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Abstract

This thesis examines different factors that affect risk and return of equities of Chinese firms

engaging in international trades through three studies.

The first study investigates the sensitivity of exchange rate fluctuations to firm returns

through exchange rate exposure. We improve methodologies employing in existing stud-

ies by constructing a firm-specific exchange rate index based on destination-specific export

and import values. The empirical results show that our improvement can detect more per-

centage of firms showing significant exchange rate exposure than conventional approaches

and that higher proportion of Chinese firms are exposed to exchange rate when the exchange

rate regime is changed from fixed to managed float.

The second study decomposes risk premium of Chinese exporting firms by their export

destinations to assess if return from exporting to each country is well rewarded for the

risk taken, that is, having a positive risk premium. Risk premium of firms is assumed to

be influenced by risk premium from a domestic market, risk premium contributions from

current export destination countries and from potential export destination countries. Our

methodology of risk premium decomposition takes into account the time-varying nature

of risk factors of exports. The empirical results reveal that trading in a domestic market

provides positive risk premium while current and potential exports can provide positive or

negative risk premia depending on destination countries.

The last study explores volatility spillovers to Chinese stocks over trade, exchange rate and



stock market liberalization events in China. We investigate volatility spillovers from the

major stock markets in the US, the UK and Japan to Chinese stocks. Besides, we also

breakdown Chinese stocks by portfolios of exporting, domestic manufacturing and domes-

tic services firms to investigate both volatility spillovers from foreign stock markets and

volatility spillovers across portfolios. The stock return volatility of one variable is decom-

posed into its own volatility and volatility spillovers from others. The empirical results

show that the nature and extent of volatility spillovers to Chinese stocks vary across eco-

nomic liberalization episodes. Moreover, the main contributor of volatility spillovers from

foreign markets is the US stock market. Nonetheless, in all events, the major source of

volatility for Chinese stocks is mainly from shocks in Chinese market rather than shocks in

international stock markets.
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Chapter 1

Introduction

China has been undergoing a period of extremely high economic growth and this, in part, is

due to the continuing globalization resulting from the adoption of an open economy.

Global market opportunities and threats are major effects of globalization. On the one hand,

globalization affects international trade by creating global market opportunities. Many

studies have revealed that an entry to global markets enables firms to access to industrial

and financial resources around the world and to expand their business into many new mar-

kets which help enhance firm performance (Hafsi (2001), Levitt (1993) and Shocker et al.

(1994)). On the other hand, it brings in threats from international markets. An advent of

global competitors along with an increasing intensity of competition, as well as higher cross-

border market uncertainties, can be detrimental to firm performance (Scully and Fawcett

(1994) and Jones (2002)). These two effects cause firms to adapt their organizational struc-

tures and strategies accordingly (Jones (2002) and Knight (2000)). In consequence, evolu-

tion of international trade in China is likely to impact Chinese firms’ performance one way

or another. Hence, investigating the relationships between globalization effects and Chinese

firm performance will help us gain better understanding about the directions of the effects,

determine appropriate strategies to better manage these effects, and help Chinese firms stay
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Introduction

competitive in a globalized world.

The above topics have gained numerous attentions among academia. The vast number of

empirical papers on international trade and firm performance generally conduct experiments

through the first moment of firm performance (Bernard et al. (1995), Bernard and Jensen

(1999), Bernard and Wagner (1997), Wagner (2007), Schank et al. (2007), Wagner (2012)

and López (2006)). However, relatively little attention has been paid on investigating the

extent to which global engagement affects the second moments of firm-level performances

(Wei and Zhang (2006) and Girma et al. (2015)). Besides, most of existing literature in

international trade rely on low-frequency data which naturally forces researchers to estimate

volatility using rolling standard deviations which causes several shortcomings. For example,

the volatility measured is assumed to be constant within the estimation window (Schwert

(1989) and Bloom (2014)), sensitive to the length of the estimation window (Comin and

Philippon (2006)) and underestimate volatility when episodes of high volatility are short-

lived (Bachmann et al. (2013)).

Accordingly, this thesis aims to bridge the gaps existing in current researches about inter-

national trade and firm performance. By using of high-quality firm-level data along with

high-frequency data to estimate risk and return at firm-level, our study provides empiri-

cal evidence on the linkages between firms’ globalization and risk-return of Chinese listed

companies.

1.1 Motivation

We begin our thesis with a study regarding the effect of exchange rates on stock return

of listed companies in Chapter 2. Returns of firms that trade internationally (e.g., import,

export and both) are known to be affected by fluctuation in exchange rates. The sensitivity

of firm return to exchange rate is commonly measured in terms of exchange rate exposure.
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1.1 Motivation

Although there exists several researches exploring the existence of exchange rate exposure,

the conclusions are ambiguous. One reason could be that exchange rate indices employed

in past studies do not reflect true exchange rate exposure that trading firms experience. We

therefore construct a firm-specific exchange rate index based on destination-specific export

and import values. Accordingly, more accuracy in capturing firms’ exchange rate exposure

is expected when applying the proposed exchange rate index in the study.

Next, in Chapter 3, our attention is drawn to the issue of equity risk premium of exporting

firms. Basically, exporting firms bear more risks than non-exporting counterparts in sev-

eral aspects. They take risk on, for instance, uncertain exchange rates, transportation costs,

overseas consumption in each of their export markets. A compensation for the risk taken,

typically, is measured by risk premium. A positive risk premium indicates return rewarded

is above that of a risk-free investment while a negative value denotes that risk-bearing invest-

ment is paid off lower than a risk-free investment. Hence, we aim to provide information

to exporting firms the risk premium contribution from each of their current and potential

export destinations. The study is motivated by the desire to provide useful information to

support firms in choosing exports destination markets strategically. In addition, the infor-

mation on risk premia of export destinations helps evaluate risk-return reward on current

and potential export markets to keep their stock performance attractive to shareholders and

investors. From investors’ perspective, such knowledge is beneficial in allocating a portfolio

to select firms that export to countries giving positive risk premia.

Lastly, Chapter 4 focuses on volatility spillover from international stock markets to Chinese

stocks. Generally, stock return volatility is caused by shocks from domestic and foreign

stock markets. In the past two decades, China’s authorities implemented a series of eco-

nomic liberalizations (e.g., trade, stock market and exchange rate liberalizations) which

results in a closer connection between Chinese stock market and the world. This provides

the motivation to investigate the extent to which economic and financial liberalizations has
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engendered volatility transmission to Chinese stocks. In addition, since a large body of lit-

erature usually study volatility spillover at country-level, it does not provide information if

there is heterogeneity in volatility transmission across firm types which could be beneficial

to policymakers in regulating stock market. In consequence, we break down Chinese stock

markets into three portfolios, i.e., exporting, domestic manufacturing and domestic services

firms to study further volatility spillover at deeper level.

1.2 Research Questions

This thesis studies several aspects that relate characteristics and activities of firms that trade

internationally to risk and return of their equities. The key questions that are the guidelines

for our studies in each chapter are given as follows:

In Chapter 2, we study exchange rate exposure at firm level differently from literature by

using firm-specific exchange rate index. Typically, trade-weighted exchange rate index is

widely employed in relevant studies where all firms are assumed to be exposed to the same

set of currencies based on values their home country has been trading with other countries.

As such, some firms are assumed to bear risk associated with currencies they are not trading

with, which is likely to lead to unconvincing conclusion. Our proposed exchange rate index

aims to more accurately represent the exchange rate risk that firms encounter. Moreover,

our dataset covers two exchange rate regimes in China which allows us to explore if firms

are more exposed to exchange rates during the managed float regime. Subsequently, the

primary questions are:

• Does the firm-specific exchange rate index improve capturing exchange rate exposure

of trading firms?

• Does the managed-float exchange rate regime result in more number of firms being
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exposed to exchange rates?

In Chapter 3, we decompose the risk premium of Chinese exporting firms. It is assumed that

both current and potential export destinations take part in total risk premium of an exporting

firm. Once the risk premium is disintegrated into country contributions, it is interesting to

see that

• How much is risk premium of Chinese exporting firms contributed from each export

destination?

In Chapter 4, we estimate volatility spillover to Chinese stocks in various events of eco-

nomic liberalizations. The study is conducted at two levels; the first one aggregates all

Chinese stocks in the sample to represent Chinese stock market and the second one divides

all Chinese stocks to the three separate portfolios of exporting, domestic manufacturing and

domestic services firms. Consequently, we can observe both volatility transmitting from

international stock markets to Chinese stocks and volatility spillover from foreign stock

markets to each portfolio (which also includes volatility spillover among the portfolios).

This study aims to answer the following key questions:

• What is the main source of volatility spillover to Chinese stocks: own volatility,

shocks from international stock markets or shocks from other firm types in China?

• Is volatility spillover from each source to Chinese stocks different according to the

nature of the economic liberalization events?

Apart from answering the above questions, in order to ascertain the robustness of the find-

ings obtained, the thesis hence contains more refined questions in the sequel.
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1.3 Contributions

The methodologies employed and findings documented in this thesis make several contri-

butions to existing literature. In particular, the detailed datasets which we employ enable us

to broaden issues that are previously explored by other scholars at firm-level.

In Chapter 2, we improve the proxy of exchange rate exposure in the models of Jorion (1990)

and Allayannis and Ihrig (2001) from trade-weighted and industry-weighted exchange rate

indices to firm-specific exchange rate index based on destination-specific export and import

values. Moreover, although there are prevalent studies on exchange rate exposure at country-

level, a firm-level exchange rate exposure of Chinese trading firms has not been studied

elsewhere before.

In Chapter 3, the study of Fillat et al. (2015) which demonstrates an approach to geograph-

ically decompose risk premia of US MultiNational Enterprises (MNEs) is a cornerstone of

our study in decomposing risk premium of Chinese exporting firms by their export desti-

nations. The model of Fillat et al. (2015) represents risk associated with MNEs’ affiliates

through covariances between Gross Domestic Product (GDP) growth rates of the US and

host countries. In contrast, we represent risk underlying in each export destination market

of exporting firms by covariances between stock index returns of China and firm’s export

destinations. The advantages of using stock index returns are twofold. First, stock returns

are more responsive to shocks and reflect investor expectations regarding economic condi-

tion. Thus, it is more forward-looking than GDP growth. Second, within equal timeframes,

stock index returns have higher data frequencies available than GDP growth which provide

us sufficient observations to estimate time-varying covariances. The latter benefit is also a

key improvement on the methodology of Fillat et al. (2015) which assumes that covariances

are constant over time.

In Chapter 4, we apply the methodology of Diebold and Yilmaz (2012) to measure volatility
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spillover from major stock markets to Chinese stocks in different economic liberalizations.

Relevant studies that employ the same method explore volatility spillover at country-level

and do not specifically focus on liberalization events. Our study at firm-type level (by seg-

regating Chinese firms to exporting, domestic manufacturing and domestic services firms.)

thus broadens the scope of the literature. To our knowledge, it is the first study that ex-

amines not only volatility transmission across stock markets but also volatility spillover

across firm types. In addition, we use time series of conditional volatilities estimated from

multivariate dynamic Conditional Correlation Generalized Autoregressive Conditional Het-

eroskedasticity (DCC-GARCH) model instead of time series of unconditional volatilities as

input of volatility spillover calculation. Our approach takes into account dynamic correla-

tion among variables of interest which is ignored in the existing literature. Our measurement

of volatility spillover should therefore provide more accuracy than that produced from ex-

isting approaches.

1.4 Thesis Outline

The rest of the thesis is organized as follows:

Chapter 2 investigates whether trading firms in Chinese stock market expose to exchange

rate movements. We adopt the model developed by Allayannis and Ihrig (2001) and improve

the proxy of an exchange rate index from trade-weighted exchange rate to firm-specific

exchange rate based on destination-specific export and import values. The study inspects the

number of firms showing significance exchange rate exposure over the fixed and managed

float exchange rate regimes in China. Furthermore, additional analyses are performed to

examine if appreciation or depreciation in local currency differently impacts firm returns.

Also, we check if the estimation results are robust to outliers. Finally, determinants of

exchange rate exposure are investigated.
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Chapter 3 examines risk of Chinese exporting firms reflected by their equity risk premia.

Firms exporting to different countries bear different underlying risks and hence they tend to

have different risk premia. The study adapts the methodology of Fillat et al. (2015) which

is originally used to geographically decompose risk premia of multinational enterprises. To

study how much each country contribute to a risk premium of a Chinese exporting firm, we

break down its risk premium by its existing and potential export destination countries. In

consequence, the study provides benefit for exporting firms to choose export destinations

where risks taken are well compensated by additional returns.

Chapter 4 studies volatility spillovers from international stock markets to Chinese stock mar-

ket. A volatility spillover is measured through a spillover table developed by Diebold and

Yilmaz (2012) which decomposes volatility of a variable into its own variance and volatility

spillovers from others. We examine volatility transmitted to Chinese stocks in two levels; the

first one concerns with volatility from foreign stock markets to stocks of all Chinese listed

firm in aggregate while the second one separates Chinese firms into separate stock portfo-

lios of exporting firms, domestic manufacturing firms and domestic services firms to inspect

deeper for volatility spillovers across portfolios. We examine volatility spillovers from ma-

jor stock markets (the US, the UK and Japan) to each portfolio and volatility spillovers

across portfolios. The study provides insights on different levels of volatility spillovers

from the sources (international stock markets as well as portfolios) under different eco-

nomic liberalization episodes in China which is useful for policy makers in regulating the

stock market.

Reviews of related literature are presented separately in each of Chapter 2 to Chapter 4.

Lastly, Chapter 5 concludes the main findings of our works.
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Chapter 2

Stock Returns and Exchange Rate

Exposure: How important are

firm-specific exchange rates?

2.1 Introduction

Exchange rate exposure, defined as the existence of foreign exchange rate risk on the value

and stock price of firms, has been a topic of empirical investigation in the international

and financial economics literature. For example, Jorion (1990), Bartov and Bodnar (1994)

and Amihud (1994) find little evidence of significant effect of exchange rate changes on

firm value for a small number of US firms. In addition, Bodnar and Gentry (1993) and

Griffin and Stulz (2001) find a weak relationship between stock returns and exchange rate

risk at the industry level across countries. On the other hand, He and Ng (1998), Chow and

Chen (1998), Dominguez and Tesar (2001) and Koutmos and Martin (2003) provide strong

evidence to support significant exchange rate exposure.
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A major weakness of the existing literature and a reason that can also possibly explain

the prevalence of studies that document insignificant exposure, is the absence of credible

firm-specific exchange rate indices based on detailed information on firms’ exporting and

importing dynamics. It has been noted that the weighting of different currencies in aggre-

gate exchange rates indices is unlikely to representative for each firm, Bartram (2004). In

addition, using the trade-weighted exchange rate with weights deriving from national trade

figures with major trading partners is documented to understate the extent of exposure,

Dominguez and Tesar (2001). The main objective of this study, therefore, is to contribute

to the literature by constructing firm-specific exchange rate indices based on destination-

specific export and import values and to investigate the existence of exchange rate exposure

in Chinese listed companies during 2000-2006.

China fixed its currency (The Chinese Yuan, CNY) until July 2005 then adopted a managed

float exchange rate regime based on market supply and demand with reference to a basket

of currencies1. Then in July 2008, the CNY was once again pegged to the US dollar in

order to help its economy to ride through the global financial crisis, and this continued until

2010 after which it returned back to a managed float exchange rate regime. We exploit this

interesting feature of Chinese exchange rate regimes, and make an additional contribution

to the literature by testing the effects of exogenous changes exchange rate system on firms’

exchange rate exposure in China. In this study, our dataset is ranging from 2000-2006

which covers two distinct exchange rate regimes, i.e., fixed exchange rate during January

2000 - July 2005 and managed float regime from August 2005 - December 2006. In later

experiments, the two subperiods are marked as period 1 and period 2 to investigate if more

number of firms are found exposed to exchang rate under the managed float regime.

The methodology employed in measuring exchange rate exposure in our study is adapted

1The central bank revealed that the Dollar, Euro, Yen and Korean Won are the main currencies in the
basket. Others include the Singapore Dollar, Pound Sterling, Malaysian Ringgit, Russian Rouble, Australian
Dollar, Thai Baht and Canadian Dollar. The weightings are however undisclosed.
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from the work of Allayannis and Ihrig (2001) in which their trade-weighted exchange rate

is replaced with our version of firm-specific exchange rate exposure. The exchange rate

exposure estimation model proposed by Allayannis and Ihrig (2001) is acknowleged for

its strong benefit in being able to identify channels of exchange rate exposure. The model

postulates that changes of exchange rate exposure are determined by industry’s markup,

hence comtemporaneous effects of exchang rate movements on firm returns can be sensibly

explained, unlike models without markups. It is also reported in the study of Allayannis and

Ihrig (2001) that more firms are found significantly exposed to exchange rate comparing to

the case that estimation models do not include markups. Likewise, we also investigate if the

number of firms with significant exposure is increasing when markups are incorporated into

an estmation model.

Despite of the growing international importance of Chinese economy, the exchange rate ex-

posure has not been adequately examined in China. Thus, besides its academic contribution,

we hope that our study contributes to the policy implications regarding the vexed issue of

China’s exchange rate management policy.

The rest of the paper is organized as follows. Section 2.2 provides a review of relevant

prior studies. Section 2.3 discusses background about exchange rate regimes in China.

The theoretical framework underpinning our empirical model is presented in Section 2.4.

Section 2.5 presents the data and key variables used in our analyses. Section 2.6 exhibits

econometric models employed in this study. The main findings of our study are discussed

in Section 2.7. Results from further studies and robustness check are presented in Section

2.8. Lastly, Section 2.9 summarizes findings of our study.
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2.2 Literature Review

After the abolishment of Bretton Woods fixed-parity system in 1970s, exchange rate risks

have become increasingly important in international trade and financial management. Move-

ment of exchange rates affect firm’s cash flow and its valuation. Accordingly, exchange rate

is a crucial issue that many studies give more concerned.

Typically, how currency fluctuations affect firm value is studied on the exchange rate ex-

posure – the sensitivity of firm value to currency movements. According to Dumas (1978),

Adler and Dumas (1984) and Hodder (1982), exchange rate exposure of firms can be mea-

sured by the sensitivity of stock returns to exchange rate movement. Alternatively, one can

also quantify the exposure as the sensitivity of cash flows to exchange rate movements.

Many studies investigate the exchange rate exposure by using standard regression (Capital

Asset Pricing Model, CAPM). Firm returns are regressed on market portfolio return and a

return on an exchange rate. Jorion (1990), Bartov and Bodnar (1994) and Amihud (1994) are

among the first who studied the foreign exchange rate exposure and found low or negligible

levels of exposure of US multinational corporations.

Jorion (1990) is the first to measure the impact of exchange rate exposure and its determi-

nants. He examined the exposure to foreign currency risk by using 287 US multinational

and monthly data for a period from 1971 to 1987. He regressed the firm’s stock returns

on the rate of change in trade-weighted exchange rates and the rate of return on the Center

for Research and Security Prices (CRSP) value-weighted market index. The result shows

that there is a weak evidence of such a relation existing. Moreover, this study finds that the

foreign sales ratio representing the degree of involvement in foreign operations is an im-

portant determinant of exchange rate exposure. In addition to the work of Jorion, Amihud

(1994) finds weak support of exchange rate exposure for 32 large US exporters during 1982

to 1988. He argues that cash flows are not immediately affected by exchange rate changes

22



2.2 Literature Review

and firms’ financial statements information reaches the market with a time lag. Hence, he

adds lagged effect of exchange rate variability on firm value and finds there is significant.

Bartov and Bodnar (1994) find that systematic error from estimating the correlation between

exchange rate changes and stock returns may cause previous studies failed to identify sig-

nificant exchange rate exposure for a sample of 208 US firms. Their discovery implies that

stock price adjustments arising from exchange rate movement take time. As a result, lagged

exchange rate is taken into account as another explanatory variable. The results point out

that there is no significant relationship between stock returns and exchange rate changes at

the same period but there is a significant correlation between one period lagged fluctuations

in exchange rate and stock returns. One explanation is that it takes time for the market to

fully realize the potential impact on firms’ cash flows.

In contrast to the previous studies, Choi and Prasad (1995) use 409 US multinational firms

to investigate the exchange rate movement during 1978-1989 and find significant exchange

rate exposure to firm values. Specifically, 60 percent of firms with significant exchange rate

exposure benefit from a depreciation of the dollar.

One explanation for the weak relationship between firm values and exchange rate changes is

that prior studies have mainly focused on studying the exchange rate exposure of US multi-

nationals and it is not clear whether these empirical results are merely a spurious correlation

that may not be confirmed in other countries. Therefore, some studies test the exchange rate

exposure in other countries. For instance, He and Ng (1998) use a sample of Japanese firms

to test and find a strong contemporaneous relation between foreign sales and exposure, but

find no evidence of a lagged relation.

Many researchers have conjectured that firms in small, open countries are more sensitive to

exchange rate exposure than firms in larger and less open economies. This leads to a number

of studies focusing on multi-national rather than single national data. Bodnar and Gentry
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(1993) elevate from firm-level to industry-level to investigate the impact of exchange rate ex-

posure by adding trade-weighted exchange rates to the model for industry portfolios in each

three countries, namely, Canada, Japan and the USA. The result of these countries have the

same, about 20-35 percent of industries have significant exchange rate exposure. From this

specification, the effect of exchange rate movements on industry returns is larger for Canada

and Japan than the USA. Moreover, they also decompose industry exchange rate exposure

into components of many variables such as a non-traded industry dummy variable, an im-

port penetration ratio, an export ratio, a measure of the reliance on internationally-priced

input and the ratio of foreign assets to total assets. The results present that these character-

istics influence an industry exchange rate exposure for all three countries in a manner that

is broadly consistent with economic theory.

Dominguez and Tesar (2001) use eight industrialized and developing countries to test and

find a statistically significant level of exposure during 1980-1999. About 23 percent of firms

and 40 percent of industries are exposed to at least one of the trade-weighted exchange rate,

the US dollar and the currency of the country’s major trading partner. Moreover, exposure

is correlated with firm size, multinational status, foreign sales, international assets, compet-

itiveness and trade at the industry level. However, Allayannis and Ihrig (2001) suggest that

excluding information about the level of markups in an industry will produce less precise

estimates of exposure. Their paper investigates how to properly specify and test for the fac-

tors that affect exchange rate exposure for 82 US manufacturing industries between 1979

and 1995. A theoretical model is developed explicitly identifying the sources of exposure.

Their study adds the markup into the model which imported input and final goods markup

vary over time. The results point out that 4 of 18 industry groups are significantly exposed

to exchange rate changes through at least one of the channels of exposure, namely, the com-

petitive structure of the market where the final output is sold, export share and industry

structure, and imported input share and imported input competitive structure. In total, a
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1 percent appreciation of the dollar reduces on average the returns of an industry by 0.13

percent. The statistics suggest that incorporating markups in the measure of exchange rate

exposure improves upon previous measures, when markups are volatile. The exchange rate

exposure increases as industry’s markup falls.

The second explanation on why previous literature find no evidence of significant exposure

to exchange rate risk for stock returns is possibly due to the use of exchange rates proxies

such as bilateral exchange rate, common exchange rate indices and firm-specific exchange

rate indices which give different results on exchange rate exposure significance. One aspect

which has drawn attention to many scholars is the selection of the exchange rate index.

Empirical researches often create a proxy of exchange rate to translate all the exchange

rate movements affecting the sample firms’ value. The single currency can be possibly

used, as appeared in Booth and Rotenberg (1990), Williamson (2001), Glaum et al. (1998),

Entorf and Jamin (2007) and Priestley and Ødegaard (2006) under the assumption that firms’

value in the sample is largely affected by the exchange rate movement of one single trading

partner. Apart from single currency proxy, a trade-weighted exchange rate indices are also

widely used as seen in the works of Jorion (1990), Bartov and Bodnar (1994), Amihud

(1994), Bartov and Bodnar (1994), Choi and Prasad (1995), Donnelly and Sheehy (1996),

He and Ng (1998), Chow and Chen (1998), Ihrig (2001) and Bodnar and Wong (2003).

However, using a trade-weighted index may underestimate corporate exposure in out-of-

sample period if collected data are of low and negative correlations than usual. Miller and

Reuer (1998) include the most relevant currencies by using a principal components factor

analysis to alleviate the underestimation problem. Another concern on the use of trade-

weighted indices is the lack of power if a firm is mostly exposed to only one or a few

currencies within the basket. Dominguez and Tesar (2001) document that this is a main

shortcoming of using a trade-weighted basket of currencies in exposure tests. This may lead

to an underestimation of the exposure of the firm. One possible way to mitigate this problem
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is to create firm and industry specific exchange rates. Therefore, the more pertinent indices

should be a function of the firm-strategic position. Khoo (1994), Ihrig (2001), Muller and

Verschoor (2004) and Fraser and Pantzalis (2004) find more significant exposure with firm-

specific indices than earlier exposure studies.

Consequently, Ihrig (2001) presents a method to construct firm-specific exchange rate in-

dices for each firm based on the number and locations of a multinational’s subsidiaries.

With the available data of locations and numbers of MNCs, the exchange rate is a weighted

average of the home currency bilateral exchange rates for where its subsidiaries are located.

The weight given to a country’s exchange rate is associated with the number of subsidiaries

located in that country relative to the total number of foreign subsidiaries of the MNC. Using

these indices in the simple Jorion model, she pointed out that the number of US multina-

tionals with significant exposure rises from 10 percent to 16 percent by using firm-specific

exchange rates for a sample of 226 MNCs. According to this result, she argued that ex-

change rate exposure by using firm-specific exchange rates is much more prevalent than the

previous studies.

Fraser and Pantzalis (2004) examine the relationship between changes in foreign exchange

rates and stock prices of US MNCs by using firm-specific foreign exchange rate indices

based on the structure of each company’s geographic network of foreign subsidiaries. There

are two approaches to forming each firm’s index in this paper. First, the index is a subsidiary-

weighted index. In this instance, the firm-specific index is the product of a row vector of

subsidiary weights (measured as the ratio of subsidiaries in a particular country over the total

number of foreign subsidiaries) and a column vector of the returns of the respective bilateral

US–foreign currency exchange rates at time t . Secondly, the index is an equal-weighted

index. In this case, the firm-specific index is the product of a row vector of weights measured

as 1/n (where n is the number of foreign countries within which the MNC operates) and a

column vector of the returns of the respective bilateral US–foreign currency exchange rates
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at time t. The results show that there are more firms with significant exposure than when

a common foreign exchange rate index is used as in comparable studies. This means that

the choice of a foreign exchange variable is critical when evaluating the determinants of

exposure.

One of the objectives is constructing the firm-specific exchange rate based on destination-

specific export and import values. Our exchange rate index aims to represent trade values

distribution over individual firm’s export destinations and import origins. A trading-partner

country with large net export value to a firm will earn significant weight in the firm’s ex-

change rate index and thus imply the potential of exchange rate exposure on that trading-

partner’s currency. Comparing to the subsidiary-weighted index (based on MNEs) in Fraser

and Pantzalis (2004), our new exchange rate index specifies exchange rate exposure more

precisely on the sources of exchange rate exposure. Trade values by export destinations or

import origins are used to calculate the weight for the index instead of subsidiary locations,

reflecting more precise sources of exchange rate exposure.

In addition, Bartov and Bodnar (1994) exhibit that past studies fail to appropriately identify

the relationship between exchange rates and stock prices due to asymmetries in the impact of

appreciations and depreciations among other complexities. Appreciations and depreciations

of currencies can influence differently how firm returns respond to exchange rate move-

ments, indicating asymmetries in the exposure. Additionally, Koutmos and Martin (2003)

examined the hypothesis that the exchange rate exposure is asymmetric over appreciation-

depreciation cycles. The asymmetric exchange rate exposure is implied in some theoretical

models to explain firm’s behaviour such as a firm’s asymmetric pricing-to-market, hysteretic

behaviour and asymmetric hedging behaviour. The results show that there is significant ex-

change rate exposure in about 40 percent of the country-sector models and over 40 percent

of the significant exposure turn out to be asymmetric. Moreover there is asymmetric expo-

sure within the financial sector, which may be attributed to asymmetric hedging, and within
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the consumer non-cyclical sector, which may be attributed to asymmetric price to market

and/or hysteretic behaviour. In addition, the error term exhibits time varying variance at

both market level and the country-sector level.

Lin (2011) investigated empirically the foreign exchange exposure on stock returns in the

Asian emerging markets from July 1997 to November 2010. Many Asian emerging coun-

tries’ currencies severely fluctuated in value during the 1997 and the 2008 financial crisis

and hence it is important to examine the impact of foreign exchange rate change on stock

returns in these markets to see whether foreign exchange exposure became more significant

or larger during the crisis periods. The asymmetric exchange exposure framework and real

exchange rates are used in this paper to capture the different exposure between currency

appreciation and depreciation and the high inflation effect in the emerging markets. Us-

ing firm level analysis, it shows that foreign exchange exposure became more significant or

greater during the 1997 Asian crisis and the 2008 global crisis periods, despite the frequent

central banks’ interventions during these periods. The greater exchange exposure during the

crisis periods can be attributable to net exporters or firms with dollar assets, implying that

firms can reduce exchange exposure by decreasing their export ratio or dollar assets holding

during times of crisis. Moreover, during the 1997 Asian crisis period and the tranquil period

prior to the 2008 global crisis, in all of the significant exchange exposure cases, the domes-

tic market portfolio damages from domestic currency depreciation were consistent with the

phenomenon of “liability dollarization” in emerging markets.

The other possible explanation for the absence of evidence on the significant exposure of

stock returns to exchange rate is due to the fact that corporations using foreign currency

hedging instruments may have reduced the ability of these studies to identify a significant

contemporaneous correlation between stock returns and exchange rate fluctuations. Empir-

ical studies of the incentives to hedge for multinational firms also support this conjecture.

Chowdhry and Howe (1999) and Pantzalis et al. (2001) explore why those firms have in-
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significant exchange rate exposure and found that multinational firms may employ financial

or operational hedged to mitigate foreign currency risk. Additionally, Hsin et al. (2007)

explored why the literature finds no prevailing evidence of significant exposure to exchange

rate risk for US stocks. They contribute to the extant literature by adding to the empirical

understanding of the pattern of revision with regard to the lagged currency exposure and

its association with exchange rate risk pricing. They revealed the crucial role played by

the lagged exposure. However, the currency risk for the overall sample does not become

more significant to pricing. Their study provides evidence consistent with the asymmetric

hedging hypothesis, in that asymmetric hedging is found to be responsible for reshaping the

relationship between firm’s characteristics and its currency exposure.

What distinguishes Júnior (2009) from others is that he investigated the exchange rate expo-

sure of a sample of non-financial Brazilian firms from 1999 to 2009 using nonlinear models

to address firms’ exchange rate exposure. The results confirm the importance of using non-

linear models to address firms’ exchange rate exposure. The nonlinear model increases in

the number of firms exposed to exchange rate compared to linear model. Moreover, the

study points out that exporters and companies that hold foreign currency denominated debt

are more likely to be exposed to exchange rate fluctuations and that the non-linearity of

firms’ foreign exchange exposure is associated with the use of foreign currency derivatives.

A few studies have examined the exchange rate exposure of Chinese firms in the recent

years. Aggarwal et al. (2011) examine the foreign exchange risks faced by Chinese compa-

nies. The study for Chinese firms finds that the stock returns of Chinese firms are exposed

to exchange rate risk significantly during July 2005 to July 2006. When the Yuan appreci-

ates, some firms’ values decrease while for many firms, their stock returns increase. This

means that Yuan appreciation does not hurt the competitiveness of many firms. Moreover,

the magnitudes of the currency risk coefficients for Chinese companies (less than 10 per-

cent) are smaller than those previously documented for firms in other countries (20-40 per-
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cent). In addition, Chinese exporters have insignificant currency risk exposure associated

with the currencies of China’s top four trading partners: the EU, the US, Japan and Hong

Kong. However, the results indicate that Chinese exporters are exposed to risk related to

the association of southeast asian nations (ASEAN) currency index. Yuan appreciation also

impacts exporters to India, Australia and Russia in industries such as construction, machin-

ery/equipment and healthcare/pharmaceutical.

Wang and Di Iorio (2007) examine the role of both local beta and global betas in explaining

stock returns in the Chinese A-share market by using an extension of the Fama and Macbeth

cross-sectional regression model. The results show that both the conditional local beta and

the global betas have no significant relationship with stock returns in A-shares. Moreover,

firm factors such as the book-to-market ratio and firm size are important in explaining stock

returns.

Chen et al. (2010) examine stock return predictability in China for the sample period from

1995 to 2007. They find relatively weak predictability for Chinese stocks. In addition,

they test two hypotheses for the cause of weak returns predictability and find support for

both hypotheses. The first hypothesis is return predictors in China are less heterogeneously

distributed than they are in the US. Another is stock prices are less informative in China

than they are in the US.

Unlike previous studies on China, our study examines exchange rate exposure in China by

constructing the firm-specific exchange rate indices and separate analysis into two periods

according to different exchange rate regimes. The first period, the dollar-pegged policy, is

from January 2000 to July 2005 and the second ranges from August 2005 to December 2006

to cover the manged float exchange rate regime.
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Bartov and 
Bodnar 
(1994)  

  ●   The US. 

 , , ,
0

n
i t o j i t j i t

j
ASP c CUR 

   
 

 
where ,i tASP is the abnormal stock 
performance for security i in period t  
( in percentage form), 

,i t jCUR  is the percentage change in a trade-
weighted U.S. dollar exchange rate index for 
the period t to  j  

Trade-weighted 
U.S. dollar 
exchange rate 
index. 

 
Stock price adjustments arising 
from exchange rate movement take 
time.  
 
They recognize that past studies 
may fail to identify the exposure 
due to asymmetries in the impact of 
appreciations and depreciations. 
 

Choi and 
Prasad 
(1995)  

  ● 1978-1989  U.S. 
multinational. 1it i i mt i t itR R e v        

 
Dollar value of 
one unit of a 
trade-weighted 
basket of 
currencies. 
 

Find significant exchange rate 
exposure to firm values. 

He and Ng 
(1998)    ● 1979-1993 Japan. 0it i ix xt im mt itR R R        Trade-weighted 

exchange rates.  

 
Nearly 25% of the 171 Japanese 
multinationals exhibit significant 
exchange rate exposure. 
 
Find a strong contemporaneous 
relation between foreign sales and 
exposure, but find no evidence of a 
lagged relation. 
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Authors 
Data 

Period Country Model Type of 
exchange rate  Key features industry 

level 
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level 

Allayannis 
and Ihrig 
(2001) 

●   1979-1995 
82 U.S. 
manufacturing 
industries. 
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Where tER is the rate of return on a real 
dollar exchange rate index; itMKUP   is the 
price cost mark-up of the final output good 
market of industry i at time t  ; itIMKUP is 
the imported input price cost markup of 
industry  i  at time t ; it

it

M
V

is the share of 

imported inputs in industry i at time t ; it

it

X
V

is 

the share of exports in industry i at time t . 

Trade-weighted 
monthly dollar 
index. 

 
4 of 18 of the US manufacturing 
industry groups are significantly 
affected by exchange rate 
movements, a larger number of 
industry groups than previously 
thought. 
 
The result provides evidence that 
excluding markups produces less 
precise estimates of exposure. 

Ihrig (2001)   ●  1995-1999 The US. 
 0 1 1 2( )i i i m i i i i i

t t t t tR R I e            
where iI is an exchange-crisis indicator 
function 

Firm-specific 
exchange rate 
index based on 
the number and 
locations of a 
multinational's 
subsidiaries. 

Find significant effect when using 
firm-specific exchange rate. 

33



Stock
R

eturnsand
E

xchange
R

ate
E

xposure

Table 2.4: Summary of empirical literature (continued).

   

14  

 
Table 1 Summary of literatures in exchange exposure  

Authors 
Data 

Period Country Model Type of 
exchange rate  Key features industry 

level 
firm 
level 

Jorion 
(1990)   ● 1971-1987 U.S. 

multinational. 1 2it oi i mt i t tR R EX         Trade-weighted 
exchange rates. 

 First person who measured impact 
of FX exposure and its 
determinants. 
 
Find insignificant relationship. 
 
 

Bodnar and 
Gentry 
(1993)  

●   1979-1988 Canada, Japan, 
the US. 

, 0, 1, ,

0 , ,
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( )
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1,...,

i t t i i m t t
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t k k t t i t
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R rf R rf
PCXR C PCXR
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Where tPCXR is the percentage change in the 
trade-weighted nominal exchange rate in month t ,  

.k tC is the set of characteristics for industry i   

Trade-weighted 
exchange rates.  

Find that from 20 to 35% of 
industries in Canada, Japan, and the 
United States have significant 
exchange rate exposure as 
measured by the coefficient on the 
foreign exchange variable. 

Amihud 
(1994)   ● 1982-1988 U.S. exporters. 

 

1 2 6

1constant
...t t t

t t k kt t
t t t

r r r t

RP RM DX
RP aRM bRP
cDX dDX hDX

   
  


   
   

   
  

 
Where ktDX is the difference of the exchange 
rate 

Trade-weighted 
exchange rate 
index. 

Find significant effect when lagged 
FX fluctuation is applied. 
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Authors 
Data 

Period Country Model Type of 
exchange rate  Key features industry 

level 
firm 
level 

Dominguez 
and Tesar 
(2001) 

●   1980-1999 
Eight 
industrialized 
and developing 
countries. 

 , 0, 1, , 2, ,i t i i m t i t i tR R S         

 
Two common 
ER and firm 
specific rate 
corresponding 
to the currency 
of the firm’s 
major trading 
partner. 
 

Find significant FX exposure in 
industry level. 

Koutmos 
and Martin 
(2003) 

●   1992-1998 
(w) 

The US, the UK, 
Japan, Germany. 

0 1 ,
0 1 , ,( )

t m t t t t
t m t x D x t t t

R R x x
R R D x

    
    

       
    

where 
,, ( )

1 0
x D x
t t

and
D if x and zero otherwise
        

    

Bilateral 
exchange rates. 

There is significant exchange rate 
exposure in about 40 percent of the 
country-sector models and over 40 
percent of the significant exposure 
turns out to be asymmetric.  

Fraser and 
Pantzalis 
(2004) 
 

 ● 1995-1999 The US. 

 
0 1it tR FX    
0 1 2it tR FX MKT        
0 1 2 1it t tR FX FX        
0 1 2 1 3it t t tR FX FX MKT        

1 0 1i iNETSTR        
Where iNETSTR is a measure of a firm’s 
foreign operations network  
 

Firm-specific 
exchange rate 
indices based 
on the structure 
of each 
company's 
geographic 
network of 
foreign 
subsidiaries. 
 
 

Using firm-specific exchange 
indices, more firms have significant 
exposure than when a common 
foreign exchange rate index is used 
as in comparable studies. 
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Muller and 
Verschoor 
(2004) 
 

 ● 1990-2001 The US. 

 
, , ,i t i i m t i t i tR R          

where 
. . . . . .

. . . . . .
. . . . . .

* *
* *

* *
i t EU i EU t EU i UK i UK t UK i
AS i AS t AS i AU i AU t AU i

LA i LA t LA i SA i SA t SA i

D D
D D

D D

   
   

   
   
  


 
and . . . . . ., , , , ,EU t UK t AS t AU t LA t SA t      denote 
the fluctuations of the price of one U.S. dollar 
in Euros, UK, a basket of Asian currencies, 
Australian dollars, a basket of Latin American 
currencies and South African and 

. . . . . ., , , , ,EU t UK t AS t AU t LA t SA tD D D D D D
describe the presence of firm i’s real activities 
in Europe, the U.K., Asia, Australia, Latin 
America and South Africa.  
 
Finally, . . . . . ., , , , ,EU t UK t AS t AU t LA t SA t     
measure the firm i’s exchange risk exposure 
towards the euro, the U.K pound, Asian 
currencies, the Australian dollar, Latin 
American currencies and the South African 
Rand. 
 
 
 
 
 
 
 

Trade-weighted 
world exchange 
rate index. 

Results show that U.S. stock returns 
react asymmetrically to currency 
movements. Large currency 
fluctuations lead to stronger effect 
of asymmetries.  
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Period Country Model Type of 
exchange rate  Key features industry 
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level 

Rossi Jr 
(2009)  ● 1999-2009 Brazil. 
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*
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where '( * ( , , ))i i
s s

i t dM c z    represents 
firm’s exchange rate exposure, which can be 
broken down into two terms. The first term 
indicates the linear portion of exposure and the 
second term represents the nonlinear part of the 
exchange rate exposure. 

Bilateral 
exchange rate 
(BRLUSD). 

The companies' exchange rate 
exposure is modelled in nonlinear 
approach. The results show that 
nonlinear model leads to an 
increase in the number of firms 
exposed to exchange rate 
fluctuations allowing more accurate 
analysis of the impact of exchange 
rate fluctuations on the value of 
firms. 

Lin (2011)  ● 1997-2010 Asian emerging 
markets. 

, 0 1 , ,( )m t w t x D x t t tR R D X        
 
where ,m tR is the local market portfolio return; 

,w tR is the world market portfolio return; tX  
is the unanticipated exchange rate change in 
which tX  > 0 represents domestic currency 
appreciation; tD = 1 if tX  > 0 and zero 
otherwise 

 

 
Foreign exchange exposure became 
more during the 1997 Asian crisis 
and the 2008 global crisis periods, 
despite the frequent central banks’ 
interventions during these periods. 
 
During the 1997 Asian crisis period 
and the tranquil period prior to the 
2008 global crisis, in all of the 
significant exchange exposure 
cases, the domestic market portfolio 
damages from domestic currency 
depreciation were consistent with 
the phenomenon of “liability 
dollarization” in emerging markets. 
 

 
Aggarwal et 
al. (2011) 

   
●  

 2005-2006 
  
China. 

  
, ,0 1, , , , ,i t i x x t i m m t i tR R r        

 
Yuan/foreign 
currency. 

 
Find that some firms benefited from 
CNY appreciation. 
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2.3 Background on Exchange Rate Regimes in China

The Chinese Yuan2 (CNY) first came effective in 1949 after the establishment of People’s

Republic of China in October 1949. The value of CNY was then pegged to the US Dollar

(USD) at 2.46 CNY per 1 USD. Until the Chinese economic reform in 1978, CNY had

gradually appreciated to 1.50 CNY per 1 USD in 1980. But in order to promote the compet-

itiveness of Chinese exporters, the PBOC managed to undervalue the CNY to 8.27 CNY per

1 USD and pegged at the level until June 2005. The most recent reform includes the switch

from the dollar-peg to a managed floating exchange rate regime, based on market supply

and demand with reference to a basket of currencies on 21 July 2005. The Chinese author-

ity also announced that it would allow the CNY to trade within a wide band of 0.3 percent

per business day for the first time. Since then the CNY has appreciated in nominal terms by

over 25 percent against the US dollar between 2005 and 2011. According to the Bank for

International Settlements, over the past two years, the CNY has appreciated by 9.4 percent

against the US dollar, and the real effective exchange rate of the CNY has appreciated by

6.3 percent.

Considering the exchange rate regime in China, Figure 2.1 represents the exchange rate of

Yuan against the US dollar. There are surprise changes in exchange rate policy during the

sample period. We can separate exchange rate into four different regimes. Before 2005, the

value of Yuan was pegged to the US dollar. But in order to promote the competitiveness

of Chinese exporters and boost the economic growth, the People’s bank of china (PBOC)

managed to devalue the Yuan and pegged it at 8.27 Yuan per US dollar until 2005. Then

in 21 July 2005, Chinese government decided to adopt the managed float regime in which

the Yuan is tied to a basket of foreign currencies which is largely dominated by the US

2The “People’s Currency” of China, or literally known in Chinese as “Renminbi” has a unit denominated
in “Yuan”. Both names can be used interchangeably as a currency unit in trade and transaction. They are often
abbreviated as RMB and CNY respectively. To avoid ambiguity, this study uses “Chinese Yuan” or CNY as a
proxy of official currency of China.

38



2.3 Background on Exchange Rate Regimes in China

dollar, Yen, Euro and Korean Won. Since an introduction of the new regime, the CNY

began to dramatically appreciate during that period and we will study such impact in our

study. Another interesting period is during the sub-prime crisis 2008, Chinese government

returned to fix the Chinese Yuan to the US dollar again. After that, in June, 2010 China

unpegged its currency, the Yuan then began to appreciate and was traded around 6.30 Yuan

per US dollar by the end of 2012. Although China adopted the managed float exchange rate,

in the perspective of China trading‘s partners especially the US, the Yuan is still considered

undervalued by 30-40 percent according to Lipman (2011). And also there is the debate that

the part of China’s growth has resulted from an artificially devalued currency that makes

Chinese firms more competitive than they actually have. Hence, the result of the study

during these different periods will also give new insight about the impact of policy shocks

on firms’ stock returns as well. We can therefore see whether or not Chinese firms are

affected by the change of exchange rate regime. This can be considered as an evaluation of

the PBOC’s policies.

According to the managed float system, PBOC continually intervene the CNY to keep it un-

dervalued. Knowing that exchange rate fluctuation directly affects firms’ future cash flows,

cost of capital and their accounting valuations (Aggarwal et al. (2011)), the Chinese cen-

tral bank has been buying foreign currencies to prevent the CNY from appreciation. Con-

sequently, China’s foreign exchange reserves has grown remarkably to over 3 trillion US

dollars by now and become the world’s largest holder of foreign exchange reserves. This

policy helps exporters keep their edge in selling prices and overcome any declining global

demand or rising transportation costs. Chinese labors are also protected by the policy in

which labor-intensive manufacturing firms can retain their profitability from export. As a

result, labor costs in China can remain significantly low. This has induced many multina-

tional enterprises to start up their businesses in China.
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Figure 2.1: Exchange rate of Chinese Yuan per US dollar.
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Note: Period 1 represents the fixed exchange rate regime (January 2000 - July 2005) and
Period 2 is the managed float exchange rate regime (August 2005 to December 2006).

2.4 Theoretical Framework

We adopt the exchange rate exposure model from Allayannis and Ihrig (2001). The the-

oretical exchange rate exposure literature supports the common belief that exchange rate

changes should impact firms that import from foreign markets, export to foreign markets, or

face foreign competition. Their theoretical framework is analyzed how to properly specify

and test for factors affecting exchange rate exposure. They report that industry markup and

competition play key roles in exposure and show that US industries with low markup have

high exchange rate exposure. Furthermore, the theoretical model is developed explicitly to

identify the three channels of exposure. The first channel measures the competitive struc-

ture of the markets where the final output is sold. The second channel captures export share

and industry structure, and the last channel measures imported input share and imported

input competitive structure. A partial equilibrium model of a firm to scrutinize the effect of
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exchange rate changes on the firm’s rate of return is discussed as follows.

Firm’s rate of return at time t (Rt)is defined as

Rt =
Vt −Vt−1

Vt−1
(2.1)

where Vt is the expected present discounted value of the firm at time t . Given the definition

above, this is directly linked with how the exchange rate affects the firm’s return (Rt) .

The expected present discounted value of the firm is based on the expected present dis-

counted value of the firm’s profit steam. Profit is a function of the firm’s final goods, which

it sells both domestically and abroad, as well as imported intermediate inputs and capital

using in production. The firm starts a period with a given capital stock (K ), the current

exchange rate ( e or ER ) in home currency per unit of foreign currency, and current price of

capital (r). The firm then chooses imports (M), and its capital stock for the following period

( K
′
), to maximize the expected discounted value of its profit. The firm’s value function can

be written as follows:

V (K,e,r) = max[pq(e, p)+ ep∗q∗(e, p∗)− r(K − (1−δ )K) (2.2)

− pMM(e, pM)+ρEV (K
′
,e

′
,r

′
)|e,r]

where q(q∗) is the output of the final goods sold domestically (aboard); the firm uses M

and K to produce its total output q+ q∗; p(p∗) is the price of the output good in domestic

(foreign) currency; pM is the domestic price of imported intermediate inputs; δ is the de-

preciation rate of capital; ρ is the discount factor; and prime (
′

) denotes date t +1 values.

All output or demand functions depends on the respective price in each market and on the

exchange rate.

The expected profitability responded to exchange rates relies on these following three main
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channels, namely, domestic market revenues, export market revenues and imported inter-

mediate input costs. To see the effect of exchange rate movements on the rate of return of

the firm, consider a Taylor series expansion of Vt around t −1 date state variables. Equation

(2.1) becomes

Rt =
Ve∗(et − et−1)

Vt−1
+

Vr∗(rt − rt−1)+VK∗(Kt −Kt−1)

Vt−1
. (2.3)

The first term presents the effect of exchange rate movements on the rate of return. The

second term captures the effect of the capital stock and price of capital (the remaining state

variables) on the rate of return. The envelope theorem is applied to our value function to in-

vestigate the effect of exchange rate movements on the rate of return. The movements in the

exchange rate are assumed to be permanent and uncorrelated over time and that expectations

of the other state variables are equal to their current level.

From equation (2.2), by using the envelope theorem, we get

∂V
∂e

= p
∂q
∂e

+ p∗q∗+ ep∗
∂q∗

∂e∗
− pM

∂M
∂e

+ρE
∂V (K

′
,e

′
,r

′
)

∂e′
∂e

′

∂e
. (2.4)

This equation solves for Ve . It is a function of the current state variables(K,e,r). If EtKt+1 =

Kt , Etrt+1 = rt and Etet+1 = et (the exchange rate follows a random walk), then by iterative

substitution this reduces to

∂V
∂e

=
1

1−ρ

[
p

∂q
∂e

+ p∗q∗+ ep∗
∂q∗

∂e∗
− pMM− pM

∂M
∂e

]
. (2.5)

Given that ∂q
∂e = − ∂q

∂ p
∂ p
∂e by definition of the demand function, and ∂ p

∂e
e
p = ∂ p∗

∂e
e
p∗ + 1 since

we assume domestic and export markups are equal and their costs are the same (we have

p = ep∗ ; taking the derivative of p = ep∗ with respect to the exchange rate, they have

∂ p
∂e = e∂ p∗

∂e + p∗ ; multiplying through by e
p = 1

p∗ obtains our desired result), and simplifying
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the marginal value of the firm with respect to movement in the exchange rate, they get this

following equation

Ve =
1

1−ρ

(
pq+ ep∗q∗

e

)
ξ φ +

1
1−ρ

(
ep∗q∗

e

)
[1+ξ ]− 1

1−ρ

(
pMM

e

)
ξMφM (2.6)

where

ξ = ∂q
∂ p

p
q represents the elasticity of demands for the domestic output,

ξM = ∂M
∂ pM

pM
M is the elasticity of demands for the imported intermediate input,

φ =−∂ p
∂e

e
p is exchange rate pass through for the domestic output, and

φM =−∂ pM
∂e

e
pM

captures exchange rate pass through for the imported intermediate input.

The elasticity of demand is related to the firm’s markup as defined by Domowitz et al.

(1986). Specifically, the elasticity is the negative reciprocal of the price cost margin. The

exchange rate pass-through coefficients are comparable to pricing-to-market estimates in

the literature. Their values determine whether changes in the local currency prices amplify

or dampen the effect of an exchange rate movement. Theory suggests that pass-through

coefficients should be positive (φ > 0 and φM > 0).

The second term of equation (2.3) can be proxied by the market return. Since exchange

rate may have little effect on the market return (e.g. Jorion (1991)), we can assume that the

market return is only affected by our other state variables ( r and k). If we assume that the

effect of a change of the price of capital and capital stock affects a firm proportionally to

that of the market as a whole, then Rm
t =Vr∗(rt − rt−1)+VK∗(Kt −Kt−1).

Combining the above expression with equation (2.3) and (2.6), results in an equation links
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exchange rate movements with a firm’s rate of return. The estimate equation is

Rt = a0 +a1Rm
t +

φ

1−ρ

ptqt + et p∗t q∗t
Vt−1

(ξt)△et +
1

1−ρ

et p∗t q∗t
Vt−1

(1+ξt)△et (2.7)

+

(
−φM

1−ρ

)
pMt Mt

Vt−1
(ξMt)△et ,

Rt = a0 +a1Rm
t +a2

ptqt + et p∗t q∗t
Vt−1

(ξt)△et +a3
et p∗t q∗t
Vt−1

(1+ξt)△et (2.8)

+a4
pMt Mt

Vt−1
(ξMt)△et .

where a0 = 0, a1 > 0 is the constant of proportionality between the market and the firm,

a2 =
φ

1−ρ
, a3 =

1
1−ρ

> 0 , a4 =
−φM
1−ρ

, and △et is the percentage change in the exchange rate

between dates t −1 and t .

Equation (2.8) shows that exchange rate movement affects a firm’s size of the rate of return

through trade shares, pass-through and markups. Firstly, we expect that on average, the

share of domestic sales ( ptqt
Vt−1

) and the share of foreign sales ( et p∗t q∗t
Vt−1

) should positively

affect the size of the rate of return, while the share of imported intermediate inputs ( pMt Mt
Vt−1

)

should negatively affect the size of the rate of return. The larger the nominal value of trade

shares, the larger the effect of exchange rate movements on the size of the rate of return.

Secondly, since, on average, pass through ( φ and φM ) is found to be positive and less

than unity (see, e.g., Knetter (1992)), pass through dampens the effect of exchange rate

movements on the size of the rate of return. This also implies that we expect, on average,

a2 > 0 and a4 < 0 . Lastly, markups ( 1
ξ

and 1
ξM

) allow the firms to dampen the effect of

exchange rate movement on their rate of return. The larger the markup, the smaller the

effect exchange rate movements have on the size of the rate of return. Equation (2.8) shows

how exchange rate exposure is related to trade shares and markups. Exposure is measured

as a2
ptqt+et p∗t q∗t

Vt−1
(ξt) + a3

et p∗t q∗t
Vt−1

(1+ξt) + a4
pMt Mt
Vt−1

(ξMt). This is the elasticity of the firm’s

value with respect to the exchange rate. These three terms represent their three channels

of exposure. The first channel measures the competitive structure of the markets where the
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final goods is sold. The second channel captures export share and industry structure, and

the last channel measures imported input share and imported input competitive structure.

They assume that an industry’s total sales (at home and abroad) proxy for the value of the

industry and define, therefore, trade shares relative to total sales. This is simply a normal-

ization, similar in spirit to Campa and Goldberg (1995). This normalization, along with the

common final goods markup and exchange rate variable, may increase the collinearity in the

third and fourth terms of equation (2.8), which represents exposure through the final output

good side. To address this issue they combine those two channels in the estimation. Their

estimation equation is therefore as follows:

Ri,t = β0,i +β1,iRm
t +β2,i

[(
1
ˆMKUPi,t

)
+

(
Xi,t

Vi,t

)(
1+

1
ˆMKUPi,t

)]
∆et (2.9)

+β3,i

[(
Mi,t

Vi,t

)(
1
ˆIMKUPi,t

)]
∆et + εi,t

where Ri,t is the rate of return on the i th industry’s common stock adjusted for inflation at

date t; Rm
t is the rate of return on the market portfolio adjusted for inflation at date t; ∆et is

the rate of return on a real dollar exchange rate index; ˆMKUPi,t is the price cost markup3

of the final output good market of industry i at time t; I ˆMKUPi,t is the imported input price

cost markup of industry i at time t ; Mi,t
Vi,t

is the share of imported inputs in industry i at time

t and Xi,t
Vi,t

is the share of exports in industry i at time t.

From equation (2.9), an industry’s exchange rate exposure is affected by its competitive

structure in the market where it sells its total production, by the interaction of the competitive

structure of the export market and the export share, and by the interaction of competitive

structure of the imported input market and its imported input share. The model predicts that

markups have a positive effect through the total sales and exports (β2 > 0) and a negative

3In their paper, the final goods markup is the price-cost margin (PCM) proxying for industry competitive-
ness in the final goods sector. They follow the methodology developed by Domowitz et al. (1986) to calculate
PCM at the four-digit SIC level, as follows: PCM = Valueo f out put−payroll−cost o f materials

valueo f out put
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effect through imports (β3 < 0). According to Allayannis and Ihrig (2001), incorporating

markups in the estimates of exposure improves the precision of the exposure estimates.

Therefore, our study will consider this variable in our analyses.

2.5 Data and Variables

2.5.1 Database Construction

In our study, we use five data sources to construct a firm-level data set. Subsequently, we

construct the variables such as firm-specific exchange rate index, firm-specific markups,

imported-input markups and other financial variables for each Chinese firm.

2.5.1.1 Bloomberg

This data source provides all Chinese listed companies in Shanghai or Shenzhen stock ex-

changes. As of 2013, there are in total 2,574 firms from the two markets; 996 firms from

Shanghai stock exchange and 1,578 firms from Shenzhen stock exchange. We particularly

retrieve stock prices and foreign exchange rates against the CNY. However, the number of

firms with stock prices available varies from year to year as shown in Table 2.8 . All foreign

exchange rates against the CNY corresponding to our trading partner countries are collected

and the number of currencies with foreign exchange rates available is also shown in Table2.8.

2.5.1.2 Chinese Customs Trade Statistic (CCTS)

The second data source is a sample data covering 654 Chinese trading firms4 participating

in international trade from the Chinese Customs Trade Statistic (CCTS) during year 2000-

4It should be noted that the firms in this study are sample of population from Chinese Customs Trade
Statistic.
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2006. These monthly data contain information on Chinese firm names, export and import

values5 , export and import quantities, destination countries of export, origin countries of

import, type of trades (e.g. ordinary trade and processing trade), IPO dates and product

codes (a 8-digit Harmonized System Classification) of each firm. Specifically, the data

specify firm-level trade values (in US dollar) by products and trade partners for 221 desti-

nation or source countries and 6,582 different products in the 8-digit HS Classification. The

source is useful since it provides information on the type of trades (e.g., ordinary trade and

process with imported materials) which allows us to explore the existence of heterogeneous

effects on type of trades. Another advantage is the availability of high frequency (monthly)

destination-specific data on exports and imports would allow one to make a more detailed

and nuanced analysis of the exchange rate-firm value nexus. The number of firms and the

number of trading partner countries (engaged in export, import or both) of Chinese firms in

the CCTS data are shown in Table 2.8.

2.5.1.3 China’s Annual Survey of Industrial Firms (CASIF)

China’s Annual Survey of Industrial Firms (CASIF) provides yearly firm-level data covering

year 2000 - 2006. Firms in CASIF data set are identified with 10-digit Enterprise Customs

Coding system as used in CCTS data set6. There are in total 398 firms with 1,721 observa-

tions in the CASIF data set which are part of 654 firms in CCTS data set. This data source is

mainly used for calculating firm-level markups. The key variables we retrieve from CASIF

are therefore nominal output, wage and cost of materials.

5The export and import values were collected monthly which can be tracked down to the export destination
and import origin countries of each firm.

6More details of CASIF data are elaborated in Wang and Yu (2012).
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2.5.1.4 World Input Output Database (WIOD)

The database has been developed to analyze the effects of globalization on trade patterns,

environmental pressures and socio-economic development across a wide set of countries.

It covers 27 EU countries and 13 other major countries in the world for the period from

1995 to 2009. Further details of WIOD can be found in Timmer et al. (2012). In our study,

we retrieve a national Input-Output Table (IO Table) of China to construct the weights for

calculating imported-input markups. Data provided by WIOD are at industry-level provid-

ing information on sources of supply (from other industries) each industry needs in order

to produce its final products. The import values from other industries that each industry

needs are therefore calculated accordingly as weights of imported-input values to each in-

dustry. Since the result calculated from IO Table is industry-specific, firms in CCTS which

are categorized as the same industry group are assumed to share the same imported-input

weights.

2.5.1.5 China Stock Market and Accounting Research (CSMAR)

The China Stock Market and Accounting Research (CSMAR) database is developed by

GTA Information Technology, one of major providers of Chinese data. CSMAR covers

quarterly data on the Chinese stock market, financial statements and China Corporate Gov-

ernance of Chinese listed firms. We retrieve financial data of each firm such as total assets,

total liabilities, and financial ratios in order to explore factors determining the exchange rate

exposure. Each firm in CSMAR is identified with the same ID as in Bloomberg. Therefore,

this data source can be easily merged with Bloomberg.
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2.5.2 Merging Data Sources

Data from five data sources are collected to construct variables to be used in the regres-

sion models. Some variables need data from more than one source, details of data sources

integration are described as follows.

2.5.2.1 Merging Bloomberg and CCTS

The main purpose for merging these two sources is to consolidate all data necessary for

constructing firm-specific exchange rate index. The sample firms in the CCTS data are

listed companies and each firm in Bloomberg and CCTS has a common listed code, so it is

possible to find all firms in CCTS stock prices and foreign exchange rates to their trading

partner countries. The number of firms7 with available stock prices is shown in Table 2.8.

Next, we map countries trading with Chinese firms (their export destination countries and

import origin countries) to their corresponding exchange rates. The number of countries

matched with their currencies is shown in Table 2.8. Note that the number of countries

mapped with their currencies is less than the number of countries as some countries share

the same currencies, e.g., countries in the Eurozone.

In addition, we find some errors in the 3-digit code of countries recorded in Chinese Cus-

tom Trade Statistic in which some 3-digit codes cannot be identified to any existing coun-

try such as a destination labelled as “Other Europe, nes and Other Asia, nes”. We there-

fore drop these observations from our sample data. The matched data are defined as firms

from Chinese Customs Trade Statistic dataset that can be mapped to their stock prices from

Bloomberg dataset. The unmatched data in our study are therefore from the rest of the

companies in Shanghai and Shenzhen stock markets which does not appear in our Chinese

7The number of those companies with available stock prices is, however, less than the number of firms
in original data (Chinese Customs Trade Statistic) since stock prices data of some Chinese firms are missing
from Bloomberg database.
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Customs Trade Statistic dataset during 2000 - 2006. Therefore, information on export, im-

port values and export destinations or import origins are not available for the unmatched

firms. Although we organize both the matched and unmatched data, only the matched data

are used to run regression on Model 1 and Model 2 in later section.

2.5.2.2 Merging Bloomberg, CCTS and CASIF

The CASIF data source, is added to the merged data of CCTS and Bloomberg in order to

integrate additional variables to calculate firm-specific markups used in Model 3. Chinese

manufacturing firms in CASIF data are part of firms in CCTS and have the 10-digit En-

terprise Customs Coding system in common. After merging Bloomberg and CCTS with

CASIF, the total number of matched firms is reduced to 398 firms as shown in Table 2.8.

This merged database is later used for running on Model 3 in later section.
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Table 2.8: Summary of the data sources.

Data Source Type
Number

2000 2001 2002 2003 2004 2005 2006 2000-2006

Bloomberg Number of firms (with stock prices available) 1,091 1,172 1,239 1,307 1,406 1,419 1,485 1,485

Currencies 175 177 187 188 189 189 189 189

CCTS Number of firms 304 380 439 496 537 529 527 654

Number of countries 179 188 186 199 195 208 204 221

CASIF Number of firms 148 196 222 258 326 286 285 398

CSMAR Number of firms 144 67 70 67 98 15 71 532

CCTS merged with Bloomberg Number of firms mathced (with stock prices available) 218 269 309 365 426 428 447 654

Number of countries matched with currencies 149 160 167 174 173 178 181 200

CCTS merged with Bloomberg and CASIF Number of firms 148 196 222 258 326 286 285 398

Source: Our own calculation from the sample.
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2.5.3 Variables

In what follows, the variables used in the estimated models are defined as follows,

2.5.3.1 Firm Return ( Ri,t)

Ri,t is a monthly logarithmic rate of returns of each Chinese sample firm computed from

change in natural logarithmic value of stock price at time t relative to its previous month’s

price or Ri,t = ln(stock pricei,t)− ln(stock pricei,t−1) where stock pricei,t is the stock price

of firm i in month t.

2.5.3.2 Stock Market Index Return ( Rm
t )

Rm
t is a monthly logarithmic rate of returns of a market index calculated by change in natural

logarithmic value of a market index (Shanghai or Shenzhen market) at time t relative to

its previous month’s index value or Rm
t = ln(market indext)− ln(market indext−1) where

market indext is the market index in month t. We use Shanghai stock index if firms are

registered in Shanghai stock market and use Shenzhen stock index if they are registered in

Shenzhen stock exchange.

2.5.3.3 Trade-Weighted Exchange Rate Index ( ∆et)

∆et is defined as the summation of the product of the weight associated to China’s trade

value with country c in month t and the return of exchange rate between the CNY and a

currency of country c in month t as described below,

∆et = ∑
c

wc,tFXc,t (2.10)

where
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c is an index of countries.

t is an index of time.

wc,t is an average weight associated to China’s trade value of country c at time t −2

to t according to the following formula: wc,t =
Tc,t+Tc,t−1+Tc,t−2

∑c(Tc,t+Tc,t−1+Tc,t−2)
in which Tc,t

is the trade value (in CNY) between China and a country c.

FXc,t is a logarithmic return of exchange rate between the CNY and country c at time

t. The number is quoted in an amount of CNY per one unit of foreign currency.

In this study, we assume that currencies used in trade settlement are corresponding curren-

cies of firm’s trading partners. For instance, if a Chinese firm trades with firms in Australia,

we assume that Australian dollar is used in settlement although US dollar could also be

used. It is noted that every firm in each month will have the same trade-weighted exchange

rate index. The average of current, one-month lagged and two-month lagged of trade values

is employed to take into account settlement delay which could occur in actual trading.

2.5.3.4 Firm-Specific Exchange Rate Index ( ∆ei,t )

∆ei,t is the summation of the product of the weight of net export value of firm i with country

c from time t −2 to t and the return of exchange rate between CNY and country c at time t .

And the weight of firm i is calculated from the share of net export value between firm i and

country c at time t.

∆ei,t = ∑
c

wi,c,tFXc,t (2.11)
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in which

wi,c,t =
|NXi,c,t |+

∣∣NXi,c,t−1
∣∣+ ∣∣NXi,c,t−2

∣∣
∑
c
(|NXi,c,t |+

∣∣NXi,c,t−1
∣∣+ ∣∣NXi,c,t−2

∣∣) (2.12)

=

2
∑|
s=0

NXi,c,t−s|

∑
c

2
∑

s=0
|NXi,c,t−s|

(2.13)

where

i is an index of firms.

s is an index of time lags.

c is an index of countries.

t is an index of months.

wi,c,t is the average share of net export value of firm i to country c from time t −2 to

t over the total net export value of firm i from time t −2 to t. 0 ≤ wi,c,t ≤ 1 and

∑c wi,c,t = 1.

Xi,c,t is the export (in CNY) of firm i to country c in month t .

Mi,c,t is the import (in CNY) of firm i to country c in month t.

NXi,c,t or (Xi,c,t −Mi,c,t) is the net export value of firm i to country c in month t.

FXc,t is the logarithmic return of exchange rate between China and country c in month

t .

The number is also quoted in an amount of the CNY per one unit of foreign currency. The

positive values of FXc,t denote the CNY depreciation while the negative values represent

the CNY appreciation. Likewise, this firm-specific exchange rate index is the product of a

row vector of net export weight (measured as the ratio of an absolute value of net export in a
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particular country over the sum of its absolute value of net export of each firm) and a column

vector of the returns of the respective bilateral CNY-foreign currency exchange rate at time

t . We take the average of current, one-month lagged and two-month lagged of net export

values to take into account settlement delay which could occur in actual trading. In addition,

we also assume that currencies used in trade settlement are corresponding currencies of

firm’s trading partners.

Notice that the weight wi,c,t in equation (2.12) is calculated using the net export values

|NXi,c,t | rather than ordinary net export values NXi,c,t . Th e reason is to avoid the denomina-

tor taking zero value (it is possible that ∑
c
(NXi,c,t +NXi,c,t−1 +NXi,c,t−2) = 0 which leaves

the weight undefined). An interpretation of absolute net export values remains identical

to that of ordinary net export values, i.e., the difference between export and import which

constitutes exposure to a trading partner’s currency.

2.5.3.5 Markup ( MKUPi,t )

MKUPi,t is the markup price of the final output in good market of firm i at time t. The

markups in our analysis are constructed based on firm-level production data from China’s

Annual Survey of Industrial Firms8 (CASIF) compiled by the National Bureau of Statistics

in China (NBS). The total number of firms with data available for markups calculation is

398, resulting from matching the Bloomberg, CCTS and CASIF data.

Since CASIF provides only yearly data, the markups can be calculated on yearly basis. This

study assumes that monthly markups are constant throughout each year equal to their yearly

markups.

The yearly firm level markup is constructed by using the methodology developed by Do-

8Further details of CASIF data can be found in Wang and Yu (2012).
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mowitz et al. (1986) as follows,

MKUPi,t =
Valueo f out put −Payroll −Cost o f materials

Valueo f out put
(2.14)

Where MKUPi,t is a firm’s markup, Valueo f out put is an output value of firm i, Payroll

is the wage of firm i and Cost o f materials is represented by total intermediate inputs for

production of firm i. In order to reduce the impact of extreme values of markup calcula-

tion, the markups are winzorized at the 10th and 90th percentiles. Furthermore, in order to

avoid endogeneity problems that might occur, we use a one-month lagged markup in the

estimation model.

2.5.3.6 Imported Input Markup ( IMKUPi,t)

IMKUPi,t is a weighted average of industry markups that each industry requires from other

industries in order to produce its goods. We calculate the imported input markups for each

firm according to Allayannis and Ihrig (2001) as follows,

IMKUPk,t = ∑
j

wk, jMKUPj,t (2.15)

where IMKUPk,t is the imported input markup of industry k at time t. MKUPj,t is the

markup of industry j at time t and wk, j is the percentage of industry k’s input costs that

comes from industry j constructed by using data from Input-Output Table. In our study,

the imported input industry markups are calculated by using the Chinese data from World

Input-Output Database9(WIOD). Based on this data, we calculate the ratio representing

9For China, WIOD provides data from 1995 to 2011. Industry groups in the Input-Output Table are
categorized into 35 sectors. Each row of the table indicates how much input (in current prices) from other
sectors is needed to generate output for each of 35 industry sectors.

56



2.5 Data and Variables

percentage contribution of input from 35 different industries on the output of one industry.

The imported input markups are also winsorized at 10th and 90th percentiles to reduce the

effect of possibly spurious outliers.

Note that, in equation (2.15), there requires markup by industry MKUPj,t to work with wk, j

at an industry-level. We extend the firm-level markup exhibited earlier in eqution (2.14) for

indusrty-level markup as follows:

MKUPj,t = ∑
i

MVi,tMKUPi,t for each industry j (2.16)

where MVi,t is the market value of firm i at time t and MKUPi,t is the markup of firm i at

time t as defined in (2.14). The summation in equation (2.16) is treated over all firms in

an industry. Thus MKUPj,t is the same for all firms in the same industry. The resulting

imported input markup IMKUPk,t is therefore equal to all firms in the same in an industry

k. Consequently, we can find IMKUPi,t (imported input markup for each individual firm i)

for each firm in an industry k by referring to IMKUPk,t .

Next, we merge firms with corresponding annual imported input markup to the CCTS

dataset (matched data). Because WIOD dataset is industry-level, the imported input markups

information cannot be merged to the CCTS dataset (matched data) directly. We refer to the

Global Industry Classification Standard (GICS) classification in Bloomberg which catego-

rizes all Chinese firms in CCTS dataset into 63 different industry sectors. The 63 industry

groups from GICS are then mapped to 35 industry sectors of WIOD dataset10. In order to

avoid probable endogeneity problems, a one-month lagged imported input markup is used

in the regression model.

10See Table A.2.
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2.5.3.7 Share of Exports (Xi,t
Vi,t

)

Xi,t
Vi,t

is measured by smoothed export values over smoothed total sales ( Vi,t) of firm i at time

t. The series of export and sales are smoothed using 6-month moving average.

2.5.3.8 Share of Imported Input ( Mi,t
Vi,t

)

Mi,t
Vi,t

is the 6-month moving average of total imported input over the 6-month moving average

of total sales (Vi,t ) of firms in industry j at time t . The imported input (M j,t ) represents a

weighted average value of imports from each industry j in order to produce the final goods

according to the following formula,

Mk,t = ∑
j

wk, jIMPORT S j,t (2.17)

where wk, j is the percentage of industry k’s input costs that comes from industry j (same

as defined in equation (2.15)), IMPORT S j,t is the total value of imports of final goods of

industry j at time t . Note that all firms in an industry k have the same share of imported

input, hence we can find the share of imported input for each individual firm, Mi,t , in an

industry k by referring to Mk,t .

The summary statistics such as mean, standard deviation and number of observations of the

key variables are shown in Table 2.9.

58



2.6 Models

Table 2.9: Summary for variables.
Variable Obs Mean Std. Dev. Min Max
Firm return (Ri,t) 12,748 -0.00644 0.096922 -1.27595 0.814494
Market return (Shanghai, Rm

t ) 108 0.003775 0.084719 -0.28266 0.242758
Market return (Shenzhen, Rm

t ) 108 0.003766 0.091536 -0.26517 0.254912
Trade weighted exchange rate index (∆et) 70,632 -0.00031 0.002421 -0.0051 0.007663
Firm-specific exchange rate index (∆ei,t) 18,860 0.000593 0.013673 -0.26033 0.197085
Imported input markup (IMKUPi,t) 18,860 0.153624 0.020036 0.03512 0.193565
Industrial markup (MKUPj,t) 18,860 0.212364 0.065196 0.11339 0.361665
Markup (MKUPi,t) 18,860 0.209185 0.109686 0.05622 0.456652

2.6 Models

2.6.1 The Standard Two Factor Model (with Trade-Weighted Exchange

Rate Index, ∆et)

As a starting point, this study uses a simple two factor model which was used in many previ-

ous studies such as Jorion (1990) and He and Ng (1998). Initially, exchange rate exposure is

estimated by regressing the individual firm’s stock return on the market return and exchange

rate change as given by

Model 1 Ri,t = β0,i +β1,iRm
t +β2,i∆et + εi,t (2.18)

where Ri,t is the monthly return of the firm i at time t , Rm
t is a monthly market index

represented by Chinese stock market returns and ∆et is the foreign exchange rate index

which is trade-weighted exchange rate at time t. β2,i measures exchange rate exposure of

firm i . If the null hypothesis that β2,i being zero is rejected, there is an evidence of exchange

rate exposure.

A positive values of β2,i indicates that either firm’s stock return is increased when CNY

depreciates or firm’s stock return is decreased when CNY appreciates. On the other hand,
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a negative value of β2,i signifies that firm’s stock return is increased when CNY appreciates

or firm’s stock return is decreased when CNY depreciates.

2.6.2 The Standard Two Factor Model (with Firm-Specific Exchange

Rate Index, ∆ei,t)

This model is used to answer whether or not the stock returns of firms are affected by

changes in exchange rate proxy if we use a more representative, i.e., firm-specific exchange

rate than trade-weighted exchange rate. Since the use of trade-weighted or any common

exchange rate indices may, in fact, not reflect actual exchange rate exposure of each firm.

There can be a chance that a firm has exposure on a currency it has never traded against

which could lead to inaccurate result.

One alternative to resolve this problem is to develop a firm-specific exchange rate index

(∆ei,t) to represent the exchange rate index. In order to explore the effect of a transition

from a trade-weighted exchange rate to a firm-specific exchange rate, initially, a weight is

represented by a total trade at firm level. Specifically, the firm-specific exchange rate in

equation (2.12) is expressed as

wT
i,c,t =

Ti,c,t +Ti,c,t−1 +Ti,c,t−2

∑
c
(Ti,c,t +Ti,c,t−1 +Ti,c,t−2)

where Ti,c,t is the total trade value of firm i to country c in month t which is calculated from

Xi,c,t +Mi,c,t . Then the firm-specific trade exchange rate index is defined as

∆eT
i,t = ∑

c
wT

i,c,tFXc,t .
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Accordingly, the first step in estimating exchange rate exposure is performed by regressing

he individual firm’s stock return on the market return and exchange rate change as given by

Model 2.1 Ri,t = β0,i +β1,iRm
t +β2,i∆eT

i,t + εi,t (2.19)

where Ri,t is the return of the firm i at time t , Rm
t is a market index represented by Chinese

stock market returns and ∆eT
i,t is a firm-specific exchange rate index based on destination-

specific total trade value.

The weighted calculated from total trade (Xi,c,t +Mi,c,t), however, ignores the fact that ex-

posure to a currency should represent an outstanding export value. That is, if at time t a firm

exports and imports from a country c at the same values, Xi,c,t −Mi,c,t = 0, then the firm

should not have exchange rate exposure to country’s c currency. Therefore, the exchange

rate exposure exists only when Xi,c,t −Mi,c,t ̸= 0.

Thus, for the next step, the weight is changed from a total trade (Xi,c,t +Mi,c,t) to a net

export value as proposed in equation (2.12). Consequently, the firm-specific exchange rate

index is referred to what defined in equation (2.11). The following regression model is then

proposed to investigate exchange rate exposure at firm-level:

Model 2.2 Ri,t = β0,i +β1,iRm
t +β2,i∆ei,t + εi,t (2.20)

where Ri,t is the return of the firm i at time t , Rm
t is a market index represented by Chinese

stock market returns and ∆ei,t is a firm-specific exchange rate index based on destination-

specific export and import values. An interpretation on signs of β2,i for Model 2.1 and

Model 2.2 is similar to what mentioned in the case of Model 1.
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2.6.3 The Adjusted Allayannis and Ihrig’s Model

As previously introduced in the theoretical framework section, we adopt the model devel-

oped by Allayannis and Ihrig (2001) and make some adjustments on the exchange rate

exposure model. The industry-weighted exchange rate index which is formerly used in

their version is replaced with our firm-specific exchange rate index. In accordance with the

firm-specific exchange rates, we employ firm-level data for calculating necessary variables

such as export values, import values and total sales. The adjusted version of Allayannis and

Ihrig’s model is as follows:

Model 3 Ri,t = β0,i +β1,iRm
t (2.21)

+β2,i

[(
1

MKUPi,t−1

)
+

(
Xi,t

Vi,t

)(
1+

1
MKUPi,t−1

)]
∆ei,t

+β3,i

[(
Mi,t

Vi,t

)(
1

IMKUPi,t−1

)]
∆ei,t + εi,t

where
(

1
MKUPi,t−1

)
+
(

Xi,t
Vi,t

)(
1+ 1

MKUPi,t−1

)
represents competitive structure of final output

goods and the export shares channels and
(

Mi,t
Vi,t

)(
1

IMKUPi,t−1

)
is the imported input channel.

Interpretation on signs of β2,i and β3,i for Model 3 is similar to what mentioned in the case

of Model 1.

The advantage of Model 3 is attributed to the theoretical framework which well mixes inter-

national trade and finance together. This also allows us capability to identify channels that

mainly influence firms’ exchange rate exposure.

We run all models over two sub-periods in order to inspect the effect of exchange rate

exposure over different foreign exchange rate regimes in China. The two periods are defined

as follows:

1. Period 1 - the first period ranges from January 2000 to July 2005 to cover the fixed

exchange rate regime in China.
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2. Period 2 - the second period spans from August 2005 to December 2006 to cover the

managed float exchange rate regime.

2.7 Results

In this section, the results of different exchange rate exposure models are presented. We

run the regression firm-by-firm in each period (period 1 and period 2) by using Newey-West

standard error11 and show the number of firms presenting significant result at 5% level.

The signs of coefficients obtained from regression are also categorized as zero, positive and

negative.

2.7.1 Results from The Standard Two-Factor Model (with Trade-Weighted

Exchange Rate, ∆et)

The regression results from Newey-West standard errors for Model 1 are shown in Table

2.11 and Figure 2.2. Focusing on the results from trade-weighted exchange rate indices in

Model 1, 34 out of 654 firms (5.2%) significantly expose to exchange rates during the fixed

exchange rate regime (period 1) while 16 out of 654 firms (2.4%) have significant exchange

rate exposure at 5% significant level in managed float regime (period 2).

2.7.2 Results from The Standard Two-Factor Model (with Firm-Specific

Exchange Rate, ∆eit)

Model 2.1 and Model 2.2 aim to test whether or not the stock returns of Chinese firms

are influenced by changes in foreign exchange rates if a more representative firm-specific

11Standard errors of the estimates are corrected for autocorrelation and heteroscedasticity with the Newey-
West procedure.
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exchange rate index is used as a proxy rather than trade-weighted exchange rates which

were used in many previous studies.

The results exhibited in Table 2.11 and Figure 2.2 show similar results from the both models.

For model 2.1, there are 63 out of 446 firms (14.2%) and 62 out of 397 firms (15.7%)

showing significant exchange rate exposure during period 1 and period 2, respectively. For

Model 2.2, 70 out of 446 firms (15.7%) and 66 out of 397 firms (16.6%) have significant

exchange rate exposure during period 1 and period 2, respectively.

Interestingly, more firms are found exposed to changes in exchange rate index when chang-

ing from trade-weighted to firm-specific exchange rate index which is in line with our

initial expectation. The change of weight representation from total trade Xi,c,t +Mi,c,t to

| Xi,c,t −Mi,c,t | provides slightly gain in the number of firms showing significant exchange

rate exposure. It can thus be concluded that the change from the trade-weighted exchange

rate to firm-specific exchange rates substantially captures more number of firms with signif-

icant exchange rate exposure while changing a weight representation improves the perfor-

mance of exchange rate exposure estimation marginally.

2.7.3 Results from The Adjusted Allayannis and Ihrig’s Model

As mentioned earlier, There are two channels of exchange rate exposure in Model 3, i.e.,

export shares and imported input channels. In order to count the number of firms that are

significantly exposed to exchange rate, firms that exhibit significant values of β2,i or β3,i

are considered as firms having significant exchange rate exposure. Accordingly, the results

shown in Table 2.11 and Figure 2.2 indicate that 52 out of 231 firms (22.5%) have significant

exchange rate exposure during period 1 (fixed exchange rate regime).

During the managed float exchange rate system (period 2), 54 of 182 firms (29.7%) expose

to exchange rate at 5% confidence level. It can be seen that Model 3 can capture more
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Figure 2.2: Percentage of firms showing significant exchange rate exposure at 5 percent
level.
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Note: Period 1 = fixed exchange rate regime (January 2000 - July 2005). Period 2 = managed float
exchange rate regime (August 2005 - December 2006).

percentage of firms showing significant exposure than Model 2 thanks to an integration of

markups into the estimation model. Comparing between the fixed and float exchange rate

regimes, it is found that more percentage of firms is found to be significantly exposed to

exchange rates when China adopted the managed float exchange rate regime.

The benefit of incorporating markups into an exchange rate exposure estimation model

(Model 3) is that, according to Allayannis and Ihrig (2001), channels of exchange rate expo-

sure are identified. This establishes a linkage between the fall (rise) of industry’s markups

and an increase (decrease) of exchange rate exposure. Thus, the model reflects contempora-

neous effects of exchange rate movements on returns in a more sensible way than a model

that neglects markups. It is also claimed in Allayannis and Ihrig (2001) that the absence of

markups leads to noise overstating and understating the significance of exchange rate ex-

posure. An increase in the number of firms with significant exchange rate exposure when

markups are included is in line with the findings in Allayannis and Ihrig (2001).

In addition, the transition matrix (see Table 2.10) investigates if firms’ exchange rate ex-
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Table 2.10: Transition matrix for the adjusted Allayannis and Ihrig’s model.

Period 2
significant insignificant

Period 1
significant 7 27
insignificant 45 83

Note: The transition matrix contains only firms that exist in both periods which are 162 firms in total.

posure is persistent over different exchange rate regimes. It is noted from Table 2.11 that

the number of firms in the both periods are unequal due to data availability. The transition

matrix contains only firms that exist in both periods which are 162 firms in total. The results

in Table 2.10 show that firms with significant exposure in the fixed regime are most likely to

have no exchange rate exposure when the regime is changed to managed float. In contrast,

if firms initially have no exchange rate exposure, then it is most likely that they will stay

unexposed when the regime changes. Interestingly, 45 out of 128 firms (35%) that have no

exchange rate exposure in fixed exchange rate regime turn to have significant exchange rate

exposure during the managed float exchange rate regime.

When comparing across the results of Model 1 to Model 3, it can be seen that represent-

ing exchange rate that firms experiencing by firm-specific exchange rate index instead of

trade-weighted exchange rate index can detect more firms that have significant exchange

rate exposure. Besides, comparing between the models that both employ the firm-specific

exchange rate exposure, it is noticed that the percentage of firms found significantly exposed

to exchange rate in the model with markups (Model 3) is higher than that of Model 2. Thus,

including markups in the model may result in an increase of the percentage of firms that

significantly expose to exchange rates.

We also observe that, for the models using the firm-specific exchange rate index (Model 2.1,

Model 2.2 and Model 3), there are more firms exposed to exchange rate during the managed

float exchange rate regime. This finding is deemed reasonable as firms trading with the US

should expose to USDCNY fluctuation comparing to when China used the fixed exchange
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rate regime and that adds up to total exchange rate exposure that firms encountering in

period 2.

Overall, although the introduction of firm-specific exchange rate index results in finding

more firms exposed to exchange rates (comparing to trade weighted exchange rate index),

the number of firms that have significant exchange rate exposure are considered small (under

30% of firms trading internationally). It is most likely that those firms could hedge their

exchange rate exposure through derivatives such as FX forwards or FX futures.
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Table 2.11: Significant results for Model 1-3.

Period 1 Period 2
% of firms showing significant coefficient % of firms showing significant coefficient
Positive Negative Total Positive Negative Total

Model 1
Market return 50.6 0.0 50.6 52.9 0.0 52.9
Trade-weighted index 1.5 3.7 5.2 1.5 0.9 2.4
Total number of firms 654 654

Model 2.1 Market return 57.3 0.4 57.7 21.3 0.5 21.8
Firm-specific index 13.4 0.8 14.2 14.2 1.5 15.7
Total number of firms 446 397

Model 2.2
Market return 64.8 0.0 64.8 22.9 0.5 23.4
Firm-specific index 13.0 2.7 15.7 7.3 9.3 16.6
Total number of firms 446 397

Model 3

Market return 53.7 0.0 53.7 20.3 0.0 20.3
Export share channel 13.4 7.4 20.8 13.2 10.4 23.6
Imported input channel 6.5 9.5 16.0 9.3 13.2 22.5
Firm-specific index 22.5 29.7
Total number of firms 231 182

Note: Total number of firms indicates number of firms that are qualified (have all necessary data such as import-export values and markups) for
firm-by-firm regression. Hence, the total number of firms varies by models. Nevertheless, some qualified firms are excluded from the counting if
they have insufficient number of observations for running a regression. The total number of firms shown in the table is the number of firms that
participate in the estimation.
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2.8 Further Studies

After obtaining the exchange rate exposure, we conduct further studies to investigate further

in particular issues. Firstly, the asymmetric exchange rate exposure is investigated. Dummy

variables are added to the regression model to inspect whether firms’ returns are impacted

equally when the local currency appreciates and depreciates. Next, since it is known that

outliers could subdue the reliability of regression results, we employ median regression to

remove the outlier effects and explore if any additional insight is gained from this experi-

ment. Lastly, we determine the factors that have impact on exchange rate exposure. The

potential determinants relating to trade such as Herfindahl indices and volatility of trade are

of our main interest.

2.8.1 Asymmetric Impact of Exchange Rates

Another possible explanation for these different empirical results is the presence of model

misspecifications in the estimation of the sensitivity of stock returns to exchange rate changes

(see Bartov and Bodnar (1994)) since most of the traditional studies assume that the impact

of exchange rate fluctuations is symmetrical12. Such assumption has been investigated in

studies that analyze asymmetric responses of stock prices to currency movements. Koutmos

and Martin (2003) provide evidence that asymmetries are found significant in the financial

and non-cyclical sectors. Many authors point out that sources of the asymmetric exposure

are probably from pricing-to-market behavior (Froot and Klemperer (1988), Marston (1990)

and Knetter (1994)), hysteresis (Ljungqvist (1994) and Christophe (1997)), and asymmetric

hedging (Booth (1996)). Empirical study by Muller and Verschoor (2006) shows that US

12Asymmetric exchange rate exposure is found when exchange rate appreciation and depreciation affect
firms’ profit unequally.
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stock returns react asymmetrically to currency movements for 935 US multinational firms.

Therefore, this section aims to investigate whether or not the effect of exchange rate changes

on firms’ stock returns in China is symmetric between currency appreciations and depreci-

ations. The importance of this issue has the linkage on policy implication. For example, if

asymmetries exist in the exchange rate exposure process, a firm may prefer to use financial

instruments in hedging against the exposure. Then central bank has to issue appropriate

policies to develop financial market.

In order to test if the impact of exchange rate changes on firm’s stock return in China is

symmetric when CNY appreciates and depreciates, dummy variables are added to the Model

as follows:

Model 3a Ri,t = β0,i +β1,iRm
t +β2,i

[(
1

MKUPi,t−1

)
+

(
Xi,t

Vi,t

)(
1+

1
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)]
∆ei,t
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[(
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)(
1
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)]
∆ei,t
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[(
1
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)
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(
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1
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)]
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[(
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where D1,t is the dummy variable that takes a value of unity (D1,t = 1 ) when[(
1

MKUPi,t−1

)
+
(

Xi,t
Vi,t

)(
1+ 1

MKUPi,t−1

)]
∆ei,t > 0 and zero otherwise and D2,t is the dummy

variable that takes a value of unity (D2,t = 1 ) when
[(

Mi,t
Vi,t

)(
1

IMKUPi,t−1

)]
∆ei,t > 0 and zero

otherwise.

The results from investigating the presence of asymmetric effect from Model 3a are shown

in Table 2.12 . The results demonstrate that 14.1% and 10.3% of firms significantly expose

to changes in exchange rates at 5% level in fixed and managed float exchange rate regime,

respectively. Moreover, there are 9.5% (7.3%) and 8.9% (8.3%) of firms showing asymmet-

ric impact when CNY appreciates and depreciates through the export share and imported
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Table 2.12: Results from the asymmetric model.

Period 1 Period 2

% of firm showing significant coefficient % of firm showing significant coefficient

Positive Negative Total Positive Negative Total

Model 3a

Dummy for export share channel 5.1 4.4 9.5 3.0 4.3 7.3

Dummy for imported input channel 2.9 6.0 8.9 4.5 3.8 8.3

Firm-specific exchange rate index 14.1 10.3

Total number of firms 370 398

Note: Based on the model specification of Model 3a, 14.1% of firms are significantly exposed to
exchange rate in period 1 and 10.3% of firms are significantly exposed to exchange rate in period 2.

input channel, respectively, in period 1 (period 2).

Overall, the empirical results point out that the majority of firms in our sample do not ex-

hibit asymmetric exchange rate effect. That is, CNY appreciation and depreciation result in

similar impacts on firms’ stock returns.

2.8.2 Median Regression

Linear regression normally estimates how, on average, returns of a firm are affected by firm-

specific exchange rate index which thus unavoidably take into account the effect of outliers

more or less. In such respect, we employ median regression to obtain results against those

extreme observations.

We run the median regression and the results display in Figure 2.3. There is 18.6% (25.6%)

of firms showing significant exposure when considering median of firms’ returns at 5% level

in period 1 (period 2). The results also agree with those obtained from standard regression

in a way that the managed float exchange rate regime shows more number of firms having

significant exchange rate exposure comparing to the fixed exchange rate regime.

When comparing to the results from median regression, there shows no clear difference on
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the number of firms showing significant exposure from the two regressions. This shows that

outliers containing in the raw data might be only a few observations and their values are not

so extreme to differ the results of mean and median regressions. Hence, the results initially

obtained from standard (mean) regression are robust against outliers.

Figure 2.3: Percentage of firms showing significant exchange rate exposure when using
median regression.
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exchange rate regime (August 2005 - December 2006).

2.8.3 Determinants of Exchange Rate Exposure

In this section, we investigate what the factors determining the exchange rate exposure are.

The existing studies find the potential variables are such as the level of a firm’s foreign

operations (Jorion (1990)), debt ratio (He and Ng (1998)) and the concentration of a firm’s

foreign operations network (Fraser and Pantzalis (2004)). The trade variables such as export

over sales, import over sales, trade volatility and trade concentration are mainly focused in

this study.
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First, the significant relationship between exchange rate exposure and firms’ foreign opera-

tions are reported in the study of US firms in Jorion (1990). He finds that dollar depreciation

positively relates to the ratio of a firm’s foreign sales to total sales. In our study, this vari-

able is proxied by export over total sales. Given other things being equal, it is expected that

CNY depreciation would make domestic goods relatively cheaper than foreign goods and

hence benefit Chinese exporting firms in particular. Therefore, firms with high exports ratio

should also have high positive exposure or low negative exposure for a given level of CNY

depreciation. We conjecture a positive coefficient of export over total sales in our study.

Furthermore, considering only export does not comprehensively cover international trade,

thus import over total sales is introduced to test this issue since it could have some effects

on exchange rate exposure and we hypothesize that import over total sales and exchange

rate exposure could show a negative relationship.

Carter et al. (2001) document that firms with operations spread over many currencies and

business areas are more insulated from foreign exchange exposure. Thus, the number of

trading partners of each firm is introduced to our study as it primarily indicates an involve-

ment of the firm to international trade. More number of trading partners tends to make firms

more exposed to exchange rate changes. We thus expect a positive relationship between the

number of trading partners and exchange rate exposure.

Fraser and Pantzalis (2004) use Herfindahl index to capture the concentration of a firm’s

foreign operations network. We apply this index to capture the concentration of trade. The

index value approaching to 1 indicates that the firm trades with only a few countries while

a value close to 0 indicates that the firm well diversifies its trades across various partners.

In this study, we utilize three Herfindahl indices to capture the concentration of trade. First,

HITi,t indicates the concentration of firm’s total trade values across all its partner countries.

Second, HIX i,t represents the concentration of firm’s export values to its export destination

countries while HIMi,t depicts the concentration of firm’s import values from its import
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origin countries. Each Herfindahl index is calculated as follows,

HITi,t =
∑

Ni
j=1(Ti, j,t)

2(
∑

Ni
j=1(Ti, j,t)

)2 (2.23)

HIXi,t =
∑

Ni
j=1(Xi, j,t)

2(
∑

Ni
j=1(Xi, j,t)

)2 (2.24)

HIMi,t =
∑

Ni
j=1(Mi, j,t)

2(
∑

Ni
j=1(Mi, j,t)

)2 (2.25)

Where for each period,

i is index of firms.

j is index of trading partners.

t is index of time.

Ni is number of trading partners of each firm.

Ti, j is value of total trade of firm i in country j.

Xi, j is value of export of firm i in country j.

Mi, j is value of import of firm i in country j.

In our study, we also examine the influence of volatility of trade, volatility of export and

volatility of import on exchange rate exposure. To our knowledge, these factors have not

been studied in the context of exchange rate exposure determinants before. Volatilities of

trade, export and import are calculated as a 12-month rolling window of total trade, export

and import values of each firm.

Moreover, we also explore other control variables such as firm size, firm age and firm lever-
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age which are three of the most common variables for their role in explaining the exchange

rate exposure. First, the relationship between firm size and exposure is ambiguous. Large

firms are more likely to engage in international transaction and thus are vulnerable to ex-

change rate changes. However, it is also more likely for large firms to hedge against ex-

change rate risk which implies that smaller firms are more likely to expose to exchange rate

changes. He and Ng (1998) report that larger firms generally have access to risk manage-

ment expertise and are thus more likely to hedge than smaller firms. As a consequence,

bigger firms should be less exposed to exchange rate risk. In contrast, Gruber and Warner

(1977) argue that smaller firms have more incentive to hedge as they face greater bankruptcy

costs. Based on existing indecisive results, the impact of firm size on exchange rate exposure

is hence to be examined empirically.

Second, Solakoglu and Demir (2009) document the significant relationship between firm

age and exchange rate exposure of Turkish firms. However, they also report that the sign

is different across sectors. Bodnár et al. (2009) investigate Hungarian enterprises and find

that the probability of having exchange rate exposures is a negative function of the quadratic

form of firm age. We hypothesize that there is a negative relationship between firm age on

exchange rate exposure.

In addition, debt to asset ratio is one of the other control variables. He and Ng (1998) study

the probability of financial distress and a firm’s leverage using long-term debt to asset ratio

as a proxy. They find that firms with higher long-term debt to asset ratio are more likely to

experience larger expected costs of financial distress and tend to engage in more hedging

activities. Thus, it is expected that firms with higher leverage are more likely to hedge and

are consequently less exposed to exchange rate risk.

Consequently, after studying the coefficients of foreign exchange variables, in the second

stage of our analysis, we aim to examine potential determinants of any exposure. The esti-

mated exposure coefficients of the firm-specific exchange rate (or marginal effect) in Model
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3 are used as a dependent variable in a panel regression. The general panel regression takes

the following form:

Model 4 β
∗
i,t = γ0 + γ1Fi,t + γ2Tradei,t + fi + εi,t (2.26)

Where β ∗
i,t is the foreign exchange coefficients or marginal effect from Model 3, fi is a firm

fixed effects, Fi,t are the control variables consisting of firm size (Sizei,t ), firm age (Agei,t

) and debt to asset ( Debti,t) and Tradei,t represents of export over sales (X/Si.t), import

over sales (M/Si,t), number of trading partners (Ntradei,t), Herfindhal indices and trade

volatilities (Voli,t).

The estimated exposure coefficients (β ∗
i,t) derived from regressing Model 3 contain both

significant and insignificant results. We assign a value of zero to insignificant exposure

coefficients and keep the significant coefficients as they are for subsequent analyses13.

We report the estimates of Model 4 with firm fixed effects in Table 2.14. We observe the

negative relationship between firm age and exchange rate exposure (column (1) to column

(10)) indicating that the longer the firm operates, the less exposure it has on exchange rate

changes. Firm size, on the other hand, shows positive effect on exchange rate exposure

(column (1) to column (8)) implying that large firms may have more tendency to hold more

international assets than smaller firms but the coefficient is insignificant. Debt to asset is

positively related to exchange rate exposure (column (1) to column (7)) but the coefficient

is insignificant.

Export over sales ratio has a positive relation to exposure at 5% significant level. The posi-

tive sign is consistent with what we discussed earlier. The import over sales, as opposed to

the export over sales, shows negative sign which is contrast with what we expected. How-

ever, the coefficient is insignificant. In addition, the number of trading partners positively

13The estimated exposure coefficients are winsorized at 10th and 90th percentiles.
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affects the exchange rate exposure which is in line with our hypothesis (column (4) and col-

umn (9)); nonetheless, its effect is insignificant. Trade volatility (column (7)) and export and

import volatilities (Column (8)) have no significant effect on exchange rate exposure. The

influences of trade concentration displayed in column (9) and column (10) exhibit that only

export concentration significantly shows positive relationship with exchange rate exposure

at 10% level while import concentration does not. The positive sign of export concentra-

tion is also agreeing with our expectation, indicating that more export concentration leads

to more exposure.

The estimation results over different model specifications (columns (1) to (10)) support that

firm age, the ratio of export over sales and export concentration are the main determinants

of firms’ exchange rate exposure. Positive coefficient of export over sales signifies that

firms whose revenues mainly come from export tend to have more exchange rate exposure

than firms which are less export-oriented. Negative coefficient of firm age suggests that the

longer the firms have been in the market, the less exchange rate exposure they have. Besides,

positive coefficient of export concentration (Herfindahl index of export) indicates that firms

that export to several destinations generally have lower exchange rate exposure than firms

exporting to fewer countries. This could imply that exporting firms can divesify exchange

rate risk by exporting to many export destination countries. Moreover, these two variables

(firm age and Herfindahl index of export) imply that firms that are more export-competitive

(in terms of experience and markets) tend to have lower exchange rate exposure than those

who are new to export.
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Table 2.13: Definition of variables in Model 4.

Variable Definition
X/Si.t is exports over sales ratio of firm i in period t measured by dividing total export value of each firm by its total sales.
M/Si,t is imports over sales ratio of firm i in period t measured by dividing total import value of each firm by its total sales.
Ntradei,t is the natural logarithm of total number of trading partners of firm i in period t.
HIi,t is Herfindahl index of firm i in period t. In each period, we construct three separate Herfindahl indices to characterise

concentration of total trade, export and import values for each firm. The indices represent each firm the trade concentration
based on the trading value of its partners.

Voli,t is the natural logarithm of trade volatilities of firm i in period t . The variable indicates standard deviation of trading values of
each firm in each period. Volatilities of export and import values of each firm are also calculated separately.

Sizei,t is the size of firm i in period t calculated from dividing the average of total asset in each sub-period of each firm by the
median of total asset of an industry the firm belongs.

Agei,t is the natural logarithm of age of firm (in year) i in period t from its IPO date until the end of period 1 and 2.
Debti,t is the debt to asset ratio of firm i in period t calculated from dividing total long-term debt of each firm by its total assets.
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Table 2.14: Determinants of exchange rate exposure.

Variable
Estimation results

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Firm age -0.242*** -0.113* -0.220*** -0.138** -0.143** -0.115** -0.131** -0.009 -0.230** -0.231 ***
Firm size 0.001 0.003 0.002 0.002 0.003 0.004 0.003 0.002 -0.000 0.003
Debt to asset 0.160 0.298 0.214 0.310 0.0850 0.0208 0.239 -0.262 -0.779 -0.079
Export over sales 1.996** 2.101** 1.818* 1.950**
Import over sales -0.374 -0.989 -0.265
Number of trading countries 0.00988 0.061
Herfindahl index (total trade) 0.403
Herfindahl index (export) 0.282* 0.680* 0.266*
Herfindahl index (import) 0.0926 0.2340 0.074
Volatility of total trade -0.0340
Volatility of export -0.104 -0.004
Volatility of import 0.053 0.061
Notes: *p<.0, **p<.05, ***p<.01. Dependent variable is the coefficient (β ∗

i,t) from Model 3. All model specifications include firm fixed effects.
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2.9 Conclusions

This study aims to investigate the exchange rate exposure in Chinese firms using firm-level

dataset collected from CCTS, CASIF and CSMAR in 2000-2006. To this end, we are able

to construct a firm-specific exchange rate index based on destination-specific export and

import values.

We start our analysis with Jorion’s two–factor model using trade-weighted exchange rate

index. Using the firm-level dataset, we compare the results of Jorion’s original model with

its adaptation in which the exchange rate index is changed to firm-specific. Our findings

show that more percentage of firms are found to significantly expose to exchange rates,

suggesting that firm-specific exchange rate index may result in finding more firms having

significant exchange rate exposure comparing to the use of trade-weighted exchange rate

index.

However, Jorion’s model does not well accommodate the firm-level study, the main draw-

back is that there is no linkage between firm return and firm-level factors such as export,

import and markups. We thus adopt Allayanis and Ihrig’s model which incorporates firm-

level factors that explain stock returns to investigate exchange rate exposure of Chinese

firms. The modification of Allayanis and Ihrig’s model is made to improve the accuracy of

exposure measurement. Thus, we replace the industry-level exchange rate index with firm-

specific exchange rate index. The empirical results indicate that more percentages of firms

are found significantly exposed to exchange rates comparing to the models used in earlier

estimations. We also investigate the effect of changes in exchange rate regime from fixed to

managed float on the number of firms having significant exposure. The results indicate that

there are higher percentages of firms exhibiting significant exchange rate exposure in the

managed float exchange rate regime. The possible explanation is due to additional exposure

from USDCNY when China adopted the new exchange rate regime. The findings that there
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is larger portion of firms showing significant exchange rate exposure when the exchange rate

regime is changed to managed float have important policy implications as they demonstrate

that exchange rate stabilization could also help stabilize firm returns more or less.

Additionally, further analyses are conducted to explore the exchange rate exposure of Chi-

nese trading firms in different aspects. In terms of asymmetric effects on firm returns due

to local currency appreciation and depreciation, the findings suggest that CNY appreciation

and depreciation affect most of Chinese firms similarly (no significant asymmetric effect).

Also, we observe that estimation results obtained from median and standard regression are

similar which imply that the results and interpretations obtained earlier are not affected by

outliers containing in the raw data. Furthermore, we examine variables that could be de-

terminants of exchange rate exposure. The empirical results show that high exchange rate

exposure can be seen in firms having high export intensity (high export over sales) since

their stock returns highly rely on export revenues. However, the exchange rate exposure

of firms is lower if firms acquire longer experience and have diverse export markets. It is

most likely that wisdom gained over years and different export destinations may result in

knowledge for firms to effectively mitigate impacts of exchange rate on their stock returns.
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Chapter 3

Decomposing The Risk Premium of

Chinese Exporting Firms

3.1 Introduction

Typically, equity risk premium is decomposed, according to the Capital Asset Pricing Model

(CAPM) developed by Jensen et al. (1972), into systematic risk (market risk) and idiosyn-

cratic risk. The first component (systematic risk) is undiversifiable while the latter one is

diversifiable. However, in order to decompose risk premia of exporting firms by country,

this study is the first to decompose risk premium of exporting firms geographically which

extends further on the diversifiable component to identify risk premium contributions from

export destinations which is a direct benefit to the literature. The motivation is that if ex-

porting were to produce risk premium to a firm, it should be worthwhile to identify how

much each export destination contributes to overall risk premium. Having known country-

specific risk premia benefits the firm in terms of risk management that it guides firms to

choose to export to countries where additional risks are well compensated by additional

returns (positive risk premium) and avoid undercompensated export destinations (negative
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risk premium). In addition, decomposition of risk premia to a country level gives an insight

to risk-return evaluation of existing export activities and guides firms to sensibly adapt their

export strategies to gain more stable profitability. In the perspective of investors, know-

ing risk premium of firm’s export destinations helps diversify a portfolio to match with

investors’ risk preferences.

Export is generally perceived as a mean inducing economic growth and it can help pro-

tect companies against domestic market swings and business cycles (Bernard and Jensen

(1999)). Firms choose to export by many reasons. The study by Clerides et al. (1998) re-

veals that firms decide to export because of being attracted by higher returns. It is widely

accepted in the business literature that firms can increase their revenues by entering new

markets or introducing new products as documented in Ansoff (1965) and Wickham (2006)

and provide new opportunities for diversification. Although exporting means more oppor-

tunities, risks are entailed unavoidably. Risks associated to export are from, for example,

exchange rates, political turmoil and counterparties credibility. These unanticipated shocks

in foreign economies could adversely impair firms’ earnings. This argument is supported

by the study of Vannoorenberghe (2012) which states that export sales are considered to be

even more volatile than domestic sales. Risk management thus becomes crucial tool to keep

exporting firms competitive amidst ever-changing environments.

Investors or company executives generally take risk with the aim to reap extra return over

their benchmark or risk-free investments. For companies listed in stock markets, good per-

formance of stock returns attracts new investors and new funds to flourish its business and

hence it is a commitment for company executives to ensure satisfactory equity returns. As a

matter of fact, all investments necessarily involve some degrees of risk. Conventionally, risk

on stock investment is commonly defined as a deviation from expected return. For exporting

firms listed in stock exchanges in particular, risk associated to their stock values is assumed

to emanate from uncertainty in different economies of export destinations and their home
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market. As such, risk can be determined by the degree of how much a home market react to

shocks from each export destination and how much each individual firm reacts to economic

shocks from each export market.

It is acknowledged that risk is generally attached to investment and that riskier investments

should be compensated by higher return than low risk investments. The required return on

the investment is generally the sum of the risk-free rate and the risk premium. The latter

is a reward for the investor who takes risk. A riskier investment provides a higher reward

in order to attract investors to take part in the investment. Risk premium is thus a suitable

measure how much additional return is rewarded to stocks of exporting firms regarding their

portfolio of export markets. The risk premium on equities reflects judgments how people

perceive risk in an economy or a stock market and how much price they attach to that risk

(Damodaran (2011)). It determines the expected return on risky investments and the value

estimated of those investments. Risk premium thus makes difference on how we choose

which assets or securities to invest and how money is allocated into each investment. If the

risk premium is positive, it means that investors get some additional returns from risk taking.

While the negative risk premium means there is no compensation for taking more risk. For

these reasons, it is important and sensible for firms to keep their risk premia positive, this

requires them to export to destinations that provide positive return reward. To filter out

countries with negative risk premium, decomposing risk premium by country of export is

hence the topic of our interest.

Exporting to a foreign market provides both risk and opportunity to firm’s growth and profit.

Entering into foreign markets means expanding market shares, increasing sales and increas-

ing profits due to lower unit costs. Additionally, it is one way to overcome unfavorable

growth or business cycles in the home country and this gives rise to the idea of diversifying

export destinations. To evaluate risk and return gained from exporting to one destination,

risk premium could be one single number that summarizes the trade-off between risk and
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return. A positive value is preferable, stating that return (net of risk-free borrowing cost)

exceeds the risk taken (from uncertainty in economic condition of a destination country and

cost of entry).

Apart from existing export markets, it is most likely that most firms have a plan to expand

their export destinations to seek higher sales and earn more diversification benefits. Decision

to export to new markets always bears uncertainty which hinders effectiveness of firm’s

capital budgeting and differs projected cash flows from what planned. In other words, new

markets can introduce new risk but can also provide new opportunities for diversification.

Under such uncertain circumstances, considering future investment as real options brings

more flexibility to the firms as addressed in Bowman and Hurry (1993), Trigeorgis (1996)

and McGrath et al. (2004). Real options investments refer to physical or human assets

investments as opposed to financial options instrument (Kogut and Kulatilaka (2001)). Real

options provide flexibility for firms to select the most appropriate courses of action on unfold

future. Importance of real options in multinational firm valuation is addressed in Fillat et al.

(2015). They incorporate options to enter new markets in calculating risk premium of US

multinational enterprises (MNEs). In our study, we apply their idea on Chinese exporting

companies so that plans to export to new export destination countries (or potential markets)

involve in valuation of the firms in stock market. Consequently, our objective is to find

the risk premium contribution from both current export destination and potential export

destination countries of Chinese exporting firms during 2000-2006.

In the work of Fillat et al. (2015), the risk premia of US multinational companies are broken

down to domestic market and countries of affiliates. Stationary covariance of GDPs between

foreign market and the US is an indicator how much risk is contributed by each affiliate.

Firm-specific elasticity derived from regressing stock prices with respect to GDP values

characterizes how much a firm individually responses to shocks in each country and helps

distinguish risk exposures when different firms set up their affiliates in same countries. The
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product of country’s covariance and firm-specific elasticity thus indicates the risk each MNE

is exposed to each of its affiliates. The decomposed risk premium by country is computed

subsequently using covariance, elasticity and coefficients obtained from regressing firms’

risk premia with respect to total risk from corresponding affiliates.

The first contribution of this study is that, to the best of our knowledge, this study is the

first to decompose risk premium of exporting firms geographically. Other contributions

are made on the improvement of risk representation. In Fillat et al. (2015), time-invariant

covariance is a measure of risk concerning GDP co-movement between the US and other

countries. As a matter of fact, both volatility and correlation between countries vary over

time making stationary risk measure underestimates actual risk. In addition, instead of

GDP, stock returns are selected as uncertainty representative of each export destination. The

relationship between stock returns of firms that trade internationally and shocks from global

stock markets is studied in Brooks and Del Negro (2006) which explores factors influencing

stock returns of 1,239 firms in 20 countries and discover that, for companies which are

globally engaged in terms of sales, assets or income, global shocks are an important source

of return variation. Empirically, a firm that raises its international sales by 10 percent raises

the exposure of its stock returns to global shocks such as global stock markets by 2 percent

and reduces the exposure to domestic shocks by 1.5 percent. In the same study, the authors

also elaborate that shocks that returns of globally engaged firms exposed to are in fact shocks

from domestic and foreign stock markets.

The advantage of using stock return is that economic expectations always reflect in stock

prices which make a time series of stock returns reflecting forward outlook of economy more

instantly than GDP (Comincioli (1996)). Furthermore, the calculation of the time-varying

covariance requires sufficiently long time series for each export destination country. Since

GDP data are updated most frequently at quarterly basis while stock prices are updated

monthly. For a study period of seven years, GDP time series are insufficient to provide
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estimation for time-varying covariance. Stock prices are therefore preferred to GDP in this

respect.

The rest of this chapter is organized as follows. Section 3.2 reviews the related literatures.

Section 3.3 exhibits the theoretical model for empirical specification. Section 3.4 describes

the data and variables. Section 3.5 provides the empirical results and robustness checks and

Section 3.6 presents the conclusions.

3.2 Literature Review

We present a review of literature in separate topics. Subsection 3.2.1 examines past studies

to understand the motive of firms to export to several markets and what are determinants

in selecting export destinations. Subsection 3.2.2 reviews strengths and drawbacks of the

existing methods employed in decomposing equity risk premium.

3.2.1 Export Diversification

Expanding export destinations has been a key strategy for exporting firms to mitigate risks

from export prices volatility, sudden closure of export markets (as a result of regulatory

changes), entry of new competitors and domestic supply shocks. The recent economic

turmoil provides additional support for a firm to diversify its export geographically. Ge-

ographical diversification, by its mechanism, works as a form of portfolio diversification

which helps minimize risk for a given level of return (Brainard et al. (1970)). This leads to a

more stable flow of export income, in addition to other gains such as learning about foreign

market conditions and technologies through exporting experience.

On the key determinant encouraging how much firms is willing to diversify, many empirical

works find that distance from home market affects diversity of destination markets. Sup-
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porting evidence is documented in, for instance, Amurgo-Pacheco (2008), Tamberi (2008),

Dutt et al. (2008) and Cadot et al. (2013). The economic intuition behind this is that the

set of foreign markets entered by exporters is determined by the entry costs which can vary

across countries. Only the most productive firms can enter the most costly (least accessible)

foreign markets. This leads to the fact that most firms specifically export to some particular

markets but not others.

Evenett and Venables (2003) examine the export growth of 23 developing countries to 93

foreign markets over the period 1970–1997. They find that the probability of exporting to

a given destination is generally decreasing in distance, but increasing in market size. Eaton

et al. (2004) use a database of French firms to analyze the determinants of export behavior.

They find that bigger firms (i.e., those with higher levels of sales) in France tend to export

to a larger number of foreign markets. Using similar data, Koenig (2009) finds that distance

(a proxy for trade cost) and foreign market size have significant effects at the extensive mar-

gin. Shepherd (2010) shows that export costs, tariffs, and international transport costs are

all robustly associated with geographical export diversification in a sample of 117 develop-

ing countries where a reduction on each of them by one standard deviation could lead to

increases in the number of export destinations of 12%, 3% and 4%, respectively.

In our study, attention is paid on the effects of diversity of export destinations on equity

risk premium of firms. In contrast with what predicted in “diversification hypothesis” that

foreign investments should help diversify away total risk of firms, previous studies such as

Jacquillat and Solnik (1978), Senchack and Beedles (1980) and Rowland and Tesar (2004)

find limited evidence of diversification benefits for firms with foreign affiliates. Fillat et al.

(2015) point out that such “puzzle” could be explained by introducing fixed and sunk cost

channels. They study how the geographic structure of a US multinational corporation im-

pacts its risk premium in the stock market and discover that foreign activities do not neces-

sarily result in diversification and could contrarily be a source of risk premium to investors.
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Their findings show that positive correlation of GDP between foreign and domestic markets

in tandem with sunk entry costs is accounted for higher risk premium.

3.2.2 Risk Premium Decomposition

Decomposing risk premium geographically is a technique providing insight to an exporting

firm how much risk premium is contributed by each of its export markets. Prior to geo-

graphical decomposition, several approaches are applied to decompose the components of

risk premium. The first stream established on the concept of Gordon and Shapiro (1956)

states that equity risk premium is composed of discounted flows of dividend, known as Div-

idend Discount Models (DDM). The basic intuition is that the value of a stock is determined

by projected cash flows. Current stock price should be the sum of all expected future cash

flows discounted at an appropriate rate to take into account their riskiness and time value

of money. The advantages of DDM are forward looking and consistent with no arbitrage

condition. Moreover, they are easy to implement. However, a drawback is that the results

are sensitive to expectations of future dividend.

The second stream originated from the work of Ibbotson and Sinquefield (1976) decomposes

historical returns of a stock index into a risk-free rate and a stationary equity premium.

The easiest approach to estimate the equity risk premium is to use the historical mean of

realized market returns in excess of the contemporaneous risk free rate. This model is simple

for implementation but its out-of-sample predictability performance is unconvincing. The

important shortcomings are that it is purely backward looking and assumes that the future

behaves similarly to the past. For instance, it assumes that mean of excess returns is either

constant or slowly moving over time, giving very little time-variation in the equity risk

premium. Another drawback is that the appropriate length of data required to compute

historical mean is unknown. This approach thus loses its popularity by the renowned paper
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of Mehra and Prescott (1985) and hence begins the last stream.

Mehra and Presscott’s article discovers the failure of standard “general equilibrium” or

“macroeconomic” asset-pricing models in explaining excessively high historical equity risk

premium of around 7% annually during the period of 1889 – 1978. Many attempts have

been put to explain why the realized equity premium was so large which can be categorized

into two groups. The first group led by Brown et al. (1995), Dimson et al. (2006), Mc-

Grattan and Prescott (2001, 2003), Arnott and Bernstein (2002) and Siegel (2005) aims to

find bias in historical data due to the effects of transaction costs, taxes, unanticipated repric-

ing of equities and unanticipated poor historical bond returns. Another group, on the other

hand, focuses on improvement of theoretical models used in Mehra and Prescott (1985).

For instance, Bansal and Yaron (2004) exhibit that risks related to varying growth prospects

and fluctuating economic uncertainty, combined with separation between the intertemporal

substitution and risk aversion, can help to resolve the equity risk premium puzzle. In ad-

dition, Brav et al. (2002) show that the equity premium can be explained with a stochastic

discount factor calculated as the weighted average of the individual households’ marginal

rate of substitution with low and economically plausible values of the rate of risk aversion

coefficient.

For the approach decomposing risk premium by country, to the best of our knowledge,

Fillat et al. (2015) are the first group of authors introducing this idea to study geographical

risk premium across affiliates of US multinational companies. We apply their approach on

exporting firms to decompose risk premium by export destination so as to facilitate firms

on making decision which export markets worth entering in the sense of equity risk-return

reward. In Fillat et al. (2015), risk of establishing affiliates in each country is represented

by fixed costs and GDP covariance between that country and the US. As opposed to GDP

covariance in original paper, we select stock market covariance to represent risk of each

export destination market.
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The advantage of using stock return over GDP is that economic expectations reflected in

stock prices are more responsively than those of GDP ( Comincioli (1996)). There is a

broad consensus that stock market performance impacts the economy and this influence is

more pronounced over the years. Persistent stock market declines lower consumer confi-

dence and business outlook which consequently lead to lower consumption and investment

spending. Rise or fall of stock prices can increase or diminish wealth of private households

which directly impacts consumption more or less. For instance, a 100 euro decline in the

value of stock holdings decreases private consumption in Germany by 1 to 2 euros1. As a

predictive indicator of stock markets, a study by Barro and Ursúa (2009) reports interesting

result that the likelihood of a depression increases by 20% if there is a stock market crash.

This well supports the use of stock market covariance to proxy the risk exposed in each

destination country. Another advantage to the selection of stock indices rather than GDPs

is that stock market returns offer time series sufficiently long to construct time-varying co-

variance. This improvement is made to circumvent a rigid assumption in Fillat et al. (2015)

that the covariance is constant over time.

3.3 Methodology

In this section, to illustrate how the stock returns of exporting firms depend on variables

related to their international activities across countries, we adapt the model developed by

Fillat et al. (2015) to estimate and decompose risk premium of exporting firms.

The model is a multi-country extension of the framework developed by Fillat et al. (2015).

The economy is composed by N+1 countries: a home counry, that is denoted by d, and N

potentially asymmetric foreign countries, that are denoted by j = 1, . . . ,N. Time is contin-

uous. Each country is hit by aggregate shocks to its GDP growth rate, which are described

1Deutsche Bundesbank Monthly Report, March 2003, p.40.
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by the following geometric Brownian motions:

dYi

Yi
= µidt +σidzi f or i = d, j and j = 1, ...N (3.1)

where µi ≥ 0,σ > 0. Yi denotes the GDP level in country i and dzi is an increment of a

standard Wiener process. GDP growth processes may be correlated across countries: let

ρ j ∈ [−1,1] denote the correlation between GDP growth of the home country and the one

of country j.

International markets are incomplete: changes in aggregate consumption in each country is

equal to changes in GDP, and there is no possibility of consumption smoothing over time

or across countries. We assume complete home bias in the asset markets, in the sense that

firms are owned by agents in country d, who discount cash flows with the following discount

factor (Md)
dMd

Md
=−rddt − γσddzd (3.2)

where rd denotes the risk-free rate in the home country, γ denotes risk-aversion and dzd

is the aggregate shock for the home country. This is a partial equilibrium model where

aggregate quantities are taken as given. Thus, equilibrium in the goods and asset markets is

determined by adjustment in prices.

Aggregate output in each country Yi is produced by domestic firms and by the affiliates of

multinational firms located in country i. Each firm chooses its optimal production level in

each country as a share of total output Yi.

Let ν denote the value of a firm. ν depends on both firm-specific characteristics like pro-

ductivity, size, employment, etc., and on country-specific characteristics such as the GDP

growth processes of the countries where the firm oprates, entry cost, and other operating

costs. For this reason, we write ν = ν(a,Ȳ , X̄), where a denotes firm-specific character-

istics and Y = (Yd,Y1, . . . ,YN) denotes a vector whose entries are the realizations of GDP
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described by 3.1 and X = (Xd,X1, . . . ,XN) denotes a vector whose entries are other country-

specific characteristics affecting firm value. Consistent with the literature on selection into

multinational activity and with the empirical evidence on firms’ international dynamics,

fixed-operating costs of production and sunk costs of entry into a market are particularly

relevant among the variables entering the vector X̄ . Depending on its characteristics a, each

firm self-selects into the set of countries where its operations are profitable. Given demand

for each firm’s product in each country, a drives both the intensive margin of production in

each country and the extensive margin of entry in different countries.

Regarding firm valuation, we assume that firms’ activities are independent across countries,

i.e. each firm makes entry and production decisions country-by-country. Since the deci-

sion of setting up a foreign affiliate is endogenous and affected by uncertainty through the

country-specific GDP growth shocks, we must consider the fact that a firm’s valuation is

affected both by its assets currently in place in variuos countries, and by the possibility of

entering new countries (its option value). For these reasons, the value of the firm is written

as:

v(a,Y ,X) =Vd(a,Yd,Xd)+ ∑
j∈A

Vj(a,YJ,XJ)+ ∑
j/∈A

V o
j (a,Yj,X j) (3.3)

where Vd(a,Yd,Xd) is the firm’s value of domestic sales. Vj(a,YJ,XJ) denotes the value of

firm’s affiliate sales in country j if the firm has an affiliate there and V o
j (a,Yj,X j) denotes the

option value of the firm’s affiliate sales in country j if the firm does not have an affiliate there.

A denotes the endogenous set of countries where the firm has affilates (A ⊆ {1,2, . . . ,N}).

We assume that all firms sell in the home country. Conversely, firms’ entry and exit into

foreign markets are endogenous. For these reasons, over a generic time interval (∆t), the
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components of a firm’s value function are expressed as:

Vd(a,Yd,Xd) = πd(a,Yd,Xd)M∆t +E[M∆t ·Vd(a,Y
′
d,Xd|Yd)], (3.4)

Vj(a,Yj,X j) = max{π j(a,Y j,X j)M∆t

+E[M∆t ·Vj(a,Y
′
j ,X j|Yj)]; V o

j (a,Yj,X j)}, (3.5)

V o
j (a,Yj,X j) = max{E[M∆t ·V o

j (a,Y
′
j ,X j|Y j)]; Vj(a,Yj,X j)−Fj} (3.6)

where πi(a,Yi,Xi) denotes the profit flows of the firm in country i (for i = d, j and j =

1, . . . .N), Fj denotes the sunk entry cost that a firm has to cover to open an affiliate in

country j, and the terms in expectations indicate the firm’s continuation value in the event

in which its status in a country does not change (i.e. it does not enter or exit the country).

Equation (3.4) represents the present value of firm operating in the domestic market for

an interval of ∆t. Equation (3.6) represents the decision-making process of a firm on its

potential affiliations. If the expected value of opening an affiliation in a potential country

in the future is greater than doing it today, a firm decides to set up an affiliation in country

j at later time, and vice versa. Equation (3.5) denotes the value of firm’s affiliates from

its existing destinations. However, if the option value of setting up an affiliation in that

destination is greater than the expected value of current affiliation, it implies that a firm

could be better off to defer its operation and return to the market at later time. The sunk

entry costs in equation (3.5) and (3.6) involve in the values of both existing and potential

affiliates. Given all else being equal, the lower sunk cost increases the values of V o
j and Vj

hence raising overall value of the firm.

Fillat et al. (2015) show that in the continuation regions, the three value functions above
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satisfy the following no-arbitrage conditions:

πd − rdVd +(µd − γσ
2
d )YdV

′
dY dt +1/2σ

2
dY 2

d V
′′
dY = 0, (3.7)

π j − rdVj +(µ j − γρ jσdσ j)YjV
′
jY dt +1/2σ

2
j Y 2

j V
′′
jY = 0, (3.8)

−rdV o
j +(µ j − γρ jσdσ j)YjV o′

jY dt +1/2σ
2
j Y 2

j V o′′
jY = 0. (3.9)

Since (dv) = E[dvd] + ∑
j∈A

E[dv j] + ∑
j/∈A

E[dvo
j ], by combining equations (3.7) to (3.9), one

can obtain the following expression for a firm’s expected returns:

E[ret] =

πd + ∑
j∈A

π j +E[dv]

v
,

= rd + γ

(
σ2

dYdV
′
dY

v
+ ∑

j∈A
σdσ jρ j

YjV
′
jY

v
+ ∑

j/∈A
σdσ jρ j

YjV o′
jY

v

)
. (3.10)

Equation (3.10) summarizes the implications of the model for the dependence of firm level

returns (and hence of the risk premium, E[ret]− rd) on country-specific variables, and is

the theoretical foundation of our empirical specifications. The risk aversion (γ) captures

the price of risk for the representative agent, or how much does he need to be rewarded

for additional exposure to risk incurred by the firms. The terms in the parentheses capture

the three sources of risk that a firm is exposed to which are domestic risk, risk from the

countries where the firm has an affiliate, and risk from the countries where the firm has the

option of opening an affiliate, respectively. The first term of the expression describes the

contribution of domestic activities to the returns. The last term captures the option value

of entry in new countries. They focus on the second term, which they refer to as “assets in

place”. This term captures the exposure of multinational firms to the risk that arises from

having affiliates in foreign countries.

From the structural model in equation (3.10), it is applied to decompose risk premium of

Chinese exporting firms into individual contribution of each of its export destinations. Fur-
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thermore, contribution of risk premia contributed by existing and potential export destina-

tions can also be quantified with the structural model. Recall equation (3.10) which can be

re-written as

E[reti]− rd = γ

(
σ

2
d εid + ∑

j∈A
σdσ jρ jεi j + ∑

j/∈A
σdσ jρ jε

o
i j

)
(3.11)

where

E[reti]− rd is risk premium of each exporting firm,

γ is a risk aversion coefficient,

εid =
YdV

′
dY

v is the elasticity of firm’s value with respect to stock market returns in the

domestic market (China),

εi j =
Y jV

′
jY

v is the elasticity of the firm’s value with respect to stock market returns in

current export destination country j ∈ A,

εi j =
Y jV o′

jY
v is the elasticity of the firm’s value with respect to stock market returns in

a potential export destination country j /∈ A.

The terms in the parenthesis represent the three sources of risk that a firm is exposed to.

Specifically,

σ2
d εid is risk from domestic sales (in China),

∑
j∈A

σdσ jρ jεi j is risk from current export destination countries the firm is exporting to,

∑
j/∈A

σdσ jρ jε
o
i j captures the option values of exporting to new countries.

3.4 Data and Variables

This section aims to provide descriptions of all data sources and key variables used in our

study. First, we give details of what are retrieved from each data source and how they are

subsequently merged to create the final database. Afterwards, the variables appearing in
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estimation models are described. There are two main data sources selected in this study,

namely Chinese Customs Trade Statistics (CCTS) and Bloomberg.

3.4.1 Data Sources

3.4.1.1 Chinese Customs Trade Statistics (CCTS)

This data source provides monthly firm-level data of Chinese exporting firms listed in

Shanghai and Shenzhen stock markets. Our sample contains 654 Chinese exporting firms

with varied number of observations across firms in 2000-2006. It contains firm’s infor-

mation such as firm identifiers, export and import values, export destination countries and

import origin countries. More details for the key variables are as below

1. Firm identifiers: we use this to merge CCTS to other data sources of the same identi-

fication system such as Bloomberg.

2. Export destination countries: 199 countries are originally identified with CCTS coun-

try codes along with corresponding country names which are later used to merge

country-level data from Bloomberg such as distances between China and other coun-

tries.

3.4.1.2 Bloomberg

This vast data source provides a wide range of financial data at various frequencies. The

key variables collected from this provider such as firm’s stock returns, stock market indices,

China’s risk-free rate and distance between China and other countries are described as fol-

lows.

1. Stock returns: Bloomberg supplies stock returns including market values of all firms

registered in Shanghai and Shenzhen stock markets while we need only 654 firms
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appearing in CCTS. Stock returns are collected at monthly frequency covering the

period of January 2000 to December 2006.

2. Stock market indices: we collect monthly stock index returns of 199 export destina-

tion countries in CCTS data during 2000-2006.

3. China’s risk-free rate: The 3-month treasury bill index of China is used as a proxy of

China’s risk-free rate of return. This variable is used for calculating risk-premium of

firms in model.

4. Distance between China and other countries: distance in kilometers from China to

export destinations represents the sunk costs.

Listed firms in CCTS and Bloomberg are identified with the same stock codes system which

allows merging data across databases. The data collected from these two sources are all in

monthly frequency so the observations can be mapped firm-to-firm and month-to-month.

In terms of the number of firms, Bloomberg contains all listed companies in Shanghai and

Shenzhen stock markets while there are 654 firms in our CCTS sample. The final merged

database is therefore limited to 654 available firms as appearing in the CCTS dataset.

3.4.2 Variable Definitions and Constructions

In this section, we describe the variables used in the model in Section 3.3 and how they

are constructed. If not locally specified elsewhere, all the following equations comply with

these notations

i is an index of firms.

j is an index of export destination countries.

t is an index of months.

Cit is a number of export destination of firm i in month t.
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3.4.2.1 Firm Returns (retit)

The firm returns are the monthly logarithmic rates of return of each Chinese exporting firm

computed from change in natural logarithmic value of stock price at time t relative to its

previous month’s price or retit = ln(stockpriceit)− ln(stockpriceit−1) where stockpriceit is

the stock price of firm i in month t. For the average firm stock return in our sample, the

average stock return is -0.68% per month during 2000-2006.

3.4.2.2 China’s Risk-Free Rate (rdt)

In this study, the 3-month treasury bill of China is used as a proxy of China’s risk free

rate. China’s risk-free rate is computed by rdt = ln(T Bt)− ln(T Bt−1) where T Bt is the three

month treasury bill index at time t. On the average, China’s risk-free rate is around 0.15%

per month during our sample period (see Table 3.1).

3.4.2.3 Time-Varying Variance of Chinese Stock Market (σ2
dt)

The time-varying variance or conditional variance of stock market in China is computed

from a time series of Shanghai composite stock index at monthly frequency. The general-

ized autoregressive conditionally heteroskedastic (GARCH) model is introduced to estimate

variance of domestic stock returns that changing over time. We employ GARCH (1,1) to

estimate the variance of Chinese stock market returns.

The underlying reason of employing GARCH model is that the covariance structure of re-

turns is widely accepted to change through time ( Starica (2004)) . The non-stationary

framework that assumes the unconditional variance to be the main time varying feature of

returns can be traced back to Officer (1973), Hsu et al. (1974), Merton (1980) and French

et al. (1987). As a starting point of our analysis, we focus on the GARCH(1,1) process pre-

sented in Bollerslev (1986) and French et al. (1987) since it is widely used, highly regarded
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in practice and in the academic discourse. From Table 3.1, on the average, the time-varying

variance of Chinese stock market is 0.04% per month during 2000-2006.

3.4.2.4 Time-Varying Covariance between Chinese Stock Market Return and Actual

Export Destination Return (σdtσ jtρ jt where j ∈ A)

The covariance between stock market of China and actual export destination countries rep-

resents the risk from co-movement of two stock market returns. The distinction from co-

variance used in Fillat et al. (2015) is that our version allows the covariance varies over

time rather than a stationary (time-invariant covariance). The multivariate GARCH with

dynamic conditional correlation model (DCC-GARCH) is employed in our study to esti-

mate the trivariate covariance. Thorough details of DCC-GARCH are provided in Section

B.5 of Appendix B while the estimation of time-varying covariances is outlined below.

At time t, given an n×n conditional covariance matrix (Ht), it can be decomposed to

Ht = DtRtDt = ρi j
√

hitth j jt (3.12)

where i and j denote indices of row and column of a covariance matrix respectively, ρi j is

an element in a positive definite time-varying conditional correlation matrix (Rt) and Dt =

diag
(√

h11t , . . . ,
√

hnnt
)
. The conditional variances (hiit ) are estimated using a GARCH(p,q)

model which can be written in a vector form as

ht = ω+
p

∑
i=1

Aiεt−i ⊙ εt−i+
q

∑
i=1

Biht−i (3.13)

where ω is a constant, Ai and Bi are n×n diagonal matrices of coefficients, εt is a residual

of the process and ⊙ is the Hadamard operator. The coefficients in Ai and Bi can be obtained

by maximizing the log-likelihood of equation (3.13).
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The trivariate time-varying covariance is employed in the regression model to compute the

decomposed risk premium. The reason why trivariate time-varying covariance is used in

this study is when a Chinese firm exports to the US, its stock price is basically influenced

not only directly from Chinese and the US stock markets but also indirectly from stock

markets of other countries which trade with China and the US. Assuming risk associated to

exporting to one country is merely from domestic market and an export destination could

misestimate actual risk and hence inaccurate decomposed risk premium. Accordingly, to

complement the covariance components, a set of other countries except for China and an

export destination is introduced in time-varying covariance estimation.

The details of the resulting trivariate covariance are given as follows. Suppose that C is a set

of all countries that Chinese firms are exporting to (there are 199 countries in our sample),

then we denote j as a export destination country and T as a set of other countries that does

not include country j, defined as T =C\{ j}. A composite stock return index representing

pooled return of stock markets in the set T is created by weighting each stock index return by

its corresponding market capitalization. The trivariate GARCH model subsequently takes

the time series of stock returns from the three components i.e., China, export destination

country j and the set of other countries T to calculate the time-varying covariance.

To exemplify, the trivariate covariance of China, the US and other countries are estimated

using the following composite index. Suppose that there are n export destinations in the set

C, then other export destinations excluding the US are expressed by the set T = C\{US}

with the number of elements of n− 1. Denote xit = x1t , . . . ,x(n−1)t as stock index returns

of n− 1 export destinations corresponding to elements of set T at time t and denote mit =

m1t , . . . ,m(n−1)t as the contemporaneous market capitalizations denominated in US dollar of

xi. The weight (wit) for the composite index is constructed with the following formula:

wit =
mi

∑
i∈T

mi
(3.14)
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and the subsequent composite index at time t is created by

yt = ∑
i∈T

witxit . (3.15)

The conditional covariance matrix (Ht) of dimension 3×3 in equation (3.12) is constructed

by the time series of stock index returns of China, the US and the composite index, and

is subsequently used to estimate the dynamic conditional correlation multivariate GARCH

model.

From Table 3.1, during our sample period, the average of time–varying covariance between

returns of Chinese stock index and those of actual export destinations is 0.14% per month.

The positive values of covariance indicate that, on the average, stock markets in export

destinations co-move with Chinese stock markets and vice versa. The covariance value of

0.14% monthly signifies that if a firm exporting to all actual destinations constantly over the

studied period, apart from fluctuation of individual stock markets the firm exporting to, the

co-movement between those markets accounts for additional risk to the firm’s stock value

by 0.14% per month.

3.4.2.5 Time-Varying Covariance between Chinese Stock Market Return and Poten-

tial Export Destination Return (σdtσ jtρ jt where j /∈ A)

We perform a two-step approach to estimate time-varying covariance between returns of

potential export markets (or option value of a firm) and China. We begin the first-step

estimation with probit regression to find predicted probability of a firm to export to each of

its potential destinations. According to the export decision model developed by Das et al.

(2007), the decision to export depends on firm sizes, sunk costs and whether or not the

firm already exports to that destination. Additionally, skilled labor measured by the ratio

of labor that completed tertiary graduation from World Bank is included in firm’s export
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decision which formulates the estimating equation as

Di jt = α +β1 ln(sizeit)+β2 ln(cost j)+β3Di jt−1 +β4 ln(L jt)+δt + εi jt (3.16)

where Di jt is a dummy variable that equals one if firm i exports to country j at time t and 0

otherwise. sizeit is a firm size proxied by market values of firm i, cost j is sunk cost proxied

by the distance from China to country j and Di jt−1 is a dummy variable that equals one

if firm i exports to a country j at time t − 1 and 0 otherwise. L jt represents a percentage

of skilled labors in country j at time t, δt is year fixed effect and εi jt is an error term. We

expect that firms with larger market values, more experience are more likely to export to the

foreign market (or a country j) whereas firms with higher sunk costs are less likely to export

to the country j. Besides, exporting to a country with high percentage of skilled labors is

more likely than exporting to a country with scarce skilled labors. Therefore, β1, β3 and β4

are expected to be positive while β2 should be negative.

We calculate the probability to export using a probit model. From Table 3.2, all coeffi-

cients of the variables determining whether or not a firm will export to a given country are

significant at least at the 10 percent level. In particular, firm sizes, skilled labors and past

experience of export are positively and significantly related to a firm’s export decision while

the sunk costs affect the decision of export negatively.

Next, the probabilities that each firm will export to each countries are estimated by using

cumulative normal distribution function. The resulting estimated β’s are subsequently used

to compute the firm-specific predicted probability that a firm will export to each of its des-

tination countries in the future. The predicted probabilities are given as:

probi jt = Φ

(
α + β̂1 ln(sizeit)+ β̂2 ln(cost j)+ β̂3Di jt−1 + β̂4 ln(L jt)

)
(3.17)

where Φ is the cumulative normal distribution function and probi jt denotes the predicted
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probability that firm i will export to destination j in month t. The average value of proba-

bility that each firm will export to each export destination is given in Table 3.3. Note that,

due to data availability, some countries with low trading activities with China have insuf-

ficient observations. Hence, probabilities to export to those countries cannot be calculated

and they are not shown in Table 3.3. Eventually, we obtain probabilities to export for 59

export destination countries for each firm. The resulting probabilities suggest that Chinese

exporting firms are more likely to export to more regional than distant destinations. Addi-

tionally, countries that are major trading partners with China in terms of export values such

as the US, South Korea and Singapore attract Chinese exporters more than those with lower

values of export.

After we obtain the probability that firm i will export to destination j in month t (probi jt),

we next construct the time-varying covariance between China and the potential countries in

which the firm will export in the future by multiplying the predicted probabilities with cor-

responding covariances as ∑
j/∈A

σdtσ jtρ jt probi jt . From Table 3.1, the average of time-varying

covariance between returns of Chinese stock market and potential export destinations is

-0.001% per month.

3.4.2.6 Firm elasticity (εid , εi j and εo
i j)

Recall equation (3.11), εid is the elasticity of the firm’s value with respect to China’s stock

market returns, εi j is the elasticity of the firm’s value with respect to stock market returns

in current export destination country j ∈ A and εo
i j is the elasticity of the firm’s value with

respect to stock market returns in a potential export destination country j /∈ A. In practice,

to estimate the equation (3.11), we need to compute the elasticities (εid , εi j for j ∈ A and εo
i j

for j /∈ A). Elasticity of firm values with respect to stock market returns of China or those of

other export destination countries take crucial part in calculating risk exposure arising from

domestic and export activities. It signifies how much firm returns individually response to
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local and global stock market shocks. We proxy the true elasticity (εi j) as the product of the

approximated elasticity (ε̃i j) and a country-specific unobserved component (ζ j) (Fillat et al.

(2015)) as follows,

εi j = ε̃i jζ j. (3.18)

As an adaptation on exporting firms, the approximated elasticity (ε̃i j) is estimated from

regressing log-market values of firm i (ln(mvi)) on log-stock market returns of export desti-

nation j (ln(stock j)) as follows:

ln(mvit) = a+ ε̃i j ln(stock jt)+µit . (3.19)

For the elasticity of the option value (εo
i j), we assume that

ε
o
i j ≈ ζ

o
j probi jt ε̃i j (3.20)

where probi jt is the predicted probability that firm i will export to country j obtained from

probit regression in equation (3.17). The term ζ o
j accounts for other country-specific factors

that may impact the value of firms in potential market j.

According to equations (3.18) to (3.20), the risk premium of firm can be expressed as

RPit = ψdσ
2
dt ε̃id + ∑

j∈A
ψ jσdtσ jtρ jt ε̃i j + ∑

j/∈A
ψ

o
j σdtσ jtρ jt probi jt ε̃i j +νit (3.21)

where RPit represents risk premium of each firm, ψd = γζd , ψ j = γζ j, ψo
j = γζ o

j and νit

is an error term. Recall that, on the right hand side, the first term or σ2
dt ε̃id is risk from

domestic sales representing risk from sales in China, while the second term σdtσ jtρ jt ε̃i j

for j ∈ A is risk from the current export destination countries where the firm has already

exported to. Moreover, the last term σdtσ jtρ jt probi jt ε̃i j for j /∈ A is risk from the potential

export destination countries where the firm has the option of export. ψd , ψ j and ψo
j are the
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coefficients to be estimated. Note that the baseline model in equation (3.21) is our time-

varying extension to the time-invariant geographical risk premium decomposition model of

Fillat et al. (2015) as earlier explained in equation (3.11).
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Table 3.1: Descriptive statistics of variables associated to the sample of 654 exporting firms
from CCTS during 2000-2006.

Mean Std. Dev. Min Max
Firm stock return
(monthly) -0.68% 9.08% -78.59% 81.45%

Risk-free rate (monthly) 0.15% 0.09% 0.11% 0.19%

Market value of firms (million 
CNY) 31,186 436,700 6,597 20,200,000

Shanghai stock index return 
(monthly) 0.80% 6.51% -14.41% 24.25%

Time-varying Varinace of Shanghai 
stock index returns 0.04% 0.06% -0.13% 0.16%

Covariance between China and 
actual export destination j (monthly)

- bivariate 0.13% 0.86% -0.43% 12.83%
- trivariate 0.14% 0.75% -0.17% 8.40%

Covariance between China and 
potential export destination j 
(monthly)

- bivariate -0.002% 0.145% -0.327% 0.132%
- trivariate -0.001% 0.036% -0.690% 0.112%

Number of export destinations for 
each firm 9.50 12.47 1 91

Distance from China to country j 9,130 3,809 797 19,246

Firm Elasticity -0.15 0.45 -5.00 10.92

Note: This table presents summary statistics including means, standard deviations, minimum and maximum of variables such as monthly

firm stock returns, market value of firms in million CNY, monthly risk free rate and monthly time-varying covariance between returns

of China and other countries. In our sample, the market value is around 31,186 million CNY on the average. Exporting firms export

to around 10 different countries over 2000-2006 period. However, the extreme contrast between minimum and maximum numbers of

destination countries and market values is observed. Furthermore, there are 199 export destination countries. The fixed cost is proxied by

distances in kilometer from China to country j. The average of distance is around 9,130 kilometers.
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Table 3.2: Estimation results of a probit regression.

Variable Coefficient
Di, jt−1 2.093***
ln(mvi jt) 0.088***
ln(L jt) 0.107***
ln(cost j) -0.174***
constant -1.109*
no. of observations 798,783
Notes: the model specification includes year fixed-effect
and * p < 0.1, **p < 0.5, ***p < 0.01.

Table 3.3: Predicted probability that an exporting firm will export to each destination coun-
try in each month.

Country Predicted probability Country Predicted probability
South Korea 0.38 Saudi Arabia 0.09
Japan 0.27 Switzerland 0.08
Vietnam 0.16 Iran 0.08
Philippines 0.15 Greece 0.08
Thailand 0.14 Sri Lanka 0.08
Bangladesh 0.13 New Zaland 0.08
singapore 0.13 Mexico 0.08
India 0.13 Poland 0.08
Myanmar 0.12 Ukraine 0.08
Canada 0.12 Turkey 0.08
Australia 0.12 Egypt 0.08
Malysia 0.12 Kuwait 0.07
Israel 0.12 Hungary 0.07
Russia 0.12 Syria 0.07
Germany 0.12 South Africa 0.07
Cambodia 0.12 Panama 0.06
UK 0.11 Peru 0.06
Pakistan 0.11 Argentina 0.06
Belgium 0.11 Sudan 0.06
Netherlands 0.11 Algeria 0.06
Spain 0.11 Romania 0.06
France 0.10 Libya 0.06
Findland 0.10 Nigeria 0.06
USA 0.10 Malta 0.05
Denmark 0.09 Benin 0.05
Norway 0.09 Colombia 0.05
Sweden 0.09 Brazil 0.05
UAE 0.09 Chile 0.05
Indonesia 0.09 Venezuela 0.05
Italy 0.09
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3.5 Results

The model estimation presented in this section allows us to decompose the risk premium

into the separate contributions of each export destination country. As mentioned earlier, the

risk premium can be positive or negative or zero. Furthermore, we are able to quantify the

contribution of actual export destination countries versus potential export markets to the risk

premium.

We present the results from estimating equation (3.21) in two parts. First, we decompose the

risk premium of the firm into the contributions of each export destination country. Second,

we aggregate the risk premia across countries to give an estimate of the total risk premium.

3.5.1 Decomposed Risk Premium by Country

In this study, we use the monthly data of Chinese exporting firms during 2000-2006 to

estimate equation (3.21). When considering the potential countries in which a firm may

export in the future, we define the sample to the top 50 countries that account for 95% of

total export value of our Chinese sample during 2000-2006. We assume that each firm has

50 choices of export destinations which helps simplify the model formulation.

First, we estimate equation (3.21) without controlling for potential export markets as fol-

lows:

RPit = ψdσ
2
dt ε̃id + ∑

j∈A
ψ jσdtσ jtρ jt ε̃i j +νit . (3.22)

Since the relationship in the above equation should hold within industry, the industry and

year fixed effects are added in this specification. Note that the baseline model of risk pre-

mium decomposition as defined in equation (3.21) is firm-specific, i.e., decomposed risk

premium of each firm is different. In order to present the results of all firms collectively,

in what follows, we report all the estimation results in terms of average decomposed risk
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premium which averages decomposed risk premia over all exporting firms. Any following

interpretations based on the average decomposed risk premium demonstrate impacts on all

exporting firms on the average.

The empirical results of estimating equation (3.22) by using fixed effects regression are

presented in column (1) of Table 3.4. For brevity of presentation, in Table 3.4, we present

only the estmation results of export destinations that are either statistically significant or

belonging to top-10 export destinations for our Chinese firms (e.g., Germany, France and

India). The complete estimation results are reported in Table 3.5. The results reported in

Table 3.5 show that 25 out of 48 export destinations (ψ j) are statistically significant at least

at the 10 percent level. Of these 25 significant coefficients, 13 are associated with a positive

risk premium while 12 actual export destination countries have negative risk premium.

As mentioned earlier, the previous results do not take into account the contribution to the risk

premium of potential export destinations which could cause the estimated coefficients (ψ j)

bias. To address this concern, the potential export markets are included into the model and

hence the baseline model is established as shown in equation (3.21). Each country-specific

risk premium can be interpreted as the additional return required to induce investors to hold

shares of firms that export to that country. The values of risk premium (ψ jσdtσ jtρ jt ε̃i j and

ψo
j σdtσ jtρ jt probi jt ε̃i j) can be positive or negative. Positive risk premium means that when

investors buy the stock, they receive positive return over risk-free rates. On the other hand,

the negative risk premium can be interpreted that when investors buy the stock, they earn

stock return lower than risk-free rates although taking more risk, which is irrational. It

should be noted that negative risk premium does not imply that the investment carries lower

risk than risk-free investments but it means that such risky investment pays off unexpectedly

worse than risk-free cases.

When including the potential export destinations into the model, the results for the baseline

model in Table 3.6 indicate that 25 out of 48 estimated coefficients of actual export markets
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(ψ j) are statistically significant at least at the 10 percent level. When considering the values

of risk premium, the results present that there are 13 of actual export destination countries

associated with a positive risk premium while the rest have negative risk premium. There is

one estimated coefficient of potential destinations (ψo
j ) significant which provides positive

risk premium.

The monthly risk premium results of Chinese domestic firms (ψdσ2
dt ε̃id) that only sell the

products only in China is 0.99% monthly. It can be interpreted in the sense of investors that

when they buy a stock of these firms, they expect excess stock return 0.99% per month over

the risk-free investments. To exemplify an interpretation of the resulting decomposed risk

premia from actual export destinations, suppose that a firm now exports to only Belgium

and has no domestic sales. From column (2) of Table 3.4, the risk premium from actual

exports to Belgium (0.28% per month) indicates that, on the average, the shares of the firm

exporting to Belgium have monthly expected excess return 0.28 percentage points higher

than if this firm does not export to Belgium. For investors who buy a stock of this firm,

they get monthly stock return 0.28% higher than risk free rates. Consider the case of the US

which is the largest export destination of Chinese firms (column (2) of Table 3.4), exporting

to the US earns a negative risk premium of -0.55% per month. This means that investors

buying a share of a firm whose business has already exported to the US only receive the

expected return of 0.55% a month lower than the risk-free rates although bearing higher

risk.

Another component of firm’s risk premium is from exporting to potential export destina-

tions. The potential destinations are countries that firms never export to but have a plan to

export there in the future. From investors’ perspective, a risk premium from potential export

destinations suggests how stock buyers expect the future exports of firm could contribute to

the stock returns today. Export postponement sometimes helps evade from unfavorable en-

vironment in the current period and subsequently deliver better risk premium than existing
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Figure 3.1: Scatter plot of decomposed risk premia by current export destinations.

Note: Labelled data points are for the highest, lowest risk premium and the important export
destination countries for Chinese firms.

exports. For example, from column (2) of Table 3.4, the current export to India provides a

negative risk premium of 0.59% monthly and exporting to India in the future (column (3)

of Table 3.4) pays off a positive risk premium of 0.01% monthly. Had the firm known that,

it should defer its export to India. In contrast, South Korea posts an actual risk premium

of 0.08% and a potential risk premium of -0.01% monthly which demonstrates that current

export to South Korea contributes a positive risk premium to a firm and exporting to South

Korea in the future gives lower return than the risk-free rate.

Figure 3.1 plots the estimated country-level contributions to the risk premium from column

(2) (risk premia from current export destinations) of Table 3.4. We label data points for the

highest, lowest risk premium and for the important export destination countries. The top 3

countries with the highest risk premia are Israel, Sri Lanka and Ukraine where those with

lowest risk premia are Peru, Pakistan and Chile.
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In addition, we are interested in the aggregate country risk premium because most firms

generally export to multiple destinations. The aggregate risk premia2 are calculated by

summing over 48 country-specific risk premia in our sample. Table 3.7 displays the aggre-

gate country-risk premia for the case of excluding potential export markets and for the case

of including potential export destinations. When the potential export markets are excluded

(column (1) of Table 3.7), domestic market contributes a positive risk premium to a firm

by 0.95% a month. The aggregate risk premium from actual export destinations is about

-0.99% per month. This implies that an investor who owns a share of firms currently export-

ing to all 48 export destinations in our sample would have expected monthly risk premium

0.99% lower than that of a domestic firm.

2The model assumes that firms take the decision to exporting to a country independently of their existing
exports to other countries.
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Table 3.4: Decomposed risk premium by country estimated from different model specifications.

Case 1
Actual Actual Potential Actual Potential Actual Potential Actual Potential Actual Potential Actual Potential

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Domestic market 0.95 0.99 n/a 1.1 n/a 1.04 n/a 0.82 n/a 11.88 n/a -4.51 n/a
Belgium 0.28 0.28 0.00 0.25 - 0.37 0.00 0.35 0.00 3.36 0.00 -4.89 0.02
Brazil -1.20 -1.20 0.00 -0.99 - -1.21 0.00 -1.02 0.01 -14.40 0.00 0.87 0.12
Chile -1.80 -1.74 0.00 -1.45 - -1.55 0.00 -1.22 0.00 -20.88 0.00 4.20 -0.09
Colombia 1.07 1.08 0.00 0.76 - 0.86 0.00 0.79 0.00 12.96 0.00 9.95 0.00
Denmark -0.54 -0.54 0.00 -0.36 - -0.86 0.00 -0.75 -0.01 -6.48 0.00 -6.29 -0.06
France -0.01 -0.02 0.00 - - -0.15 0.01 -0.09 0.01 -0.24 0.00 0.39 0.06
Germany -0.01 -0.01 0.00 - - -0.02 0.00 -0.02 0.00 -0.12 0.00 0.03 0.00
India -0.62 -0.59 0.01 - - -0.50 0.03 0.41 0.00 -7.08 0.12 -4.39 0.09
Indonesia 0.46 0.50 0.01 0.3 - 0.73 0.02 0.45 0.02 6.00 0.12 -6.44 -0.05
Israel 2.34 2.41 0.00 2.33 - 1.39 0.00 1.76 0.01 28.92 0.00 -10.18 -0.09
Italy 0.05 0.06 0.00 0.06 - 0.04 0.00 0.04 0.00 0.72 0.00 0.09 0.00
Japan -0.16 -0.16 0.00 -0.2 - -0.10 0.00 -0.04 0.00 -1.92 0.00 -0.16 -0.02
Malaysia 0.66 0.69 0.02 - - 0.36 0.01 0.07 0.01 8.28 0.24 1.35 0.00
New Zealand -0.47 -0.45 0.00 -0.74 - -0.58 0.00 -0.35 0.00 -5.40 0.00 4.80 0.00
Nigeria 0.12 0.12 0.00 0.18 - 0.07 0.00 0.03 0.01 1.44 0.00 -0.73 0.02
Pakistan -1.85 -1.98 0.01 -2.06 - -1.61 0.00 -0.95 0.01 -23.76 0.12 5.36 -0.04
Panama 1.12 1.10 0.00 0.94 - 0.91 -0.01 0.54 0.01 13.20 0.00 2.67 0.03
Peru -2.42 -2.41 0.00 -3.06 - -1.80 0.00 -2.15 0.00 -28.92 0.00 -27.96 0.00
Philippines 0.55 0.58 -0.01 0.56 - 0.64 0.01 0.39 0.00 6.96 -0.12 0.27 0.03
Saudi Arabia -0.72 -0.78 0.00 -0.88 - -0.61 -0.01 -0.71 0.00 -9.36 0.00 23.96 0.08
Singapore -0.75 -0.78 0.00 -0.73 - -0.74 0.00 -0.49 0.00 -9.36 0.00 -1.04 -0.04
South Korea -0.15 0.08 -0.01 - - 0.71 0.00 0.75 -0.01 0.96 -0.12 -1.97 -0.17
Spain -0.86 -0.91 0.00 -0.81 - -1.11 0.00 -0.90 0.00 -10.92 0.00 -0.34 0.08
Sri Lanka 2.11 2.07 0.01 - - 2.01 0.00 1.27 0.01 24.84 0.12 -6.89 -0.03
Switzerland 0.27 0.29 0.00 0.27 - 0.40 0.00 0.31 0.00 3.48 0.00 2.00 0.00
Taiwan 1.00 1.01 0.00 0.85 - 0.90 0.00 0.65 0.00 12.12 0.00 -0.13 0.00
Thailand 1.02 1.04 -0.03 - - 1.90 -0.01 1.10 -0.02 12.48 -0.36 1.97 -0.17
Turkey -0.60 -0.69 -0.02 -0.22 - -0.55 -0.01 -0.26 -0.01 -8.28 -0.24 4.43 -0.04
UK 0.03 0.03 0.00 0.01 - 0.03 0.00 0.02 0.00 0.36 0.00 0.54 0.01
Ukraine -0.57 1.45 0.00 1.86 - 0.53 0.00 0.84 -0.01 17.40 0.00 -0.78 -0.01
USA 1.33 -0.55 -0.01 -0.51 - -0.63 0.01 -0.36 -0.01 -6.60 -0.12 -0.63 -0.07

Case 2 Case 7Case 6Case 5Case 4Case 3

Note: Export destinations shown are either statistically significant or belonging to top-10 export destinations for our Chinese firms. All decomposed risk premia presented in this table are thus statistically significant at least at 10 percent level. For estimation results
under Case 3, “-” indicates that decomposed risk premium with respect to an export destination is not statistically significant at least at 10 percent level.

Case 1 = model without potential markets (%monthly), Case 2 = Baseline model (%monthly), Case 3 = Baseline model excluding insignificant countries (%monthly), Case 4 = Baseline model for median regression (%monthly), Case 5 = Baseline model with
winsorized data (%monthly), Case 6 = Annualizd risk premia of Case 2 (% yearly) and Case 7 = Baseline model with yearly data (% yearly)

Actual = ψ jσd σ jρ j ε̃i j and Potential =ψ jσd σ jρ j probi j ε̃i j .
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When consider a case where potential countries are taken into account in column (2) of

Table 3.7, exporting to all actual exporting markets in our sample does not pay off in extra

return over risk-free rates; the equity risk premium of exporting firms in our sample is lower

than that of domestic firm by 1.1% a month on average. It is noted that the aggregate

risk premium from actual export markets decreases when including the potential markets.

By contrast, the aggregate risk premium from potential export destinations is 0.07% per

month. This means that if domestic firms that have not currently exported to any countries

in our sample and plan to export to all our countries in the future, they will get extra return

over risk-free investments by 0.07% per month on the average. The results clearly show

how future exports of firms affect their stock returns in the present and selective exports to

countries with positive potential risk premia even more improve firms’ current equity returns

over risk-free rates.

The aggregate results mentioned above illustrate the risk premium for an average firm ex-

porting to all 48 export destination countries. Nevertheless, the estimation results in Table

3.4 can be used to estimate the expected risk premium for a firm with any combination of

export destination countries. For instance, suppose that a Chinese firm exports to three coun-

tries which are Indonesia, Switzerland and the UK. The expected contribution of three actual

export destinations to the firm’s risk premium would be 0.50+0.29+0.03 = 0.82% monthly

while the contribution to the risk premium from the potential export markets would be the

summation of potential risk premia of all countries except for Indonesia, Switzerland and

the UK which yields a value of 0.060% monthly. Including the risk premium for domestic

market, the total risk premium for a firm that exports to Indonesia, Switzerland and UK

would be 0.99+0.82+0.06 =1.87% monthly, on the average. Therefore, an investor holding

a stock of this firm could expect the stock return 1.87 % per month higher than risk free rate.
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Table 3.5: Estimation results of decomposed risk premia by actual export destinations (po-
tential export destinations are not considered).

Country Coefficient Risk premium
(% monthly)

Domestic market 15.72*** 0.95 0.54 1.36
Argentina -2 0.02 -0.91 0.95
Australia 1.45 -0.08 -0.86 0.70
Belgium -20.98** 0.28 0.06 0.50
Brazil -1590.5*** -1.20 -1.60 -0.81
Canada 0.47 -1.05 -3.23 1.12
Chile 36.63*** -1.80 -2.23 -1.36
Colombia -145.17*** 1.07 0.74 1.40
Denmark 106.79*** -0.54 -0.87 -0.21
Egypt -15.96 0.07 -0.53 0.67
Finland -21.47 -0.10 -0.28 0.08
France -11.06 -0.01 -0.18 0.16
Germany -13.67 -0.01 -0.05 0.02
Greece -12.34 0.09 -0.14 0.33
Hungary -1.13 0.02 -0.68 0.72
India 87.19 -0.62 -1.71 0.48
Indonesia 91.15** 0.46 0.07 0.84
Israel -130.75*** 2.34 1.37 3.30
Italy 84.31** 0.05 0.01 0.10
Japan 43.64*** -0.16 -0.25 -0.07
Malaysia -19.79 0.66 -0.16 1.48
Malta 17.1 -0.03 -0.12 0.06
Netherlands 6.81 0.03 -0.20 0.26
New Zealand 42.91*** -0.47 -0.75 -0.19
Nigeria -591.25** 0.12 0.00 0.25
Norway -18.41 0.20 -1.05 1.45
Pakistan 539.03*** -1.85 -2.58 -1.13
Panama -111.14*** 1.12 0.67 1.57
Peru 358.03** -2.42 -4.37 -0.46
Philippines -111.99*** 0.55 0.27 0.84
Poland 9.9 -0.10 -0.60 0.41
Romania -29.57 0.47 -0.26 1.19
Russia -9.17 0.09 -0.54 0.71
Saudi Arabia 217.99*** -0.72 -1.07 -0.36
Singapore 82.68*** -0.75 -1.25 -0.25
South Africa -7.69 0.22 -0.64 1.07
South Korea 4.72 -0.15 -1.29 1.00
Spain 66.88*** -0.86 -1.35 -0.37
Sri Lanka -359.24*** 2.11 1.35 2.88
Sweden 21.27 -0.04 -0.13 0.04
Switzerland -97.85*** 0.27 0.11 0.44
Taiwan -153.53*** 1.00 0.57 1.43
Thailand -104.68 1.02 -0.28 2.32
Turkey 68.21* -0.60 -1.29 0.08
UK -60.44** 0.03 0.00 0.05
USA 18.86*** -0.57 -0.80 -0.33
Ukraine -153.84** 1.33 0.04 2.63
Venezuela 14.81 -0.24 -1.44 0.96
Vietnam 38.91 -0.24 -0.69 0.21

(95% confidence interval)

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects.

117



Decomposing The Risk Premium of Chinese Exporting Firms

Table 3.6: Estimation results of decomposed risk premia for the baseline model.

expected expected
Domestic market 16.35*** n/a 0.99 0.58 1.40 n/a n/a n/a
Argentina 5.25 186.15 -0.05 -0.99 0.89 -0.02 -0.05 0.01
Australia 3.19 6.07 -0.18 -0.95 0.59 0.00 -0.01 0.01
Belgium -20.84** -22.01 0.28 0.06 0.51 0.00 -0.01 0.01
Brazil -1592.62*** 199.94 -1.20 -1.60 -0.81 0.00 -0.03 0.03
Canada 0.54 -0.3 -1.19 -3.41 1.03 0.01 -0.01 0.02
Chile 35.52*** 4.69 -1.74 -2.18 -1.31 0.00 -0.03 0.02
Colombia -146.34*** 0 1.08 0.75 1.41 0.00 0.00 0.00
Denmark 105.42*** 22.11 -0.54 -0.87 -0.20 0.00 -0.02 0.01
Egypt 5 -200.93 -0.02 -0.61 0.57 0.03 -0.03 0.09
Finland -22.12 93.77 -0.10 -0.29 0.08 0.01 0.00 0.03
France -14.71 306.26 -0.02 -0.19 0.16 0.00 0.00 0.01
Germany -13.31 -28.34 -0.01 -0.05 0.02 0.00 -0.01 0.00
Greece -14.47 0 0.11 -0.12 0.34 0.00 0.00 0.00
Hungary -1.96 -23.04 0.04 -0.68 0.75 0.01 -0.01 0.02
India 83.18 -54.6 -0.59 -1.69 0.51 0.01 -0.02 0.04
Indonesia 99.25** 110.73 0.50 0.11 0.89 0.01 -0.01 0.03
Israel -135.08*** 2.61 2.41 1.43 3.40 0.00 -0.02 0.02
Italy 89.11*** -280.19 0.06 0.01 0.10 0.00 -0.01 0.00
Japan 44.58*** 1.68 -0.16 -0.26 -0.07 0.00 -0.01 0.01
Malaysia -20.66 -15.73 0.69 -0.15 1.52 0.02 -0.01 0.05
Malta 19.18 2.22 -0.04 -0.13 0.06 0.00 -0.01 0.01
Netherlands 11.98 -294.71 0.05 -0.18 0.29 -0.01 -0.03 0.01
New Zealand 41.62*** 0 -0.45 -0.74 -0.17 0.00 0.00 0.00
Nigeria -552.13* 256.3 0.12 -0.01 0.24 0.00 -0.01 0.01
Norway -23.38 0 0.26 -1.02 1.53 0.00 0.00 0.00
Pakistan 574.89*** -37.36 -1.98 -2.70 -1.25 0.01 -0.02 0.03
Panama -108.62*** -4.18 1.10 0.64 1.55 0.00 -0.01 0.02
Peru 357.14** 0 -2.41 -4.42 -0.40 0.00 0.00 0.00
Philippines -116.86*** 34.09 0.58 0.28 0.87 -0.01 -0.03 0.01
Poland 18.01 -47.4 -0.18 -0.69 0.33 0.01 -0.01 0.02
Romania -32.3 0 0.51 -0.22 1.23 0.00 0.00 0.00
Russia -2.63 -168.12*** 0.03 -0.60 0.65 0.05 0.02 0.09
Saudi Arabia 236.95*** -11.08 -0.78 -1.14 -0.41 0.00 -0.03 0.03
Singapore 86.16*** 6.47 -0.78 -1.28 -0.28 0.00 -0.02 0.01
South Africa -6.87 5.29 0.19 -0.68 1.07 0.00 -0.05 0.05
South Korea -2.67 8.71 0.08 -1.03 1.19 -0.01 -0.04 0.02
Spain 70.5*** -3.66 -0.91 -1.41 -0.41 0.00 -0.01 0.01
Sri Lanka -351.92*** -59.42 2.07 1.30 2.84 0.01 -0.02 0.04
Sweden 22.51 -26.61 -0.05 -0.13 0.04 0.00 0.00 0.00
Switzerland -102.9*** 0 0.29 0.12 0.46 0.00 0.00 0.00
Taiwan -155.8*** 0 1.01 0.57 1.45 0.00 0.00 0.00
Thailand -106.74 73.98 1.04 -0.26 2.34 -0.03 -0.08 0.01
Turkey 78.63** 153.43 -0.69 -1.37 -0.02 -0.02 -0.03 0.00
UK -60** -30.66 0.03 0.00 0.05 0.00 0.00 0.00
USA 18.27*** 8.55 -0.55 -0.79 -0.31 -0.01 -0.04 0.02
Ukraine -166.95** -3.97 1.45 0.13 2.77 0.00 -0.04 0.05
Venezuela 16.26 0 -0.26 -1.48 0.96 0.00 0.00 0.00
Vietnam 33.66 6.59 -0.20 -0.66 0.25 0.00 -0.03 0.02

Potential export destination
(95% confidence interval) (95% confidence interval)

Country
Coefficient Risk premium (% monthly)

Actual export 
destination

Potential export 
destination

Actual export destination

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects. Potential
export to China is specified as "n/a" as it is a home country.
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Table 3.7: Aggregate risk premia.

Aggregate risk premium (% monthly)
Case 1 Case 2

(1) (2)
From domestic market 0.95 0.99
From actual export destinations -0.99 -1.10
From potential export destinations 0.07
Note: Case 1 = the model without potential markets and Case 2 = the baseline model.

3.5.2 Robustness

In this section, we include a number of robustness tests to ensure that our empirical re-

sults are not sensitive to changes in variable definitions. Specifically, robustness checks

are generally conducted to examine how regression coefficient estimates behave when the

model specification is altered by adding or removing regressors. The goal of the checks

is to investigate if parameters of interest are sensitive to the exact specification introduced.

Leamer (1983) addresses that “fragility” of regression coefficient estimates is indicative of

specification error and hence sensitivity analyses (or robustness checks) should be routinely

conducted to help diagnose misspecification. The first robustness check then explores if we

remove insignificant export destinations from the baseline model specification and run the

regression again, will the remaining export destinations still significantly determine the risk

premium?

In addition to robustness in the model specifications, we are also interested in distributional

robustness. Following Huber (2011), robustness is interpreted as insensitivity to small de-

viations from the assumptions the model imposes on the data. The distributional robustness

mainly deals with the impact of skewed distributions or outliers on regression estimates. In

such respect, we then perform the median regression and regression on winsorized data to

attest the distributional robustness of our model.
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3.5.2.1 Removing Statistically Insignificant Export Destinations

This test is a supplementary analysis to ascertain the validity of significant coefficients ob-

tained from the baseline model regression in Table 3.6. From the results in Table 3.6, we

can see that the coefficients of some countries are not significant at the 10 percent level. In

this study, the insignificant coefficients are excluded and we run the same regression on the

remaining countries. For the baseline model , only the part that demonstrates significant

coefficient will involves in the later-stage regression. For example, countries with insignifi-

cant actual and potential exports like Canada will be excluded in the second-time regression.

While, for a country like Colombia whose only actual export coefficient is significant, the

future export to Colombia will be excluded from the model in the second-stage regression

but the actual export to Colombia remains.

The results3 of the robustness check are shown in columns (4) and (5) of Table 3.4 for

selected export destinations. It is observed in Table 3.4 that when excluding the countries

with insignificant coefficients, most of export destinations present the same signs on the

estimated coefficients and the values of expected risk premia are close to the estimations of

the baseline model (i.e., comparing column (2) to column (4) in Table 3.4) in terms of sign

and magnitude. Nevertheless, in the second-round regression, only Russia is statistically

significant at least at 10 percent level (see Table 3.11). It could thus be concluded that the

estimation results of the baseline model is robust, particularly for the results of actual export

destinations.

3.5.2.2 Median Regression

Generally, outliers are defined as observations that are numerically different from the ma-

jority of data. Outliers could be a result from measurement error or they are just a part

3The complete estimation results are shown in Table 3.11.
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of a heavy-tailed distribution. Graphically, data density or a box plot could help identify

outliers. Alternatively, there are several statistical tools (which are beyond the scope of our

study) that are used to detect outliers such as Cook’s D, standardized residuals and leverage

statistics. For the purpose of visualization, we plot the empirical distribution using kernel

density method and the box plots to illustrate distribution of firm-level excess returns (risk

premia) and potential outliers.

The mean and median are measures of data center. The mean, however, is sensitive to

outliers and can be shifted from central location if there presents extreme outliers while the

median is not. In other words, median is robust to the shapes of distribution. For normally-

distributed data where the mean and median are commonly located, the results from median

and standard (mean) regression should be similar. The comparison of estimates from median

and standard regression therefore signifies if our model is robust on data distributions.

The box plots in Figure 3.2 provide an evidence of extreme negative excess returns which

can be seen in year 2001, 2003 and 2005. Such values challenge the validity of normal

distribution assumption held in standard regression. If our regression model is robust to

outliers, the decomposed risk premia obtained from median regression and mean regression

should be similar.

The results from median regression4 are presented in columns (6) and (7) of Table 3.4. We

compare the estimated risk premia of actual export destinations from the baseline model

and median regression in Figure 3.3. It is observed that the decomposed risk premia of

actual export destinations and potential export destinations (comparing column (2) against

column (6) and column (3) against column (7) in Table 3.4) from standard regression and

median regression for most countries demonstrate the same sign and similar magnitude.

This implies that, under our given data, the model that decomposes firm’s risk premium

geographically is robust and the existence of extreme outliers does not considerably affect

4The full estimation results are given in Table 3.12.
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Figure 3.2: Year-by-year box plots of excess returns (over risk-free rate) of Chinese export-
ing firm equities.

the estimation results.

3.5.2.3 Winsorized Data

One way to alleviate impacts from outliers is by winsorizing data. Winsorizing or Win-

sorization is the transformation of statistics by limiting extreme values in the statistical

data to reduce the effect of possibly spurious outliers5. The treatment of outliers is basically

keeping the outliers, replace the outliers (winsorizing) and eliminate the outliers (trimming).

Generally, common procedure for winsorizing data is to replace any data value above 90th

percentile of the sample data by 90th percentile and any value below 10th percentile by 10th

percentile. The underlying assumption is that the outliers are erroneous observations and

estimates will be improved if the outliers are replaced with more plausible values.

5Hansen et al. (1983) propose the rule of thumb that an outlier is any observation whose removal from the
sample changes the estimate of a parameter of interest by 10 percent or more.
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We therefore winsorize the 10th and 90th percentiles of each firm’s returns and estimate the

baseline model again. The estimation results6 are reported in columns (8) and (9) of Table

3.4. The empirical results show that, using the winzoried data, risk premium from domestic

market and most of actual and potential export destinations are similar to the risk premia

obtained from the estimation using original data (columns (2) and (3) of Table 3.4). The

comparison of the decomposed risk premia from both specifications is exhibited in Figure

3.4. In addition, the ranks of highest and lowest risk premia are still the same. This could

imply that values of outliers in our original data are not so extreme to deviate the results

of original data from the winsorized one and thus the estimation model is considered to be

robust against existing outliers.

3.5.2.4 Data Frequency

We also investigate whether frequency of data affects the estimation of risk premium. Gen-

erally, regression models assume that each observation depends only on contemporaneous

values of explanatory variables. This structure implies that all of the interactions among

the variables of the model are assumed to take place immediately or taking into account

the frequency, within the same time period (Wooldridge (2000)). For a study on exporting

firms, since stock returns would not be fully reflected by revenues or sales from exports in

the same month that it took effect, quarterly or annually data could be alternatives. It might

therefore be reasonable to apply estimating equations on longer-frequency such as annually

data to see if data frequency affects estimation results. We thus compare risk premia esti-

mated using yearly data with the annualized values of risk premia estimated from monthly

data obtained earlier.

Generally, investments over a long time span generate lower fluctuation of returns and hence

long-term investments demand lower compensation on the risk taken. The study of Derrig

6The complete estimation results are given in Table 3.13.
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and Orr (2004) demonstrates that equity risk premium is dependent on investment horizons.

Their comparison of short, intermediate and long investment horizons of the US equity risk

premia over 1926-2002 shows that the longer the investment horizon, the lower the equity

risk premium. Thus, in our comparison of monthly and yearly decomposed risk premia, it is

expected that the risk premia from yearly data are lower than those estimated with monthly

data.

In preparing the yearly data, monthly observations are needed to be transformed from

monthly to yearly. The monthly firm-level excess returns are aggregated to yearly. For

covariances between China and other export destinations, although yearly covariance can

be estimated from aggregated monthly data by multivariate GARCH but with a time span

of seven years (2000-2006), available data are insufficient for covariance estimation. There-

fore, the yearly covairances are an aggregation of monthly covariance assuming that covari-

ance in each month is uncorrelated. For the firm-level market value elasticity of stock index,

we estimate the yearly elasticity using yearly data of stock market indices and Chinese firm

market values.

The estimation results7 using the constructed yearly data are reported in columns (12) and

(13) of Table 3.4. To compare the estimated risk premia from yearly data with estimated

risk premia from monthly data, the monthly-frequency risk premia (in columns (2) and

(3) of Table 3.4) are multiplied with 12 to produce an annualized risk premia as shown in

columns (10) and (11) of Table 3.4. It is observed that risk premia estimated with yearly data

differ from annualized risk premia (from monthly data) in most export destinations. Many

countries demonstrate large deviation of risk premia estimated from two data frequencies

such as Brazil, Israel and Sri Lanka. Besides, it is not obvious that risk premia from yearly

data are lower than those estimated with monthly data which contradicts with our prior

expectation. The findings suggest that risk premia estimated from monthly and yearly data

7The complete estimation results are given in Table 3.14.
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yield different results. The disagreement between estimated risk premia from two data

frequencies indicates that stock returns (and hence risk premium) of Chinese exporting firms

are influenced by exporting to foreign markets differently when the return horizon changes.

Consequently, the estimation model is not robust on different data frequencies.

3.5.2.5 Bivariate Covariance

Essentially, the variables that influence the value of decomposed risk premium are the co-

variance and elasticity. Thus the accuracy of covariance calculation is crucial in determining

decomposed risk premia. Previously, the trivariate time-varying covariance is employed in

the regression model to estimate the decomposed risk premia. Ideally, the covariance es-

timated from multivariate GARCH is a preferred option for covariance construction as the

underlying assumption is that a stock market of one country is related to the rest of the

world. However, with too many countries engaged in export activities of Chinese firms,

computation is intractable. One way too reduce computational complexity, we hence es-

timate the time-varying covariance with three components (trivariate covariance) in earlier

analyses.

Alternatively, the time-varying covariance can be produced from bivariate GARCH model

which supposes that only two countries are interrelated where the rest of the world is inde-

pendent from those two countries. The time-varying bivariate covariance takes into account

market dynamics in such a way that the magnitude and direction of stock markets between

China and another country j can be varied over time. The bivariate covariance assumes that

risk exposed to export to destination j is only from the co-movement of returns of Chinese

stock market and the stock index in country j while returns of other countries are uncor-

related. The resulting decomposed risk premia estimated using bivariate covariance could

give some clues on how much the decomposed risk premia are affected from using different

specifications of covariance.
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Table 3.9: Scatter plot of decomposed risk premia estimated using bivariate covariance.

Note: Labelled data points are for the highest, lowest risk premium and the important export destination
countries for our Chinese firms.

Table 3.8: Summary statistics of bivariate and trivariate covariances.

Covariance Mean Std. Dev. Min Max

bivariate 0.0013 0.0086 -0.0043 0.1283

trivariate 0.0014 0.0075 -0.0017 0.0840

The summary statistics of trivariate and bivariate covariances estimated are given in Table

3.8. The values shown are the averages of the covariances between China and each export

destination. The means and standard deviations of the two covairances are similar but the

minimum and maximum of the bivariate case demonstrate more extreme values than those

of the trivariate covariance.

The decomposed risk premia estimated under baseline specification using bivariate and

trivariate covariances are presented in Table 3.10 while the estimation results of regress-

ing the baseline model using bivariate covariance is given in Table 3.15. A scatter plot
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of decomposed risk premia by country is illustrated in Figure 3.9. In terms of the magni-

tude, the decomposed risk premia derived from bivariate are generally smaller (either less

positive or less negative) than those obtained from trivariate covariance although some ex-

treme estimation results are observed from the bivariate case; for instance, the risk premia

from Pakistan and Hungary. Overall, it could be presumed that regression using bivariate

covariance may result in underestimation of decomposed risk premia. Most possibly, it

points out that the assumption that trades between China and another country is explained

by merely two economies while ignoring other countries prevents capturing risks associated

thoroughly. The findings also suggest that the estimation of decomposed risk premia can be

further improved if data availability suffices to estimate the time-varying covariance from

multivariate GARCH rather than the existing three components, i.e., China, another export

destination and the rest of export destinations.
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Table 3.10: Comparison between decomposed risk premia estimated from baseline specifi-
cation using trivariate and bivariate covariances.

Actual Potential Actual Potential
Domestic market 0.99 n/a 0.13 n/a
Argentina -0.05 -0.02 -0.74 -0.03
Australia -0.18 0.00 -0.35 0.01
Belgium 0.28 0.00 -0.57 0.01
Brazil -1.20 0.00 0.03 0.01
Canada -1.19 0.01 0.37 0.00
Chile -1.74 0.00 -0.59 0.00
Colombia 1.08 - 0.19 -
Denmark -0.54 0.00 0.14 -0.01
Egypt -0.02 0.03 0.70 0.02
Finland -0.10 0.01 0.61 -0.01
France -0.02 0.00 -0.05 0.00
Germany -0.01 0.00 -0.09 0.00
Greece 0.11 - 0.10 -
Hungary 0.04 0.01 -1.89 0.01
India -0.59 0.01 0.30 0.01
Indonesia 0.50 0.01 0.27 0.00
Israel 2.41 0.00 0.36 0.00
Italy 0.06 0.00 -0.12 0.00
Japan -0.16 0.00 -0.02 0.00
Malaysia 0.69 0.02 -0.04 0.00
Malta -0.04 0.00 -0.49 0.00
Netherlands 0.05 -0.01 0.47 0.00
New Zealand -0.45 - -0.07 -
Nigeria 0.12 0.00 -1.14 -0.01
Norway 0.26 - 0.18 -
Pakistan -1.98 0.01 5.93 0.00
Panama 1.10 0.00 0.10 0.00
Peru -2.41 - -0.40 -
Philippines 0.58 -0.01 -0.01 0.00
Poland -0.18 0.01 -0.10 0.00
Romania 0.51 - 0.27 -
Russia 0.03 0.05 -1.40 0.05
Saudi Arabia -0.78 0.00 -0.49 0.00
Singapore -0.78 0.00 0.44 0.00
South Africa 0.19 0.00 0.34 -0.01
South Korea 0.08 -0.01 -0.57 -0.01
Spain -0.91 0.00 0.50 0.00
Sri Lanka 2.07 0.01 -0.05 0.00
Sweden -0.05 0.00 -0.04 0.00
Switzerland 0.29 - -0.21 -
Taiwan 1.01 - 0.23 -
Thailand 1.04 -0.03 -0.72 0.00
Turkey -0.69 -0.02 -0.52 -0.02
UK 0.03 0.00 0.02 0.00
Ukraine 1.45 0.00 0.10 -0.01
USA -0.55 -0.01 -1.02 0.00
Venezuela -0.26 - -0.43 -
Vietnam -0.20 0.00 0.24 0.01

trivariate bivariate

Note: Actual = ψ jσdσ jρ j ε̃i j , Potential =ψ jσdσ jρ j probi j ε̃i j.

128



3.5 Results

Table 3.11: Estimation results of decomposed risk premia by actual and potential export
destinations when statistically insignificat export destinations are removed.

expected expected
Domestic market 18.21*** n/a 1.10 0.76 1.45 n/a n/a n/a
Belgium -18.53*** - 0.25 0.06 0.44 - - -
Brazil -1302.42*** - -0.99 -1.24 -0.73 - - -
Chile 29.54*** - -1.45 -1.78 -1.12 - - -
Colombia -102.73*** - 0.76 0.50 1.02 - - -
Denmark 71.83*** - -0.36 -0.54 -0.19 - - -
Indonesia 60.34*** - 0.30 0.08 0.52 - - -
Israel -130.37*** - 2.33 1.67 2.98 - - -
Italy 86.49*** - 0.06 0.03 0.08 - - -
Japan 54.49*** - -0.20 -0.27 -0.13 - - -
New Zealand 67.91*** - -0.74 -0.96 -0.53 - - -
Nigeria -869.97*** - 0.18 0.10 0.27 - - -
Pakistan 599.16*** - -2.06 -2.50 -1.62 - - -
Panama -92.88*** - 0.94 0.63 1.24 - - -
Peru 452.71*** - -3.06 -3.97 -2.14 - - -
Philippines -113.87*** - 0.56 0.35 0.78 - - -
Russia - -160.73*** - - - 0.05 0.02 0.08
Saudi Arabia 267.09*** - -0.88 -1.16 -0.59 - - -
Singapore 80.62*** - -0.73 -1.05 -0.42 - - -
Spain 62.64*** - -0.81 -1.08 -0.53 - - -
SriLanka -427.14*** - 2.51 1.88 3.14 - - -
Switzerland -98.18*** - 0.27 0.19 0.36 - - -
Taiwan -130.18*** - 0.85 0.52 1.17 - - -
Turkey 25.49 - -0.22 -0.68 0.23 - - -
UK -26.85 - 0.01 -0.01 0.03 - - -
USA 17*** - -0.51 -0.69 -0.33 - - -
Ukraine -214.14*** - 1.86 1.43 2.28 - - -

(95% confidence interval) (95% confidence interval)

Coefficient Risk premium (% monthly)
Actual export 
destination

Potential export 
destination

Actual export destination Potential export destinationCountry

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects. Potential
export to China is specified as "n/a" as it is a home country.
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Decomposing The Risk Premium of Chinese Exporting Firms

Table 3.12: Estimation results of decomposed risk premia from median regression.

expected expected
Domestic market 17.15*** n/a 1.04 0.63 1.44 n/a n/a n/a
Argentina -78.45 177.6 0.77 -0.20 1.73 -0.02 -0.05 0.01
Australia 12.55* 12.87 -0.71 -1.53 0.12 0.00 -0.02 0.01
Belgium -27.11*** -4.31 0.37 0.14 0.59 0.00 -0.01 0.01
Brazil -1594.99*** 39.17 -1.21 -1.61 -0.81 0.00 -0.04 0.04
Canada 0.48 0.02 -1.06 -3.41 1.28 0.00 -0.02 0.02
Chile 31.56*** 0.04 -1.55 -2.02 -1.08 0.00 -0.03 0.03
Colombia -116.26*** - 0.86 0.43 1.29 0.00 0.00 0.00
Denmark 170.27*** 45.41 -0.86 -1.23 -0.50 0.00 -0.02 0.01
Egypt -32.96 85.05 0.14 -0.40 0.67 -0.01 -0.06 0.03
Finland 1.79 88.52 0.01 -0.18 0.19 0.01 -0.01 0.03
France -140.25* 403.72 -0.15 -0.33 0.02 0.01 0.00 0.01
Germany -28.06 -105.94 -0.02 -0.07 0.02 0.00 -0.01 0.00
Greece 5.59 - -0.04 -0.26 0.18 0.00 0.00 0.00
Hungary 9.42 -61.02** -0.17 -0.87 0.52 0.01 0.00 0.03
India 71.01 -109.72* -0.50 -1.58 0.57 0.03 0.00 0.05
Indonesia 146.29*** 257.28 0.73 0.35 1.12 0.02 -0.01 0.04
Israel -77.75*** 5.11 1.39 0.38 2.40 0.00 -0.02 0.02
Italy 62.86* -372.38 0.04 0.00 0.08 0.00 -0.01 0.00
Japan 26.31** -5.64 -0.10 -0.19 0.00 0.00 -0.01 0.01
Malaysia -10.89 -9.37 0.36 -0.54 1.26 0.01 -0.02 0.05
Malta 2.88 17.62 -0.01 -0.10 0.09 0.00 -0.01 0.01
Netherlands 23.8 -139.92 0.10 -0.14 0.35 -0.01 -0.03 0.02
New Zealand 53.26*** - -0.58 -0.87 -0.30 0.00 0.00 0.00
Nigeria -335.75 335.18 0.07 -0.06 0.20 0.00 -0.01 0.01
Norway -84.17 - 0.92 -0.57 2.41 0.00 0.00 0.00
Pakistan 469.32*** -23.48 -1.61 -2.32 -0.91 0.00 -0.02 0.03
Panama -90.39*** 42.02 0.91 0.48 1.34 -0.01 -0.02 0.01
Peru 266.74* - -1.80 -3.84 0.24 0.00 0.00 0.00
Philippines -129.81*** -56.97 0.64 0.32 0.96 0.01 -0.01 0.04
Poland 9.77 -75.92 -0.10 -0.63 0.44 0.01 0.00 0.02
Romania 24.64 - -0.39 -1.08 0.30 0.00 0.00 0.00
Russia 4.91 -148.26*** -0.05 -0.68 0.58 0.05 0.02 0.08
Saudi Arabia 184.83*** 54.04 -0.61 -1.00 -0.21 -0.01 -0.03 0.02
Singapore 81.49*** 13.85 -0.74 -1.24 -0.23 0.00 -0.02 0.02
South Africa 8.13 9.83 -0.23 -1.12 0.66 -0.01 -0.06 0.04
South Korea -22.95 2.75 0.71 -0.40 1.82 0.00 -0.03 0.03
Spain 85.78*** -46.49 -1.11 -1.63 -0.58 0.00 -0.01 0.02
Sri Lanka -342.66*** 0.48 2.01 1.18 2.84 0.00 -0.02 0.02
Sweden 54.13** 17.46 -0.11 -0.21 -0.02 0.00 0.00 0.00
Switzerland -143.94*** - 0.40 0.24 0.56 0.00 0.00 0.00
Taiwan -138.98*** - 0.90 0.43 1.38 0.00 0.00 0.00
Thailand -195*** 28.01 1.90 0.51 3.29 -0.01 -0.05 0.03
Turkey 62.05 67.52 -0.55 -1.30 0.20 -0.01 -0.03 0.02
UK -57.36* -60.15 0.03 0.00 0.05 0.00 0.00 0.00
USA 20.97*** -11.88 -0.63 -0.88 -0.38 0.01 -0.02 0.04
Ukraine -61.1 -8.18 0.53 -0.85 1.91 0.00 -0.04 0.05
Venezuela 16.14 - -0.26 -1.50 0.98 0.00 0.00 0.00
Vietnam -8.02 11.16 0.05 -0.41 0.50 0.00 -0.03 0.02

Country
Risk premium (% monthly)

Potential export destination
(95% confidence interval)

Coefficient
Actual export 
destination

Potential export 
destination (95% confidence interval)

Actual export destination

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects. Potential
export to China is specified as "n/a" as it is a home country.
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Table 3.13: Estimation results of decomposed risk premia from winsorized data.

expected expected
Domestic market 13.54*** n/a 0.82 0.51 1.13 n/a n/a n/a
Argentina -48.63 179.92** 0.47 -0.18 1.13 -0.02 -0.04 0.00
Australia 7.8 -3.22 -0.44 -1.04 0.16 0.00 -0.01 0.01
Belgium -25.69*** 31.15 0.35 0.18 0.51 0.00 -0.01 0.00
Brazil -1342.42*** 815.05 -1.02 -1.31 -0.72 0.01 -0.02 0.03
Canada 0.89** -0.22 -1.98 -3.70 -0.25 0.00 -0.01 0.02
Chile 24.77*** -0.75 -1.22 -1.55 -0.88 0.00 -0.02 0.02
Colombia -107.14*** - 0.79 0.53 1.06 - - -
Denmark 147.12*** 68.86 -0.75 -1.01 -0.49 -0.01 -0.02 0.00
Egypt -7.51 -5.98 0.03 -0.36 0.42 0.00 -0.03 0.03
Finland -15.06 139.67*** -0.07 -0.20 0.06 0.02 0.01 0.03
France -79.07 352.49 -0.09 -0.21 0.04 0.01 0.00 0.01
Germany -18.16 -92.04 -0.02 -0.05 0.01 0.00 -0.01 0.00
Greece -15.46 - 0.12 -0.04 0.28 - - -
Hungary 43.17*** -45.13** -0.79 -1.31 -0.28 0.01 0.00 0.02
India -57.29 -17.51 0.41 -0.40 1.21 0.00 -0.01 0.02
Indonesia 91.02*** 267.23* 0.45 0.18 0.73 0.02 0.00 0.04
Israel -98.56*** -21.48 1.76 1.01 2.51 0.01 0.00 0.02
Italy 59.7** 30.97 0.04 0.01 0.07 0.00 0.00 0.01
Japan 10.38 39.33 -0.04 -0.11 0.03 0.00 -0.01 0.00
Malaysia -2.15 -9.37 0.07 -0.57 0.71 0.01 -0.01 0.04
Malta 24.43 31.29 -0.05 -0.12 0.03 0.00 -0.01 0.00
Netherlands 17.52 -77.32 0.08 -0.10 0.25 0.00 -0.02 0.01
New Zealand 31.72*** - -0.35 -0.55 -0.14 - - -
Nigeria -156.45 -1736.23** 0.03 -0.06 0.13 0.01 0.00 0.01
Norway -54.77 - 0.60 -0.41 1.61 - - -
Pakistan 277.45*** -67.29 -0.95 -1.45 -0.46 0.01 -0.01 0.02
Panama -53.31*** -33.02 0.54 0.22 0.85 0.01 0.00 0.02
Peru 318.19*** - -2.15 -3.67 -0.62 - - -
Philippines -78.48*** -4.31 0.39 0.17 0.61 0.00 -0.01 0.02
Poland -1.2 -27.44 0.01 -0.37 0.39 0.00 0.00 0.01
Romania 5.06 - -0.08 -0.57 0.41 - - -
Russia 2.97 -97.55*** -0.03 -0.47 0.42 0.03 0.01 0.05
Saudi Arabia 215.53*** -11.49 -0.71 -0.99 -0.42 0.00 -0.02 0.02
Singapore 53.91*** -23.77 -0.49 -0.86 -0.12 0.00 -0.01 0.02
South Africa 11.7 -22 -0.33 -0.96 0.30 0.02 -0.02 0.05
South Korea -24.5* 5.6 0.75 -0.03 1.53 -0.01 -0.03 0.01
Spain 69.85*** -36.29 -0.90 -1.27 -0.53 0.00 -0.01 0.01
Sri Lanka -216.56*** -51.62 1.27 0.69 1.86 0.01 -0.01 0.02
Sweden 51.17*** -141.04** -0.11 -0.18 -0.04 0.00 0.00 0.00
Switzerland -111.95*** - 0.31 0.19 0.44 - - -
Taiwan -100.16*** - 0.65 0.30 1.00 - - -
Thailand -112.53** 37.51 1.10 0.15 2.04 -0.02 -0.05 0.01
Turkey 29.1 133.88** -0.26 -0.76 0.25 -0.01 -0.03 0.00
UK -38.12* -154.7 0.02 0.00 0.04 0.00 0.00 0.00
USA 12.12*** 8.91 -0.36 -0.56 -0.17 -0.01 -0.03 0.02
Ukraine -97.33* 14.42 0.84 -0.14 1.82 -0.01 -0.04 0.02
Venezuela -5.63 - 0.09 -0.84 1.02 - - -
Vietnam -76.32*** 56.96*** 0.46 0.13 0.80 -0.02 -0.03 -0.01

Actual export 
destination

Potential export 
destination

Actual export destination Potential export destination
(95% confidence interval) (95% confidence interval)

Country
Coefficient Risk premium (% monthly)

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects. Potential
export to China is specified as "n/a" as it is a home country.
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Table 3.14: Estimation results of decomposed risk premia from yearly data.

expected expected
Domestic market 6.97*** n/a -4.51 2.62 6.40 n/a n/a n/a
Argentina -96.99** -29.62 8.36 1.53 15.19 0.03 -0.16 0.22
Australia 3.38 2.02 -1.68 -10.82 7.46 -0.01 -0.10 0.09
Belgium 41.08 -17.21 -4.89 -13.34 3.56 0.02 -0.05 0.10
Brazil 130.87 1209.45 0.87 -5.86 7.61 0.12 -0.07 0.31
Canada -0.01 -0.18 0.26 -5.08 5.60 0.03 -0.10 0.17
Chile -9.7 10.41 4.20 -3.63 12.03 -0.09 -0.27 0.10
Colombia -152.89 - 9.95 -1.96 21.85 - - -
Denmark 140.74* 74.38 -6.29 -13.24 0.66 -0.06 -0.18 0.06
Egypt 36.14 -45.79 -1.33 -8.93 6.28 0.06 -0.20 0.33
Finland 15.75 31.01 0.65 -1.70 3.01 0.03 -0.13 0.19
France 40.74 427.89* 0.39 -1.35 2.12 0.06 0.00 0.12
Germany 3.94 -2.08 0.03 -0.58 0.64 0.00 -0.06 0.06
Greece 18.73 - -1.26 -5.64 3.12 - - -
Hungary -0.49 -6.33 0.08 -6.10 6.26 0.01 -0.07 0.10
India 69.17 -43.39 -4.39 -10.89 2.11 0.09 -0.03 0.21
Indonesia -144.61*** -86.25 -6.44 -11.06 -1.82 -0.05 -0.24 0.14
Israel 64.75 25.09 -10.18 -24.74 4.38 -0.09 -0.21 0.02
Italy 15.19 -29.87 0.09 -0.63 0.80 0.00 -0.04 0.04
Japan 4.73 30.57 -0.16 -1.20 0.88 -0.02 -0.06 0.02
Malaysia -4.55 -0.2 1.35 -2.84 5.55 0.00 -0.16 0.16
Malta -6.56 30.4 0.11 -1.81 2.02 -0.02 -0.07 0.03
Netherlands -13.76 -152.14 -0.53 -4.01 2.94 -0.06 -0.26 0.13
New Zealand -49.88** - 4.80 0.54 9.07 - - -
Nigeria 393.03 -371.33 -0.73 -2.63 1.16 0.02 -0.06 0.09
Norway -154.31* - 14.81 -1.48 31.11 - - -
Pakistan -175.19* 33.29 5.36 -0.94 11.65 -0.04 -0.22 0.14
Panama -30.12 -19.6 2.67 -5.35 10.69 0.03 -0.10 0.15
Peru 470.16*** - -27.96 -43.23 -12.70 - - -
Philippines -6.16 -11.42 0.27 -3.94 4.48 0.03 -0.14 0.19
Poland 38.58 -90.06** -3.34 -13.15 6.47 0.10 0.02 0.17
Romania 64.96 - -9.00 -25.47 7.47 - - -
Russia 99.17*** -26.29 -8.43 -13.34 -3.53 0.07 -0.15 0.30
Saudi Arabia -828.49*** -80.49 23.96 16.10 31.81 0.08 -0.15 0.31
Singapore 12.85 23.62 -1.04 -4.76 2.67 -0.04 -0.16 0.08
South Africa 5.28 0.85 -1.32 -13.97 11.33 -0.01 -0.30 0.29
South Korea 7.06 20.43* -1.97 -5.13 1.18 -0.17 -0.35 0.00
Spain 3 -94.55* -0.34 -3.30 2.62 0.08 -0.01 0.18
Sri Lanka 133.03 17.83 -6.89 -16.38 2.59 -0.03 -0.20 0.15
Sweden 89.03*** -51.75 -1.63 -2.61 -0.65 0.00 -0.01 0.00
Switzerland -81.42** - 2.00 0.24 3.76 - - -
Taiwan 4.57 - -0.13 -0.37 0.11 - - -
Thailand -22.81 42.78** 1.97 -5.45 9.40 -0.17 -0.34 0.00
Turkey -56.93 41.53 4.43 -11.35 20.21 -0.04 -0.21 0.13
UK -135.08** 332.14* 0.54 0.11 0.96 0.01 0.00 0.03
USA 2.83 1.44 -0.78 -2.46 0.91 -0.01 -0.18 0.16
Ukraine 8.27 15.21 -0.63 -15.04 13.78 -0.07 -0.31 0.16
Venezuela -77.32** - 10.92 0.50 21.33 - - -
Vietnam -100.92*** -23.69 5.45 2.32 8.57 0.07 -0.03 0.17

Actual export 
destination

Potential export 
destination

Actual export destination Potential export destination
(95% confidence interval) (95% confidence interval)

Country
Coefficient Risk premium (% yearly)

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects. Potential
export to China is specified as "n/a" as it is a home country.
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Table 3.15: Estimation results of decomposed risk premia from using bivariate covariance.

expected expected
Domestic market 5.77 n/a 0.13 -0.24 0.50 n/a n/a n/a
Argentina 841.86*** 2576.76** -0.74 -1.02 -0.46 -0.03 -0.05 0.00
Australia 156.63*** -197.27 -0.35 -0.50 -0.20 0.01 0.00 0.01
Belgium 92.98** -181.46*** -0.57 -1.13 0.00 0.01 0.00 0.02
Brazil -1.05 -20.53 0.03 -2.27 2.32 0.01 -0.03 0.04
Canada -42.23 -46.02 0.37 -0.51 1.24 0.00 -0.01 0.01
Chile 27.32 3.46 -0.59 -1.32 0.14 0.00 -0.02 0.02
Colombia -16.86** - 0.19 0.01 0.36 - - -
Denmark -15.66 53.31 0.14 -0.17 0.45 -0.01 -0.03 0.01
Egypt -143.16*** -100.97 0.70 0.22 1.19 0.02 -0.02 0.06
Finland 243.9*** -184.87 0.61 0.29 0.94 -0.01 -0.03 0.01
France -29.85 198.33 -0.05 -0.18 0.08 0.00 0.00 0.01
Germany -463.93*** -576.92 -0.09 -0.13 -0.04 0.00 -0.01 0.00
Greece -84.38 - 0.10 -0.04 0.24 - - -
Hungary 87.1*** -43.19 -1.89 -2.54 -1.25 0.01 0.00 0.03
India -21.02 -26.26 0.30 -0.86 1.47 0.01 -0.02 0.04
Indonesia -78.15*** -43.49 0.27 0.09 0.45 0.00 -0.01 0.01
Israel 35.89*** 21.8 0.36 0.13 0.59 0.00 -0.01 0.02
Italy -266.52** -23.81 -0.12 -0.23 -0.02 0.00 -0.01 0.01
Japan -127.22** -26.21 -0.02 -0.03 0.00 0.00 0.00 0.00
Malaysia 3.21 -1.43 -0.04 -0.23 0.15 0.00 -0.01 0.02
Malta 18.04 -1.56 -0.49 -1.29 0.32 0.00 -0.02 0.02
Netherlands 84.1*** 53.94 0.47 0.29 0.66 0.00 -0.01 0.02
New Zealand 6.55 - -0.07 -0.37 0.23 - - -
Nigeria 223.27*** 53.68 -1.14 -1.83 -0.45 -0.01 -0.05 0.03
Norway -19.26*** - 0.18 0.05 0.31 - - -
Pakistan -5403.06*** -80.12 5.93 3.84 8.03 0.00 -0.02 0.02
Panama -8.75 -11.55 0.10 -0.54 0.75 0.00 -0.02 0.02
Peru 115.99 - -0.40 -1.08 0.28 - - -
Philippines 12.65** 14.27 -0.01 -0.02 0.00 0.00 0.00 0.00
Poland 12.35*** 14.13 -0.10 -0.15 -0.04 0.00 -0.01 0.00
Romania -165.19*** - 0.27 0.15 0.39 - - -
Russia 140.92*** -180.11*** -1.40 -2.22 -0.57 0.05 0.02 0.09
Saudi Arabia -2539.52*** -588.96 -0.49 -0.78 -0.20 0.00 -0.03 0.03
Singapore 54.26*** -1.43 0.44 0.12 0.76 0.00 -0.02 0.02
South Africa -103.42* 115.82 0.34 -0.03 0.71 -0.01 -0.06 0.03
South Korea 70.98*** 44.95 -0.57 -0.86 -0.27 -0.01 -0.03 0.01
Spain -76.95 -28.61 0.50 -0.43 1.43 0.00 -0.01 0.01
Sri Lanka -11.96 -25.3 -0.05 -0.13 0.04 0.00 -0.01 0.01
Sweden 21.11 -7.65 -0.04 -0.18 0.10 0.00 0.00 0.00
Switzerland 91.83** - -0.21 -0.41 0.00 - - -
Taiwan -21.96 - 0.23 -0.16 0.61 - - -
Thailand -126.3*** -1.99 -0.72 -0.91 -0.53 0.00 0.00 0.00
Turkey 541.08*** 2149.13** -0.52 -0.75 -0.28 -0.02 -0.04 0.00
UK -18.29 69.79 0.02 -0.04 0.07 0.00 0.00 0.00
USA 0.37** 0 -1.02 -1.99 -0.06 0.00 -0.04 0.04
Ukraine -8.79 9.39 0.10 -0.03 0.23 -0.01 -0.03 0.01
Venezuela 57.13 - -0.43 -1.87 1.00 - - -
Vietnam -22.24*** -8.27 0.24 0.13 0.35 0.01 -0.01 0.02

Potential export destination
(95% confidence interval)

Risk premium (% monthly)
Country

Coefficient
Actual export 
destination

Potential export 
destination

Actual export destination
(95% confidence interval)

Note: * p < .1; **p < .05; *** p < .01. This specification includes industry and year fixed effects. Potential
export to China is specified as "n/a" as it is a home country.
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Figure 3.3: Comparison of the decomposed risk premia of actual export destinations between the baseline model and median regres-
sion.
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Figure 3.4: Comparison of the decomposed risk premia of actual export destinations between the baseline model using original data
and winsorized data.
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3.6 Conclusions

In this study, we aim to decompose the country-specific risk premium of exporting firms in

China by using monthly Chinese exporting firms data collected from CCTS and Bloomberg

during 2000-2006. To our knowledge, geographical decomposition of exporting firms has

never been examined anywhere before and it is thus the key contribution of our study.

The methodology employed in decomposing risk premium of each firm is adopted from the

model of Fillat et al. (2015) where we improve covariance representation by using time-

varying covariance instead of time-invariance. The results show that risk premium of Chi-

nese exporting firms is significantly influenced by most of their current export destinations.

However, risk contributions from the potential export destination countries are somewhat

negligible. This could imply that potential export destination of firms have insignificant

influence on the expected risk premium in investors’ perspective. Alternatively, it could

possible that information on such future projects are not widely disclosed to public thereby

this missing piece takes no part in investor expectation.

We also conduct additional tests to confirm the robustness of the empirical results obtained.

Export destinations that show significant risk premia remain significant when we remove

statisticall insignificant countries. In addition, it is shown that our estimation results are not

affected by existing outliers in original data. The further study on altering data frequency

from monthly to yearly shows that investment horizon affects risk premium contribution of

each export destination in which the results obtained from the two datasets are different.

Finally, it is found that bivariate covariances (assuming that risk is represented by stock

markets in China and another export destination) underestimate risk premia for most desti-

nations comparing to the case using trivariate covariance (assuming that risk is represented

by stock markets in China, another export destination and the rest of the world).
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Chapter 4

Economic Liberalizations and The

Sources of Volatility Spillovers

4.1 Introduction

A series of economic liberalizations1 of emerging market economies in the past two decades

has accounted for significant increase of trade and financial integration into the global econ-

omy and financial system. As a result, spillovers of emerging market shocks to equity prices

in advanced and emerging market economies have risen substantially. In consequence, it

is more challenging for investors to manage risk effectively. Understanding of volatility

spillover is valuable information in planning investment diversification. For instance, two

countries with low volatility spillover are preferable for diversification benefit as they tend

to be less correlated than those with higher spillover. It is thus even more beneficial for

investors and policy makers if information on volatility spillover can be investigated deeper

than in country level.

1From the definition given by the United Nation, economic liberalization is: “the process, including gov-
ernment policies that promote free trade, deregulation, elimination of subsidies, price controls, and rationing
systems, and often, the downsizing or privatization of public services”.
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Economic Liberalizations and The Sources of Volatility Spillovers

Increasing volatility spillover in stock markets is more or less attributed to the aftermath of

economic liberalization. The motivation that emerging countries decide to relax or remove

trade or financial restrictions is to improve the functioning of economic systems (Bekaert

and Harvey (2003)). For example, a financial liberalization increases the availability of

funds through increased access to domestic and international capital markets and allowing

cross-country risk diversification, which increases efficiency of capital allocation. Conse-

quently, the overall effect also contributes to higher rates of economic growth. However, on

the downside, it leads to the problem of increasing volatility, giving way to financial fragility

and a greater propensity to crisis (Ranciere et al. (2006)). The closer connection between

economies also enables easier transferring of shocks from one to several economies.

Risk associated to connection and interaction between domestic market and related economies

are often studied in terms of volatility spillover. Technically, spillover is referred to changes

in volatilities in one market due to a transmission of information from other markets (Flem-

ing et al. (1998)). The definition of a volatility spillover in this study is referred to the

term coined in Engle (1990) as volatility transmission from other markets to the market of

interest. The volatility spillover demonstrates that the fluctuation of an equity market not

only depends on its own historical variations, but may also be affected by those from other

markets. From the definition, a volatility spillover indicates towards the level of market

integration. The value measures the extent to which markets are integrated. The higher

the interdependence among markets, the higher will be the cross-market spillover and the

greater would be the chances of contagions occurring in the event of a financial crisis (Engle

and Susmel (1993) and Bekaert and Harvey (1995)).

Understanding the sources of volatility spillover and contribution of each source is one way

to assist in making a decision regarding portfolio risk management and portfolio diversifica-

tion. The motivation of our study is thus primarily to identify sources of volatility spillovers

from major stock markets, namely, the US, the UK and Japan from January 1997 to Decem-
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ber 2014. Additionally, apart from studying the volatility spillover to the whole Chinese

stock market, we investigate volatility spillovers from major stock markets which are the

US, the UK and Japan to the three separate portfolios of exporting firms, domestic manu-

facturing firms and domestic services firms in order to provide more insights for volatility

spillovers among portfolios of Chinese firms.

We select China as a market of interest, since, as of 2016, its stock market value is the

largest among emerging economies. Besides, China is the second largest economy in terms

of nominal GDP and the world’s largest economy by purchasing power parity according to

the IMF. The success of China’s development is due to several major transformations from

a centrally-planned closed economy towards an open free market economy. Since the start

of the economic reforms in the late 1970s, China has been gradually opening its borders

for international trade, liberalizing its stock markets and continually reforms its exchange

rate regimes. A series of critical economic liberalizations with its importance in the world

economy make China the suitable country to study the volatility spillover.

The initial examination of economic liberalizations is established to ascertain the effects

from economic liberalizations on stock market volatility which are still indecisive in past lit-

erature, whether liberalizations lead to increase or decrease in stock return volatility. Events

of economic liberalizations are selected based on key policy implementations that relax

prior regulations or support international market integration. The events are ranging from

deregulations in trade, stock market and exchange rates. Supporting details on why partic-

ular events are selected and their potential effects on Chinese stock market are discussed in

Section 4.2.

We also create three return indices associated to the three stock portfolios which are ex-

porting firms, domestic manufacturing firms and domestic services firms. Each portfolio is

constructed for the purpose of distinguishing effects of economic liberalizations that might

affect firms of different business types inequally. For instance, exporting firms seems to be
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more connected to global markets than domestic counterparts, they are hence likely to be

exposed to more volatility spillover when trade or exchang rate are liberalized. Comparing

among domestic firms, those who require imported inputs could be more prone to a change

in exchange rate regime than those who do not. The exploration on potential distinction of

volatility spillovers impacts on different firm types is therefore interesting.

Afterwards, we examine the sources of volatility that spill over to Chinese stock markets

and to the portfolios under different economic liberalization events. The question arises

naturally whether the sources of volatility spillovers and their contributions to stock return

volatility of Chinese firms are the same in each economic liberalization. Also, whether

exporters, domestic manufacturers and domestic services firms have identical sources of

volatility spillovers. To answer the aforementioned questions, we study volatility spillovers

through a spillover table developed by Diebold and Yilmaz (2012). In the table, a volatility

spillover from each source is measured by contribution of forecast error variance to Chinese

stock markets or to the three portfolios. A high contribution value signifies strong con-

nection between the sources of volatility spillovers and Chinese stock markets. Different

economic liberalization events could cause different contribution of volatility spillover from

each source, this can be investigated by studying spillover tables over a period covering each

event.

To create a spillover table, series of time-varying volatilities of variables are required to

perform the variance decomposition. Originally, Diebold and Yilmaz (2012) estimate the

volatilities time series of a stock index from daily high/low/open/close index values. This es-

timation approach, however, ignores the effect of comovements among variables. We thus

improve the volatility estimation method by employing the multivariate Dynamic Condi-

tional Correlation Generalized Autoregressive Conditional Heteroskedasticity (DCC-GARCH)

model to generate time series of conditional volatilities of multiple variables that also takes

into account time-varying correlation among variables.
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In consequence, the contributions of our study can be clarified as; first, this study iden-

tifies the sources of volatility that spill over to Chinese stocks under different economic

liberalization events which are not studied elsewhere before. Second, we further inves-

tigate the sources of volatility spillovers under different economic liberalization events

separately on exporters, domestic manufacturers and domestic services firms. Since high

volatility spillover demonstrates close connection between markets, information on volatil-

ity spillovers of different portfolios is useful for policymakers in developing a framework

to stabilize Chinese stock market. For instance, if any portfolio exhibited obviously higher

volatility spillover than others, some certain regulations could be imposed to reduce an im-

pact from shocks transmitting from foreign stock markets to that portfolio.

The rest of this chapter is structured as follows: The next section demonstrates the back-

ground of economic liberalizations in China, followed by a review of related literature.

Section 4.4 exhibits data, variables construction and volatility measurement. Subsequently,

we present the methodology employed in this study in Section 4.5. Then, Section 4.6 re-

ports the results, accompanied by the robustness check in Section 4.7. Lastly, Section 4.8

summarizes the findings of this study.

4.2 Background of Economic Liberalizations in China

In our study, the episodes of economic liberalizations in China are broadly divided into

three categories: stock market liberalization, trade liberalization and foreign exchange rate

liberalization. Comprehensive details on each economic liberalization in China are given in

the Appendix B.6. We extract the following key events to study their impact on volatility

and volatility spillover.

1. Stock market liberalizations:
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a) Opening B share market to domestic investors: The first stock market in China

is Shanghai stock exchange which was opened on 26 November 1990, followed

by Shenzhen stock exchange which was opened on 11 April 1991. Initially, only

the public A shares were allowed to trade on the exchanges. In 1992, the B

shares were introduced for foreign investors trading. The B shares are ordinary

shares denominated in Chinese Yuan but are traded in foreign currencies. The

A and B share markets thus were completely segmented. The B share markets

were relatively small compared to the A share counterparts and lack of trading

volume. On 19 February 2001, China Securities Regulatory Commission and

the State Administration of Foreign Exchange Bureau announced that Chinese

nationals with foreign currency deposit accounts with a domestic commercial

bank are allowed to trade B shares. The policy is perceived as an attempt to

integrate the B share market to the A share market. A number of researchers,

e.g., McGuinness (2002) and Lui (2002), regard the opening of the B share

market to domestic investors as a beginning of stock market liberalization in

China.

b) The launch of Qualified Foreign Institution Investors (QFII) program: On 5

November 2002, China Securities Regulatory Commission announced the Qual-

ified Foreign Institutional Investors (QFII) program to allow foreign investors to

participate in China’s stock markets, the A share markets for the first time. By

means of the QFII scheme, the Chinese government has not only facilitated the

inflow of foreign capital and professional knowledge into its financial market,

but has also minimized any possible negative effects that may have arisen due to

the inflows of foreign capital (Chen et al. (2007)).

c) The revision of QFII regulations: The original QFII rules are considered a tight

restriction on foreign investors, e.g., a capital lock-up period of 1-3 years, limit-
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ing capital withdrawal (and leaving China) and also other operating restrictions.

On 24 August 2006, China Securities Regulatory Commission revised some

regulations such as increasing quota of foreign investment capital for foreign

investors and relaxing qualifications for approving QFII to promote more partic-

ipation of foreign institutional investors. The immediate results were a growing

number of qualified institutional investors from international that participated in

Chinese stock market.

2. Trade liberalization: China has become a member of World Trade Organization (WTO)

since 11 December 2001. WTO membership provides China growing trade values,

foreign investment and it is also the origin of financial liberalization. China were re-

quired to cut import tariffs by nearly 40 percent, removed import licenses and quotas,

relaxed membership restrictions on foreign businesses and allowed foreign companies

to participate in many sectors in that were previously prohibited. The benefit from

WTO accession is however considered a positive drive for China’s economic devel-

opment. On the consequence of WTO membership, it is anticipated that Chinese stock

market might be affected by global economic activities through a transmission mech-

anism from the Global to the Chinese economy and then from the Chinese economy

to the Chinese stock market.

3. Exchange rate liberalization: The Chinese Yuan (CNY) had been basically pegged to

US dollar (USD) at the level of 1 USD to 8.27 CNY between October 1997 and July

2005. The fixed exchange rate led China to continuing large trade surpluses. Also,

its rapid accumulation of foreign exchange reserves had focused considerable global

attention on China’s fixed exchange rate regime. Following its trade and stock market

liberalizations, China’s growing integration into the global economy and the fact that

changes in its exchange rate regime could have a major external impact, the pressure

to appreciate CNY and the options for China to alternate the exchange rate regime had
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become the major attention to many countries. In response to accumulating external

pressures for CNY revaluation, the People’s Bank of China (China’s central bank)

announced a switch of the exchange rate regime to a basket of foreign currencies

instead of USD alone on 21 July 2005. There was thereby considered as liberalization

on China’s exchange rate mechanism.

4.2.1 Potential Effects of Economic Liberalizations on Stock Markets

Based on the liberlization events defined above, there exists fundamental drivers responsible

for the intensification of linkages between Chinese and international stock markets, and

hence corresponding volatility spillovers across stock markets. Such factors are related

to trade and commerce linkages, the adoption of financial generalization policies, and the

exchange rate regime which China pursued at a time. And it is those factors that bring

China which were geographically distant, had structurally, and functionally distinct financial

markets to become more interdependent and integrated to global stock markets.

Firstly, we consider impacts of stock market liberalization in China on volatility spillovers

to Chinese stock market. Bekaert and Harvey (2003) proposed that financial liberalization

broadly takes two forms. One, it refers to those policies aimed at deregulating the do-

mestic economy, such as privatization of government owned businesses and banking sector

reforms. Two, it refers to those progressive policies aimed at facilitating the inward and

outward flow of foreign investment by relaxation and lifting of capital controls to facilitate

free capital mobility. For China, the first category seems to be the case while the latter

does not (as there are still capital control measures in active). The consequences of such

deregulation on stock markets are found that financial liberalizations bring about substan-

tial integration for a home market to international equity markets through the equalization

of domestic and foreign market expected returns (Bekaert and Harvey (1995, 1997, 2003);
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Darrat and Benkato (2003)). This allows shocks from one market pass through to connected

markets more easily and subsequently causes a surge in volatility spillovers.

Secondly, we look at the channel that trade liberalization could bring volatility spillovers to

Chinese stock market. Basically, the extent to which the equity markets of two countries

are interdependent is largely influenced by the degree in which their economies depend on

each other in terms of bilateral trade and investments. As such, the stronger the bilateral

trade and investment ties between countries are, the higher the magnitude of co-movement

of their respective stock markets will be. Lane and Milesi-Ferretti (2003) discover that

trade openness may increase the willingness to conduct cross-border financial transactions,

thus gradually reducing the equity home-bias2. Additionally, Pretorius (2002) demonstrates

that if a significant proportion of country A’s exports contributes to a substantial portion of

country B’s imports, an economic downturn in country B will result in a slump in B’s stock

market as well as a decline in country A’s stock market due to reduction in A’s exports to the

country B. Frankel and Rose (1998) find that pairs of countries that trade more with each

other usually exhibit a higher degree of business cycle co-movement. These studies evi-

dently demonstrate a strong relationship between cross-border trade in goods and services

and investment in financial assets. Countries having strong bilateral trade linkages tend to

exhibit synchronicity in terms of business cycles which promotes volatility transmission

across stock markets.

Lastly, we contemplate if exchange rate liberalization could affect volatility spillovers across

stock markets. It is widely acknowledged that international equity markets are bounded to

the effect of exchange rates more or less. Mitra and Bhattacharjee (2015) summarize chan-

nels in which exchange rates affect stock market return and volatility. The first channel

comes through goods market. Basically, changes in exchange rate affect firms that trade in-

2The “home-bias” puzzle refers to a phenomenon in which investors tend to disproportionately hold a
large share domestic stocks in their portfolios and only a small amount in foreign equity French and Poterba
(1993).
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ternationally (export and import) in competitiveness of multinational firms and hence their

earnings and eventually their stock prices3 and stock return volatility. In the second channel,

through input prices, output prices, or demand for products which are exposed to exchange

rate movements and fluctuate with exchange rate movements (Adler and Dumas (1984)). It

follows that changes in exchange rate have an impact on not only stock return volatility of

firms trading internationally but also on stock return volatility of firms trading domestically

but require inputs from abroad. As such, when exchange rate regime is changed from fixed

to managed-float, it can be expected that stock return volatility from international stock mar-

kets could more easily pass through to Chinese stock markets and brings about subsequent

volatility spillovers.

Although economic liberalizations engender volatility spillovers to home market, it is hard

to envisage the comparative impact from each event and it is even harder to foresee which

event could causes more volatility spillovers than others. The experiments in Section 4.6

are designed to explore this question accordingly. Nonetheless, we hypothesize that stock

return volatility spillovers from foreign stock markets to China should be limited due to its

active capital control policies. For instance, Azmi and Haron (2004) and Raghavan et al.

(2010) discover that volatility spillovers from major stock markets (particularly Singapore)

to Malaysia was significantly reduced when a capital control measure was imposed in late

1998. The effecive capital flow regulation in China could thus be considered as a bar to fully

integrated stock market. Rather, Chinese stock market would still be segmented although

several economic liberalizations have been promoted and hence we expect weak volatility

spillovers across the events. This argument will be examined further in Section 4.6.

3A depreciation of the local currency make exports cheaper (in foreign currency), which in turn will boost
the demand and sales of goods in foreign markets
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4.3 Literature Review

This section is divided into two subsections. First, we review literature that study effects

of economic liberalizations on stock return volatility. We are particularly interested on

whether liberalizations increase or decrease stock return volatility in various countries and

the methodologies involved in such studies. Then, we review literature examining volatility

spillover and relevant methodologies, with the focus on the approach that is employed in

our study.

4.3.1 Effects of economic liberalizations on stock return volatility

Several studies have examined the issue of economic liberalizations and volatility in the

stock market. They empirically show that market opening either decreases or increases

volatility.

Initially, we begin with studies related to effects from stock market liberalization. Empir-

ical evidence provides ambiguous results on the effects of stock market liberalization on

volatility. Levine and Zervos (1998), Koot and Padmanabhan (1993), Grabel (1995) and

Jayasuriya (2005) find volatility significantly increase in most emerging economies after

liberalization. In contrast, Bekaert and Harvey (1997), Kwan and Reyes (1997), Kim et al.

(1993) and Han Kim and Singal (2000) find volatility to significantly decrease. Addition-

ally, De Santis et al. (1997) find no obvious relationship between stock market liberalization

and volatility. The mixed results across literature are due to differences in methodology

and definition of liberalization. We summarize the methodologies employed, definitions of

liberalization, findings and other key features of empirical literature in Tables 4.1 to 4.3.
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Table 1: Summary of empirical literature 

Paper Scope of the study Liberalization 
indicator 

Liberalization date Methodology Results 

Kim and Singal 
(1993) 

16 emerging markets. 
Focus on 12 or 24 
months around market 
liberalization using 
monthly data. 

Increase in the issuance 
of share capital. 

Latest liberalization 
date. 

Compare volatilities 
estimated for pre- and post-
liberalization periods. 

 

Stock market volatilities are 
not different for the period 
within 12 months before 
and after liberalization but 
are different for the period 
within 24 months before 
and after liberalization. 

Koot and 
Padmanabhan (1993) 

Jamaica from 1969-1990 
using monthly data. 

Foreign participation 
upon the liberalization 
program. 

December 1982. Compare pre- and post-
liberalization volatilities 
estimated by the 
GARCH(1,1) model. 

Stock market volatility is 
higher after liberalization. 

 Grabel (1995) 6 emerging markets from 
1984- 1993 using 
monthly data. 

Financial liberalization 
program initiation. 

Date of initiation. Construct volatility indices 
and compare the mean 
estimates for pre- and post-
liberalization periods. 

Increase in stock market 
volatility in Chile, 
Colombia, Venezuela and 
Korea.  
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Paper Scope of the study Liberalization 
indicator 

Liberalization date Methodology Results 

Bakaert and Harvey 
(1997) 

17 emerging markets 
from 1976- 1992 using 
monthly data. 

Introduction of a 
country fund or a 
structural break in the 
series of the ratio of the 
US ownership to 
market capitalization 

Dates from Bekaert 
(1995). 

Identify post-liberalization 
periods with a dummy 
variable and check its 
significance by estimating 
the GARCH(1,1) model. 

Stock market liberalization 
reduces volatility across 
countries. 

De Santis and 
Imrohoroglu (1997) 

5 emerging markets from 
1988- 1996 using weekly 
data. 

Increased issuance of 
share capital to 
foreigners. 

Date that shows a 
significant increase in 
share capital. 

Compare pre- and post-
liberalization volatilities 
estimated by the 
GARCH(1,1) model. 

No relationship between a 
stock market liberalization 
and stock market volatility. 

Kwan and Reyes 
(1997) 

Taiwan from 1988 to 
1994, using weekly data 

Removal of foreign 
investment restrictions.  

 January 1991 Identify post-liberalization 
periods with a dummy 
variable and check its 
significance by estimating 
the GARCH(1,1) model. 

Liberalization significantly 
reduces volatility. 

Levine and Harvey 
(1997) 

16 emerging markets 
from 1976- 1993. 

Removal of foreign 
capital flow 
restrictions. 

Liberalization date of 
each market listed by 
the IFC. 

Perform a test according to 
Perron (1989) to investigate 
if there is a structural break 
on the liberalization dates. 

Stock market volatilities in 
most countries are higher 
after liberalization. 
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Paper Scope of the study Liberalization 
indicator 

Liberalization date Methodology Results 

Kim and Singal 
(2000) 

14 emerging markets. 
Focus on 10 years 
around liberalization of 
each country, using 
monthly data. 

Removal of foreign 
capital flow 
restrictions. 

 

Liberalization date of 
each market listed by 
the International 
Finance Corporation 
(IFC). 

Compare pre- and post-
liberalization volatilities 
estimated by various 
specifications of GARCH 
models (from GARCH(1,1) 
to GARCH(4,3)).  

Stock market volatility 
eventually decreases in 
about 2 or 3 years after 
liberalization in all markets. 

Jayasuriya (2005) 15 emerging countries 
from 1984-2000 using 
monthly data. 

Either the month that a 
country establishes its 
country fund or its 
stock index rises at 
least 10% 

7 days prior to 7 days 
after the date 
specified by 
liberalization 
indicator.  

 

Identify post-liberalization 
periods with a dummy 
variable and check its 
significance by estimating 
the EGARCH and TGARCH 
models. 

Stock market volatility 
increases after liberalization 
in most countries. 
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Next, for the effects of exchange rate liberalization on stock market volatility, we start with

the work of Dornbusch and Fischer (1980) which develops a theoretical model that links

exchange rates to stock prices. The model suggests that domestic stock prices should fall

in response to domestic currency appreciation and vice versa. The rationale behind this is

that when a shock causes the home currency to appreciate, the resulting unfavourable terms

of trade (represented by the ratio of an index of a country’s export prices to an index of

its import prices) are going to cause a decline in local stock prices, and vice versa. This

leads to a negative relationship between exchange rates and stock prices (exchange rate

appreciation causes stock price decline but not for the reverse). On the effect of exchange

rate liberalization on stock volatility, Zhang and Fung (2006) explain the cause of stock

market volatility due to exchange rate reform in China. They refer to speculative cash

flows from foreign investors which aim to reap the benefits of Chinese Yuan appreciation by

putting money into Chinese real estates, stock markets, bank accounts, and other financial

products. Guo and Huang (2010) investigate the extent of the impact of speculative capital

inflow on the fluctuations of China’s real estate market and stock market and find that it

significantly increases property prices and contributes to the accelerating volatilities in both

markets. Hua et al. (2015) examine the impact of China’s exchange rate regime switching

in July 2005 on three major asset markets: house, land, and stocks. Their empirical results

show that the exchange rate liberalization significantly affects the three markets in terms of

return and volatility. The effect on stock markets, however, is much lower than the effects

on the other markets.

4.3.2 Volatility spillover

The issue of contagion has been one of the most debated topics in international finance

since the emergence of Asian crises in 1997. There is now a reasonably large body of

empirical work testing for the existence of contagion during financial crises. The most
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common methods employed to test for the contagion effect in empirical literature are such

as the analysis of market correlation coefficients, the GARCH model, the cointegration test,

and the probability of event happening.

In the early literature, King and Wadhwani (1990) and Lee and Kim (1993) employ the

correlation coefficient between stock returns to test for the impact of the US stock crash in

1987 on the stock markets in England, Japan, and several other countries. Empirical findings

show that the correlation coefficients between several markets significantly increase during

the market crash. However, later studies point out a number of methodological problems

in correlation-based assessments and propose alternative approaches. Forbes and Rigobon

(2002) show that correlations among variables are naturally increased during crises due to

surge in volatility which consequently leads to biased results. They thus develop an adjusted

correlation coefficient and find that there is not a significant change in correlation during the

1997 Asian financial crisis, the 1994 Mexican crisis, and the 1987 US stock market crisis.

In a field of spillover and contagion analyses, many researchers employ univariate ARCH

and GARCH models in their studies. Hamao et al. (1990) estimate conditional variance

with the GARCH model to study spillovers among stock markets during the 1987 US stock

market crisis. The empirical results show an existence of spillover effects from the US

and the UK stock markets to the Japanese market. Edwards and Susmel (2001) employ

the switching ARCH which accommodates systematic changes of variables. They find that

many Latin American equity markets are significantly correlated during the times of high

market volatility indicating the contagion effect.

Later, many studies employ multivariate GARCH models to analyze co-movements and

volatility spillovers between financial assets. Wang and Di Iorio (2007) use a DCC-Bivariate

GARCH to examine the impact of Asian financial crisis on Chinese Economic Area (CEA

which includes China, Hong Kong and Taiwan) during 1992 to 2000. The empirical find-

ings show that the conditional correlation coefficients of stock returns are positive and co-
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movement exists between Thailand and CEA markets. In addition, the variances are higher

in the post-crisis period than in the pre-crisis period and the means of conditional correla-

tion coefficient in the post-crisis period significantly increases, which confirm the contagion

effect.

Most recently, a new methodology is proposed to exhibit “directional spillover” which has

the advantage over the earlier mentioned methods in such a way that it is able to specify

spillovers to and from each variable. The idea is originated by Diebold and Yilmaz (2009)

based on the forecast error variance decomposition framework which measure a spillover

in terms of a contribution of forecast error variance of one variable that is explained by

other variables. Spillovers across variables are summarized by a spillover index which is

an average spillover in all directions among a set of variables. They plot spillover indices

over rolling data of 19 global equity markets and find that return spillovers present a gently

increasing trend without bursts whereas volatility spillovers display no trend but clear bursts.

However, it is pointed out in the paper that their empirical results are sensitive to variable or-

dering4 due to orthogonalization procedure of variance decomposition. Klößner and Wagner

(2014) develop new algorithms to calculate average spillover over numerous possibilities of

variable ordering. It is shown that their results are the robust version of Diebold and Yilmaz

(2009). To circumvent the problem of sensitivity to variable ordering, Diebold and Yilmaz

(2012) apply generalized variance decomposition method which does not require orthog-

onalization. The resulting spillover calculations from this approach are thus in-variant to

variable ordering. They apply the new methodology to study volatility spillovers across

US stock, bond, foreign exchange and commodities markets, from January 1999 to January

2010. The empirical results reveal that cross-market volatility spillovers are quite limited

before the subprime crisis in late 2007 and later heightened when the crisis becomes in-

4Variable ordering means placing all the variables in the decreasing order of exogenity. For example, an
ordering of x1, x2 and x3 implies that x1 is more likely to influence x2 and x3 while the reverse is not true.
Likewise, x2 is more likely to influence x3 while the reverse is not true.
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tensified. Zhou et al. (2012) employ the method of Diebold and Yilmaz (2012) to measure

total volatility spillover, regional volatility spillovers and directional volatility spillovers be-

tween the Chinese and world equity markets between February 1996 and December 2009.

The results show that US stock market demonstrated high volatility impacts on other mar-

kets during the subprime mortgage crisis. The volatility of the Chinese market has had

a significantly positive impact on other markets since 2005. In addition, it is found that

the volatility interactions among the markets of China, Hong Kong, and Taiwan are more

prominent than those among the Chinese, western and other Asian markets are.

4.4 Data description

This section elaborates details of data and variables used in our study. We describe how to

measure return volatility. Moreover, preliminary analysis of the effect of economic liberal-

izations on stock return volatility is elaborated in this section.

4.4.1 Data

Bloomberg provides daily major stock indices from the US (S&P500), the UK (FTSE100),

Japan (NIKKEI225) and market value of our Chinese firms. Our study covers the study

period from 2 January 1997 to 31 December 2014 with 4,504 observations for each time

series.

Of all Chinese firms retrieved from Bloomberg, we identify exporting firms as those con-

tained in the Chinese Custom Trade Statistics (CCTS) database, which is comprised of 654

firms. In addition, we identify domestic firms using firm-specific foreign revenue data from

Bloomberg. Domestic firms are defined as firms with no revenue from foreign markets.

Subsequently, we further classify them into two different groups, namely domestic manu-
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Table 4.4: Classification of domestic firms by GICS sectors.

GICS sectors Domestic 
manufacturing

Domestic 
services

Consumer Discretionary ●
Consumer Staples ●
Energy ●
Financials ●
Health Care ●
Industrials ●
Information Technology ●
Materials ●
Telecommunication Services ●
Utilities ●

facturing and domestic service firms according to their industry sectors following the Global

Industry Classification Standard (GICS) as shown in Table 4.4. As a result, there are 711

and 1,077 firms for domestic manufacturing and domestic services, respectively.

4.4.2 Variables

This subsection describes the method used in constructing variables for subsequent studies.

For the preliminary analysis, it involves an investigation whether economic liberalization

events cause a change in stock return volatility. Accordingly, we construct time series of

stock return volatilities and dummy variables representing liberalization events for using in

later analyses.

For the main study of volatility spillovers through the spillover table, we also require time

series of volatilities. In our study, we use the time series of conditional volatilities estimated

by dynamic conditional correlation generalized autoregressive conditional heteroskedastic-

ity (DCC-GARCH) model with the aim to improve the accuracy of resulting spillover tables.

In both the preliminary analysis and volatility spillover study, there contains two levels of

examinations. The first one concerns an investigation at an aggregate level for all Chinese
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firms represented as Chinese stock market. The second one demonstrates an investigation

at deeper level in which exporting, domestic manufacturing and domestic services firms are

treated as separate portfolios.

When studying volatility spillovers to Chinese stock market and to the three portfolios, the

global stock markets of our interest are from the major countries which are the US, the UK

and Japan. Hence, from the structure of analyses outlined above, the variables involved in

the study are:

4.4.2.1 Major stock market indices (S&P500, FTSE100 and NIKKEI225)

The daily return time series of these major stock indices are available from Bloomberg. The

time series of S&P500, FTSE100 and NIKKEI225 are selected as representative proxies

of major stock markets in North America, Europe and Asia that could have influence on

Chinese equities. The returns are natural logarithmic returns which are subsequently used

to estimate volatilities.

4.4.2.2 Chinese stock market index

We construct a daily Chinese stock market index by using weighted returns of all our sam-

ple firms (exporting, domestic manufacturing and domestic services firms combined). The

weight is calculated as the share of firm’s market value over total market values of all firms

as follows:

wi,t =
mvi,t

∑
i
mvi,t

(4.1)

where wi,t is a market value share of firm i at time t and mvi,t is a market value of firm i

at time t. The weighted returns are subsequently calculated by applying the weight of each
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firm to its corresponding daily return as follows,

WRt = ∑
i

wi,tRi,t (4.2)

where WRt is a weighted return at time t, wi,t is a weight of firm i at time t and Ri,t is daily

logarithmic return of firm i at time t.

4.4.2.3 Portfolio construction

We construct the three separate portfolios for exporting, domestic manufacturing and do-

mestic services firms. For each portfolio, the weighted returns of each portfolio follow the

same method as calculating the weighted returns of all Chinese firms according to equations

(4.1) and (4.2).

4.4.2.4 Economic Liberalization Events

In our study, the episodes of economic liberalizations in China are broadly divided into three

categories: trade, stock market and foreign exchange rate liberalizations. Specifically, the

trade liberalization is represented by WTO accession in December 2001. The stock market

liberalization comprises of three episodes, the permission of domestic investors to purchase

B shares in 2001, the launch of Qualified Foreign Institutional Investors (QFII) program

in November 2002 and its subsequent regulation relaxation in August 2006. The foreign

exchange liberalization is denoted by the announcement of the People’s Bank of China

(PBOC) to change the exchange rate regime from fixed to managed float in July 2005.

We construct dummy variables to represent each event. We use a 6-month window to rep-

resent a time span of each period to cover reaction in the stock market 3-month before and

3-month after the announcement date. Five dummy variables are created to correspond with
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Table 4.5: Economic liberalization events in China.

Dummy variable Liberalization events Announcement 
date

dummy1
Domestic individual investors are allowed 
to purchase B shares 19-Feb-01 21-Nov-00 to 20-May-01

dummy2 China’s accession to WTO 11-Dec-01 12-Sep-01 to 11-Mar-02
dummy3 QFII scheme launched 05-Nov-02 07-Aug-02 to 03-Feb-03
dummy4 Exchange rate reform (to managed float) 21-Jul-05 22-Apr-05 to 19-Oct-05
dummy5 Revision of QFII regulations 24-Aug-06 26-May-06 to 22-Nov-06

Estimation window

an estimation window length of each event. Each dummy variable takes the value of 1 dur-

ing the estimation window and 0 otherwise. Details for window ranges of liberalization

events are presented in Table 4.5.

4.4.3 Volatility Measurement

Generally, volatility refers to the dispersion of all likely outcomes of an uncertain variable

(Poon (2005)). Measuring volatility can be broadly divided into two categories, i.e., uncon-

ditional and conditional. Unconditional volatility estimation is based on historical informa-

tion, where all observations are treated equally. In contrast, conditional volatility estimation

is based only on the latest available information, which is useful since volatility is likely to

be affected by more recent events. Furthermore, unconditional volatility ignores potentially

relevant information on the random process that generates the return. Thus, in our study,

conditional volatility is selected as a volatility measure for uncertainty of variables while

we also check the sensitivity of our results by looking at unconditional volatility.

To elaborate the model employed in measuring volatility of multiple variables in our study,

we first give a brief introduction to unconditional volatility, then we provide details on a

specific multivariate conditional volatility measurement model in the following subsections.
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4.4.3.1 Unconditional volatility

Unconditional volatility is the simplest way to measure dispersion of variables which is

also the advantage of this approach. Its mathematical expression is the sample standard

deviation, that is

σ =

√
1

T −1

T

∑
t=1

(rt − r̄t)2 (4.3)

where rt is the return on day t , and rt is the average return over the T -day period. A rolling

window of a fixed length is often used to minimize the effect of the sample size on results.

If a rolling window is imposed, T in equation (4.3) is interpreted as a window length.

The limitation of unconditional volatility is that volatility of a variable is assumed to be

constant over time. The time variation of the resulting estimation comes largely from the

recursive computation, i.e., every time the volatility is calculated, the sample window is

shifted by one observation. The shorter length of the rolling window thus naturally generates

more time variation.

4.4.3.2 Conditional volatility

In this subsection, we show an approach to estimate conditional volatility of multiple vari-

ables. The idea of conditional volatility modelling is to accurately capture the heteroskedas-

ticity characteristic of financial data which refers to the fact that the market volatility varies

and tends to cluster in periods of high volatility as well as periods of low volatility. The

model commonly used in describing conditional volatilities of a single variable is the GARCH

model. For the case of multiple variables, the multivariate GARCH model is employed to

take into account comovements of variables.

In our study, when conducting a preliminary analysis, we estimate conditional volatilities
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of Chinese stock market and the three portfolios with the univariate GARCH model5. For

the study of volatility spillovers, a spillover table requires inputs as volatility time series. In

order to describe conditional volatility of individual asset and allow correlation of variables

to vary over time, we estimate the time series of multivariate conditional volatilities with

the dynamic conditional correlation GARCH (DCC-GARCH) model. A brief description

of the multivariate GARCH model is provided below.

The DCC-GARCH model6 for multivariate conditional variance is of the following form,

Ht = DtRtDt (4.4)

where Ht represents time-varying covariance matrix of all variables in a dataset, Dt is a

diagonal matrix of conditional volatilities and Rt is a matrix of time-varying correlations.

Elements in the diagonal matrix (Dt) are squared root of conditional variances (standard

deviations) from univariate GARCH models as shown below,

Dt =



√
h1t 0 · · · 0

0
√

h2t · · · ...
...

... . . . 0

0 · · · 0
√

hNt


(4.5)

The univariate GARCH specification employed in our study is the commonly used GARCH(1,1)-

ARMA(1,1) model (Hansen and Lunde (2001)) which has the following mean and variance

5Details of the univariate GARCH are given in the Appendix B.4.
6Comprehensive details of the multivariate DCC-GARCH model are given in the Appendix B.5.
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equations:

rn,t = µn +anrn,t−1 +bnεn,t−1 + εn,t , (4.6)

hn,t = ωn +αnε
2
n,t−1 +βnhn,t−1 (4.7)

for all variables n = 1, ...,N in the dataset.

The time-varying correlation matrix ( Rt) is defined as

Rt = Q∗−1
t QtQ∗−1

t (4.8)

Qt = (1−η −κ)Qt +ηzt−1zT
t−1 +κQt−1 (4.9)

where Q = Cov[ztzT
t ] = E[ztzT

t ] is the unconditional covariance matrix of the standardized

errors (zt = D−1
t εt) which can be estimated as Q = 1

T

T
∑

t=1
εtε

T
t and Q∗

t is a diagonal matrix

with the square root of the diagonal element of Qt at the diagonal.

As mentioned earlier, we divide our studies on volatility spillovers into two parts to pro-

vide broad and detailed perspectives on volatility spillovers. In the first part, we examine

volatility spillovers from the foreign stock markets to all firms (aggregated) in China. In the

second part, since it is sensible that volatility of firms is influenced by not only by foreign

markets but also by spillovers from other businesses in China (domestic markets), Chinese

firms in this part of the volatility spillover study are thus segregated into exporting, domestic

manufacturing and domestic services firms to explore volatilities that are transmitted from

the portfolios and from foreign stock markets. This is also to inspect the source of volatility

spillovers across portfolios, in addition to volatility spillovers from foreign stock markets to

China.

Consequently, there are two estimations with respect to the two parts of our studies. The

first one is the initial estimation which we use the daily returns of S&P500, FTSE100,
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Table 4.6: Estimation of DCC-GARCH model parameters for the initial estimation.

Parameters All firms S&P500 NIKKEI225 FTSE100 Joint
µ 0.026* 0.056** 0.04* 0.042*
a1 0.359** 0.946* 0.047 0.924
b1 0.345* -0.963* -0.073* -0.949*
ω 0.027** 0.017** 0.043** 0.013**
α1 0.059** 0.102** 0.086* 0.092**
β1 0.931*** 0.887** 0.897** 0.901*
η 0.003**
κ 0.996**
Notes: * p<0.1; ** p<0.05; *** p<0.01.

Table 4.7: Estimation of Q for the initial estimation.

All firms S&P500 NIKKEI225 FTSE100
All firms 1.002 0.093 0.014 0.075
S&P500 0.093 0.997 0.124 0.521
NIKKEI225 0.014 0.124 1.000 0.282
FTSE100 0.075 0.521 0.282 0.997

NIKKEI225 and daily returns of all Chinese firms. The second one is the extended estima-

tion to study volatility spillovers across portfolios. The daily returns of S&P500, FTSE100,

NIKKEI225 and the daily returns of three portfolios are employed in this estimation.

The DCC-GARCH model is employed to model the dynamics of stock return volatility and

correlation among variables in the two estimations. The resulting conditional volatilities

are subsequently used as inputs for spillover tables. The parameter estimation results of

the DCC-GARCH model on the initial estimation are presented in Table 4.6 and Table

4.7. Table 4.6 shows estimated parameters of univariate GARCH(1,1)-ARMA(1,1) for each

variable and estimated parameters for the conditional correlation matrix. Table 4.7 exhibits

the matrix Q that is used in constructing the conditional correlation matrix.

For the initial estimation, most of the parameters estimated for conditional variance are

statistically significant at least at 10 percent level. α’s and β ’s are positive indicating that
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Table 4.8: Estimation of DCC-GARCH model parameters for the extended estimation.

Parameters Exporters Domestic 
manufacturers

Domestic 
services S&P500 NIKKEI225 FTSE100 Joint

µ 0.022* 0.009* 0.021* 0.056** 0.04* 0.042*
a1 0.538** 0.908** 0.289* 0.946* 0.047 0.924
b1 0.524* 0.888*** 0.271 -0.963* -0.073* -0.949*
ω 0.028* 0.056** 0.025* 0.017** 0.043** 0.013**
α1 0.061** 0.061*** 0.048** 0.102** 0.086* 0.092**
β1 0.930*** 0.920*** 0.943*** 0.887** 0.897** 0.901*
η 0.017**
κ 0.971**

Notes: * p<0.1; ** p<0.05; *** p<0.01.

Table 4.9: Estimation of Q for the extended estimation.

Exporters Domestic 
manufacturers

Domestic 
services S&P500 NIKKEI225 FTSE100

Exporters 1.004 0.930 0.820 0.020 0.143 0.057
Domestic manufacturers 0.930 1.003 0.777 0.021 0.143 0.061

 Domestic services 0.820 0.777 1.003 0.037 0.161 0.080
S&P500 0.020 0.021 0.037 0.997 0.124 0.521
NIKKEI225 0.143 0.143 0.161 0.124 1.000 0.282
FTSE100 0.057 0.061 0.080 0.521 0.282 0.997

yesterday conditional variance and yesterday shocks associated of each asset have positive

impact on today’s conditional variance.

For parameters estimation for the extended estimation, the estimated parameters for GARCH(1,1)-

ARMA(1,1) and time-varying correlation matrix are given in Table 4.8. In addition, the

estimated matrix Q is shown in Table 4.9. The results show that most of the parameters

estimated are statistically significant at least at 10 percent level and signs of α’s and β ’s are

positive.

The time series of estimated conditional volatility for all Chinese firms and the three port-

folios can be obtained by substituting estimated parameters into the DCC-GARCH model.

The time series of estimated conditional volatility from this section are subsequently used

as an input to find the sources of volatility spillovers in later analysis.
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4.4.4 Preliminary Analyses

This section aims to present the effects of economic liberalizations on stock return volatility

for Chinese stock market. In addition, we examine those effects to the three portfolios which

are exporting firms, domestic manufacturing firms and domestic services firms in China. We

focus on three aspects of economic liberalizations in China as mentioned before.

The estimation model to test the effects of liberalization events on stock return volatility is

σt = α +β t+
5

∑
s=1

θsdummys + εt (4.10)

where σt denotes conditional volatility at time t estimated from the GARCH(1,1) model, α

denotes a constant, t represents the time trend, dummys is a dummy variable for an event s =

1, ...,5 and εt is an error term. The GARCH(1,1) model is selected to estimate conditional

volatility since it is commonly employed in estimating univariate conditional volatilities

(Hansen and Lunde (2005)). The estimation results of GARCH(1,1) parameters for each

time series are reported in the Appendix B.4.

The results show that all estimated coefficients are statistically significant at least at 5%

level (Table 4.10). The estimated coefficients in Table 4.10 are reported in percentage

points. For example, the coefficient for the WTO event (dummy2) is 1.423 for exporters

(column(2)) indicating that daily stock return volatility of exporters increases by 1.423%

during 12 September 2001 to 11 March 2002 in response to China’s accession to WTO. The

results show that, overall, all economic liberalizations significantly increase volatility to all

Chinese firms and to all portfolios.

When considering by portfolios and liberalization events, the permission to buy B shares for

Chinese domestic investors increases stock return volatility of exporters most by 0.796%,

followed by domestic services (0.648%) and domestic manufacturers (0.6%).
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For the WTO membership of China, it is observed that stock volatility of exporters increases

most (1.423%), followed by domestic manufacturers (0.67%) as a result of the event. It

could be possible that exporters were expected to gain more benefit from lowered trade

tariffs after WTO accession and hence leading to higher speculation and higher volatility

in equities of exporting firms. This also implies that WTO causes more uncertainty to ex-

porters.

The launch of QFII program allows foreign investment to take part in the stock market.

Our results show that, in terms of all firms aggregated, this event increases the volatil-

ity (by 0.94%) which is consistent with the finding of Wang and Shen (1999) that foreign

investments increase the volatility of stock returns. Considering by portfolios, domestic

manufacturers volatility increases most by 1.477%, followed by exporters who experience

1.317% increase in volatility. Our conjecture is that stocks of domestic manufacturers are

more speculated once foreign investors are allowed to trade in Chinese stock market.

According to the change of the exchange rate regime from fixed to managed float, the Chi-

nese Yuan was expected to appreciate largely against the dollar after the change of exchange

rate system which directly decreases revenue of exporters. This could cause worry on the

sentiment of investors holding stocks of exporting firms leading to a tendency to sell-off.

Accordingly, the portfolio of exporting firm stocks is impacted more than the others with

an increase of 1.206% in volatility. This indicates that the exchange rate reform results in

higher uncertainty to exporters.

The revision of QFII regulations leads to increasing number of eligible foreign institutional

investors in Chinese stock market which could also cause more volatility to the market. We

find that exporters are affected most by 0.577% increase in their stock volatility.

It is clear from the empirical results that economic liberalizations increase volatility to all

firms in China. Also, when looking at the impact among exporting firms, domestic man-
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Table 4.10: Effects of economic liberalizations on stock return volatility.

Variable All firms Exporters Domestic Manufacturers Domestic Services
(1) (2) (3) (4)

Time trend 0.001*** 0.001*** 0.000*** 0.001***
dummy1 0.775*** 0.796*** 0.600*** 0.648***
dummy2 0.589*** 1.423*** 0.674*** 0.298***
dummy3 0.944*** 1.317*** 1.477*** 0.562***
dummy4 0.739*** 1.206*** 1.012*** 0.676***
dummy5 0.483** 0.577*** 0.298*** 0.514***
Note: *p<0.1,**p<0.05,***p<0.01.
dummy1= B share purchase, dummy2=China’s accession to WTO, dummy3=QFII scheme launched,
dummy4= Exchange rate reform, dummy5=Revision of QFII regulations.

ufacturing and domestic services firms, all portfolios experience an increase of volatility

caused by those events. Moreover, we observe that exporters receive strongest impacts in

all liberalization events except for the event concerning the relaxation of QFII regulations.

In the next study, we proceed to a more interesting question in identifying the source of

volatility spillovers for all firms and the three portfolios in different economic liberalization

events.

4.5 Methodology

In order to construct a spillover table, the process begins with an estimation of volatility

time series. Then the time series are used to perform a forecast error variance decompo-

sition and subsequently building a table. In Diebold and Yilmaz (2009) and Diebold and

Yilmaz (2012), the weekly stock return volatilities are calculated using underlying daily

high/low/open/close prices with a formula given in Garman and Klass (1980) and Alizadeh

et al. (2002). The volatilities, however, are calculated individually market-by-market with-

out concerning dynamics of market interactions. To improve the accuracy of volatility

estimates, we employ multivariate GARCH with Dynamic Conditional Correlation model
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(DCC-GARCH) to produce conditional volatilities for subsequent spillover calculation. The

estimation results for DCC-GARCH are exhibited in Tables 4.6 to 4.9.

Directional Spillover Measurement

To measure the magnitude and direction of a spillover, we adopt the methodology of Diebold

and Yilmaz (2012) in construct a spillover table 7 as an approach to measure direction and

magnitude of a spillover from volatilities. Consider a covariance-stationary N variables

vector autoregressive model, VAR(p)

Xt =
p

∑
i=1

ΦiXt−i + εt (4.11)

where Xt = (X1t ,X2t , ...,XNt) , Φ is an N ×N parameter matrix and εt ∼ (0,Σ) is a vector

of i.i.d. disturbances. In our subsequent empirical works, Xt denotes a vector of multi-

variate conditional volatilities which is modelled by the multivariate dynamic conditional

correlation GARCH (DCC-GARCH).

By covariance stationarity, VAR(p) can be converted to a vector moving average (VMA)

representation, i.e.,

Xt =
∞

∑
j=0

A jεt− j (4.12)

where A j is an N×N coefficients matrix obeying A j = φ1A j−1+φ2A j−2+ ...+φpA j−p with

A0 being an N×N identity matrix and A j = 0 for j < 0 . The VMA representation is used to

determine the forecast the future for-step-ahead, subsequently, the forecast error variances

of each variable are decomposed into parts attributable to the various system shocks. In

7This approach is an improved version of Diebold and Yilmaz (2009) to circumvent the problem that the
results of error variance decomposition is varied with the order of variables. The application of generalized
error variance decomposition in Diebold and Yilmaz (2012) makes resulting spillover tables invariant to the
variable ordering.
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details, equation (4.12) can be written as

Xt = εt +A1εt−1 +A2εt−2 + ... (4.13)

Let et+H denotes error from H-step-ahead at time t which is given by

et+H = Xt+H −E [Xt+H |Xt ,Xt−1, ...]

= Xt+H −E [εt+H +A1εt+H−1 +A2εt+H−2 + ...|Xt ,Xt−1, ...]

= Xt+H − (AHεt +AH+1εt−1 +AH+2εt−2 + ...)

= εt+H +A1εt+H−1 +A2εt+H−2 + ...+AH−1εt+1. (4.14)

With Σ denoting the covariance matrix of εt , since Xt is covariance-stationary, then the

variance of H-step-ahead is expressed as

Var(et+H) = Σ+A1ΣAT
1 +A2ΣAT

2 + ...+AH−1ΣAT
H−1

=
H−1

∑
h=0

AhΣAT
h (4.15)

where A0 is an identity matrix as defined previously. In order to measure a spillover, the

primary objective is to decompose the forecast error variances, i.e. the elements on the

diagonal of Var(et+H) . Consequently, the spillover from variable j to variable i is defined

as

si j =

H−1
∑

h=0
(Ah)

2
i j

σii
H−1
∑

h=0
(AhΣAT

h )ii

(4.16)

where σii is the standard deviation of the error term of variable i . The variance decompo-

sition above in equation (4.16) is known as the generalized variance decomposition (GVD).
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To ensure that ∑
j
si j = 1, we normalize each entry of the variance decomposition matrix by

the row sum as
∼
si j =

si j

∑
j
si j

×100. (4.17)

A resulting spillover table presents the own volatility (
∼
sii) and a volatility spillover (

∼
si j) of

all variables i, j in the table format as illustrated in 4.11.

Table 4.11: A spillover table obtained from the generalized variance decomposition (GVD)
approach.

X1 X2 · · · XN From all

X1
∼

s11
∼

s12 · · · ∼
s1N

N
∑
j=1

∼
s1 j, j ̸= 1

X2
∼

s21
∼

s22 · · · ∼
s2N

N
∑
j=1

∼
s2 j, j ̸= 2

...
...

...
. . .

...
...

XN
∼

sN1
∼

sN2 · · · ∼
sNN

N
∑
j=1

∼
sN j, j ̸= N

Total to
N
∑

i=1

∼
si1, i ̸= 1

N
∑

i=1

∼
si2, i ̸= 2 · · ·

N
∑

i=1

∼
siN , i ̸= N

where
∼
si j represents a spillover from column j to row i as defined in equation (4.17). The

column “From all” denotes a total volatility spillover from other variables to a variable

whereas the column “Total to” indicates a total spillover from a variable i to all other vari-

ables j ̸= i .

4.6 Results

Our preliminary evidences show that the economic liberalizations increase the volatility of

Chinese firms. However, the influence from each source of volatility could be different

along the series of economic liberalizations. Consequently, our main contribution of this

study is to examine the contribution of the sources of volatility spillover to Chinese stocks
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(as a whole stock market) and separate portfolios under different economic liberalization

events as defined in Table 4.5. Therefore, we examine stock return volatility spillovers on

two estimations (which are initial and extended estimations with details provided below),

event-by-event.

In our study, volatility spillovers to and from each variable is presented in a form of a

spillover table. The table construction begins with estimating volatility time series, then

decomposes the variance of forecast error for each variable. The forecasting horizon is

set as 30 days ahead (H = 30). Since we investigate volatility spillovers of each event

separately, for each estimation window (see Table 4.5), we estimate conditional volatilities

of each event using raw data with the length covering the window. For instance, to create

a spillover table to reflect volatility spillovers to firms in China in an aggregate level (from

S&P500, FTSE100 and NIKKEI225 to all firms in China) during the WTO event, the series

of conditional volatilities are estimated with the DCC-GARCH model using 180 daily return

observations during 12 September 2001 to 11 March 2002.

Next, we present the empirical results of the initial estimation to demonstrate volatility

spillovers from foreign stock markets to Chinese stock market as a whole, followed by the

results based on the extended estimation which provides additional information on volatil-

ity spillovers across portfolios. For both estimations, there contains five spillover tables

associated to five economic liberalization events.

4.6.1 Volatility Spillover for the initial estimation

There are four variables in this estimation which are Chinese stock market index, S&P500,

FTSE100 and NIKKEI225. The aim of the study of volatility spillovers is to see which

market has most influence on Chinese listed firms and whether such influence is consistent

across episodes of economic liberalizations in China.

170



4.6 Results

In a spillover table, the column “From all” reports the sum of volatility spillovers to a vari-

able excluding its own volatility. A high value of volatility spillover indicates high connec-

tion between a volatility transmitter and a volatility receiver, and vice versa.

1. Permission of domestic investors to buy B shares

From Table 4.12, it is observed that the majority of volatility of all Chinese firms is from

Chinese stock market (86.56%). Contributions from the major stock markets accounts for

13.44%, mainly from US stock market (8.09%). In addition, volatility transmission from

Chinese stock market to major stock markets is also small, indicating that global stock

markets are lightly impacted by this event in China.

Table 4.12: A spillover table for the time around the event that domestic investors were
permitted to buy B shares.

All firms S&P500 NIKKEI225 FTSE100 From all

(1) (2) (3) (4) (5)

All firms 86.56 8.09 2.83 2.52 13.44

S&P500 0.14 72.32 15.39 12.15 27.68

NIKKEI225 0.54 50.57 35.06 13.83 64.94

FTSE100 0.07 42.17 20.29 37.47 62.53

2. WTO accession

The main driven source of stock volatility for Chinese stock market is still from its own stock

market (92.96%). Contribution from external stock markets is still low (7.04%), mainly

from US stock market (6.44%). However, we observe an increase of the impact from Chi-

nese stock market on major stock markets compared with the previous event. Specifically,

among the stock markets in the US, Japan and the UK, Japanese stock volatility increases

most by 9.36% due to shocks from Chinese stocks around this event.
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Table 4.13: A spillover table for the time around the event that China became a member of
WTO.

All firms S&P500 NIKKEI225 FTSE100 From all

(1) (2) (3) (4) (5)

All firms 92.96 6.44 0.07 0.52 7.04

S&P500 0.22 24.00 8.53 67.25 76.00

NIKKEI225 9.36 0.31 85.38 4.95 14.62

FTSE100 1.48 1.85 3.79 92.88 7.12

3. The launch of QFII program

The main source of volatility spillovers around this event comes from domestic while 17.02%

of Chinese firms’ stock return volatility is from external. The main external source of

volatility spillovers to Chinese firms is from US stock market, making up of 14.45% of

total volatility of Chinese stock return volatility. In this event, foreign investment in Chi-

nese stock market brings about more volatility spillovers from international stock market

than the previous two events.

Table 4.14: A spillover table for the time around the event that QFII program was an-
nounced.

All firms S&P500 NIKKEI225 FTSE100 From all

(1) (2) (3) (4) (5)

All firms 82.98 14.45 0.46 2.11 17.02

S&P500 6.47 37.09 0.50 55.94 62.91

NIKKEI225 7.18 11.87 71.26 9.69 28.74

FTSE100 2.25 7.55 2.01 88.19 11.81

4. Change of exchange rate regime from fixed to managed float
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In this event, stock volatility of Chinese firms is mainly from Chinese stock market (91.25%)

while foreign stock markets only contribute 8.75%, mainly from Japan (5.53%). However,

in terms of volatility transmission to stock markets outside China, this event causes big

impact on stock return volatilities in Japan (49.85%) and the UK (40.71%).

Table 4.15: A spillover table for the time around the event that China changed its exchange
rate regime

All firms S&P500 NIKKEI225 FTSE100 From all

(1) (2) (3) (4) (5)

All firms 91.25 0.95 5.53 2.27 8.75

S&P500 36.35 44.07 4.12 15.46 55.93

NIKKEI225 49.85 3.41 46.59 0.15 53.41

FTSE100 40.71 10.82 13.38 35.09 64.91

5. The revision of QFII regulations

The relaxation of QFII rules leads to increasing number of eligible foreign investors in

China and consequently lead to stronger connection to global stock markets. It is observed

that spillovers from the major stock markets to Chinese stock market is highest comparing

to all other events (17.85%), mainly from US stock market (14.54%). Nevertheless, shocks

in Chinese stock market is still the main contributor to volatility.

The foreign stock markets also experience a big impact from Chinese stock market upon

this event. Stock return volatility in the US and Japan are mainly caused by the volatility

spillover from China. For US stock market, in particular, volatility from Chinese stocks

makes up to 50% of its volatility.
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Table 4.16: A spillover table for the time around the event that QFII regulations were re-
laxed.

All firms S&P500 NIKKEI225 FTSE100 From all

(1) (2) (3) (4) (5)

All firms 82.15 14.54 0.24 3.07 17.85

S&P500 50.07 36.55 3.64 9.74 63.45

NIKKEI225 39.26 18.83 30.19 11.72 69.81

FTSE100 31.92 25.57 2.31 40.20 59.80

The summary of volatility spillovers to Chinese stock market in different liberalization

events is illustrated in Figure 4.1. The results show that the magnitudes of volatility spillovers

from international markets (column (5) in Table 4.16) in all events are not over 20%, imply-

ing that despite the liberalizations in trade, stock market and foreign exchange, stock volatil-

ity in China is mainly caused by shocks from Chinese stock market rather than international

stock markets. The events that demonstrate lowest volatility spillover to Chinese stocks is

the WTO accession which implies that trade liberalization does not make Chinese stock

market more connected to the world market. In contrast, all three episodes of stock market

liberalizations (allowance of domestic investors to buy B shares, the launch of QFII and the

subsequent regulations relaxation), which aim to integrate Chinese stock markets to global

stock markets, lead to the volatility spillovers from international stock markets of 13.44%,

17.02% and 17.85%, respectively. More importantly, when Chinese stock market is more

liberalized (proceeding from the permission of domestic investors to purchase B shares to

the relaxation of QFII regulations), shocks from international markets increasingly impact

stock return volatility in China.

In terms of sources of volatility spillovers to Chinese stocks, the US stock market is the main

contributor in all events except when China changes its exchange rate regime (in which the
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volatility spillover is largely from Japan).

Figure 4.1: Volatility spillovers from international stock markets to Chinese stock market in
different economic liberalization events.
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Note : B shares = The permission of domestic investors to buy B shares, WTO = China’s accession to WTO,

QFII = The launch of QFII program, FX = Change of exchange rate regime from fixed to managed float, QFII

revision = The revision of QFII regulations.

4.6.2 Volatility Spillover for the extended estimation

In this estimation, there contains six volatility time series of exporting firms, a portfolio of

domestic manufacturing firms, a portfolio of domestic services firms, S&P500, FTSE100

and NIKKEI225. The study aims to investigate variation in sources of volatility spillovers

across the three portfolios which could also be viewed as a decomposed-version of the

analysis on the previous estimation.

The empirical results are presented in a spillover table, event-by-event, as in the initial

estimation. Two additional columns are added into a spillover table to summarize total

spillovers from domestic and international stock markets. The column “from domestic”
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denotes the total volatility spillover from other portfolios to one portfolio and the column

“from international” indicates the total volatility spillover from foreign stock markets to

the portfolio. For example, for domestic manufacturers during the permission of domestic

investors to buy B shares, the total spillover value in the “From all” column show that this

portfolio receives volatility spillover from other portfolios and the major stock markets com-

bined by 35.02% (column (2) in Table 4.17). This total spillover value can be attributed to

total volatility spillover from exporters and domestic services alone at 20.05% and the total

spillover from the major stock markets alone at 14.97%. Details of the volatility spillovers

in each economic liberalization are given below.

1. Permission of domestic investors to buy B shares

The main source of volatility for each portfolio is from shocks of its own, 65.72% for do-

mestic services firms, 64.98% for domestic manufacturing firms and 45.08% for exporters

(see Table 4.17). Considering contribution of shocks from foreign stock markets, the US

accounts for the majority to all portfolios, i.e., 10.57% for exporters, 10.87% for domestic

manufacturers and 13.11% for domestic services firms.

When breaking down the source of spillovers into domestic and international markets, it is

found that the three portfolios primarily receive volatility transmission domestically. Volatil-

ity spillovers from domestic and international markets, however, are different from portfolio

to portfolio. For exporters, 35.70% out of 54.92% (total spillover) is attributed to volatility

spillover from domestic manufacturing and domestic services firms, while 19.22% is from

international stock markets. For domestic services, in contrast, volatility spillovers come

from domestic and international sources quite evenly, i.e., 17.52% from exporting firms and

domestic manufacturing firms combined and 16.76% from the major stock markets.

Overall, around the time of this event, the three portfolios demonstrate similar characteris-

tics that the main source of volatility is from shocks of their own stock market rather than
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from international stock markets.

2. WTO accession

We learn from the initial estimation that WTO accession does not cause much volatility

spillovers from external stock markets to Chinese stock market. In this estimation, it is

also observed that the main source of volatility spillovers for the three portfolios is from

volatility transmission from domestic rather than international stock markets. For instance,

52.08% of stock return volatility of exporters is due to shocks from domestic manufacturers

and domestic services while 7.36% is from the major stock markets (see Table 4.18). In

addition, considering only spillovers from international stock markets, the US is still the

main transmitter of volatility to the three portfolios in China.

Although volatility spillovers from international stock markets are small, we observe sub-

stantial volatility spillover outwards to international stock markets. The main source of

volatility transmission is from the portfolio of exporters which is expected to receive direct

effect from China’s membership of WTO. It is found that shocks from exporting firms fol-

lowing this event account for 15.28% for US stock market, 27.80% for Japan stock market

and 26.50% for UK stock market.

In sum, the findings of volatility spillovers in WTO event for the extended estimation are

consistent with those in the initial estimation in which the main source of volatility of each

portfolio is from Chinese stock market. Volatility spillovers from foreign stock markets

are small (under 10%) while volatility spillovers to foreign stock markets are considered an

impact – particularly for volatility spillovers from exporters. In addition, volatility spillovers

among portfolios still dominates volatility spillovers from international stock markets.

3. The launch of QFII program

Around this event, we observe an increase of volatility spillovers from foreign stock markets

to the three portfolio (31.65% for exporters, 29.30% for domestic manufacturers and 38.08%
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from domestic services firms as shown in column (9) of Table 4.19) comparing to the two

events before (under 20%). The findings demonstrate that the QFII program leads Chinese

stock market to be more connected to the foreign stock markets and naturally absorbs more

shocks from global stock markets. Nonetheless, the majority of volatility spillovers for each

portfolio is still from domestic sources, except for domestic service firms that spillovers

from international stock markets are marginally larger than spillover from domestic source

(38.08% compared to 36.09%).

In addition, own volatility is not the main source of volatility for portfolios of exporters and

domestic manufacturers but rather from domestic services firms. For instance, the volatility

of exporters comes from their own shocks for 22.91% while the volatility spillover from do-

mestic services firms to exporters accounts for 24.98% of total volatility of exporters. This

suggests a closer connection among firms of different firm types and a closer connection

to international stock markets comparing to other events (77.09% for exporters, 78.9% for

domestic manufacturers and 74.17% for domestic services).

The volatility spillovers to each portfolio, apart from domestic sources, are principally from

US stock market. With strong influence of US stock market, the volatility transmission

from S&P500 index thus dominates volatility spillovers from the UK and Japan. Shocks

regarding S&P500 contribute 20.17%, 16.56% and 18.99% of total volatility of exporting

firms, domestic manufacturing firms and domestic services firms, respectively.

4. Change of exchange rate regime from fixed to managed float

Following the change of exchange rate regime, the source of volatility spillovers is mainly

from domestic rather than from external stock markets. In point of fact, almost all of the

volatility spillover magnitude comes from shocks from domestic sources. For example, the

portfolio of domestic manufacturers receives the volatility spillover of 55.85% in total, of

which 54.41% is from portfolios of exporters and domestic services firms (see Table 4.20).
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The main sources of volatility of exporters and domestic services are not from their own

shocks but from domestic manufacturing portfolios. Specifically, for exporters, the stock

volatility is mainly driven by shocks from domestic manufacturers (39.66%). Likewise,

for domestic services firms, the main driver is shocks from domestic manufacturing firms

which make up to 40.32% of their stock return volatility. Moreover, volatility spillovers

from international stock markets for this case are small (under 3%) for all portfolios where

the main source is from Japanese stock market.

In contrast to small volatility received from international stock markets, volatility spillover

from Chinese stocks to foreign stock markets is quite substantial. Shocks from domestic

manufacturers stocks show the strongest impact in US, Japanese and UK stock markets

(23.25%, 33.09% and 25.39%, respectively), followed by shocks from exporters (20.32% to

S&P500, 18.30% to NIKKEI225 and 20.55% to FTSE100). The plausible explanation may

be that an appreciation of the Chinese Yuan causes worries in international stock markets as

uncertainty among trade partners e.g., Chinese exporters trading against foreign importers,

is heightened.

In sum, the empirical results of volatility spillovers using this dataset are consistent with

those obtained from the initial estimation. That is, volatility spillovers from international

stock markets to Chinese stocks are relatively small comparing to volatility spillover from

Chinese stocks to global stock markets.

5. The revision of QFII regulations

The aftermath of relaxing regulations is an increasing number of foreign investors in Chinese

stock market which naturally integrates the stock market to the world. In terms of volatility

received, the majority is attributable to shocks from domestic source. In addition, the leading

source of volatility for all portfolios is from their own shocks and US stock market is still

the main source of volatility spillovers from international stock markets.
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Comparing across economic liberalization events, it is found that the main sources of volatil-

ity for the three portfolios are from shocks of their own. Although there is a substantial

contribution of volatility spillovers from the major stock markets in some cases (the launch

of QFII and QFII regulations relaxation), the contribution from domestic shocks still domi-

nates. In addition, when focusing on volatility spillovers from foreign stock markets to the

portfolios, shocks from US stock market are the leading source in all events but the change

of exchange rate regime. This finding is in line with the study of Zhou et al. (2012) which

reports that volatility of Chinese stock market is relatively more correlated with the volatil-

ity of the US stock market than other stock markets. Volatility spillovers from foreign stock

markets to Chinese stocks are considered limited (at most 38.08% to domestic services firms

when the QFII program is initiated). These findings are consistent with the work of Zhou

et al. (2012). They find that the Chinese stock market was hardly affected by world markets

in terms of volatility spillover from 1996 to 2009. Prior to 2005, the Chinese market was

slightly affected by other markets. In addition, this possible reason could be due to the tight

restriction of capital control. China restricts short-term inflows and outflows while encour-

ages long-term capital inflows in order to reduce the possibility of capital flight. Kimball

and Xiao (2006) report the effectiveness of capital control in China for preventing the stock

market collapse during the Asian crisis in 1998. The capital flows restriction consequently

leads to longer-term investment strategy for institutional investors (both domestic and QFII)

in China which helps limit stock volatility following the speculation of the major stock mar-

kets shocks. The empirical results that volatility spillovers from international stock markets

are limited (relatively to their own volatility or volatility spillovers across Chinese firms)

are in line with the findings in the studies of Azmi and Haron (2004) and Raghavan et al.

(2010) that the spillover effects from foreign markets are reduced substantially if a capital

control measure is imposed.

From Table 4.17 to Table 4.21, it is observed that volatility spillovers from international
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stock markets are relatively at the same level across portfolios. Particularly for Table 4.20

which exhibits the volatility spillovers during the transition of fixed to managed float ex-

change rate regime, there is no significant difference among the magnitudes of volatility

spillovers from major stock markets to each portfolio. The results are supported by the

work of Mitra and Bhattacharjee (2015) that earnings and stock returns of firms that trade

internationally should be affected from changes in exchange rate, and the study of Adler

and Dumas (1984) which points out that stock returns of domestic firms are affected from

exchange rate through input prices, output prices, or demand for products although they do

not trade with foreign markets. Therefore, both domestic and exporting firms are affected

alike in terms of volatility spillovers under the exchange rate liberalization in China.
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Table 4.17: A spillover table for the time around the event that domestic investors were permitted to buy B shares.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 45.08 16.62 19.07 10.57 8.25 0.40 54.92 35.70 19.22

Domestic Manufacturers 8.59 64.98 11.47 10.87 2.82 1.28 35.02 20.05 14.97

Domestic Services 6.40 11.12 65.72 13.11 1.27 2.38 34.28 17.52 16.76

S&P500 2.83 2.34 2.50 53.75 1.84 36.74 46.25

NIKKEI225 3.11 2.78 1.47 21.84 57.63 13.16 42.37

FTSE100 5.05 1.07 3.27 20.75 16.35 53.52 46.48

Table 4.18: A spillover table for the time around the event that China became a member of WTO.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 40.57 38.74 13.33 5.66 0.65 1.05 59.43 52.08 7.36

Domestic Manufacturers 38.47 41.19 14.22 3.19 1.75 1.19 58.81 52.69 6.12

Domestic Services 36.50 19.09 40.02 2.43 1.05 0.91 59.98 55.59 4.39

S&P500 15.28 1.86 0.72 24.54 8.04 49.57 75.46

NIKKEI225 27.80 14.71 13.61 0.22 39.78 3.88 60.22

FTSE100 26.50 6.42 3.50 4.03 4.35 55.20 44.80
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Table 4.19: A spillover table for the time around the event that QFII program was announced.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 22.91 20.46 24.98 20.17 7.19 4.29 77.09 45.44 31.65

Domestic Manufacturers 22.94 21.10 26.66 16.56 8.43 4.31 78.90 49.60 29.30

Domestic Services 18.23 17.87 25.83 18.99 13.74 5.35 74.17 36.09 38.08

S&P500 4.65 2.92 4.78 40.27 7.43 39.96 59.73

NIKKEI225 1.04 0.71 2.27 18.06 51.94 25.98 48.06

FTSE100 8.80 4.54 13.22 4.33 3.81 65.30 34.70

Table 4.20: A spillover table for the time around the event that China changed its exchange rate regime from fixed to managed float.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 33.00 39.66 25.27 0.52 1.13 0.42 67.00 64.93 2.08

Domestic Manufacturers 30.88 44.15 23.53 0.22 0.70 0.52 55.85 54.41 1.44

Domestic Services 30.39 40.32 27.10 0.22 1.47 0.50 72.90 70.72 2.18

S&P500 20.32 23.25 14.46 29.54 1.66 10.78 70.46

NIKKEI225 18.30 33.09 16.17 1.20 29.36 1.88 70.64

FTSE100 20.55 25.39 20.06 8.75 5.90 19.34 80.66
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Table 4.21: A spillover table for the time around the event that QFII regulations were relaxed.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 40.80 25.23 12.77 9.22 5.02 6.96 59.20 38.00 21.20

Domestic Manufacturers 25.86 40.59 16.41 10.99 2.67 3.47 59.41 42.27 17.14

Domestic Services 17.69 13.07 47.98 12.33 4.43 4.50 52.02 30.76 21.26

S&P500 16.64 20.03 19.99 26.06 8.17 9.10 73.94

NIKKEI225 22.80 17.05 12.81 15.05 22.08 10.21 77.92

FTSE100 15.26 9.89 10.95 22.90 6.57 34.45 65.55
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Figure 4.2: Spillovers from international markets to each portfolio by events.
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4.7 Robustness

We check the robustness of results by using time series of unconditional volatilities in con-

structing spillover tables. Time series of unconditional volatilities are calculated as 12-

month rolling standard deviation of return time series. We estimate unconditional volatil-

ities individually for all Chinese firms, the portfolio of exporting firms, the portfolio of

domestic manufacturing firms, the portfolio of domestic services firms, S&P500, FTSE100

and NIKKEI225. Subsequently, spillover tables are constructed using the GVD approach as

described earlier.

We also investigate volatility spillovers by two estimations. The first one focuses on volatility

spillovers from S&P500, FTSE100 and NIKKEI225 to Chinese stock index (all Chinese

firms) while the second one examines volatility spillovers from international stock markets

to the three portfolios. All the spillover tables are presented in Table 4.22 to Table 4.26.
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Table 4.22: A spillover table for the time around the event that domestic investors were
permitted to buy B shares.

All firms S&P500 NIKKEI225 FTSE100 From all
(1) (2) (3) (4) (5)

All firms 87.80 6.24 5.10 0.86 12.20
S&P500 2.48 59.22 30.88 7.42 40.78
NIKKEI225 0.21 74.16 13.91 11.72 86.09
FTSE100 12.09 44.10 12.51 31.31 68.69

Considering volatility spillovers to Chinese firms at an aggregate level, it is shown that the

main source of volatility spillovers is from Chinese stock market rather than global markets

and the principal volatility transmitter from international stock markets is still S&P500 in-

dex in all liberalization events except when China changes its exchange rate regime. The

results are thus consistent with those obtained from using conditional volatilities.

When decomposing all Chinese stocks into the three portfolios, we find that most of the

conclusions are similar to the case of conditional volatilities. Specifically, the main source

of volatility for each portfolio is from its own shocks for all events, except for the cases

of QFII initiation and exchange rate regime change events; also volatility spillovers from

international stock markets are limited, compared to volatility spillovers among portfolios.

The US stock market still shows closest connection to Chinese stock market, comparing to

other major markets.

Overall, it could be concluded that conditional and unconditional volatilities, although re-

sulting volatility spillover tables are different in terms of magnitude, the main conclusions

drawn are relatively the same.
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Table 4.23: A spillover table for the time around the event that China became a member of
WTO.

All firms S&P500 NIKKEI225 FTSE100 From all
(1) (2) (3) (4) (5)

All firms 90.18 6.16 2.26 1.40 9.82
S&P500 1.88 12.74 10.97 74.41 87.26
NIKKEI225 29.79 10.62 43.10 16.49 56.90
FTSE100 3.01 3.90 34.44 58.64 41.36

Table 4.24: A spillover table for the time around the event that QFII program was an-
nounced.

All firms S&P500 NIKKEI225 FTSE100 From all
(1) (2) (3) (4) (5)

All firms 89.28 6.33 0.57 3.82 10.72
S&P500 7.73 28.09 2.46 61.72 71.91
NIKKEI225 0.16 13.67 75.93 10.24 24.07
FTSE100 12.74 35.14 11.06 41.06 58.94

Table 4.25: A spillover table for the time around the event that China changed its exchange
rate regime

All firms S&P500 NIKKEI225 FTSE100 From all
(1) (2) (3) (4) (5)

All firms 88.83 0.67 6.14 4.35 11.17
S&P500 27.98 58.97 4.77 8.29 41.03
NIKKEI225 5.91 5.40 85.42 3.27 14.58
FTSE100 58.05 0.36 3.72 37.86 62.14

Table 4.26: A spillover table for the time around the event that QFII regulations were re-
laxed.

All firms S&P500 NIKKEI225 FTSE100 From all
(1) (2) (3) (4) (5)

All firms 89.62 5.73 0.58 4.07 10.38
S&P500 61.65 25.86 4.23 8.26 74.14
NIKKEI225 86.83 4.73 5.48 2.97 94.52
FTSE100 3.65 37.85 0.34 58.16 41.84
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Table 4.27: A spillover table for the time around the event that domestic investors were allowed to buy B shares.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 43.29 15.14 18.57 13.77 9.05 0.17 56.71 33.71 23.00

Domestic Manufacturers 8.37 63.49 10.56 13.18 3.45 0.95 36.51 18.93 17.58

Domestic Services 3.35 3.53 75.38 13.88 2.03 1.84 24.62 6.88 17.75

S&P500 4.01 1.96 51.08 38.08 2.99 1.89 61.92

NIKKEI225 4.72 1.76 52.88 27.13 11.89 1.63 88.11

FTSE100 6.27 0.56 46.73 28.54 3.67 14.23 85.77

Table 4.28: A spillover table for the time around the event that China became a member of WTO.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 39.11 35.19 25.24 0.38 0.03 0.05 60.89 60.43 0.46

Domestic Manufacturers 35.79 40.63 22.60 0.76 0.16 0.05 59.37 58.39 0.98

Domestic Services 31.38 27.35 40.86 0.22 0.08 0.10 59.14 58.74 0.41

S&P500 2.88 1.69 4.27 57.55 0.61 33.00 42.45

NIKKEI225 0.71 0.57 2.49 15.38 62.55 18.30 37.45

FTSE100 3.49 2.61 4.59 28.12 0.93 60.25 39.75
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Table 4.29: A spillover table for the time around the event that QFII program was announced.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 22.71 19.24 25.81 3.42 9.03 19.78 77.29 45.05 32.24

Domestic Manufacturers 22.58 20.42 26.32 3.40 10.25 17.02 79.58 48.91 30.67

Domestic Services 18.57 17.09 25.89 5.12 19.01 14.32 74.11 35.66 38.45

S&P500 5.10 3.57 6.37 39.20 8.22 37.54 60.80

NIKKEI225 2.40 1.50 4.37 17.77 46.84 27.12 53.16

FTSE100 9.10 5.54 14.59 5.42 8.32 57.02 42.98

Table 4.30: A spillover table for the time around the event that China changed its exchange rate regime from fixed to managed float.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 32.82 39.56 25.16 0.57 1.20 0.69 67.18 64.72 2.45

Domestic Manufacturers 30.72 43.89 23.49 0.28 0.83 0.80 56.11 54.21 1.90

Domestic Services 30.20 40.17 26.96 0.28 1.56 0.83 73.04 70.37 2.67

S&P500 21.00 25.70 15.24 26.38 1.99 9.69 73.62

NIKKEI225 18.05 32.67 16.08 1.47 28.68 3.04 71.32

FTSE100 21.49 29.32 20.12 7.31 5.62 16.13 83.87
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Table 4.31: A spillover table for the time around the event that QFII regulations were relaxed.

Exporters Domestic Manufacturers Domestic Services S&P500 NIKKEI225 FTSE100 From all From Domestic From International

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Exporters 44.24 29.24 17.37 6.82 0.86 1.47 55.76 46.62 9.15

Domestic Manufacturers 28.83 48.05 19.10 3.05 0.58 0.40 51.95 47.93 4.02

Domestic Services 20.27 15.52 56.73 5.28 1.55 0.65 43.27 35.80 7.47

S&P500 15.66 19.06 20.89 27.45 8.60 8.34 72.55

NIKKEI225 21.71 16.57 13.42 16.72 21.90 9.68 78.10

FTSE100 14.75 10.46 12.38 22.55 7.49 32.36 67.64
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4.8 Conclusions

This study investigates volatility spillovers from major stock markets to Chinese firms under

different economic liberalization events during 1997-2014 in two respects. The first one fo-

cuses on volatility spillovers to all Chinese firms in aggregate while the second one explores

deeper by segregating Chinese firms to the three portfolios which are exporting, domestic

manufacturing and domestic services firms. The latter analysis aims to provide insights

on both volatility spillovers from international stock markets and from different portfolios

which has not been studied elsewhere before and is the key contribution of this study.

Prior to examining volatility spillovers, we perform a preliminary test on the effect of eco-

nomic liberalization events on Chinese stock return volatility. It is found that all the lib-

eralization events increase volatility to all Chinese firms. Similarly, an increase in stock

return volatility is observed when considering at separate portfolios of exporting, domestic

manufacturing and domestic services firms.

We measure volatility spillovers through a spillover table developed by Diebold and Yilmaz

(2012). In general, the inputs of spillover tables are time series of volatilities which are

commonly estimated by not taking into account time-varying correlation among variables.

Consequently, we eliminate this deficiency by estimating volatility time series by the DCC-

GARCH model.

The empirical results show that, at an aggregate level (initial estimation) of Chinese firms,

different liberalization events demonstrate different levels of volatility spillovers. Events

related to stock market liberalizations cause highest volatility spillover. The possible expla-

nation is that liberalizing stock markets directly integrates Chinese stock market to global

financial markets and thus creates channels for shocks transmission in turn. Interestingly, it

is observed that the more Chinese stock market is liberalized, the more the more volatility

from the international stock markets is transmitted to China. The close connection between
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US and Chinese stock markets results in S&P500 being the main volatility transmitter to

Chinese stock market. The most important finding is that despite of a series of liberal-

ization events, it is found that the main source of volatility to Chinese stocks is from do-

mestic shocks rather than international stock markets. This shows that volatility spillovers

in Chinese stock market are hardly affected by the international markets which is consistent

with the work of Zhou et al. (2012). One possible reason explaining the modest volatil-

ity spillover from international stock markets to Chinese stocks is due to the presence of

restriction on short-term inflows and outflows in China.

Breaking down the aggregate Chinese stocks into the three separate portfolios provides

possibility to investigate sources of volatility spillovers across portfolios in addition to

volatility transmitted from foreign stock markets. For all portfolios, the main source of

volatility spillovers is from domestic shocks in most of the economic liberalization events,

particularly from their own volatility. Volatility transmitted from foreign stock markets is

generally incomparable to volatility spillovers from domestic sources in each portfolio.
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Chapter 5

Conclusions

This thesis has investigated the relationship between international trade participation and

performance of listed Chinese firms. The availability of high quality datasets allowed us to

explore many issues in deeper level than what have been done in existing literature.

In Chapter 2, we measure the effect of exchange rates on firm’s stock returns through ex-

change rate exposure. We construct a firm-specific exchange rate index based on destination

specific export and import values. We adjust the model of Allayannis and Ihrig (2001) to

establish a baseline model which assumes that exchange rate exposure of a trading firm

comes from two channels; export markups and imported input markups. We compare the

percentage of firms showing significant exchange rate exposure with other two benchmark

models; the first one is the model of Jorion (1990) employing trade-weighted exchange rate

index and another one is the model of Jorion (1990) employing our firm-specific exchange

rate index. The comparison of the baseline model and the first benchmark model is to eval-

uate the merit of the firm-specific exchange rate index over the trade-weighted counterpart

while the comparison against the second benchmark model assesses the benefit of markups

incorporation in the model.
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The estimation results show that our baseline model can detect more firms significantly ex-

posed to exchange rates than the rest, thanks to the use of firm-specific exchange rate index

and markups. In addition, we find that the percentage of firms significantly exposed to ex-

change rate is higher when China adopted the managed float exchange rate regime. The

possible explanation is that the unpegging of the exchange rate between the US and China

results in additional exposure on firms and hence more firms show significant exchange

rate exposure when the regime changes. Subsequently, further studies regarding exchange

rate exposure are conducted. We first examine if appreciation or depreciation in local cur-

rency affects stock returns differently. The estimation results show that stock returns exhibit

asymmetric impact of exchange rates whereas the majority of Chinese firms exhibit that

CNY appreciation or depreciation affects firm returns similarly. The percentages of firms

showing significant exposure obtained from median and standard (mean) regressions are

fairly similar, implying that the estimation results and findings from standard regression

remain robust against outliers. Lastly, we examine variables that could be determinants of

exchange rate exposure. It is observed that firms with high export intensity (high export

over sales ratio) tend to have higher exchange rate exposure than those with lower export

intensity. Nevertheless, experiences of firms gained through years of operation and export-

ing to diverse markets are factors that help lessen exchange rate exposure to trading firms in

China.

In Chapter 3, the study shows the decomposition of exporting firms’ risk premium by current

and potential export destinations. The methodology of Fillat et al. (2015) which is initially

used to geographically decompose risk premium of MNEs is applied to decompose risk

premium of exporting firms in China. We represent risk underlying in each export market

with stock market fluctuation instead of GDP growth variation as used in the approach

of Fillat et al. (2015). The ensuing benefits are that risk reflected through stock markets is

forward-looking and high frequency data of stock returns allows us to estimate time-varying
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covariances. The latter advantage provides a more realistic risk proxy comparing to the use

of time-invariant covariances in the work of Fillat et al. (2015). For each firm, risk premium

contribution from each export destination is determined by two factors; the elasticity of the

firm’s market value with respect to stock market returns and the trivariate covariance of

China, export destination countries and the rest of the world. The concept of real options is

applied to relate firm’s risk premium to future export destinations whereby the probability

to export to each new market is varied firm-specific.

The empirical results show that risk premia from current export destinations clearly domi-

nate those of potential exports, implying that plans for future business expansion limitedly

affect risk premium of exporting firms. Moreover, assuming that firms are exporting to all

48 destinations in the sample, when aggregating risk premia across export destinations , it is

found that the risk premium from current export destination is negative. This points out that,

on the average, stock returns of Chinese exporting firms during 2000-2006 are less than the

risk-free investment (return from holding three-month treasury bill of China). The aggre-

gate risk premium for future export destinations is positive but with small magnitude and

insignificant when adding up to total risk premium of exporting firms. The largest contribu-

tion for exporting firms is from domestic sales, suggesting that the risk premium of domestic

firms during the study period is higher than risk premium of exporting firms and that current

exports during that time are not well rewarded for the risk taken. Following the decompo-

sition of risk premium, further studies are conducted. We begin with the robustness check

by removing countries with insignificant risk premia and re-estimate the risk premium again

with only countries with significant risk premia. The results show that most of the remaining

countries still exhibit significant risk premium contribution. Subsequently, we check if out-

liers affect decomposed risk premium estimates by comparing the estimation results from

median and standard (mean) regression. It is exhibited that the results obtained from the two

regression methods are quite similar in terms of magnitude and sign. In addition, we check
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if estimation results would change after removing suspected outliers in raw data. By using

firm returns which are winsorized at 10th and 90th percentiles, the resulting decomposed

risk premia for each export destination demonstrate consistent signs and magnitude to those

estimated with original data. The results on median regression and winsorized data thus

imply that our initial estimation results are robust against existing outliers. Then, we exam-

ine if variation in data frequency could alter the decomposed risk premium estimated. It is

observed that risk premia estimated from monthly and yearly data generate different esti-

mations of decomposed risk premium, risk premium contribution of each destination differs

both in terms of sign and magnitude. Hence, the estimation of risk premium by countries is

varied by the lengths of return horizon. Lastly, we examine if the decomposed risk premium

is changed if different assumption is drawn when calculating covariances. We alternatively

estimate covariances with two components; a stock market index of China and a stock index

of an export destination country, thereby assuming that risk from exports can be proxied by

co-movement between Chinese stock market and an export market while interdependence

to other markets is ignored. The results show that the decomposed risk premia derived from

bivariate covariances are generally smaller in magnitude (either less positive or less nega-

tive) than those obtained from trivariate covariances. It could thus be considered that using

bivariate covariances may result in underestimation of decomposed risk premia.

In Chapter 4, we measure volatility spillovers to Chinese stocks over different economic

liberalizations taking place in China. We employ the approach of Diebold and Yilmaz

(2012) to represent a volatility spillover as a percentage of volatility contribution from other

sources. To construct a spillover table, given time series of volatilities of variables, a gener-

alized forecast error variance decomposition on each variable is conducted to find shares of

volatility contributed from various sources. Typically, literature that employ the method of

Diebold and Yilmaz (2012) estimate time series of volatilities without concerning dynamic

correlation among variables. We thus improve the estimation of volatility time series by the
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use of a multivariate dynamic conditional correlation generalized autoregressive conditional

heteroskedasticity (DCC-GARCH) process. Accordingly, the resulting spillover tables then

take into account correlation dynamics which could reflect volatility spillovers in different

time period more accurately. Subsequently, we examine volatility spillovers between Chi-

nese stocks and global stock markets which are represented by three major stock indices;

S&P500 (the US), FTSE100 (the UK) and NIKKEI225 (Japan) in different liberalization

episodes. In addition to examining volatility spillovers among stock markets, we also in-

vestigate volatility spillover across firm types in China by establishing separate portfolios

of stocks of exporting, domestic manufacturing and domestic services firms. The liberal-

ization events in our interest are broadly categorized as liberalizations in trade, exchange

rate and stock markets. The trade liberalization in China took place when China became a

membership of WTO in December 2011. The exchange rate liberalization emerged when

China adopted the managed float exchange rate regime in July 2005. The stock market

liberalizations are considered to have three phases; beginning with the permission for do-

mestic investors to trade B shares (which were formerly reserved for foreign investors) in

February 2001 which marked the official connection between domestic and international

stock markets, followed by the launch of qualified institutional investors (QFII) program to

allow foreign investors to invest in Chinese stock market and then the stock market liber-

alization became materialized when tight regulations for QFII was relaxed to attract even

more foreign capitals to Chinese stock market.

When considering spillovers from the international stock markets to Chinese stock mar-

ket, the empirical results reveal that the main source of volatility to Chinese stocks is from

shocks in Chinese stock market rather than from foreign stock markets. Besides, the levels

of volatility spillovers to Chinese stocks are varied in each liberalization event. Volatil-

ity spillovers to Chinese stocks are highest during the stock market liberalization events,

especially when QFII restrictions are further loosened. Conversely, the lowest volatility
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spillovers are observed in the event of trade liberalization. In addition, when breaking down

Chinese stock markets into three portfolios, the empirical results show that the main source

of volatility to each portfolio is still own volatility (of each portfolio), followed by volatil-

ity spillovers from other portfolios and volatility spillovers from international stock mar-

kets. Such finding is the same to all portfolios. Comparing across economic liberalization

episodes, it is found that volatility spillovers to each portfolio are different from event to

event. We observe substantial contributions of volatility spillovers from the major stock

markets in some cases (the launch of QFII and QFII regulations relaxation); nonetheless,

volatility spillovers across portfolios still dominate. In terms of the source of volatility

spillovers from international stock markets, US stock market is ranked as the top volatility

transmitter to Chinese stock market.
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Appendix A

Additional Details for Chapter 2

To give a broad picture of Chinese firms, we provide information of the types of firm, we

analyse information about the types of our sample firm which are exporting, importing or

both and their percentage shares in each year. Statistics in Table A.1 illustrate how many

firms are exporters or importers or both exporters and importers during 2000-2006. For ex-

ample, during this sample period, there were in total 654 companies which are 38 exporting

firms (5.8 percent), 78 importing firms (11.9 percent) while 538 companies (82.3 percent)

conduct both export and import at the same time. The total number of firms reportedly

involved in international trade increased from 304 firms in 2000 to 527 firms in 2006 as

shown in Table A.1. 74.2 percent of these firms engaged in both exporting and importing,

10.8 percent of the firms are exporters and 15 percent of all firms are importers. We can

see that most firms do the international activities engaged in both export and import. This is

consistent with the work of Manova and Zhang (2009) that more than half of Chinese firms

engaged in both exporting and importing.
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Table A.1: Firm types.
Year Firm Type No. of firms % of total
2000 Exporters 41 13.5

Importers 54 17.8
Both 209 68.8

20001 Exporters 56 14.7
Importers 65 17.1
Both 259 68.2

20002 Exporters 52 11.8
Importers 76 17.3
Both 311 70.8

2003 Exporters 60 11.8
Importers 90 17.3
Both 346 70.8

2004 Exporters 58 10.8
Importers 101 18.8
Both 378 70.4

2005 Exporters 60 11.3
Importers 93 17.6
Both 376 71.1

2006 Exporters 57 10.8
Importers 79 15
Both 391 74.2

2000-2006 Exporters 38 5.8
Importers 78 11.9
Both 538 82.3
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Table A.2: WIOD industry groups and industry groups in Bloomberg.

   

73  

Table 15  WIOD industry groups and industry groups in Bloomberg 

WIOD Industry Groups Industry Groups in Bloomberg
Agriculture, Hunting, Forestry and Fishing Agriculture
Air Transport Airlines
Basic Metals and Fabricated Metal Building Materials
Basic Metals and Fabricated Metal Hand/Machine Tools
Basic Metals and Fabricated Metal Iron/Steel
Basic Metals and Fabricated Metal Metal Fabricate/Hardware
Chemicals and Chemical Products Chemicals
Coke, Refined Petroleum and Nuclear Fuel Coal
Coke, Refined Petroleum and Nuclear Fuel Energy-Alternate Sources
Coke, Refined Petroleum and Nuclear Fuel Oil&Gas
Coke, Refined Petroleum and Nuclear Fuel Oil&Gas Services
Construction Engineering&Construction
Construction Home Builders
Electrical and Optical Equipment Electrical Compo&Equip
Electrical and Optical Equipment Electronics
Electricity, Gas and Water Supply Electric
Electricity, Gas and Water Supply Gas
Electricity, Gas and Water Supply Water
Financial Intermediation Banks
Financial Intermediation Diversified Finan Serv
Financial Intermediation Insurance
Financial Intermediation Private Equity
Food, Beverages and Tobacco Beverages
Food, Beverages and Tobacco Food
Health and Social Work Biotechnology
Health and Social Work Cosmetics/Personal Care
Health and Social Work Healthcare-Products
Health and Social Work Healthcare-Services
Hotels and Restaurants Leisure Time
Hotels and Restaurants Lodging
Inland Transport Transportation
Leather, Leather and Footwear Apparel
Machinery, Nec Machinery-Constr&Mining
Machinery, Nec Machinery-Diversified
Manufacturing, Nec; Recycling Auto Manufacturers
Manufacturing, Nec; Recycling Computers
Manufacturing, Nec; Recycling Home Furnishings
Manufacturing, Nec; Recycling Household Products/Wares
Manufacturing, Nec; Recycling Housewares
Manufacturing, Nec; Recycling Miscellaneous Manufactur
Manufacturing, Nec; Recycling Office/Business Equip
Manufacturing, Nec; Recycling Packaging&Containers
Manufacturing, Nec; Recycling Pharmaceuticals
Manufacturing, Nec; Recycling Semiconductors
Mining and Quarrying Mining
Other Community, Social and Personal Services Advertising
Other Community, Social and Personal Services Commercial Services
Other Community, Social and Personal Services Entertainment
Other Community, Social and Personal Services Environmental Control
Other Community, Social and Personal Services Holding Companies-Divers
Other Community, Social and Personal Services Software
Post and Telecommunications Internet
Post and Telecommunications Telecommunications
Public Admin and Defence; Compulsory Social Security Aerospace/Defense
Pulp, Paper, Paper , Printing and Publishing Forest Products&Paper
Pulp, Paper, Paper , Printing and Publishing Media
Real Estate Activities Real Estate
Renting of M&Eq and Other Business Activities Storage/Warehousing
Retail Trade, Except of Motor Vehicles and Motorcycles; Repair of Household Goods Retail
Sale, Maintenance and Repair of Motor Vehicles and Motorcycles; Retail Sale of Fuel Auto Parts&Equipment
Textiles and Textile Products Textiles
Transport Equipment Shipbuilding
Wholesale Trade and Commission Trade, Except of Motor Vehicles and Motorcycles Distribution/Wholesale
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Additional Details for Chapter 4

B.1 Test of Stationarity of Raw Return Data

We perform the augmented Dickey-Fuller test on four weekly market-value-weighted return

series of Chinese listed companies and four daily return series of major stock indices. All

the return series cover the period of January 1997 to December 2014. Each dataset contains

924 observations. The objective of the test is to investigate if the return series follow a

unit-root process. The null hypothesis is that each return series contains a unit root, and the

alternative is that it is generated by a stationary process.
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Table B.1: Results from the augmented Dickey-Fuller test at lagged difference of 10.

1% critical 
value

5% critical 
value

10% critical 
value

all firms -8.025 -3.96 -3.41 -3.12
exporters -7.658 -3.96 -3.41 -3.12
domestic manufacturers -7.919 -3.96 -3.41 -3.12
domestic service -8.311 -3.96 -3.41 -3.12
S&P500 -9.499 -3.96 -3.41 -3.12
FTSE100 -9.981 -3.96 -3.41 -3.12
NIKKEI225 -9.013 -3.96 -3.41 -3.12

Interpolated Dickey-FullerTest 
Statistic

Table B.1 displays the test resulting test statistics of the augmented Dickey-Fuller1 regres-

sion with the number of lagged difference of 10. The results suggest that we can reject the

null hypothesis of a unit root on all return time series at all common significance levels. In

addition, experiments conducted with fewer or more lags in the augmented regression also

yield the same conclusion.

B.2 Test of Serial Correlation

After obtaining estimation results of the univariate GARCH model on the return series, we

perform the weighted Ljung-Box test to check if standardized squared residuals of each

fitted GARCH model exhibit a serial correlation.

1The Dickey-Fuller test statistic is not normally distributed. A Critical value for any sample size T can
be approximated by using interpolation formulas in Banerjee et al. (1993). The critical values reported in this
table are linearly interpolated based on the tables in Fuller (1996).
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B.3 Estimation Results of The GARCH(1,1) Model

Table B.2: Results from the weighted Ljung-Box test on standardized squared residuals at
12 and 14 lags.

Test all firms exporters domestic 
manufacturers domestic service

lags = 12 0.22(0.99) 1.84(0.66) 0.32(0.98) 0.19(0.99)
lags = 24 1.41(0.96) 3.36(0.69) 1.65(0.94) 1.28(0.97)

Notes: p-values are displayed in parentheses.

The test results from Table 2 indicate that the standardized squared residuals from fitting a

GARCH model on each time series do not have a serial correlation. Also, the conclusions

remain the same when perform a test at fewer or more lags.

B.3 Estimation Results of The GARCH(1,1) Model

Figure B.1: Estimation results of the GARCH(1,1) model.

Parameters All firms Exporters Domestic 
manufacturers

Domestic 
services

µ -0.082*** -0.257*** -0.306*** -0.125***
a1 0.557*** 0.945*** 0.743*** -0.939***
b1 -0.544*** -0.932*** -0.711*** 0.938***
ω 0.087*** 0.121*** 0.159*** 0.102***
α1 -0.007* -0.038** -0.056*** -0.004*
β1 0.961*** 0.948*** 0.937*** 0.954***

Notes: * p<0.1; ** p<0.05; *** p<0.01.
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B.4 Constructing Conditional Mean and Conditional Vari-

ance Using a Univariate GARCH Model

Given a univariate time series rt denoting a logarithmic stock return ( log(rt)− log(rt−1)) at

time t, its conditional mean can be described by the following equation:

rt = E [rt |Ωt−1]+ εt (B.1)

where E [�|�] is the conditional expectation operator, Ωt−1 denotes the information set up to

time t −1 and εt is the innovations or residuals of the time series representing the uncorre-

lated random disturbances with zero mean (white noise).

B.4.1 ARMA Mean Equation

In our study, we employ the ARMA process to model the mean equation whereby the in-

novations are modelled by GARCH process. The ARMA(m,n) process of autoregressive

order m and moving average order n can be described as

rt = µ+
m

∑
i=1

airt−i+
n

∑
j=1

b jεt− j + εt (B.2)

where µ is a constant. If n = 0, equation (B.2) turns to an autoregressive process, AR(m)

and if m = 0, it is a moving average process, MA(n).
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B.4 Constructing Conditional Mean and Conditional Variance Using a Univariate
GARCH Model

B.4.2 GARCH Variance Equation

The mean equation presented earlier cannot capture heteroskedastic effects of time series

typically observed in form of, for instance, fat tails, volatility clustering and leverage ef-

fect. Consequently, Engle (1982) introduces the Autoregressive Conditional Heteroskedas-

tic model (ARCH) which is later generalized by Bollerslev (1986) to Generalized Autore-

gressive Conditional Heteroskedastic model (GARCH).

Engle (1982) redefines the innovation εt in the ARMA mean equation (B.2) as an autore-

gressive conditional heteroskedastic process where εt is of the following form:

εt = zt
√

ht (B.3)

where zt ∼Dϕ(0,1) is an i.i.d. process of the innovations under the probability density func-

tion Dϕ with zero mean and unit variance and
√

ht is the conditional volatility of εtwhich is

time-varying. Optionally, ϕ is additional distributional parameters to describe the skew and

the shape of the distribution.

The variance equation of the univariate GARCH(p,q) model can be expressed as

ht = ω+
p

∑
i=1

αiε
2
t−i+

q

∑
j=1

β jht− j (B.4)

If all the coefficients β are zero, the GARCH model in equation (B.4) is reduced to the

ARCH model.
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B.5 Modelling Multivariate Conditional Volatilities Using

a DCC-GARCH model

Spillover tables and spillover indices can determine how much of the forecast error variance

of each of the variables can be explained by exogenous shocks to the other variables. The

variables applicable are a time series of return and a time series of return volatility.

The DCC-GARCH belongs to the class “Models of conditional variances and correlations”.

It was introduced by Engle and Sheppard (2001). The idea of the models in this class is that

the covariance matrix ( ht) can be decomposed into conditional standard deviations, Dt and

a correlation matrix (Rt ). In the DCC-GARCH model both Dt and Rt are designed to be

time-varying. The DCC-GARCH model is formally defined as:

rt = µt + εt ,

εt = H1/2
t zt ,

Ht = DtRtDt (B.5)

where

rt N ×1 vector of log returns of N variables at time t .

εt N×1 vector of innovations of N variables at time t with E [εt ] = 0 and Cov [εt ] =

Ht .

µt N ×1 vector of an expected value of rtat time t .

Ht N ×N matrix of conditional variances of εt at time t.

H1/2
t N ×N matrix at time t such that Ht is the conditional variance matrix of εt .
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H1/2
t can be obtained by a Cholesky factorization of Ht .

Dt N ×N diagonal matrix of conditional standard deviations of ε t at time t.

Rt N ×N conditional correlation matrix of ε t at time t.

zt N ×1 vector of standardized innovations where zt = D−1
t εt .

Elements in the diagonal matrix (Dt ) are squared root of conditional variance (standard

deviation) from univariate GARCH models as defined in equation (B.4), specifically,

Dt =



√
h1t 0 . . . 0

0
√

h2t . . .
...

...
... . . . 0

0 . . . 0
√

hNt


(B.6)

where hnt =ωn+
p
∑

i=1
αniε

2
n,t−i+

q
∑
j=1

βn jhn,t− j for all n= 1, ...,N . Note that a specification of

a univariate GARCH models is not limited to the standard univariate GARCH(p,q) but can

include any other variants of GARCH processes. However, for our case, only the standard

univariate GARCH(p,q) is considered.

For a conditional variance matrix ( Ht), since a correlation matrix (Rt ) is of the form:

Rt =



1 ρ12,t ρ13,t . . . ρ1N,t

ρ12,t 1 ρ23,t . . . ρ2N,t

ρ13,t ρ23,t 1
...

...
...

... . . .
. . . ρN−1N,t

ρ1N,t ρ2N,t . . . ρN−1N,t 1


(B.7)

and Rt is symmetric. Therefore, elements of Ht = DtRtDt can be expressed as [Ht ]nm =
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ρnm
√

hnthmt with ρnn = 1 where n and m are row and column indices, respectively. When

specifying a form of Rt two requirements have to be considered:

1. Ht has to be positive definite because it is a covariance matrix. To ensure Ht to be positive

definite, Rt has to be positive definite (Dt is positive definite since all the diagonal elements

are positive).

2. All the elements in the correlation matrix ( Rt) have to be equal to or less than one by

definition.

To ensure both of these requirements in the DCC-GARCH model, Rt is decomposed into:

Rt = Q∗
t QtQ∗−1

t

Qt = (1−a−b)Q+azt−1zT
t−1 +bQt−1 (B.8)

where Q =Cov
[
ztzT

t
]
= E

[
ztzT

t
]

is the unconditional covariance matrix of the standardized

errors zt which can be estimated as Q = 1
T

T
∑

t=1
εtε

T
t and Q∗

t is a diagonal matrix with the

square root of the diagonal element of Qt at the diagonal,

Q∗
t =



√
q11t 0 . . . 0

0
√

q22 . . .
...

...
... . . . 0

0 . . . 0
√

qNNt


(B.9)

Q∗
t rescales the elements in Qt to ensure that |ρnm|= | qnm,t√qnn,tqmm,t

| ≤ 1 . Additionally, Qt has to

be positive definite to assure Rt to be positive definite. There also requires that, in equation

(B.8), a ≥ 0,b ≥ 0 and a+b < 1to guarantee Ht to be positive definite.
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B.6 Background of Economic Liberalizations in China

B.6 Background of Economic Liberalizations in China

B.6.1 Stock Market Liberalization

The first stock market in the history of the People’s Republic of China, Shanghai Stock

Exchange, opened on 26 November, 1990. On 11 April, 1991, Shenzhen Stock Exchange

opened. Initially only one class of shares, the public A-shares were allowed to trade on

exchanges. In 1992, the B share is created for foreign investors. The A-shares are domestic

ordinary shares denominated and traded in Renminbi by Chinese citizens only. The B shares

are ordinary shares denominated in Chinese Yuan but traded in foreign currencies. The

main differences are that B shares are restricted to foreign investors (before 19 February,

2001), and that price quotes and dividend payments are in foreign currency. The A and

B share markets were completely segmented until 19 February, 2001. Since then, China

Securities Regulatory Commission allowed domestic investors to purchase B shares with

certain conditions. Domestic investors need to open a bank account for trading B shares

and foreign currencies used in trading are required to be transferred from foreign banks.

China launched the Qualified Foreign Institutional Investor (QFII) scheme in November

2002 after the China Securities Regulatory Commission (CSRC) and the People’s Bank of

China (PBOC) jointly issued the Provisional Measures on the Administration of Domestic

Securities Investments by Qualified Foreign Institutional Investors on 5 November 2002,

which came into force on 1 December 2002. As a transitional arrangement given that RMB

is not fully convertible under the capital account, the QFII scheme allows authorised foreign

institutional investors to invest in and trade on the Chinese securities market. Under the QFII

scheme, foreign investors may invest in ‘A’ shares, bonds and warrants listed on China’s

domestic stock exchanges, securities investment funds and other instruments permitted by

CSRC. A QFII must entrust a domestic commercial bank as the custodian of its assets,

and entrust a domestic securities company for its domestic securities trading. The scheme
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allows a single QFII to hold up to 10 per cent of the ‘A’ shares in one listed company while

the total foreign shareholding held by a QFII in any one listed company should not exceed

20 per cent. The minimum investment quota applied to a single QFII investment is US$50

million as required by the CSRC and the state administration of foreign exchange (SAFE).

The accumulated investment quota for a single QFII is currently capped at US$1 billion.

SAFE may adjust the above-mentioned investment limits according to the economic and

capital market situation, the demand and supply for foreign exchange and the balance of

international payments. The first QFII entered to China’s capital market was UBS Warburg

on 9 July 2003 and only four stocks were purchased. This, however, symbolizes the official

entry of foreign institutional investors to Chinese stock exchanges. After the first three years

of strict trading quantity control, on 24 August 2006 the government’s approval on QFIIs

were remarkably relaxed. There were 18 more QFIIs approved in 2006 alone and by the end

of September 2013, there were 239 foreign institutions hold the status of QFII.

B.6.2 Trade Liberalization

China’s authorities first announced their plans to become a member of the general agreement

on tariffs and trade (GATT), later known as the world trade organization (WTO), in 1986.

However, due to the consequences of the membership’s conditions, further negotiations are

postponed until 1992. In 1988, the government diminished the role of the central govern-

ment and its authorities in China’s trade sector of private firms and state-owned enterprises

(SOEs). From this point in time, the nation’s trade policy became more lenient and is decen-

tralized to local governments. China’s negotiations to join the WTO resulted in a number of

trade liberalization measures: the elimination of two-thirds of China’s import licensing re-

quirements by the end of 1994 and the liberalization of other non-tariff measures such as the

removal of all import restrictions and licensing requirements, quotas and other controls on a

wide range of products by 1997 and the creation of a more transparent trade system. By the

230



B.6 Background of Economic Liberalizations in China

end of the year, tariffs on 53 percent of all dutiable products had been reduced by an average

of 7.3 percent, Jaggi et al. (1996). In 1995, China intensified its WTO accession campaign

by showing some flexibility on reducing trading rights requirements, export rebates and a

number of other trade restrictions. Later in the same year, China reduced tariffs of another

4,000 items and cut tariffs by an average 30 percent. However, some of the reductions in

tariffs were offset by increases in taxes on imported products, Jaggi et al. (1996). In Decem-

ber 2001, after 15 years of continual negotiations, China obtained its WTO membership.

As a result, China’s leaders agreed upon a list of commitments aimed at further reduced

trade barriers with other WTO members, Adhikari and Yang (2002). China was to make

all tariffs on agricultural items binding and reduce them from an average of 32 to 17 per-

cent. Moreover, all export subsidies on agricultural products were to be eliminated and the

volumes of tariff-rate quotes on agricultural imports would be increased rapidly. In-quota

tariffs would be reduced to 1-3 percent, while above-quota tariffs for crucial produce, such

as grain, would be reduced from 80 to 65 percent – comparable to those in the EU and other

Northeast Asian countries. For industrial products, China was to terminate quantitative re-

strictions still in place and by 2005 the average tariff would be reduced from 25 to 9 percent.

Furthermore, all tariffs on information technology products were promised to be eliminated

by 2005 and all service sector restrictions concerning foreign enterprises in the areas of li-

censing, equity participation, geographical location, business scope and operations would

either be relaxed or removed in the near future. Finally, China assured to grant access to a

large number of key industries, such as telecommunications, financial industries and distri-

bution, for foreign firms. Overall, China’s WTO accession forced its authorities to push for

an extensive liberalization of trade restrictions across the board. Aside from accommodat-

ing market access to other WTO members, China’s commitments upon accessing the WTO

also involved increasing the transparency of its trade and investment policies. Furthermore,

China’s authorities promised to eliminate all subsidies prohibited by the WTO, including
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subsidies to SOEs, Adhikari and Yang (2002).

B.6.3 Exchange Rate Liberalization

China’s exchange rate reform started with the introduction of a foreign exchange retention

system in 1979. This enabled government controlled trading firms to retain certain quotas

of their foreign exchange proceeds and to trade unused remaining quantities of their quotas

among other trading firms. In order to stimulate the export sector, the authorities introduced

a dual exchange rate system. A devalued settlement rate of CNY 2.8 against the dollar

was applied to trade transactions, while the official dollar exchange rate stood at CNY 1.5

per USD. In the ensuing years, a number of currency devaluations brought the official ex-

change rate down to CNY 2.8 per USD. Consequently, a unified exchange was established

by the end of 1984, Jaggi et al. (1996). In 1985, the Chinese authorities opened the foreign

exchange swap centers in China’s special economic zones that provide trading in foreign

exchange retention quotas. Foreign funded enterprises were allowed to trade actual foreign

currency here starting in 1986 at fixed rates set by the authorities. After continuous deval-

uations, the value of CNY to USD reduced from 4.73 in January 1990, to 8.72 in 1994. In

1997, China then raised the value of the yuan and announced a long-term peg to the dollar at

CNY 8.28 per USD, Guijun and Schramm (2003). The series of currency devaluation, how-

ever, caused China being accused by its major trading partners of manipulating its currency

by keeping the yuan artificially low. In consequence, in July 2005, the Chinese government

announced that it would abandon its dollar peg regime. The yuan was revalued by 2 percent

from 8.28 to 8.11 yuan to the dollar. Furthermore, the PBOC called for an improvement of

the exchange rate regime with greater flexibility of the Renminbi. The peg to the dollar was

officially abandoned and replaced by, according to the PBOC in 2005, a managed floating

exchange rate based on market supply and demand with reference to a basket of currencies,

the content of which would be adopted from the viewpoint of China’s trade composition.
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The PBOC would use the closing price of the CNY in the interbank foreign exchange mar-

ket and make it the central parity for trading the following day. The CNY would be allowed

to float within a band of 0.3 percent around the central parity rate against the dollar, while

the trading band against other currencies in the basket was to be a maximum of 1.5 percent

– the latter being adjusted several months later to 3 percent. Adjustment of the width of the

CNY trading band would be conducted when necessary according to market development

as well as the economic and financial situation.
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