence every 4 to 5 days, cross-quantilograms reach its peak that is close to 0.1. 

Additionally, Table 5 provides the cross-quantilogram for the contemporaneous 
dependence, i.e., lag = 0. From = [0, 0.05] to = [0, 0.05], the cross-
quantilogram , . (0)  is 0.247. Not surprisingly, the contemporaneous 

dependence for left tail events is stronger than the lagged dependences of ≥ 1.3 
Moreover, the contemporaneous dependence for left tail events is stronger than 
that for the right tail events. From = [0.95, 1] to = [0.95, 1], the cross-
quantilogram , . (0) is 0.205, which is smaller than its counterpart for the 

left tail events. 

 
3 The cross-correlation between  and  is 0.342 for = 0 while it is 0.094 for = 1 

and gets smaller for > 1        
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Table 5. Cross-quantilogram from Foreign Exchange Market to Stock Market 

 From =[0,0.05] from = [0.95,1] 

Lag To =[0,0.05] To =[0.95,1] To = [0,0.05] To =[0.95,1] 

0 0.247* -0.010 -0.015 0.205* 
1 0.086* 0.038 0.009 0.085* 

2 0.043 0.100* 0.024 0.071* 

3 0.043* 0.095* 0.067* 0.038 

4 0.067* 0.101* 0.067* 0.009 

5 0.077* 0.096* 0.057* 0.029 

Note: The sample cross-quantilogram ( ) to detect directional predictability from foreign exchange 
market ( ) to stock market ( ). 	 is the quantile range of stock return and 	 is the quantile 
range of exchange rate return. *indicates significance based on the 95% bootstrap confidence 
intervals. 

 
Figure 5(a).  

The sample cross-quantilogram ( ) to detect directional predictability from foreign exchange market 
( =[0, 0.05]) to stock market ( ).  is the quantile range of stock return and  is the quantile range 
of exchange rate return. Bar graphs describe sample cross-quantilograms and lines are the 95% bootstrap 
confidence intervals. 
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Figure 5(b).  

Box-Ljung test statistic ( ) for each lag  using ( ). Same as Figure 1(a). The dashed lines are the 
95% bootstrap confidence intervals. 

 
The cross-quantilogram is significant at the first lag and insignificant at any 

higher order lags when = [0.1, 0.2] whereas the cross-quantilogram ( ) 
for = [0.2, 0.4], = [0.4, 0.6] and = [0.6, 0.8], are negative and significant 
for many lags. In case of = [0.8, 0.9], almost all the values at different lags are 
very close to zero and there is the absence of any significance pattern. That implies 
a deprecation of Korean Won against US dollar is not helpful in predicting the 
stock market’s path. 

From = [0, 0.05] to = [0.95, 1], the cross-quantilogram is insignificant 
in the next day but significantly positive form day + 2. There appears to be a 
small swing between significantly positive values of cross-quantilogram. As we 
see from the Table 5, the fourth lag has the highest value (0.101). This implies that 
it is more likely for stock market to have a large gain from day + 2 when Korean 
Won depreciates largely at day . According to OECD data, exports account for 
roughly half (50.3% in 2014) of Korea’s GDP and this weight is relatively large 
compared to OECD totals (29% in 2014). A depreciation of Korean Won could be 
accompanied by an improvement of net export performance by reducing imports 
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and increasing exports. Since Korean firms are heavily dependent on export, a 
devaluation of currency will lead to a large gain in stock market. 

It is interesting to compare the dependence to each tail. The dependence to left 
tail of stock return is different from the dependence to right tail of stock return 
when exchange rate return is extremely negative in the previous day. When Korean 
Won depreciates largely at day , there is an increased likelihood of having a very 
large loss of stock market in the next day but having a large gain from day + 2. 
After a large depreciation of Korean Won, there exists a risk spillover to stock market 
in the next day but is more likely for stock market to rebound sharply from day + 2.  

The devaluation of Korean currency makes investor shift funds from Korean 
assets to dollar assets. In a consequence, stock market price declines by favoring 
dollar assets over domestic stocks. At the day + 2, however, it is more likely for 
stock market to have a large gain. This implies that a devaluation of home currency 
leads to an increase in export earnings and induces higher capital inflows to Korea. 
From + 3, when Korean Won depreciates, both the large loss and large gain in 
the stock market are significant. In other words, currency depreciation is negatively 
related to stock prices for export-dominant industries, at the same time, it is 
positively associated for import-dominant industries. 

 
2) Spillover from Right Tail 

In Figures 6(a) and 6(b), we examine quantile dependence and directional 
predictability from foreign exchange market to stock market when Korean Won is 
in the high quantile, = [0.95, 1], i.e., Korean Won appreciates largely. In 
Figure 6(b), the Box-Ljung test statistic is significant at both tails ( = [0, 0.05], 
[0.95, 1]) but mostly insignificant in the rest quantile ranges. Compared to the 
previous case of = [0, 0.05], we observe that dependence is generally weaker. 

From = [0.95, 1] to = [0, 0.05] in Table 5, when Korean currency 
appreciates largely at day , the cross-quantilograms are insignificant for the next 
two days but significantly positive from + 3  to + 5 . After that, cross-
quantilograms are mostly insignificant. That implies that currency appreciation has 
a negative effect on the domestic market by declining the price competitiveness of 
exports from + 3 to + 5.  

From = [0.95, 1] to = [0.95, 1], the Figure 6(a) shows statistically significant 
cross-quantilogram for the first and second lags. The third lag is at the borderline of 
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a statistical significance. As seen Table 5, the first lag has the highest value 
(0.085) and the second lag is significant then insignificant after that until the 6th lag. 

Specifically, when Korean Won appreciates largely at day , it is more likely 
for stock market to have a large gain in the next two days and to have a large loss 
from day + 3 to day + 5. It is interesting to note that a large appreciation of 
Korean Won is more likely to have a positive effect on stock market immediately. 
From the third day, an appreciation of Korean currency leads to a loss in stock 
market. Since Korea has high dependence on import of raw materials and industrial 
supplies, an appreciation of Korean currency determines the cost of the output 
supplied by raising cost of intermediate goods. 

 
Figure 6(a).  

 
The sample cross-quantilogram ( ) to detect directional predictability from foreign exchange market 
( =[0.95, 1]) to stock market ( ).  is the quantile range of stock return and  is the quantile range 
of exchange rate return. Same as Figure 4(a). 
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Figure 6(b).  

Box-Ljung test statistic ( ) for each lag  using ̂ ( ). Same as Figure 4(b). 
 
Hence, an appreciation of Korean currency induces a large gain in stock market 

for next two days. Then the appreciation affects the stock market negatively after 
the third days since it is found to increase prices of domestic goods subsequently 
it lowers demand of domestic goods. 

If we consider tail dependence between two markets only for the next day, 
foreign exchange market and stock market move in the same direction in both tails; 
when Korean Won depreciates (appreciates) largely at day , it is more likely for 
stock market to have a large loss (gain) in the next day. If we consider the magnitude 
of cross-quantilogram for tail-dependence, the dependence is asymmetric because 
the cross-quantilogram has higher values when Korean Won depreciates largely. 
Hence, the tail dependence is stronger when there is a negative shock in foreign 
exchange market than a positive shock. 
 
2. Spillover from Stock Market to Foreign Exchange Market 

 
In this section, we investigate a significant impact of change in Korean stock 

market on exchange rate market. Figures 7-8 show cross-quantilogram and Box-
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Ljung test statistics to identify the causal relationship between two financial 
markets. Similar to the previous section, we let  be [0, 0.05] or [0.95, 1], where 

 is the quantile range of stock return. The quantile range of exchange rate return 
 is defined on [0, 0.05], [0.05, 0.1], [0.1, 0.2], [0.2, 0.4], [0.4, 0.6], [0.6, 0.8], 

[0.8, 0.9], [0.9, 0.95] and [0.95, 1] for 20 days. 
 
1) Spillover from Left Tail 

In Figures 7(a) and 7(b), we examine quantile dependence and directional 
predictability from stock market to foreign exchange market when a stock market 
has a large loss, = [0, 0.05]. In Figure 7(b), the Box-Ljung test statistic is 
significant at both tails ( = [0, 0.05], [0.95, 1]). It is mostly insignificant in the 
rest quantile ranges except for = [0.2, 0.4]. 

For a detailed tail dependence, Table 6 reports the cross-quantilogram for the 
first five lags at both tails. Specifically, from = [0, 0.05] to = [0, 0.05] in 
Table 6, the cross-quantilogram shows a risk spillover from stock market to foreign 
exchange market. For the first to third lags, cross-quantilograms are significantly 
positive but not at the fourth lag. After that, it is significant in most cases except at 
10th and 11th lags. The cross-quantilogram reaches its peak of 0.109 at the first 
lag then it drops to 0.052 at the second lag. It seems that a loss in stock market 
reduces domestic investor’s wealth, subsequently, capital outflows occur leading 
to a currency depreciation. 

From = [0, 0.05] to = [0.95, 1.0], the cross-quantilogram is insignificant 
in the first lag then significantly positive after that except for the fifth lag. In 
Figure 7(a), the cross-quantilogram reaches its highest value which is close to 
0.1 at + 18 then declines afterwards. That means, it takes 18 days for the gain 
from exchange market to reach its peak when stock market crash occurs. When a 
large negative shock occurs in the stock market, Korean Won depreciates 
immediately due to the outflows of foreign capital. After then, a depreciation of 
Korean currency makes exporting goods more competitive relative to other foreign 
goods, leading to a large gain in stock market.  
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Table 6. Cross-quantilogram from Stock Market to Foreign Exchange Market 

 From =[0,0.05] from = [0.95,1] 

Lag To =[0,0.05] To =[0.95,1] To =[0,0.05] To =[0.95,1] 

0 0.247* -0.015 -0.010 0.205* 

1 0.109* 0.052 0.057* 0.052* 

2 0.052* 0.066* 0.047* 0.043 

3 0.052* 0.076* 0.095* 0.033 

4 0.043 0.057* 0.100* 0.052* 

5 0.076* 0.028 0.023 0.057* 

Note: The sample cross-quantilogram ( ) to detect directional predictability from stock market ( ) to 
foreign exchange market ( ).  is the quantile range of exchange rate return and  is the quantile 
range of stock return. Same as Table 4. 

 

Figure 7(a).  

 
The sample cross-quantilogram ( )  to detect directional predictability from stock market ( =[0, 
0.05]) to foreign exchange market ( ). 	 is the quantile range of exchange rate return and  is the 
quantile range of stock return. Same as Figure 4(a). 
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Figure 7(b).  

 

Box-Ljung test statistic ( ) for each lag  using ( ). Same as Figure 4(b). 
 

2) Spillover from Right Tail 

In Figures 8(a) and 8(b), we examine quantile dependence and directional 
predictability from stock market to foreign exchange market when stock market has 
a large gain, = [0.95, 1]. In Figure 8(b), the Box-Ljung test statistic is significant 
at both tails ( = [0, 0.05], [0.95, 1]). It is also significant at = [0.2, 0.4] or 
[0.6, 0.8] because cross-quantilogram is significantly negative for some lags. That 
implies, it is less likely for exchange rate return to be in [0.2, 0.4] or [0.6, 0.8]. 

From = [0.95, 1] to = [0, 0.05], Table 6 shows statistically significant 
results for the lag 1 to lag 4. Specifically, the value of cross-quantilogram increases 
steadily from the next day then it reaches its peak (0.100) at the fourth lag. An 
increase in stock market results in higher inflation expectation since a rising stock 
market is regarded as an indicator of an expanding economy. Then, investors’ 
demand for Korean currency drops due to the negative perception concerning the 
higher inflation. Therefore, Korean Won depreciates. 

In case of =  [0.95, 1] and = [0.95, 1], Table 6 shows significantly 
positive cross-quantilogram at the first lag but not at the lag 2 and lag 3 then back 
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to be significantly positive from the fourth lag. In Figure 8(a), the cross-
quantilogram is close to 0.1 from + 14 to + 16 and it reaches its highest 
point at + 16. The upward movements in stock market stimulate money growth 
leading to an increase in interest rates consequently. The rising in interest rates 
induces capital inflows then Korean Won appreciates (Pan et al., 2007). 

It is interesting to note that, it takes 16 days to reach the highest value of cross-
quantilogram for = [0.95, 1] while only 4 days are taken to reach the highest 
one when = [0, 0.05]. After a large gain in stock market, it sees that foreign 
investment funds move in and out Korean market for a while and therefore 
exchange rate fluctuates severely.  
 

Figure 8(a).  

  

The sample cross-quantilogram ( ) to detect directional predictability from stock market ( =[0.95, 1]) to 
foreign exchange market ( ).  is the quantile range of exchange rate return and  is the quantile range of 
stock return. Same as Figure 4(a). 
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Figure 8(b).  

Box-Ljung test statistic ( ) for each lag  using ̂ ( ). Same as Figure 4(b). 

 
 

V. CONCLUSION 
 

This study documents the presence of spillover between Korean stock and currency 
markets using cross-quantilogram that addresses quantile-based dependence 
between the financial markets. Our results indicate that the tail dependence from 
foreign exchange market to stock market is different from one from stock market 
to foreign exchange market. It is more likely for Korean stock market to have a 
large loss (gain) next day in response to an exchange rate depreciation (appreciation). 
This effect shows an intriguing asymmetry: the risk spillover from left tail to left 
tail is much stronger than the positive spillover from right to right tail events. 
Significantly, we also find large stock market losses could lead to Korean currency 
depreciation next day. When stock market has a large gain, however, the direction 
is inconclusive in the next day. The results in this paper support both the traditional 
approach and the portfolio approach (bi-directional causality) in the literature, but 
it should be emphasized that the quantile-based analysis in this paper delivers more 
detailed results that cannot be provided by using existing methods. 
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The evidence that stock and foreign exchange markets are interrelated in Korea 
signifies that one market has significant predictive power on the other. Specifically, 
negative spillovers between stock and currency markets occur instantaneously 
while positive spillovers from stock to currency markets occur with a time delay. 
The information of detailed quantile dependence can be used for various purposes 
such as risk management, modelling univariate or multivariate volatility model, 
estimating value at risk and asset allocation, etc. We leave it as future work. 
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