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1 INTRODUCTION

This doctoral dissertation examines financial connectedness from different
perspectives. In particular, the first essay of the dissertation examines equity
market connectedness, the second essay studies individual company
connectedness, and the last two essays of the dissertation analyze industry
connectedness. Connectedness refers to the connections of variables in a network
or system. It is synonymous with interdependence or linkages. “Connectedness”
and “spillover” can be used interchangeably in this dissertation (see Diebold &
Yilmaz 2012, 2014). Another related concept is financial market integration
studying the inter-relationships of financial markets. In contrast to the concept of
financial market integration, financial connectedness emphasizes a network or
system view and involves inter-relationships or connections at various levels,
which can be pairwise connections between two variables or system-wide
connections among all the variables in the system.

The dissertation contains four essays. The first essay studies whether the subprime
mortgage crisis and European debt crisis intensified the connectedness or spillover
effect on the Nordic equity markets, where the intensified connectedness effect is
defined as contagion (see section 5 for various definitions of contagion). The
second essay examines the equity volatility connectedness across the major real
estate firms, banks, and other financial institutions in China. The third essay
analyzes the frequency connectedness of equity volatilities across different
industries in China. The fourth essay investigates whether real estate regulatory
policies decrease the connectedness from the sector of real estate firms to the
sector of banks in the case of China, where connectedness from the sector of real
estate firms to the sector of banks is used to represent the real estate risks to the
banking industry.

Connectedness is an essential concept in finance. For instance, connectedness
plays a significant role in risk management, portfolio allocation, business-cycle
analysis, and real-time crisis monitoring (Diebold & Yilmaz 2015). The risk of a
portfolio depends on both the risk of individual assets and the connectedness
among the assets. The benefits of portfolio diversification decrease with the level
of connectedness among the assets. Time-varying connectedness implies time-
varying portfolio risk and diversification benefits. Connectedness is generally high
during financial crises, leading to low diversification benefits. In addition to the
portfolio risk, another common type of risk is systemic risk. The level of systemic
risk of a financial system could be determined by the extent of system-wide
connectedness of the system. One determinant of the systemic risk contribution of
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a financial institution is its level of connectedness with the rest of the financial
system. Due to financial market connectedness, financial risks also spread from
one country to another. The speed and strength of risk transmissions largely
depend on the level of connectedness across the financial markets in different
countries.

This dissertation mainly focuses on the financial connectedness in the case of
China. The case of China is interesting for the following reasons. Firstly, after
decades of rapid economic growth, China has become the second largest global
economy by nominal GDP and the largest global economy by purchasing power
parity. The growth of the Chinese economy contributes significantly to the world
economic growth. The status of the Chinese manufacturing and industrial output
is viewed as a barometer of the world economy, affecting global equity, commodity,
and currency markets (Baum, Kurov & Wolfe 2015).

Secondly, the second and fourth essays of the dissertation study the connectedness
between the real estate industry and banking industry in China. The subprime
mortgage crisis indicates that financial risks related to the real estate industry in
the US can spread to the other industries and further affect the global financial and
economic stability. Similarly, real estate industry in China shows large credit risk
spillovers to the other industries and contributes a significant part of the total
economic output; in addition, China's real estate loans and real estate investment
account for a large part of the total bank loans and total fixed asset investment,
respectively (Chan, Han & Zhang 2016). Hence, given the significance of the real
estate industry in China and the gradually increasing importance of the overall
Chinese economy, China’s real estate industry could also have significant
implications for the global financial and economic stability. Moreover, compared
to the real estate market in the US, Chinese real estate market has some distinct
features: dramatic housing price growth, large total construction of floor space,
high vacancy rates, and large control over the price and construction by the public
sector (Glaeser et al. 2017). Chinese banks, on the other hand, are important part
of the world banking sector. After the subprime crisis, global systemically
important banks shifted from the developed economies to the emerging
economies, particularly China (Alessandri, Masciantonio & Zaghini 2015).
Financial Stability Board publishes a list of global systemically important banks
each year since 2011. In their 2018 list of global systemically important banks, 4
out of the 29 banks are Chinese banks.

The remainder of this introductory chapter proceeds as follows. Section 2
describes the contribution of the dissertation. Section 3 presents the theoretical
background on portfolio diversification, equity market integration, and financial
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contagion.# Section 4 reviews the financial connectedness methods and empirical
applications of the methods. Section 5 summarizes the four constituent essays of
the dissertation. Finally, section 6 presents the concluding remarks and
implications of the dissertation.

4 The concepts of portfolio diversification, equity market integration, and financial
contagion are related to one another and to the idea of financial connection. The extent of
market integration and the occurrence of financial contagion affect the potential gain from
international portfolio diversification. Portfolio diversification activities across countries
could make international equity markets more integrated, and international portfolio
rebalancing following a financial crisis may raise the speed and severity of financial
contagion. Finally, the degree of financial connections determines the potential benefits of
portfolio diversification and the extent of market integration, while changes in the level of
financial connections following a financial crisis are signs of financial contagion.
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2 CONTRIBUTION OF THE DISSERTATION

The dissertation investigates financial asset connectedness from different angles
in four essays. The first essay examines connectedness of equity markets and the
impact of financial crises on equity market connectedness. The second essay
studies equity volatility connectedness of individual companies. The third and the
fourth essays analyze connectedness at the industry level. In addition, the fourth
essay also reveals the effect of regulatory policies on the dynamic connectedness.

The dissertation enriches the understanding of financial connectedness and
factors affecting it. In addition to the main contribution to the literature on
financial connectedness, the dissertation also contributes to other strands of
literature on financial contagion, systemic risk, risk measurement, risk
monitoring, and real estate regulation.5 Generally, the dissertation, falling under
the theme of financial connectedness, integrates several lines of literature and
provides new insights into each of them.

Specifically, the first essay of the dissertation examines the shifting of equity
market connectedness due to the occurrence of financial crises. This essay defines
contagion as the intensified connectedness/spillover effect during crisis period
relative to tranquil period. Extensive research has been conducted on equity
market contagion (e.g., Forbes & Rigobon 2002; Baur 2012; Bekaert et al. 2014).
However, previous research has focused on the overall contagion effect, i.e., the
contagion effect of the overall shocks to equity returns in the crisis-hit country on
the equity returns in other countries. Separating the overall shocks to equity
returns into a discount rate news component and a cash flow news component by
the framework of Campbell (1991), the essay studies the contagion effect of the
subprime mortgage crisis and European debt crisis arising from each of these two
return components. The discount rate news component reflects changes in
investors’ expectation of future discount rates, while the cash flow news
component reflects changes in investors’ expectation of future dividends.
Distinguishing between contagion effect of the discount rate news component and
that of the cash flow news component deepens our understanding of the
underlying characteristics of the financial crises. Moreover, instead of using
correlation coefficients that may be biased upward during financial crises due to
the impact of high volatilities (Forbes & Rigobon 2002), the essay utilizes the
spillover measures of Diebold and Yilmaz (2012), which already take into account
the impact of total variations (Diebold & Yilmaz 2015).

5 More specifically, the first essay contributes to the literature on financial contagion; the
second and the third essays provide insights into the issues of systemic risk, risk
measurement, and risk monitoring; the fourth essay contributes to the literature on real
estate regulation.
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The second essay of the dissertation studies the dynamic equity volatility
connectedness across the major real estate firms, banks, and other financial
institutions in the case of China. The essay complements previous research on the
volatility connectedness of financial institutions in the developed economies (e.g.,
Diebold & Yilmaz 2014, 2016). The essay also provides an intuitive way to measure
the systemic importance of a real estate firm to the banking sector and that of a
bank to the financial system, based on the relative level of equity volatility
connectedness. Furthermore, previous studies on systemic importance of financial
institutions document the average and changes of the average rankings of systemic
importance over different time periods (e.g., Huang, Haan & Scholtens 2019;
Huang et al. 2016). The essay is the first to systematically analyze the transition
behavior of the systemic importance rankings of real estate firms and banks by
discrete time Markov Chain model.

The third essay of the dissertation examines frequency volatility connectedness
across different industries in China. This essay contributes to the literature in the
following ways. Firstly, the essay is the first to explore the frequency volatility
connectedness across different industries by the advantageous method of Barunik
and Krehlik (2018). The frequency connectedness method of Barunik and Krehlik
(2018) can be used to show whether the connectedness arises from the short-,
medium-, or long-term impact of shocks, which may be important for risk
management, portfolio allocation, and monitoring of financial risks. Secondly,
the essay complements previous research on the connectedness among assets in
China, which received relatively less attention in the previous literature. Thirdly,
the essay reveals the underlying frequency sources of volatility connectedness and
systemic risk during important sub-periods, such as periods of subprime crisis and
European debt crisis.

The fourth essay of the dissertation studies whether real estate regulatory policies
can constrain real estate risks to banks in the case of China. The essay uses the
return and return component connectedness from the sector of real estate firms to
the sector of banks to represent the real estate risks to banks. Previous research
has evaluated the effects of regulatory policies on restraining real estate prices
(e.g., Vandenbussche, Vogel & Detragiache 2015; Kuttner & Shim 2016; Jang, Song
& Ahn 2020), but neglected the issue of whether regulatory policies can constrain
real estate risks, particularly real estate risks to banking sector. The essay argues
that it could be more desirable to examine the effects of regulatory policies on
constraining the real estate risks, rather than real estate prices. On the one hand,
it is challenging to determine whether real estate prices are too high or whether
real estate bubbles exist (Ahuja et al. 2010; Cadil 2009). On the other hand, there
are bad real estate price booms and good real estate price booms: bad real estate
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price booms are real estate bubbles and require policy actions, while good real
estate price booms are benign and policy actions could unnecessarily restrict credit
(Crowe et al. 2013).¢ Thus, real estate regulatory policies constraining good real
estate price booms are not necessarily “effective”. In contrast, high real estate risks
are always undesirable and regulatory policies reducing real estate risks would be
more practical.

6 According to Crowe et al. (2013), bad real estate price booms are real estate bubbles, i.e.,
price misalignments in relation to economic fundamentals; good real estate price booms
are not real estate bubbles, but only large or rapid movements in real estate prices.
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3 THEORETICAL BACKGROUND

3.1 Portfolio diversification

The “expected returns—variance of returns” rule of Markowitz (1952) suggests that
investors should choose portfolios with the highest expected return for a given
level of variance (or the lowest variance for a given level of expected return). After
the seminal work of Markowitz, later research develops alternative portfolio
theories that consider higher moments of the distribution of portfolio returns (Lee
1977), multi-period investment (Hakansson 1974), and continuous-time analysis
(Merton 1990). Later research also takes into account more realistic investor
problems, such as borrowing constraint (Fu, Lari-Lavassani & Li 2010) and
infrequently traded stocks (Castellano & Cerqueti 2014). However, the mean-
variance theory of Markowitz remains the cornerstone of modern portfolio theory
(Elton & Gruber 1997).

For a given level of expected return, the variance of a portfolio could be
substantially lower than that of the constituent assets: the lower the correlations
among the constituent assets, the higher the diversification benefits. For a well-
diversified portfolio, the unsystematic risks can be fully diversified away.
Consequently, only the non-diversifiable systematic risks matter for investors.
Unsystematic risks are asset-specific risks affecting a single asset, while systematic
risks are market-wide risks affecting all the assets. Compared to assets in the same
country, the benefits of diversification are even larger when assets in different
countries are included in one portfolio, since assets in different countries have
relatively lower correlations. International diversification is profitable, if expected
return on foreign securities satisfies the following condition:

(1) Re — R¢ > Rp — RO (®F/o, ),

where R is the risk-free rate. Rg is the expected return on the foreign securities
denominated in domestic currency, and Ry is the expected return on the domestic
securities. or and op are the corresponding standard deviation of the foreign
securities and domestic securities, respectively. p is the return correlation
coefficient between the foreign and domestic securities (Elton et al. 2011: 219—
222)).



8 Acta Wasaensia

Equation 1 shows that to make the international diversification profitable, the
minimum requirement for Ry — R¢ is (Rp — R¢) (GF/GD p). This value is smaller
than (Rp —Ry), if GF/(yD p<1. In other words, as long as GF/GD p<1,
international diversification is profitable even when the expected return on the
foreign securities is smaller than that on the domestic securities. Equation 1 also
suggests that international diversification opportunities depend on p and the
relative values of o and op. For a US investor investing in the developing markets,
he or she may face relatively larger or but smaller p, as developing markets tend to
have higher volatilities but lower correlations with the US market.

Empirical evidence on the benefits of international portfolio diversification is
extensive. For instance, Grubel (1968) provides some early evidence on the
benefits of diversifying in the international stock markets. Solnik (1974) shows
that portfolio risks can be significantly reduced when the investment opportunity
set is expanded from US stocks to international stocks. Jorion (1989) finds similar
results when the investable assets include both stocks and bonds. Liu (2016) finds
that diversification with international corporate bonds reduces risks and increases
risk-adjusted returns. The four studies mentioned above analyze the benefits of
international diversification from the perspective of US investors. Driessen and
Laeven (2007) examine international diversification from the angle of local
investors. Their study suggests that investors, especially those in the developing
countries, benefit from international diversification. Furthermore, recent studies
reveal that international diversification with bitcoin reduces portfolio risks (Briere,
Oosterlinck & Szafarz 2015; Guesmi et al. 2019). Despite the extensive evidence of
substantial gain from international diversification, the occurrence of financial
crises, the development of information technology, and the general trend of
globalization could contribute to diminishing international diversification
benefits.

3.2 Equity market integration

Previous literature proposes three definitions of financial market integration
(Kearney & Lucey 2004). One definition invokes the law of one price and suggests
that as a result of unrestricted international capital flows, interest rates across
countries should be equal (or more generally, international financial assets with
identical risks should have equal rates of return). Another definition of financial
market integration is based on the study of Stockman (1988), according to which
financial integration is perfect if the set of international financial markets enables
market participants to insure against the full set of anticipated states of nature.
The third definition of financial market integration is related to the degree of
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domestic investment financed by world savings: for perfectly integrated capital
markets, the correlation between domestic investment and savings should be small
(Feldstein & Horioka 1980).

There is no generally accepted method to properly measure the extent of equity
market integration (Pukthuanthong & Roll 2009). Previous studies measure
equity market integration by both return-based and quantity-based indicators
(Adam et al. 2002). Quantity-based indicators build on quantities such as the size
of international capital flows and the composition of portfolios. Previous research
applies various methods to examine the degree of equity market integration:
international CAPM, correlation or cointegration structure of markets, and time-
varying measures of integration (Kearney & Lucey 2004). For instance,
Pukthuanthong and Roll (2009) propose an alternative integration measure based
on the adjusted R-square of a multi-factor model. Bekaert et al. (2011) introduce
an integration/segmentation measure using the difference between local and
global industry valuation ratios. Bekaert and Mehl (2019) measure market
integration by the conditional betas of an international factor model. Each
measurement of integration has its own strengths and weakness, and some
measurements generate very similar long-run integration pattern (Billio et al.
2017). For example, despite of its simplicity, correlation coefficient is a flawed
measure of integration, since correlation between two markets can be very small
even when they are perfectly integrated (Pukthuanthong and Roll 2009).

A wide range of factors affect the extent of equity market integration. For instance,
capital market liberalization, capital account openness, trade openness and
structure, and equity market openness are important contributing factors of equity
market integration (Bekaert & Harvey 2000; Quinn & Voth 2008; Chambet &
Gibson 2008; Eiling & Gerard 2015). There is also evidence that bilateral foreign
direct investment, exchange rate volatility, and equity market capitalization
influence market integration (Shi et al. 2010; Johnson & Soenen 2003; Buttner &
Hayo 2011). In addition, financial development of a country also affects its
integration with the global equity market (Vithessonthi & Kumarasinghe 2016).
Other determinants of equity market integration include geographical variables
and cultural distance (Flavin, Hurley & Rousseau 2002; Lucey & Zhang 2010).

Increasing financial integration in recent years has important implications. The
complete market definition of integration suggests that higher degree of
integration provides better insurance against possible future states of nature for
the market participants. Increasing market integration also implies declining
diversification benefits of international portfolios. Furthermore, increasing
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market integration raises the robustness of the economies and destabilizes the
household savings rates (Kearney & Lucey 2004).

3.3 Financial contagion

Global financial markets and economy were significantly affected by the Asian
financial crisis in the 1990s, after which the issue of financial contagion caught the
attention of policymakers and economists (Dornbusch, Park & Claessens 2000).
In spite of the importance of financial contagion, there is no consensus on the
definition of the term. Pericoli and Sbracia (2003) list five most representative
definitions in the previous literature. Contagion occurs if any of the following
situations were true: given that a crisis occurred in one country, the probability of
a crisis in another country is significantly higher; asset price volatilities spread
from the crisis country to non-crisis countries; there are comovements of asset
prices across countries that cannot be attributed to fundamentals; following a
crisis in one market or group of markets, comovements of prices and quantities
across markets are significantly higher; in response to a shock in one market, the
transmission channel strengthens or weakens (Pericoli & Sbracia 2003).

A variety of methods have been used to measure contagion. For instance, Forbes
and Rigobon (2002) test for equity market contagion by a correlation measure
corrected for market volatility. Bekaert et al. (2014) analyze equity market
contagion based on the factor loadings and residual correlations of an
international factor model. Forbes (2012) divides the methods for measuring
contagion into five categories: probability analysis, cross-market correlations,
VAR models, latent factor/GARCH models, and extreme value analysis. There are
both advantages and disadvantages for each of these methods (see Forbes 2012).
The approach by probability models is in line with the first definition of contagion
in Pericoli and Sbracia (2003), while the latent factor/GARCH models are
consistent with their second and third definitions of contagion. Dungey et al.
(2005) provide a review of methodologies for measuring contagion. They point out
that the way in which information (asset returns) is used to identify contagion
largely distinguishes alternative empirical models of contagion.

Regarding the causes of contagion, Dornbusch, Park and Claessens (2000) identify
two categories: fundamental causes and investors’ behavior. The first category
emphasizes transmission of shocks across countries as a result of their real and
financial linkages. The second category is related to the behavior of investors or
other financial agents, rather than the fundamentals. Fundamental causes include
common shocks, financial links, and trade links and competitive devaluations.
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Investors’ behavior involves issues such as liquidity and incentive problems and
changes in the rules of the game. Similar to the study of Dornbusch, Park and
Claessens (2000), Schmukler, Zoido, and Halac (2003) suggest three broad
channels of contagion: real links, financial links, and herding behavior.
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4 FINANCIAL CONNECTEDNESS

To measure financial connectedness, the dissertation utilizes the framework of
Diebold and Yilmaz (2009, 2012, 2014) and Barunik and Krehlik (2018).” Diebold
and Yilmaz (2009) propose a spillover index to measure the linkages in asset
returns and volatilities. The spillover index aggregates the cross variance shares of
a forecast-error variance decomposition from a VAR model. Extending the
spillover index of Diebold and Yilmaz (2009), Diebold and Yilmaz (2012)
introduce measures of both total spillovers and directional spillovers based on the
generalized forecast-error variance decompositions, which is invariant to the
orderings of variables in the VAR model. Diebold and Yilmaz (2014) interpret the
forecast-error variance decompositions as weighted, directed networks and argue
that the spillover measures provide a natural and insightful way to quantify the
connectedness at a variety of levels. Diebold and Yilmaz (2014) show that their
connectedness measures are closely related to the measures of network
connectedness and systemic risk.

Barunik and Krehlik (2018) notice that at different frequencies, shocks to
economic activity could have different impact. Thus, they consider cross variance
shares of forecast-error variance decompositions at various frequency bands. They
propose two types of connectedness measures: within connectedness and
frequency connectedness. The within connectedness quantifies the connectedness
within a specific frequency band. The frequency connectedness, in contrast, also
takes into account the share of forecast-error variance at the given frequency band.
The sum of the frequency connectedness over all (disjoint) frequency bands gives
the original connectedness of Diebold and Yilmaz (2014). Hence, frequency
connectedness can be used to examine the underlying frequency sources of
connectedness.

The above connectedness or spillover methods have been widely applied for
analyzing financial or economic connectedness. Diebold and Yilmaz (2009) study
the return and volatility connectedness of 19 equity markets and reveal the
divergent patterns of dynamic return and volatility connectedness. Diebold and
Yilmaz (2012) examine the volatility connectedness across four US asset classes
(stocks, bonds, foreign exchange, and commodities). They show that the global

7 Kara, Tian, and Yellen (2015) separate the empirical measures of interconnectedness into
two categories: network approaches and non-network approaches. The methods employed
in the dissertation are network approaches (for other network approaches and non-
network approaches, see Kara, Tian, & Yellen 2015 and the references therein). The
employed network approaches provide a “unified framework for conceptualizing and
empirically measuring connectedness at a variety of levels, from pairwise through system-
wide" (Diebold & Yilmaz 2014).
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financial crisis of 2007-2009 increased the connectedness among the assets,
particularly the connectedness from stocks to the other assets. Diebold and Yilmaz
(2014) analyze the equity volatility connectedness of major financial institutions
in the US, and Diebold and Yilmaz (2016) extend the analysis to include major
financial institutions in Europe as well. Diebold and Yilmaz (2015) provide a
comprehensive analysis of financial and macroeconomic connectedness (such as
the connectedness among assets across countries and the connectedness of global
real economic activity).

Barunik and Krehlik (2018) characterize the frequency dynamics of equity
volatility connectedness among US financial institutions. Focusing on the volatility
connectedness among four global asset classes, Tiwari et al. (2018) find that at the
highest frequency, stocks and sovereign bonds are the net transmitters of volatility,
and at lower frequencies, the other two asset classes (CDS and foreign exchange)
become the net transmitters of volatility. Wang and Wang (2019) investigate the
frequency dynamics of volatility connectedness between crude oil and 11 sectoral
stock markets in China. Their study shows that oil market is mainly a short-term
volatility transmitter to the Chinese stock markets. Similarly, the study by Ferrer
et al. (2018) also shows the importance of short-term component for the frequency
dependent connectedness between crude oil prices and US renewable energy
stocks. Other studies have also used the aforementioned methodology for
evaluating the connectedness of banks (Demirer et al. 2018; Wang et al. 2018),
stock and precious metal markets (Mensi, Al-Yahyaee & Kang 2017), international
real estate investment trusts (Liow & Huang 2018), cryptocurrency markets (Yi,
Xu & Wang 2018; Gillaizeau et al. 2019; Ji et al. 2019), international economic
policy uncertainty (Klobner & Sekkel 2014; Luk et al. 2018), seafood markets (Dahl
& Jonsson 2018), and so on.
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5 SUMMARY OF THE ESSAYS

This section briefly describes the four constituent essays of the dissertation. The
individual contribution of the co-authors for each essay is listed below:

Essay 1: This essay is single-authored by Junhua Jiang.

Essay 2: Junhua Jiang is responsible for collecting the data, analyzing the data,
writing the essay, and revising the essay. Dr. Aij6é contributed comments and
suggestions for improving the essay.

Essay 3: Dr. Tiwari is responsible for writing the methodology part, providing
comments for improving the essay, and giving advices for revising the essay. Dr.
Aij6 and Dr. Piljak are responsible for writing part of the Introduction section and
offering comments for improving the essay. Junhua Jiang collected and analyzed
the data. Junhua Jiang is also responsible for writing part of the Introduction
section, Data and method section, Results section, and Conclusions. Dr. Aijo, Dr.
Piljak, and Junhua Jiang revised the essay and drafted the response letters to the
reviewers.

Essay 4: This essay is single-authored by Junhua Jiang.

5.1 Discount rate or cash flow contagion? Evidence from
the recent financial crises

The first essay of this dissertation investigates whether the subprime mortgage
crisis and European debt crisis strengthened the spillover or connectedness effect
on the Nordic (Denmark, Finland, Norway, and Sweden) equity markets. In
particular, utilizing the vector autoregressive framework of Campbell (1991), the
essay first decomposes the aggregate equity market returns of the two crisis-
originating countries (US and Greece) into a discount rate news component and a
cash flow news component. The essay then examines the spillover effect of the two
return components on the Nordic equity markets by the spillover indexes of
Diebold and Yilmaz (2012). The essay refers to the intensified spillover effect of
the discount rate news component (cash flow news component) during a crisis
period relative to the pre-crisis period as discount rate contagion (cash flow
contagion).

The data used in this study include monthly equity market indexes for
US(S&P500), Greece (FTSE index), Germany (DAX30), and the four Nordic
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countries (MSCI indexes for Denmark, Finland, Norway, and Sweden).® The
sample of data also include the dividend yield for the Greek and US equity market
indexes, total return indexes for the Greek small growth stocks and small value
stocks (MSCI index), monthly returns on the US small growth stocks and small
value stocks, and 3-month and 10-year government bond rates for Greece and US.
The sample period is divided into three sub-periods: pre-crisis period (Jan. 2004-
Jun. 2007), subprime mortgage crisis period (Jul. 2007-Dec. 2009), and European
debt crisis period (Jan. 2010- Dec. 2012).

The study finds that the subprime mortgage crisis shows both discount rate and
cash flow contagion effect on the Nordic equity markets, with the effect of the
discount rate contagion being more significant. In other words, expectations of
higher future discount rates and lower future corporate earnings due to the
occurrence of the subprime crisis spread to the Nordic markets, with the effect of
the former being more pronounced. On the other hand, the European debt crisis
does not exhibit either discount rate or cash flow contagion effect on the Nordic
markets. However, during the European debt crisis, spillovers among the German,
US, and Nordic equity markets become stronger, and expectations of lower future
cash flows due to the occurrence of the sovereign debt crisis appear to spread to
the Finnish market.

5.2 Equity volatility connectedness across China’s real
estate firms and financial institutions

The second essay of this dissertation analyzes the equity volatility connectedness
among the major Chinese real estate firms, banks, and other financial institutions.
Built on the relative level of equity volatility connectedness, the essay also
examines the systemic importance of each real estate firm to the banking sector
and that of each bank to the financial system. Since real estate loans account for a
large part of the total bank loans in China, real estate sector is essential for the
banking sector. Furthermore, as a crucial part of the financial system, banking
sector in China provides the most important source of financing for the business
operations.

8 Since DAX30 index is a more commonly used equity market index for Germany, the study
uses the DAX30 index (instead of the MSCI index) for representing the German equity
market. Although DAX30 index and MSCI index for Germany may have different selection
criteria, the impact of the different selection criteria on the spillover effect should be the
same over the pre-crisis period and crisis period. As the study determines the contagion
effect by comparing the spillover effect during the pre-crisis period and crisis period, the
different selection criteria for the DAX30 and the MSCI indexes are unlikely to affect the
main results of the study.
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The sample of companies analyzed in the essay contains 7 real estate firms, 10
banks, 3 broker-dealer firms, and 2 insurance firms that are listed on the two stock
exchanges in Mainland China. To compute the daily realized volatility, the essay
uses the daily high, low, opening and closing stock prices of these companies from
2 September 2010 to 18 December 2015. The essay evaluates the volatility
connectedness by the method of Diebold and Yilmaz (2014) and analyzes the
transitions of systemic importance rankings by discrete time Markov Chain model.

The essay shows that total directional connectedness from real estate firms to
banks weakens over the sample period, whereas total directional connectedness
from banks to real estate firms and that from banks to the financial institutions
become stronger. This finding implies that despite widespread worries about
potential real estate bubbles in China, market participants are more concerned
about the risks from the banking sector than those from the real estate sector over
the sample period. The essay also finds that on the one hand, the largest real estate
firms display the highest systemic importance to the banking sector, and it takes
the least time for them to transit from a low systemic importance ranking to a high
systemic importance ranking. On the other hand, medium-sized banks
demonstrate higher systemic importance to the financial system than the largest
banks. The largest bank (Industrial and Commercial Bank of China) has the
highest probability of being the least or second least systemically important bank
in the long run, and it takes the least time to return to the status of least
systemically important bank whenever it is not.

5.3 Frequency volatility connectedness across different
industries in China

The third essay of the dissertation studies the dynamic frequency connectedness
of equity volatilities across different industries in China. This empirical study
employs the frequency connectedness method of Barunik and Krehlik (2018).9
Frequency connectedness can be used to show the underlying frequency sources
of connectedness, i.e., whether the connectedness arises due to short-, medium- or
long-term impact of shocks. This is an important issue, since different agents may
be concerned with different levels of connectedness at different frequencies. For
instance, short-term investors could be concerned with the pairwise
connectedness between industries at high or medium frequencies, while policy

9 This study only examines the financial linkage of various Chinese industries by the
frequency connectedness method of Barunik and Krehlik (2018). Chan, Han and Zhang
(2016) use the method of input-output analysis of the real economy to evaluate the real
linkage between the real estate sector and other sectors in China.
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makers may be interested in the system-wide connectedness among the industries
at low frequencies.

The sample of industries included in the analysis are Mining, Auto and Parts,
Chemicals, Electricity, Construction and Materials, General Retailers, Industrial
Transportation, Software and Computer Services, Banks, Real Estate, Health Care,
and Media. Except for the Real Estate industry, the selected industries are the
FTSE CHINA 600 industries in Datastream that match the industry classifications
of listed firms by China Securities Regulatory Commission. The Real Estate
industry is represented by the Shenzhen Real Estate equity index. Daily high, low,
opening, and closing equity price indexes of the analyzed industries from October
2003 to April 2018 were collected from Datastream. The study uses frequency
bands up to 1 week, 1 week to 1 month, and 1 month to 1 year to measure the high
(or short-term), medium (or medium-term), and low frequency (or long-term)
connectedness, respectively.

The sample period of the study is divided into five sub-periods based on the Bai-
Perron test (Bai and Perron 1998) on the overall Diebold and Yilmaz
connectedness among the industries. The first sub-period (26.10.2004-18.4.2007)
is the period before the Global Financial crisis; the second sub-period (19.4.2007-
25.1.2011) corresponds to the Global Financial Crisis period; the third sub-period
(26.1.2011-19.2.2013) corresponds to the European debt crisis period; the last two
sub-periods (20.2.2013-7.4.2015 and 8.4.2015-30.4.2018) are the periods after the
financial crises. Before the Global Financial Crisis, Banking industry in China was
the main receiver of volatility connectedness at medium and low frequencies;
however, at high frequencies, Media and Real Estate industries became the main
receivers of volatility connectedness or targets of risks. During the Global Financial
Crisis, Banking industry and Real Estate industry were the main targets of risks at
all frequency levels, and Chemicals was the major transmitter of volatility
connectedness (or source of risks) at high frequencies. During the European debt
crisis, Banks and Real Estate were still the main targets of risks. The main sources
of risks over the fourth sub-period were Construction and Materials and
Chemicals, while the main target of risks among the industries during the last sub-
period was Banking industry.

5.4 Can real estate regulatory policies constrain real
estate risks to banks? Evidence from China

The fourth essay of the dissertation examines whether the real estate regulatory
policies issued by the policy makers in China can reduce the connectedness from
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the sector of real estate firms to the sector of banks. More specifically, the study
first decomposes the unexpected excess equity returns on the sector of the real
estate firms into a discount rate news component and a cash flow news component
by the framework of Campbell (1991). The study then investigates whether the real
estate regulatory policies can reduce the overall return connectedness, discount
rate news component connectedness, or cash flow news component connectedness
from the sector of real estate firms to the sector of banks. In the study, the overall
return connectedness, discount rate news component connectedness, and cash
flow news component connectedness are used to represent the overall risks of the
real estate firms to banks, the discount rate risks of the real estate firms to banks,
and the risks of the real estate market to banks, respectively.

The data of the study contain equity indexes for the sector of real estate firms
(China A-Datastream Real Estate index), the sector of banks (China A-Datastream
Banks index), small growth stocks (MSCI China index), and small value stocks
(MSCI China index). The data also include dividend yields of the China A-
Datastream Real Estate index, 3-month and 10-year government bond yields, and
market values and stock prices of the companies that are constituents of the SSE
50 index (excluding the real estate firms and banks). The sample period of the
study is separated into three “controlling” and two “stimulating” sub-periods. The
objective of real estate regulatory policies issued during a controlling period is to
stabilize or slow the growth of the housing prices, and the corresponding
regulatory policies are referred to as controlling policies; the objective of real estate
regulatory policies issued during a stimulating period is to support or stimulate the
real estate market, and the corresponding regulatory policies are referred to as
stimulating policies. In addition, the study also distinguishes between four types
of real estate regulatory policies: financial policies, tax policies, land policies, and
industrial policies.

The study shows that real estate stimulating policies increase the risks of the real
estate market to banks, with the effects mainly coming from tax-related
stimulating policies. Two types of real estate control policies affect the discount
rate risks of the real estate firms to banks: financial control policies raise the
discount rate risks of the real estate firms to banks, whereas industrial control
policies reduce the discount rate risks of the real estate firms to banks. Two types
of real estate control policies and two types of real estate stimulating policies affect
the overall risks of the real estate firms to banks. Industrial control policies and tax
stimulating policies increase the overall risks of the real estate firms to banks; land
control policies and financial stimulating policies reduce the overall risks of the
real estate firms to banks.
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6 CONCLUDING REMARKS AND IMPLICATIONS

The thesis studies financial connectedness in four interconnected essays, with an
emphasis on the connectedness of equity returns (including return components)
and volatilities. The first and the fourth essays examine the connectedness between
equity returns and return components: the first essay emphasizes the impact of
financial crises on the connectedness, while the fourth essay focuses on the role of
real estate regulatory policies in the connectedness dynamics. The second and the
third essays investigate the connectedness of equity volatilities, focusing on risk
measurement and monitoring,.

The two equity return components, discount rate news component and cash flow
news component, reflect changes in investors’ expectation of future discount rates
and changes in expectation of future dividends, respectively. One may note that
discount rates (cost of capital) are more likely to be affected by monetary policies
through risk-free rates, whereas dividends are more likely to be influenced by fiscal
policies (such as corporate income taxes, which affect net corporate earnings and
hence dividend payments). The first essay of the thesis shows that the subprime
mortgage crisis has contagion effect from both the discount rate news component
and cash flow news component of equity returns. There is also some evidence that
following the sovereign debt crisis, expectations of lower future cash flows spread
to the Finnish market. Therefore, to counter the impact of the subprime mortgage
crisis, both monetary and fiscal policies are needed; to mitigate the influence of the
sovereign debt crisis on the Finnish market, fiscal policies may be more crucial.

The fourth essay studies the connectedness from the sector of real estate firms to
the sector of banks and the role of real estate regulatory policies in the
connectedness dynamics. The “products” of real estate firms are the houses. In
consequence, housing prices largely determine the earnings or dividends of real
estate firms. Hence, the essay uses the connectedness from the cash flow news
component of real estate firms to banks to proxy for the risk of housing price
changes to banks. The essay finds that real estate control policies issued in China
do not seem to be able to constrain the risk of housing price changes to banks.
There is some evidence that real estate stimulating policies, particularly tax-
related stimulating policies, increase the risk of housing price changes to banks.

Unlike the first and the fourth essays, the second and the third essays analyze the
connectedness of equity volatilities. The results of the second essay suggest that
even though public attention in China has been mainly fixed on the risks of real
estate firms and real estate market in recent years, policy makers should also
consider the potential risks of banks, particularly the medium-sized banks. The
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results of the second essay also indicate that for maintaining financial stability,
policy makers should pay close attention to the spillover effect of the largest real
estate firms and the medium-sized banks, because they have the highest average
rankings of systemic importance and take less time to transit to the highest
systemic importance rankings. The overall findings of the third essay, on the other
hand, indicate that market participants perceive banking, real estate, construction
and materials, industrial transportation, and chemicals as crucial industries in
China from the perspective of volatility connectedness or risk spillovers. Hence, in
addition to the macroeconomic announcements related to Chinese manufacturing
and industrial output that may affect the global financial markets (Baum, Kurov &
Wolfe 2015), economic news about these crucial industries in China is also likely
to influence the global financial stability and economic prospects. In sum, the
results of the thesis provide new insights into some aspects of financial contagion,
risk measurement, monitoring, and regulation. Moreover, the results of the thesis
can also be used as input for portfolio construction and management.
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1. Introduction

Previous studies on equity market contagion concentrate on the overall contagion effect of shocks to the equity returns
in the crisis-originating country on the equity returns in other countries (e.g., Forbes and Rigobon, 2002; Bekaert et al., 2005;
Baur, 2012; Bekaert et al., 2014). The study by Campbell (1991) suggests that shocks to equity returns can be decomposed
into two components: a discount rate news component and a cash flow news component, reflecting changes in expectation of
future discount rates and changes in expectation of future dividends, respectively. Hence, an interesting question is whether
the overall contagion effect is from the discount rate (news) component or the cash flow (news) component of equity returns.
The answer to this question may have important policy implications. The decrease of the equity market returns in the crisis-
originating country could result from expectations of higher future discount rates (cost of capital), or from expectations of
lower future corporate earnings, or from both. Consequently, contagion from the discount rate component would suggest
that expectations of higher future discount rates transmit from the crisis-originating country to other countries and thus
economic policies aiming at lowering future discount rates or cost of capital may be more effective. In contrast, contagion
from the cash flow component would imply that expectations of lower future corporate earnings spread from the crisis-
originating country to other countries and thus economic policies aiming at directly increasing corporate earnings may be
more effective.

7 For helpful comments the author would like to thank Vanja Piljak, Janne Aij6, and seminar participants at the University of Vaasa. Financial support
from the University of Vaasa is gratefully acknowledged. All remaining errors belong to the author.
E-mail address: jjiang@uva.fi
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The purpose of the study is to investigate the discount rate and cash flow contagion of the US subprime mortgage crisis
and European sovereign debt crisis to the Nordic equity markets.! Specifically, treating US and Greece as the two countries
where the subprime crisis and European debt crisis originated, the study examines the discount rate contagion and cash flow
contagion of these two countries to each of the four Nordic countries (Denmark, Finland, Norway and Sweden). Given that
the four Nordic countries are geographically close and economically homogenous and each of them has its own currency,
Nordic equity markets to some extent provide a “controlled experiment” for studying the impact of currency difference on
the contagion effect.

The study is closely related to the previous research of Ammer and Mei (1996), Phylaktis and Ravazzolo (2002), Engsted
and Tanggaard (2004), Baele and Soriano (2010), and Wang et al. (2013). Decomposing stock returns by the method of
Campbell (1991), Ammer and Mei (1996) investigate the financial and economic linkages of 15 international stock markets.
They measure financial linkages by the correlations between discount rate news components and economic linkages by
the correlations between cash flow news components. In the same spirit, Phylaktis and Ravazzolo (2002) examine the
financial and economic integration of the stock markets in the US and Pacific-Basin countries, Engsted and Tanggaard (2004)
document the comovements of the stock markets in the US and UK, and Wang etal. (2013) study the discount rate components
correlation and cash flow components correlation between mainland China and Hong Kong stock markets. Baele and Soriano
(2010) explore the financial and economic integration of European stock markets with the US market, defining the beta of a
local market with the US discount rate component as a measure of financial integration and the beta of a local market with
the US cash flow component as a measure of economic integration.

However, the study differs from the previous studies in the following ways. Firstly, to our best knowledge, the study is
the first to investigate the contagion effect of both the discount rate component and cash flow component of equity returns,
focusing on the recent financial crises.2 More specifically, we first decompose the equity returns of the US and Greek market
into a discount rate component and a cash flow component by the vector autoregressive (VAR) framework of Campbell
(1991). Then we study the contagion of the discount rate component and cash flow component separately. Secondly, while
previous studies use correlation coefficients to examine the linkages of international equity markets (e.g., Ammer and Mei,
1996; Phylaktis and Ravazzolo, 2002; Engsted and Tanggaard, 2004), this study uses the spillover indexes of Diebold and
Yilmaz (2012) to analyze the contagion effect of the recent financial crises. As pointed out by Forbes and Rigobon (2002),
estimates of correlation coefficients during crisis periods may be biased upward due to the impact of high market volatility.
On the other hand, the spillover indexes of Diebold and Yilmaz (2012) are straightforward to compute and can be used
to study both the total spillovers and the directional spillovers between different financial markets (see e.g., Diebold and
Yilmaz, 2012; Zhou et al., 2012; Antonakakis and Vergos, 2013). Thirdly, the study compares the contagion effect of two
financial crises. This comparison could deepen our understanding of the different characteristics of the two financial crises.

The study reveals that the subprime crisis displays both discount rate contagion and cash flow contagion to the Nordic
markets, with the effect of discount rate contagion being more pronounced, while the sovereign debt crisis does not show
either discount rate contagion or cash flow contagion to the Nordic markets. The study also provides some evidence that the
cash flow component of the Greek market has significantly larger impact on the Finnish market during the current sovereign
debt crisis, implying that expectations of lower future cash flows resulting from the sovereign debt crisis spread to the
Finnish market and thus economic policies aiming at directly increasing Finnish corporate earnings may be more effective.

The remainder of the study proceeds as follows. Section 2 reviews the related literature. Section 3 describes the data used
in the study. Section 4 presents the methods. Section 5 shows the empirical results and Section 6 concludes the study.

2. Related literature

One line of related literature is the studies on return decompositions. Utilizing the log-linear return approximation in
Campbell and Shiller (1988), Campbell (1991) shows that unexpected stock returns can be decomposed into two components
(news about future returns and news about future dividends) and proposes a VAR method to obtain each of those two
components. Campbell and Vuolteenaho (2004) use the VAR based return decomposition approach to break the beta of a
stock into a cash-flow beta and a discount-rate beta. They show that the two-beta model can explain the size and value
anomalies in stock returns.

The seminal work of Campbell (1991) and Campbell and Vuolteenaho (2004) has generated numerous applications of the
VAR based return decomposition approach (e.g., Ammer and Mei, 1996; Baele and Soriano, 2010; Cenedese and Mallucci,
2016; Engsted and Tanggaard, 2004; Khan, 2008; Phylaktis and Ravazzolo, 2002; Wang et al., 2013). However, Chen and

1 In this study, contagion refers to the intensified spillover effects during crisis period relative to tranquil period. Previous literature proposes alternative
definitions of contagion (see e.g., Bekaert et al., 2005 and Forbes, 2012). Previous studies define linkages of discount rate components as financial linkages
and linkages of cash flow components as economic linkages (e.g., Ammer and Mei, 1996; Baele and Soriano, 2010). Thus contagion from the discount rate
component may be referred to as financial contagion and contagion from the cash flow component as economic contagion.

2 Phylaktis and Ravazzolo (2002) study the financial and economic integration of the stock markets in the US and Pacific-Basin countries. In the section
of robustness check for the influence of the Asian financial crisis on their findings, they compare the discount rate component correlations and cash flow
component correlations during the pre-crisis period and the post-crisis period. However, they focus on the Asian financial crisis and do not specifically
study the correlations of the return components during the post-crisis period since their “post-crisis period” (1990.01-1998.12) also includes the time up
to the crisis.
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Zhao (2009) point out that the VAR based return decomposition approach has some limitations: this approach directly
estimates the discount rate news and computes the cash flow news as the residual; since the discount rate news is not
accurately estimated due to the low predictive power for asset returns, the resulting cash flow news incorporates the
large misspecification error of the discount rate news; furthermore, the return decompositions could be sensitive to the
choice of state variables. To address these limitations, Chen and Zhao propose some solutions, such as estimating directly
both the discount rate news and the cash flow news. Engsted et al. (2012) further discuss the limitations of VAR based
return decomposition approach. They emphasize the importance of including asset price (or dividend-yield in equity return
decomposition) as one of the state variables in the VAR model. They stress that for equity return decomposition, when
dividend-yield is included as one of the state variables in the first-order VAR model and the information set is identical for
the computation of cash flow news or discount rate news, the return decomposition will be unaffected whether one of the
news component is directly estimated or both news component are directly estimated; in addition, the sensitivity problem
suggested by Chen and Zhao (2009) may be less significant if dividend-yield is included as one of the state variables.

Another line of related literature investigates the spillover or contagion effect in the financial markets. For instance,
Forbes and Rigobon (2002) develop a correlation measure that corrects for the effect of market volatility on the test for
contagion. Using this adjusted correlation coefficient, they show that no contagion exists during the 1987 US stock market
crash, 1994 Mexican devaluation and 1997 Asian crisis. Bekaert et al. (2014) use a three-factor model to study the equity
market contagion of the 2007-2009 subprime crisis. They find that the contagion effect from the US markets to the global
equity markets is statistically significant but economically small. Baur (2012) finds evidence of domestic and international
contagion between financial sector stocks and non-financial sector stocks during the global financial crisis of 2007-2009.
Based on the joint probability of default, the study by Gorea and Radev (2014) shows that shocks to the troubled euro area
countries (Greece, Ireland, Italy, Portugal and Spain) are transmitted to the rest of euro area countries mainly through real
economy linkages (proxied by bilateral trade flows).

Diebold and Yilmaz (2012) introduce measures of spillovers that are based on the generalized forecast-error variance
decompositions. They use these measures of spillovers to investigate the volatility transmission across four US asset classes:
stocks, bonds, foreign exchange and commodities. They find that volatility spillovers among the four asset classes were
stronger during the subprime crisis, especially the spillovers from the stock market to other markets. Alter and Beyer (2014)
analyze the spillovers between sovereign and bank CDS spreads during the European sovereign debt crisis. They show that
spillover effects between banks and sovereigns were stronger prior to key financial market events and policy interventions.
Sugimoto et al. (2014) assess the spillover effects of international stock markets, commodities and foreign exchange rates
on seven African stock markets. They conclude that global stock markets are the main source of spillovers to the African
markets and the African markets were mainly affected by the European sovereign debt crisis rather than the US subprime
crisis.

3. Data

Monthly stock market data for the four Nordic countries (MSCI index), Greece (FTSE index), Germany (DAX30) and US
(S&P500) were retrieved from Thomson Reuters Datastream. Dividend yield for the FTSE Greece index and S&P500 index was
also obtained from Datastream. The selected indexes are the total return index in local currency.? In order to construct the
value spread for the Greek market, we downloaded from Datastream the total return indexes of MSCI Greece small growth
stocks and MSCI Greece small value stocks. The data for constructing the value spread of the US market were obtained
from Professor Kenneth French’s data library. Greece 3-month Treasury bill rate is from Datastream and Greece 10-year
government bond rate is from Federal Reserve Bank of St. Louis. US 3-month Treasury constant maturity rate and the spread
between 10-Year Treasury constant maturity rate and 3-Month Treasury constant maturity rate are also from Federal Reserve
Bank of St. Louis.

For the purpose of return decomposition, we choose a relatively longer sample period for Greece (from June 1998 to
December 2012) and US (from February 1988 to December 2012).* For the German and Nordic markets, the data are from
January 2004 to December 2012. We define January 2004 to June 2007 as the pre-crisis period, July 2007 to December 2009
as the subprime crisis period, and January 2010 to December 2012 as the sovereign debt crisis period. To avoid the impact of
the burst of dot-com bubble, we define January 2004 to June 2007 as the pre-crisis period for both the subprime crisis and
the sovereign debt crisis. Following previous studies that define the summer of 2007 as the beginning point of the subprime
crisis (Bekaert et al., 2014; Fahlenbrach and Stulz, 2011), we treat July 2007 as the starting point of the US subprime crisis. In
addition, since NBER considers June 2009 as the trough of the recent economic cycle and the European debt crisis initiated
from Greece at the end of 2009, we define December 2009 as the end point of subprime crisis and the starting point of
sovereign debt crisis. Greek 10-year government bond yield reached the highest level of 29.24% in February 2012 and then

3 Mink (2015) provides arguments for using local currency in the analysis of equity market contagion.

4 The beginning point of the sample period for Greece and US is determined by the data availability in Datastream. Sample period in this study refers
to sample period for returns (sample period for price indexes is one month earlier). Following previous studies that use long sample period for return
decomposition (e.g., Baele and Soriano, 2010; Campbell and Vuolteenaho, 2004), we choose a relatively longer sample period for Greece and US for return
decomposition.
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gradually decreased to 13.33% in December 2012, which suggests that the ongoing sovereign debt crisis reached its peak
level in 2012. Hence, to capture the peak impact of the Greek market on the Nordic markets, we only include data until
December 2012 for the sovereign debt crisis.

4. Empirical method

The method of the study involves two steps. In the first step, we decompose the US stock market return and the Greek
stock market return into a cash flow component and a discount rate component (Campbell, 1991; Campbell and Vuolteenaho,
2004). In the second step, we employ a vector auto-regression model to obtain the forecast-error variance decomposition
of returns and construct the spillover indexes (Diebold and Yilmaz, 2012).

4.1. Return decomposition

Building on the log-linear return approximation of Campbell and Shiller (1988), Campbell (1991) presents the following
decomposition of unexpected excess returns.’

o0 o0
et — Eerer = (B — Et)ijAdH]Jrj —(Et1 — Et)zpirprnj = Ncr,er1 — NpRrot+1s (1)
j=0 j=1

where 1,1 is the log excess return from time t to time t+1, E; is the expectation conditional on the information at time t,
de4q is the log dividend, A denotes the one period difference, N¢r 1 denotes the cash flow component of the unexpected
return and Npg .1 denotes the discount rate component of the unexpected return.

Let z;,1 be a k-by-1 vector whose first element is ¢, 1 and assume z;,; follows the following VAR(1) model:

Zey1 = C+AZe + Upyq, (2)

where c is a k-by-1 vector of parameters, A is a k-by-k matrix of parameters and u;. is a k-by-1 vector of errors. Eq. (2)
can be used to show that

o0
Npg,ty1 = (Ee1 — Et)Zijt+1+j =e1'pA(l - pA) ' ug1, (3)
=1

where el is a k-by-1 vector, whose first element is one and zeros elsewhere; p is a constant smaller than one; I is a k-by-k
identity matrix. Eq. (2) also suggests that r;, 1 — E¢r¢,1 is equal to the first element of u;, . Therefore, we can back out the
cash flow component from Eq. (1):

Ner.e41 = Test — Eefee1 + Nopoeo1 = €171 + €1 pAU — pA) ' ue,q = [e1 + 1’ pAdl — pA) Jugq. (4)

Following Campbell and Vuolteenaho (2004) and Engsted et al. (2012), we include the following four variables in the
state vector z;,1: log excess return (monthly log return in excess of the 3-month government bond rate), log dividend yield,
term spread (the difference between 10-year government bond yield and 3-month government bond yield, in annualized
fraction number), and small-stock value spread. Small-stock value spread for the US market is the difference between the log
BE/ME of the small high book-to-market portfolio and small low book-to-market portfolio (see the Appendix to Campbell
and Vuolteenaho, 2004).° Due to the data availability, we construct the small-stock value spread for the Greek market
as the difference between the cumulative returns of the small growth stocks and small value stocks in the previous year
(proxied by the difference between MSCI small growth stock returns and MSCI small value stock returns in the previous
year). Eleswarapu and Reinganum (2004) provide evidence that return differences between growth stocks and value stocks
in the prior 36 months can predict stock market returns. To construct a comparable measure of value spread to the US
market, we use cumulative returns in the previous year, instead of the prior 36 months.

We compute the return decompositions separately for the subprime crisis and sovereign debt crisis. To avoid the impact
of the financial crises on the estimation of parameters c and A in Eq. (2), we estimate Eq. (2) using data before the financial
crises.” In particular, for the subprime crisis we include the US data over the period February 1988-June 2007 to estimate
Eq. (2); for the sovereign debt crisis, we use the Greek data over the period June 1998-June 2007 to estimate Eq. (2). Then
we obtain the return decompositions during the pre-crisis period by Eqs. (3) and (4).

To compute the return decompositions during the crisis period, we first demean the data by the sample average during
the crisis period (the data for the last month before the crisis are also included in order to obtain the return decomposition

5 In a more strict sense, the relationship in Eq. (1) holds only for unexpected real returns. When real interest rates are constant, Eq. (1) also holds for
unexpected excess returns (see the Appendix to Campbell and Vuolteenaho, 2004). As in Campbell and Vuolteenaho (2004 ), we use excess returns instead
of real returns.

6 Since the data obtained from the data library of professor Kenneth French only have yearly value for BE/ME, we use the average BE/ME of year t-1 and
year t to represent the value of BE/ME in June of year t. This approximation could be accurate since the BE/ME values are stable over the years.

7 We assume that the financial crises have only changed the mean value of z; and did not change the parameter A in Eq. (2).
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Table 1
VAR parameter estimates for the US market.
Constant R, dpe TS, VS, R?
R s 0.0589 —-0.0623 0.0130 -0.1741 0.0116 0.0190
(2.0201) (—0.9385) (1.7823) (-0.7937) (0.4823)
dpia —0.0443 —-0.0937 0.9900 0.1991 —-0.0238 0.9898
(-1.6136) (—1.4996) (144.4200) (0.9634) (-1.0500)
TSt —0.0005 0.0002 —0.0002 0.9817 —-0.0021 0.9649
(-0.2987) (0.0572) (-0.3977) (75.9407) (-1.4970)
VSti1 0.0296 0.0303 0.0082 —-0.0871 0.8328 0.7023
(0.6625) (0.2986) (0.7398) (-0.2592) (22.5710)
Notes: the table reports the parameter estimates of the VAR (1) model in Eq. (2) for the US market.R¢, is the log excess return of the US market at month

Us,t+1
t+1, dpeyq is the log dividend-yield at month t+1, TS;;4 is the term-spread at month t+1, and VS; is the small stock value spread for the US market at

month t+1. The first row, third row, fifth row, and seventh row show the parameter estimates for the equation of log excess return, log dividend-yield,
term-spread, and small stock value spread, respectively. T-statistics are shown in the parentheses. The VAR model is estimated using data from February
1988 to June 2007.

for the first month of the crisis period). Given the estimated value of A before the crisis, we calculate the residual using
the demeaned value of z; (i.e., g1 = z¢,1 — Az¢).Finally, by Egs. (3) and (4) we obtain the return decompositions during the
crisis period. In all the return decompositions, we set the constantp = 1/(1 + exp(x)), where x is the sample average of log
dividend yield during the whole sample period.®

4.2. Return spillover indexes

After estimating the cash flow and discount rate components of unexpected returns, we derive the return spillover indexes
from the generalized forecast-error variance decomposition of each of the four Nordic equity markets (see Koop et al., 1996;
Pesaran and Shin, 1998; Diebold and Yilmaz, 2012). We compute both the directional and total spillover indexes (Diebold and
Yilmaz 2012). Total spillover index measures the contribution of cross-market spillovers to the total forecast-error variance;
directional spillover index measures the directional spillovers between a given market and all the other markets.

We estimate the forecast-error variance decomposition and the spillover indexes separately for the pre-crisis period and
crisis period, controlling for the impact of the regional equity market and global equity market which are represented by
the German equity market and US equity market, respectively. In other words, when investigating the spillover effect from
the US market to the Nordic markets, we also include the German market; when investigating the spillover effect from the
Greek market to the Nordic markets, we also include the German market and US market.

It should be noted that in the study we use a fixed-window rather than a rolling-window to calculate the spillover indexes.
We believe that the fixed-window method may be more appropriate for investigating the contagion effect of financial crises.
To compute the spillover indexes in month t, the rolling-window method uses return data in the previous H (window length)
months. In consequence, the spillover indexes for some months during the crisis period are calculated mainly based on the
return data from the pre-crisis period. For example, the spillover indexes in the first month of the crisis period are calculated
based on the return data over the previous H months which contain H-1 months from the pre-crisis period. In contrast, the
fixed-window method computes one set of spillover indexes for the whole crisis period based on the return data during the
whole crisis period.

5. Empirical results

This section presents the empirical results: subsection 5.1 presents the empirical results of return decompositions and
subsection 5.2 presents the empirical results of return spillovers.

5.1. Empirical results of return decompositions

Tables 1 and 2 report estimates of the parameters in Eq. (2), which are used to compute the two return components.
Table 1 shows estimates of the parameters in Eq. (2) for the US market, using data from February 1988 to June 2007. Four
state variables are included in the VAR model in Eq. (2): log excess return of the aggregate market, log dividend-yield,
term-spread, and small stock value spread. The estimates for the excess return equation suggest that dividend-yield has
predictive power for the aggregate market return: higher past dividend-yield implies higher future return. The positive

8 The formula for p in the original log-linear return approximation of Campbell and Shiller (1988)is p = P/ (P + D;_1 ), where P; is the price of the stock at
the beginning of period t and D;_; is the dividend paid out by the stock during period t-1. Or equivalently, p = 1/ (1 + D1 /P,) =1/ (1 +exp(In(D;_4 /P[) ).
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Table 2
VAR parameter estimates for the Greek market.
Constant o dpe TS: VSe R?
Remece 1 0.3577 0.0065 0.0960 —1.8984 -0.1918 0.0530
' (2.0067) (0.0655) (2.0034) (—2.1409) (-2.1315)
dpeia —0.7255 —0.0120 0.8037 3.0641 0.1316 0.9263
(=3.1194) (-0.0920) (12.8498) (2.6488) (1.1211)
TSt1 0.0046 —0.0017 0.0011 0.9411 —0.0065 0.9655
(0.4918) (-0.3242) (0.4543) (20.3486) (~1.3822)
VSt 0.1657 —0.1351 0.0466 -0.9108 0.8004 0.8368
(1.6633) (~2.4250) (1.7377) (~1.8378) (15.9157)
Notes: the table reports the parameter estimates of the VAR (1) model in Eq. (2) for the Greek market. R% is the log excess return of the Greek market

Greece,t+1
at month t+1, dp.1 is the corresponding log dividend-yield at month t+1, TSy, is the Greek term-spread at month t+ 1, and VS;, is the small stock value

spread for the Greek market at month t+ 1. The first row, third row, fifth row, and seventh row show the parameter estimates for the equation of log excess
return, log dividend-yield, term-spread, and small stock value spread, respectively. T-statistics are shown in the parentheses. The VAR model is estimated
using data from June 1998 to June 2007.

Table 3
Descriptive statistics of the return decompositions.
US return decompositions Greek return decompositions
Pre-crisis period Crisis period Pre-crisis period Crisis period
N_DR N_CF N_DR N_CF N_DR N_CF N_DR N_CF
Mean 0.0031 0.0051 —-0.0015 -0.0014 —0.0048 0.0151 —0.0051 —-0.0039
Median 0.0015 0.0066 —-0.0011 0.0067 —0.0045 0.0205 —-0.0100 —-0.0357
Maximum 0.0287 0.0273 0.0819 0.0641 0.0656 0.1128 0.6369 0.8596
Minimum -0.0192 —0.0244 —0.0741 -0.0974 —-0.0736 —0.0909 -0.5024 —0.5465
Std. Dev. 0.0103 0.0131 0.0293 0.0428 0.0315 0.0497 0.1980 0.2514
Obs. 42 42 30 30 42 42 36 36

Notes: the table reports the descriptive statistics of the return decompositions during the pre-crisis period and the crisis period. N_DR is the discount rate
component of the unexpected returns and N_CF is the cash flow component of the unexpected returns. For both the US return decompositions and the
Greek return decompositions, the pre-crisis period is from January 2004 to June 2007. The crisis period for the US return decompositions is from July 2007
to December 2009 and the crisis period for the Greek return decompositions is from January 2010 to December 2012.

predictive power of dividend-yield is consistent with Engsted et al. (2012). The proportion of return variance explained by
the four state variables is 1.9%, which is close to the corresponding number of 2.57% in Campbell and Vuolteenaho (2004).
In contrast with Campbell and Vuolteenaho (2004), the coefficient estimates for the other three explanatory variables in the
return equation are not statistically significant, which may be due to the shorter sample period used for parameter estimation
in this study. The other three state variables (log dividend-yield, term-spread and small stock value spread) appear to follow
AR(1) process. With characteristic root close to one, log dividend-yield and term-spread are highly persistent.

Table 2 reports the parameter estimates of the VAR(1) model in Eq. (2) for the Greek market, using data from June 1998
to June 2007. Similar to the case of parameter estimation for the US market, the VAR model includes four state variables
constructed for the Greek market: log excess return, log dividend-yield, term-spread and small stock value spread. The
first row of Table 2 shows that log dividend-yield positively predicts Greek market return while term-spread and small
stock value spread negatively predict Greek market return. The finding that small stock value spread negatively predicts
(Greek) aggregate market return is in line with Campbell and Vuolteenaho (2004) and supports our proxy for this variable.
However, the negative predictive ability of term-spread for the Greek market contrasts with the positive predictive ability
of term-spread for the US market in Campbell and Vuolteenaho (2004). R? of the excess return equation is higher than the
corresponding R? for the US market, indicating that the four state variables have higher predictive power for the Greek
market returns. The coefficient estimates for the equation of log dividend-yield show that future dividend-yield is positively
related to past dividend-yield and term-spread. The estimates for the equation of term-spread indicate that term-spread
follows highly persistent AR(1) process. Parameter estimates in the last two rows of Table 2 show that all the four state
variables have some predictive power for the small stock value spread.

Table 3 presents the descriptive statistics of the return decompositions based on the estimates of parameters in
Tables 1 and 2. The value of p for the US return decompositions is set to 0.98, which is computed from the sample average
of the US log dividend yield over the whole sample period (February 1988 to December 2009). In a similar way, the value of
p for the Greek return decompositions is set to 0.97, which is computed from the sample average of the Greek log dividend
yield over the whole sample period (June 1998 to December 2012).°

9 The main findings of the study remain unchanged when the value of p is set to 0.951/12 for both the US return decompositions and the Greek return
decompositions (results available upon request).
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Table 4
Percentage of forecast-error variance explained by the US discount rate component.
Pre-crisis period Crisis period % Change

X=Denmark 12.85 31.51 145.17

X=Finland 6.30 24.86 294.59

X=Norway 9.95 26.67 168.06

X=Sweden 17.48 30.13 72.38

Notes: the table reports the percentage of 6-month-ahead forecast error variance explained by the discount rate component of US returns. For the forecast-
error variance decomposition, we estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector of variables
in the VAR model is [Npg us, Rcer, X]', where Npg ys is the discount rate component of the US returns, Ree is the return of the German market, and X is the
return of one of the Nordic markets. Pre-crisis period is from January 2004 to June 2007 and crisis period is from July 2007 to December 2009.

For the US return decompositions, the average discount rate component and cash flow component during the pre-crisis
period are 0.31% and 0.51%, respectively. For the Greek return decompositions, the average values of the discount rate
component and cash flow component during the pre-crisis period are —0.48% and 1.51%, respectively. For both the US
return decompositions and the Greek return decompositions, the average value of the discount rate component or cash
flow component is lower during the crisis period than the pre-crisis period. For both the discount rate component and the
cash flow component, the standard deviation during the crisis period is larger than the corresponding standard deviation
during the pre-crisis period. Moreover, standard deviation of the cash flow component is larger than that of the discount rate
component at the same period. The finding of larger standard deviation for the cash flow component is in line with Cenedese
and Mallucci (2016), but differs from Campbell (1991) and Campbell and Vuolteenaho (2004), which may be because of our
use of different sample period, predictive variables and the value of p.

5.2. Empirical results of return spillovers

To examine the contagion effects of the two financial crises, we compare the spillover effects during the pre-crisis period
with the spillover effects during the crisis-period. In particular, for the subprime crisis we estimate a VAR model during the
pre-crisis period and a VAR model during the crisis period. For the discount rate spillovers, the vector of variables in the VAR
model is [NDR,US, RGer» X} ’, where Npg, ys is the discount rate component of the US returns, Rge; is the return of the German
market, and X is the return of one of the Nordic markets; for the cash flow spillovers, the vector of variables in the VAR
model is [NCF,US, Rcer, X] ", where Ncr,ys is the cash flow component of the US returns. In a similar way, for the sovereign
debt crisis we estimate a VAR model during the pre-crisis period and a VAR model during the crisis period, with the vector
of variables being [Npg,Greece: Reers Rus, X| " r [Ncr.Greece, Rcer» Rus, X | *. For all the VAR models, we use a VAR model of order
1 (in almost all the cases, residuals from a VAR(1) model pass the test for white noise at the 5% significance level). After
estimating each VAR model, we derive the (normalized) generalized variance decompositions and compute the spillover
indexes. In this section, we report the results of variance decompositions and spillover indexes based on a forecast horizon
of 6 month.'0

Tables 4 and 5 present the results of spillovers from the discount rate component of US returns. Table 4 shows that
compared to the pre-crisis period, the discount rate component of US returns accounts for larger proportion of the forecast
error variance of the Nordic markets during the crisis period. For instance, before the financial crisis only 6.3% of the forecast
error variance of the Finnish market is due to the discount rate component of US returns; in contrast, the proportion of
forecast error variance due to the discount rate component of US returns increases by 294.6% to 24.9% during the crisis
period.

Table 5 reports the total spillovers, the spillovers from other markets to the discount rate component of US returns, and
the spillovers from the discount rate component of US returns to the other markets.!! Comparing panel A and panel B, we
observe that there is significant increase in the three spillover indexes during the crisis period. For example, when Denmark
is included as the third variable in the VAR model, the total spillover index increases from 43.2% to 57.4%, the spillover from
German market and Danish market to the discount rate component increases from 42.8% to 55.4%, and the spillover from
the discount rate component to German market and Danish market increases from 37.0% to 66.5%. On average, the total
spillover rises by 38.4% (from 40.98% to 56.70%), the spillover from other markets to the discount rate component rises by
35.1% (from 41.14% to 55.57%), and the spillover from the discount rate component to other markets rises by 66.7% (from
37.31% to 62.21%). Moreover, the net spillovers from the discount rate component to other markets, which is the difference
between column three and column two of Table 5, also intensify during the crisis: on average, the net spillovers increase
from —3.8% (37.31%-41.14%) to 6.6% (62.21%-55.57%).

10 For all the VAR models, the forecast-error variance decompositions are quantitatively similar from month 2 to month 10. Hence, the variance decom-
positions and spillover indexes should be similar if a forecast horizon other than 6 month is used.
1" For the subprime crisis, “other markets” refers to German market and one of the Nordic markets.
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Table 5

Spillovers of the discount rate component of US returns.

From others to N.-DR From N_DR to others Total spillovers

Panel A: Pre-crisis period
X=Denmark 42.79 36.98 43.18
X=Finland 37.05 35.21 33.61
X=Norway 39.72 36.08 38.47
X=Sweden 44.99 40.95 48.67
Average 41.14 37.31 40.98
Panel B: Crisis period
X=Denmark 55.38 66.46 57.40
X=Finland 53.08 57.57 56.00
X=Norway 55.83 61.33 56.49
X=Sweden 57.99 63.47 56.92
Average 55.57 62.21 56.70

Notes: the table reports the total spillovers, the spillovers from other markets to the discount rate component of US returns (“From others to N.DR”), and
the spillovers from the discount rate component of US returns to the other markets (“From N_DR to others”). Here, “other markets” refers to German market
and one of the Nordic markets. Spillover indexes are computed based on a forecast horizon of 6 month. For the forecast-error variance decomposition, we
estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector of variables in the VAR model is [Npg us, Rger, X]',
where Npg ys is the discount rate component of the US returns, Ree; is the return of the German market, and X is the return of one of the Nordic markets. The
last row of each panel is the average of the previous four rows (or the average spillovers across the four Nordic markets). Pre-crisis period is from January
2004 to June 2007 and crisis period is from July 2007 to December 2009.

Table 6
Percentage of forecast-error variance explained by the US cash flow component.
Pre-crisis period Crisis period % Change
X =Denmark 14.88 23.57 58.42
X =Finland 18.92 25.01 32.15
X=Norway 21.39 23.57 10.20
X=Sweden 15.92 22.54 41.61

Notes: the table reports the percentage of 6-month-ahead forecast error variance explained by the cash flow component of US returns. For the forecast-error
variance decomposition, we estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector of variables in
the VAR model is [Ncr,us, Reer, X]', where Nr ys is the cash flow component of the US returns, Ree is the return of the German market, and X is the return
of one of the Nordic markets. Pre-crisis period is from January 2004 to June 2007 and crisis period is from July 2007 to December 2009.

Table 7
Spillovers of the cash flow component of US returns.
From others to N_CF From N_CF to others Total spillovers

Panel A: Pre-crisis period
X=Denmark 37.23 34.06 40.62
X=Finland 37.81 40.09 35.06
X=Norway 41.05 42.32 40.45
X=Sweden 40.66 33.76 45.84
Average 39.19 37.56 40.49
Panel B: Crisis period
X=Denmark 58.13 57.11 57.01
X=Finland 60.78 55.69 58.67
X=Norway 57.87 56.20 56.25
X=Sweden 60.66 53.64 57.15
Average 59.36 55.66 57.27

Notes: the table reports the total spillovers, the spillovers from other markets to the cash flow component of US returns (“From others to N_CF"), and the
spillovers from the cash flow component of US returns to the other markets (“From N_CF to others”). Here, “other markets” refers to German market and one
of the Nordic markets. Spillover indexes are computed based on a forecast horizon of 6 month. For the forecast-error variance decomposition, we estimate
aVAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector of variables in the VAR model is [Ncr,us, Reer, X]', where
Ncr.us is the cash flow component of the US returns, R, is the return of the German market, and X is the return of one of the Nordic markets. The last row
of each panel is the average of the previous four rows (or the average spillovers across the four Nordic markets). Pre-crisis period is from January 2004 to
June 2007 and crisis period is from July 2007 to December 2009.

The overall results in Tables 4 and 5 indicate that the spillover effects from the discount rate component of US returns to
the Nordic markets become much stronger during the crisis period relative to the pre-crisis period, providing evidence that
there is discount rate contagion during the subprime crisis.

Tables 6 and 7 show the results of spillovers from the cash flow component of US returns. As in the case of discount rate
component, the cash flow component has larger effect during the crisis period than the pre-crisis period. The proportion of
forecast-error variance explained by the US cash flow component increases by 58.4%, 32.2%, 10.2%, and 41.6% for the Danish,
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Table 8
Percentage of forecast-error variance explained by Greece discount rate component.
Pre-crisis period Crisis period % Change

X=Denmark 4.63 1.55 —66.45

X=Finland 10.76 245 -77.23

X=Norway 5.41 2.03 —-62.47

X=Sweden 7.11 1.23 —82.76

Notes: the table reports the percentage of 6-month-ahead forecast error variance explained by the discount rate component of the Greek market returns.
For the forecast-error variance decomposition, we estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The
vector of variables in the VAR model is [Npg,creeces Rcers Rus, X]', where Npg greece is the discount rate component of the Greek market returns, Ry is the
return of the German market, Rys is the return of the US market, and X is the return of one of the Nordic markets. Pre-crisis period is from January 2004 to
June 2007 and crisis period is from January 2010 to December 2012.

Table 9
Spillovers of the discount rate component of Greek returns.
From others to N.DR From N_DR to others Total spillovers

Panel A: Pre-crisis period
X=Denmark 20.02 11.52 42.37
X=Finland 29.68 24.04 43.11
X=Norway 24.63 12.17 41.48
X=Sweden 26.44 16.96 48.35
Average 25.19 16.17 43.83
Panel B: Crisis period
X=Denmark 20.42 3.91 44.56
X=Finland 20.34 5.98 44.40
X=Norway 13.59 4.25 44.56
X=Sweden 18.57 3.70 47.22
Average 18.23 4.46 45.19

Notes: the table reports the total spillovers, the spillovers from other markets to the discount rate component of Greek market returns (“From others to
N_DR"), and the spillovers from the discount rate component of Greek market returns to the other markets (“From N_DR to others”). Here, “other markets”
refers to German market, US market, and one of the Nordic markets. Spillover indexes are computed based on a forecast horizon of 6 month. For the
forecast-error variance decomposition, we estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector
of variables in the VAR model is [Npg,creeces Reer» Rus, X|', where Npg creece is the discount rate component of the Greek market returns, Reey is the return of
the German market, Rys is the return of the US market, and X is the return of one of the Nordic markets. The last row of each panel is the average of the
previous four rows (or the average spillovers across the four Nordic markets). Pre-crisis period is from January 2004 to June 2007 and crisis period is from
January 2010 to December 2012.

Finnish, Norwegian and Swedish market, respectively. However, the increase of the US cash flow effect seems to be smaller
than that of the US discount rate effect (see the last column of Table 4).

The results in Table 7 indicate that spillovers from the cash flow component of US returns are stronger during the crisis
period than the pre-crisis period. Both the directional spillovers and the total spillovers have intensified during the subprime
crisis. On average, cash flow spillovers to other markets increase by 48.2% (from 37.56% to 55.66%), spillovers from other
markets to the cash flow component increases by 51.5% (from 39.19% to 59.36%), and total spillovers increases by 41.4%
(from 40.49% to 57.27%). Therefore, based on our definition of contagion, the results in Tables 6 and 7 suggest that there is
cash flow contagion during the subprime crisis. This cash flow contagion effect, however, only occurs for the total spillovers
and the two directional spillovers (from the cash flow component to other markets and from other markets to the cash flow
component). The net spillovers from the cash flow component to other markets (i.e., the difference between column three
and column two of Table 7) appear to be weaker during the crisis period: on average, the net spillovers decrease from —1.6%
(37.56%-39.19%) to —3.7% (55.66%-59.36%).

Comparing the results in Tables 4 and 5 with those in Tables 6 and 7, we can notice three features which reveal that the
subprime crisis exhibits stronger discount rate contagion than cash flow contagion. Firstly, the increase of the proportion of
forecast-error variance due to the discount rate component is larger than the corresponding increase due to the cash flow
component (see the last column of Tables 4 and 6). Secondly, the increase of spillovers from the discount rate component
to other markets is larger than the increase of spillovers from the cash flow component to other markets: on average, the
spillovers from the discount rate component to other markets increase by 66.7%, whereas the spillovers from the cash flow
component to other markets increase by 48.2%. Thirdly, as mentioned above, net discount rate spillovers from the US market
to other markets strengthen during the crisis period while net cash flow spillovers from the US market to other markets
weaken during the crisis period.

Regarding the spillover effect of the European debt crisis, Tables 8 and 9 present the results of spillovers from the
discount rate component of Greek returns. Surprisingly, the fraction of forecast-error variance explained by the discount
rate component of Greek returns is smaller during the debt crisis period than the pre-crisis period: the fraction of forecast-
error variance attributed to the discount rate component decreases by 66.5%, 77.2%, 62.5%, and 82.8% for Denmark, Finland,
Norway, and Sweden, respectively. Although the total spillover indexes in Table 9 show small increases during the crisis
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Table 10

Percentage of forecast-error variance explained by Greece cash flow component.

Pre-crisis period Crisis period % Change

X=Denmark 1.63 0.39 -76.37
X=Finland 1.08 4.94 358.80
X=Norway 2.46 1.87 —24.20
X=Sweden 461 0.15 —96.82

Notes: the table reports the percentage of 6-month-ahead forecast error variance explained by the cash flow component of the Greek market returns. For
the forecast-error variance decomposition, we estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector
of variables in the VAR model is [Ncr,greeces Reers Rus, X|', where Ncr,greece is the cash flow component of the Greek market returns, Reer is the return of the
German market, Rys is the return of the US market, and X is the return of one of the Nordic markets. Pre-crisis period is from January 2004 to June 2007
and crisis period is from January 2010 to December 2012.

Table 11
Spillovers of the cash flow component of Greek returns.
From others to N_CF From N_CF to others Total spillovers

Panel A: Pre-crisis period
X=Denmark 26.19 18.40 44.57
X=Finland 31.79 18.27 41.96
X=Norway 31.12 2242 44.28
X =Sweden 29.00 19.77 48.80
Average 29.53 19.71 44.90
Panel B: Crisis period
X=Denmark 24.32 8.46 45.88
X =Finland 30.43 10.19 47.41
X =Norway 26.73 11.64 48.68
X =Sweden 23.99 7.46 48.85
Average 26.37 9.43 47.71

Notes: the table reports the total spillovers, the spillovers from other markets to the cash flow component of Greek market returns (“From others to N_CF”),
and the spillovers from the cash flow component of Greek market returns to the other markets (“From N_CF to others”). Here, “other markets” refers to
German market, US market, and one of the Nordic markets. Spillover indexes are computed based on a forecast horizon of 6 month. For the forecast-error
variance decomposition, we estimate a VAR(1) model during the pre-crisis period and a VAR(1) model during the crisis period. The vector of variables in
the VAR model is [Ncr.creece> Reers Rus, X]', where Ncr reece IS the cash flow component of the Greek market returns, R,y is the return of the German market,
Rys is the return of the US market, and X is the return of one of the Nordic markets. The last row of each panel is the average of the previous four rows
(or the average spillovers across the four Nordic markets). Pre-crisis period is from January 2004 to June 2007 and crisis period is from January 2010 to
December 2012.

period, both the spillovers from the discount rate component to other markets and the spillovers from other markets to
the discount rate component decline during the crisis period.'? Thus, the results in Tables 8 and 9 indicate that there is no
discount rate contagion during the European debt crisis.

Tables 10, 11 show the cash flow spillover effect of the Greek market. For the three Nordic countries that are not in the Euro
area, Table 10 shows that the proportion of forecast-error variance accounted for by the cash flow component decreases
during the crisis period. However, for Finland, the only Nordic country in the Euro area, the proportion of forecast-error
variance due to the cash flow component increases dramatically during the crisis period, which suggests that the cash flow
component of the Greek market exerts significantly larger influence on the Finnish market during the crisis. Similar to the
discount rate spillovers in Table 9, Table 11 shows that during the crisis period, directional spillovers between the cash flow
component and other markets are weaker and the total spillovers are slightly stronger. The evidence of weaker directional
spillovers and stronger total spillovers shown in Tables 9 and 11 suggests that cross-market spillovers between Germany,
US and Nordic markets are stronger during the current sovereign debt crisis. Our results (not reported) of forecast-error
variance decompositions also support the conclusion that spillovers between Germany, US and Nordic markets become
stronger during the ongoing debt crisis, which we interpret as evidence that the occurrence of the sovereign debt crisis
caused investors in the Nordic equity markets to be more sensitive to return changes in the German and US equity markets.

In sum, we do not find evidence of discount rate or cash flow contagion for the European debt crisis. In fact, the discount
rate and cash flow spillover to the Nordic equity markets seems to be weaker during the crisis. Nevertheless, we find some
evidence that the cash flow component of the Greek market has significantly larger impact on the Finnish market during
the debt crisis, which implies that to some extent, the influence of the European debt crisis is constrained within the Euro
area and this influence is mostly related to the cash flow component (or the economic linkages; see e.g., Ammer and Mei,
1996; Baele and Soriano, 2010). This finding is consistent with that of Gorea and Radev (2014) who suggest that shocks to

12 For the European debt crisis, “other markets” refers to German market, US market and one of the Nordic markets.
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the troubled euro area countries (Greece, Ireland, Italy, Portugal and Spain) are transmitted to the rest of euro area countries
mainly through real economy linkages (proxied by bilateral trade flows).

Two issues may be noted. Firstly, previous studies suggest that return decompositions could be sensitive to the predictive
variables included in the state vector. To alleviate this problem, we follow the recommendations of Engsted et al. (2012)
and include the “theoretically correct” variable, dividend-yield, as one of the predictive variables. Moreover, as a robustness
check, we also include two additional predictive variables in the state vector: 3 month T-bill rate and stock variance (see
Campbell and Vuolteenaho, 2004; Guo, 2006). Stock variance for a given month is calculated as the sum of squared daily
returns on the aggregate US or Greek index over the month. The results from the robustness check (available upon request)
provide qualitatively similar findings for the contagion effect of the subprime crisis and debt crisis, except that the forecast
error variance of each Nordic market accounted for by the US (Greek) cash flow component is lower during the subprime
crisis (sovereign debt crisis).

Secondly, for the sovereign debt crisis, the study finds no discount rate or cash flow contagion over the years 2010-2012.
Given that the sovereign debt crisis reached its peak level in 2012 (as suggested by the Greek 10-year government bond
yield), including data after 2012 is unlikely to change the main findings about the sovereign debt crisis.

6. Conclusion

The study investigates the contagion effect of the subprime mortgage crisis and European sovereign debt crisis to the
Nordic equity markets. Decomposing the aggregate equity market returns of the two crisis-originating countries (US and
Greece) into a cash flow component and a discount rate component, the study examines both the discount rate contagion
and the cash flow contagion of the two crises. The study shows that the subprime crisis displays both discount rate conta-
gion and cash flow contagion to the Nordic markets, with the effect of discount rate contagion being more pronounced.
The sovereign debt crisis, on the other hand, does not show either discount rate contagion or cash flow contagion to
the Nordic markets. Nevertheless, for the benchmark case of return decompositions with four state variables, the study
shows that the cash flow component of the Greek market has significantly larger impact on the Finnish market during
the current sovereign debt crisis, implying that expectations of lower future cash flows resulting from the sovereign debt
crisis spread to the Finnish market, the only Nordic market in the Euro area. The overall finding that Nordic markets were
mainly affected by the subprime crisis rather than the sovereign debt crisis contrasts with that of Sugimoto et al. (2014)
who show that African markets were mainly affected by the European sovereign debt crisis rather than the US subprime
crisis.

A potential limitation of the study is that since monthly data are used in the analysis, sample size for the two crisis
periods is not large. To address this issue, we only include one Nordic market at a time in the VAR model for forecast-error
variance decomposition. Thus, we only take into account the indirect spillovers among the four Nordic markets through
German market and US market and ignore the potential direct spillovers between the four Nordic markets. If we impose the
reasonable assumption that direct spillovers between the four Nordic markets are similar during the pre-crisis period and
crisis period, ignoring the potential direct spillovers between the four Nordic markets would not affect the main findings
of the study, since our definition of contagion compares the spillover effect during the pre-crisis period and crisis period.
Future research could study the factors contributed to the lower discount rate and cash flow spillovers to the Nordic markets
during the sovereign debt crisis.
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Equity Volatility Connectedness across China’s Real Estate Firms and
Financial Institutions

Abstract:

The study investigates the dynamic equity volatility connectedness across the major real estate
firms, banks, and other financial institutions in China. Based on the relative level of equity
volatility connectedness, the study also examines the systemic importance of real estate firms
and banks. The study shows that despite widespread worries about potential real estate bubbles
in China, total directional connectedness from real estate firms to banks has decreased over the
sample period. In contrast, total directional connectedness from banks to the real estate firms and
to the financial institutions has become stronger over the sample period, which implies stronger
risk originating from the banking sector. The study also shows that size plays an important role
in determining the systemic importance of a real estate firm to the banking sector. The largest
real estate firm displays the highest average systemic importance ranking. However, size does
not appear to be the determinant factor of the systemic importance of a bank to the financial
system. The largest bank shows the lowest average systemic importance ranking and 70%

probability of being the least or second least systemically important bank in the long run.

Keywords: volatility connectedness; real estate firms; financial institutions; systemic importance

JEL classifications: G2, R3
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1. Introduction

Real constant quality house prices in the major cities of China have more than doubled during
the first decade of this century (Wu et al. 2012). Rapid house price growth has attracted
numerous studies on the existence of potential real estate bubbles in China, and the findings are
inconclusive. For instance, Feng and Wu (2015) do not find evidence of house price bubbles at
the national level in China. However, they suggest that the conclusion could be sensitive to the
expected income growth rate. Ren et al. (2012) conclude that there are no rational expectation
bubbles in the Chinese housing market over the period 1999-2009. Using data from 1998 to
2010, Dreger and Zhang (2013) find some evidence of housing price bubbles in China,

particularly in the southeast coastal areas and special economic zones.

Rather than focus on the existence of real estate bubbles that is difficult to determine, this study
investigates the equity volatility connectedness across China’s major real estate firms and
financial institutions after the global financial crisis. More specifically, the study investigates the
dynamic equity volatility connectedness between the real estate firms and banks, and that
between the banks and financial institutions in China. Based on the relative level of equity
volatility connectedness of each real estate firm to the banks and the relative level of equity
volatility connectedness of each bank to the financial institutions, the study also examines the
systemic importance of each real estate firm to the banking sector and the systemic importance

of each bank to the financial system.

This investigation could have important policy implications. Firstly, equity volatility of real
estate firms reflects the volatility of expected future cash flows, and the expected future cash

flows for real estate firms are closely related to the expected real estate price. Therefore,
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volatility connectedness from real estate firms to banks, to some extent, measures the systemic
risk contribution of the real estate market to the banking sector, which is an issue of particular
importance to the policy makers in China. As highlighted by the recent subprime mortgage crisis,
real estate market plays an important role in financial stability and the real economy. The boom
and bust cycles in real estate contribute significantly to banking crises (see Allen and Carletti
2013 and references therein). At the end of 2015 China’s real estate loans consist of 21.57% of
the total bank loans (China Financial Stability Report 2016), and China’s real estate sector also

accounts for a crucial part of the economy’s output (see e.g., Chan et al. 2016).

Secondly, the systemic risk of the banking sector is closely monitored by the Chinese policy
makers, and the volatility or uncertainty connectedness between banks and the financial
institutions provides a measure of the systemic risk contribution of the banking sector to the
overall financial system. Thirdly, for monitoring and limiting systemic risk, it is essential to
understand the dynamics of the systemic importance of real estate firms and banks. Furthermore,
given the gradually increasing role of the Chinese economy in the world economy and the
shifting of global systemically important banks from the developed economies to the emerging
economies after the global financial crisis (Alessandri et al. 2015), the potential risks of China’s
real estate market and banks have significant implications for the global financial stability and

economic growth.

The study mainly relates to two lines of previous research. One line of related research studies
the volatility connectedness of financial institutions/markets or the linkages between securitized
real estate and equity markets in the developed economies. For instance, Diebold and Yilmaz
(2014) introduce measures of connectedness based on the forecast error variance decompositions

and use these measures to study the equity volatility connectedness of 17 US financial
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institutions. Applying the same connectedness measures, Diebold and Yilmaz (2016) document
the equity volatility connectedness of 35 major US and European financial institutions. Hoesli
and Reka (2013) investigate the linkages among the local and international securitized real estate
and equity markets in the US, UK and Australia. They provide evidence of stronger volatility
spillovers between the securitized real estate and equity markets in the US than in the other two

countries.

Another line of related research examines the systemic risk of financial institutions or the
linkages between the real estate sector and other sectors in China. Gao and Ren (2013) construct
a causal network for the Chinese financial system and show the importance of the most highly
connected financial institutions in curbing systemic risk contagion. Focusing on the non-financial
sectors, Chan et al. (2016) study the linkages between the real estate sector and other sectors in
China. They find that real linkages between the real estate sector and other sectors in China have
become stronger over time and credit risks of the real estate sector show large spillover effects
on the other sectors. Huang et al. (2016) show that Chinese financial institutions’ systemic risk
contributions are related to their local network topology structure. They also show that the
systemic risk contributions of the Chinese financial institutions tend to be persistent and small-
and medium-sized commercial banks have larger average systemic risk contributions than the
largest commercial banks. Li et al. (2016) analyze the full-sample static effect of the systemic
risk in the real estate sector on banking return in China and show that higher systemic risk in the
real estate sector leads to lower banking return. Huang et al. (2015) study the systemic risk of the
listed commercial banks in China by four measures: conditional value at risk (CoVaR), marginal

expected shortfall (MES), systemic impact index (SII) and vulnerability index (VI).
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The study contributes to the previous literature in the following ways. Firstly, complementing
previous research on the volatility connectedness of financial institutions in the developed
economies, the study investigates the dynamic equity volatility connectedness between the real
estate firms and banks in China. This investigation depicts the evolvements of the volatility or
risk linkages between the real estate firms and banks, which is an issue of significant importance,
given the critical role of the real estate and banking industry in economic development and
financial stability. Secondly, previous research studying the systemic importance of financial
institutions mainly focuses on the average rankings of systemic importance or the changes of
average systemic importance rankings over different time periods (see e.g., Huang et al. 2015
and Huang et al. 2016). To our knowledge, this study is the first to systematically examine the
transition behavior of the systemic importance ranking of the real estate firms and banks by
discrete time Markov Chain model, which can provide more in-depth information on the

characteristics of the evolving systemic importance of the real estate firms and banks.

The study finds that despite widespread worries about potential real estate bubbles in China, total
directional connectedness from real estate firms to banks has decreased over the sample period.
In contrast, total directional connectedness from banks to the real estate firms and to the financial
institutions has become stronger over the sample period, which implies stronger risk originating
from the banking sector. The study also shows that size plays an important role in determining
the systemic importance of a real estate firm to the banking sector. The largest real estate firm
displays the highest average systemic importance ranking. However, size does not appear to be
the determinant factor of the systemic importance of a bank to the financial system. The largest
bank shows the lowest average systemic importance ranking and 70% probability of being the

least or second least systemically important bank in the long run.
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The remainder of the study proceeds as follows. Section 2 describes the data and provides a brief
overview of China’s real estate and banking industry. Section 3 presents the method. Section 4

shows the empirical results and section 5 concludes the study.

2. Data and brief description of China’s real estate and banking industry

Since the market-oriented reform in 1998, China’s real estate industry went through significant
development. However, rapid real estate price growth following the market-oriented reform,
particularly after 2003, caused concern of the Chinese government, and to cool the overheating
real estate market, Chinese government issued a series of regulatory policies, which includes
land policies, tax policies and so on (see e.g., He 2016, 107-112). Now the real estate industry
contributes significantly to the overall economy and the economic growth of China. On the other
hand, China’s banking industry is currently dominated by four big state-owned banks:
Agricultural Bank of China, Bank of China, China Construction Bank, and Industrial and
Commercial Bank of China. These four state-owned banks were spun off from the People’s Bank
of China (PBC) in the late 1970s and 1980s. After a series of ownership structure reforms, the
big four state-owned banks went public in the 2000s, changing the ownership structure from
solely owned by the state to majorly owned by the state. To serve the economic policies and
development, three policy banks were established in 1994, namely, China Development Bank,
the Export-Import Bank of China, and Agricultural Development Bank of China. Another
important part of China’s banking industry is the (twelve) joint-stock banks. Apart from the big
four state-owned banks, policy banks and joint-stock banks, China’s banking industry includes
numerous city commercial banks, rural commercial banks, rural cooperatives, and so on. A new

player in China’s banking industry is the private banks, which mainly support small- and
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medium-sized non-state-owned enterprises, as opposed to the state-owned lenders that favor

lending to state-owned enterprises.

For the data, we retrieve from Datastream the daily high, low, opening and closing stock prices
of the real estate firms and financial institutions in China. Seven real estate firms, ten banks,
three broker-dealer firms and two insurance firms listed on the stock exchanges of Mainland
China are included in the study (see table 1). We select the real estate firms based on the overall
and wealth creation ability rankings of the top 10 listed real estate firms, which is published by
China Real Estate TOP10 Research Group in 2016 (firms whose stocks suspended trading for
long periods of time are excluded).' The selected real estate firms are among the largest ones in
the Chinese real estate sector and receive relatively more media and investor attention. The ten
banks considered in the study, which account for the major part of the Chinese banking industry,
include the five largest commercial banks (the well-known ‘big four’ state-owned banks plus
Bank of Communications) and five medium-sized commercial banks.” We include the largest
three broker-dealer firms based on the total assets in 2015. The two insurance firms considered in

the study are Ping An insurance and China Life insurance.

[Table 1 near here]

! For the overall ranking, China Real Estate TOP10 Research Group evaluates a firm’s size, wealth creation ability
(economic value added), investment value, and financial soundness. For the wealth creation ability ranking, China
Real Estate TOP10 Research Group assesses a firm’s net operating profit after tax and cost of capital.

2 PBC classifies a Chinese bank as a large bank if its total assets (including assets denominated in foreign
currencies) exceed 2000 billion Yuan and a Chinese bank as a medium-sized bank if its total assets range from 300
billion Yuan to 2000 billion Yuan (PBC makes the classifications based on the total assets of a bank at the end of
2008, see the 2015 Annual Report of PBC, pp. 92-93). According to the above classifications, PBC lists the
following seven banks as large Chinse banks: Industrial and Commercial Bank of China, China Construction Bank,
Agricultural Bank of China, Bank of China, China Development Bank, Bank of Communications, and Postal
Savings Bank of China (see the 2015 Annual Report of PBC, p. 92). We include all the large Chinese banks, except
for China Development Bank and Postal Savings Bank of China (As of Q1 2017, China Development Bank and
Postal Savings Bank of China are not listed on the stock exchanges of Mainland China). Similarly, PBC registers
fourteen Chinese banks as medium-sized banks (see the 2015 Annual Report of PBC, p. 93), and we select the first
five relatively larger public banks.



46 Acta Wasaensia

The sample period of the study, determined by the data availability of the selected firms, ranges
from September 2, 2010 to December 18, 2015.% Excluding days when some of the sample firms
were not trading or when some of the sample firms’ range-based volatility estimate is zero, the
final sample contains 1065 daily observations. As in Diebold and Yilmaz (2016), we use the
method of Garman and Klass (1980) to calculate the range-based volatility estimate and

transform the volatility estimate into log volatility.
3. Method

To study the equity volatility connectedness of the selected real estate firms and financial
institutions, we follow the methodology of Diebold and Yilmaz (2014). Suppose an N-
dimensional vector x; follows a covariance-stationary VAR(p) process and has the following

infinite moving average representation:
—_ [ee]
Xe = Li2oA1€e-1s (1)

where &; is an N-dimensional error term with mean zero and covariance matrix X. The
generalized H-step ahead forecast error variance decomposition of variable i due to innovations

in variable j is

i = o' 123 (e] AnZe))? /TR (e] AnZAne),  (2)

} Agriculture Bank of China went public on July 15, 2010. The stock of Ping An insurance suspended trading from
July 15, 2010 to September 1, 2010. As the largest real estate firm in China Vanke’s stock suspended trading from
December 19, 2015 to July 1, 2016. When we exclude Vanke and extend the sample period to the end of March
2017, the results of the dynamic volatility connectedness (available upon request) show that there is some increase
for the total directional connectedness from real estate firms to banks from March 2016 to July 2016. The
connectedness measure then starts to decrease and at the end of sample period it reaches a level much lower than
that of the beginning of the sample period. On the other hand, total directional connectedness from banks to real
estate firms stands at a relatively high level in 2016 and only starts to decrease until the end of 2016. The
connectedness from banks to real estate firms at the end of the sample period is similar to that of the beginning of
the sample period. Total directional connectedness from banks to all the financial institutions starts to decrease at the
end of 2015 and at the end of the sample period it is still above that of the beginning of the sample period.
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where e; is an N-dimensional column vector with the ith element equal to one and zeros

elsewhere, and gj; is the jth diagonal element of X.

Based on the forecast error variance decompositions, Diebold and Yilmaz (2014) define the

pairwise directional connectedness as

ciLy=af. (3)

i—j

Aggregating the pairwise directional connectedness, they define total directional connectedness

from others to i as

cH. =3, wd?, @
total directional connectedness to others from j as
c;= Zt{v:l,iijdi'ng’ 6]
and total connectedness as
CH =3V 1 df N (6)

As in Diebold and Yilmaz (2014), we normalize the generalized forecast error variance

decompositions by defining df].” = d;qu /Zszld;qu and compute the connectedness measures

~gH
based on dfj .

Diebold and Yilmaz (2014) show that the above connectedness measures are closely related to

the systemic risk measures and to the connectedness measures in network theory. Specifically,
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the total directional connectedness ‘from’ is closely related to the marginal expected shortfall of
Acharya et al. (2010) and the total directional connectedness ‘to’ is closely related to the CoVaR
of Adrian and Brunnermeier (2011); with the forecast error variance decomposition matrix
defining a weighted directed network, the total connectedness corresponds to the mean network

degree and the total directional connectedness corresponds to the node degree in network theory.

One may notice that all the connectedness measures are based on the forecast error variance
decompositions which show the proportions of fluctuation (forecast error variance) in a variable
due to shocks in other variables in the system. For example, directional connectedness from real
estate firms to banks shows the proportions of fluctuation in the volatility or risk of banks that
can be attributed to shocks in the volatility or risk of the real estate firms. Hence, directional
connectedness from real estate firms to banks provides an intuitive way to measure the risk
contribution of the real estate firms to banks. Analogously, directional connectedness from banks
to all the financial institutions aggregates the risk contribution of banks to all the financial

institutions.

4. Results

In this section we present the empirical results. Following Diebold and Yilmaz (2016), we
estimate vector autoregressive models of order 3 and compute the volatility connectedness based

on the 12 days ahead forecast error variance decompositions.

4.1. Static (full-sample) connectedness

We first present the results of the static full-sample volatility connectedness. To conserve space,
we do not report the entire pairwise directional connectedness table of the 22 firms. Instead, we

only describe the main features of the pairwise directional connectedness table. Volatility
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connectedness among the same type of firms is generally higher than that among different types
of firms. The largest pairwise directional connectedness is observed between two broker-dealer
firms: volatility connectedness from Haitong Securities to Citic Securities is 9.94% and that from
Citic Securities to Haitong Securities is 9.17%. Two pairs of real estate firms and banks also
show large volatility connectedness: volatility connectedness from Poly Real Estate to Vanke is
9.23% and that from Vanke to Poly Real Estate is 8.40%; volatility connectedness from
Shanghai Pudong Development Bank to Industrial Bank is 8.84% and that from Industrial Bank
to Shanghai Pudong Development Bank is 8.37%. The higher volatility connectedness for firms
within the same sector suggests that there is a sector-specific factor affecting the volatilities of all
firms in the same sector. The top three real estate firms showing the highest volatility
connectedness to the banks are Poly Real Estate, Financial Street Holdings, and Vanke; the top
three banks showing the highest volatility connectedness to the financial institutions (banks and
other financial institutions) are Shanghai Pudong Development Bank, China Merchants Bank,
and Industrial Bank. The high volatility connectedness of these three real estate firms to the
banks indicates their importance to the stability of the banking sector, and the high volatility
connectedness of these three banks to the financial institutions indicates their systemic

importance to the financial system.

We also aggregate the pairwise directional connectedness among three ‘sectors’: a sector of real
estate firms, a sector of banks, and a sector of other financial institutions. Table 2 shows that
total volatility connectedness among firms in the same sector is larger than that in different
sectors, except for the sector of other financial institutions which has larger connectedness from
the banking sector. For the sector of real estate firms, total directional connectedness from the

financial institutions is about 50% (341.13%/7), indicating the high impact of the financial sector
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on the real estate sector, especially the high impact of the banks. For the banking sector, total
volatility connectedness from the real estate sector is about 15% (149.46%/10). For the sector of
other financial institutions, the large connectedness from the banking sector results from the
close linkages between banks and other financial institutions and the relatively larger number of

banks than other financial institutions (ten banks versus five other financial institutions).

[Table 2 near here]

With a net directional connectedness of -104.77%, the real estate sector is a net receiver of
volatility connectedness. In contrast, the banking sector is a net transmitter of volatility
connectedness to the other two sectors and the sector of other financial institutions balances its
connectedness from and to the other two sectors. Finally, the total connectedness of 82.78%
across the 22 firms in our study is very close to the corresponding number of 81.7% across the

28 US and European financial institutions in the study of Diebold and Yilmaz (2016).

4.2. Dynamic (rolling-sample) connectedness

The static full-sample analysis above provides an average measurement of the connectedness
among the real estate and financial firms over the whole the sample period. However, from the
perspective of economic monitoring, dynamic rolling-sample connectedness could be more
useful in providing real-time measurement of the connectedness among the real estate and
financial firms. Fig. 1 shows the evolution of the rolling-sample connectedness. Following
expectations of slower economic growth, total connectedness decreases from above 80% at the
end of 2011 to below 70% at the end of 2012, after which it gradually increases (see Fig. 1 (a)).
On September 29, 2013 Shanghai Free Trade Zone was established and stock prices of firms

perceived to benefit from the newly established trade zone were pushed to very high levels. At
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the same time, total connectedness increases to around 85%, after which it starts a downward
trend, reaching the lowest level of around 71% at the end of July 2014. Total connectedness
across the 22 firms remains relatively stable from August to November 2014. On November 17,
2014 Shanghai-Hong Kong stock connect (or Hu-Gang Tong) officially began, and total
connectedness jumps from around 73% in late November to around 84% at the beginning of
December. Total connectedness continues to increase and reaches the highest level of above 90%
during the stock market crashes in the summer of 2015. Total connectedness then starts to
decrease slowly at the end of September and finally stands at around 87% at the end of the

sample period.

[Figure 1 near here]

From late 2009 to the beginning of 2011 Chinese government issued a series of regulations
aimed at cooling the overheating real estate market. These regulations may have contributed to
the more than 50% decrease in the total directional connectedness from real estate firms to banks
over the period from late 2011 to the beginning of 2013 (see Fig. 1 (b)). Total directional
connectedness from real estate firms to banks then rises steadily, and by August 2013 it has
almost reverted back to the initial value of 200% in late 2011. Then the total directional
