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Abstract

The finance sector now shows an accelerating trend of virtualization. It is ra-
ther pressing for us to enhance coordinated development of the finance mar-
ket and the real economy. This paper analyzes the mixed conduction me-
chanism for the finance field and the real economy, and it has been a hot top-
ic in the finance sector to capture the spatial effect and enhance the estima-
tion precision. This paper introduces the regional spatial gravitational effects,
which, together with the indicators of the financial market and the real
economy, defines the broad economic metric distance and Gravitational ef-
fects Spatial Weights Matrix, constructs broad multi-dimensional economic
space, and builds multi-variate Spatial-FIAPARCH-DCC models and Spatial
SUR contagion models, to explore the impact of the financial crisis on differ-
ent regions and different real economy sectors. Our research shows that the
broad multi-dimensional space has remarkable advantages in the spatial ef-
fect between the financial market and the real economy, and there is asym-
metric relation between the extent to which the real economy suffers and the
degree to which the financial market suffers. The effects of the financial crisis
on the real economy show remarkable sectoral industrial agglomeration and
hierarchy.

Keywords

Spatial Econometrics, Financial Contagion, Spatial SUR, Spatial
FIAPARCH-DCC

1. Introduction

International financial integration has remarkably enhanced the spatial effects

*First author.
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between all economies, speeding up the global investment transfer and risk con-
tagion, helping distribute risks and adding to the global spreading of the finan-
cial crisis. The American subprime mortgage crisis and the European Debt Crisis
breaking out in succession after 2007 in particular deteriorated the financial
market, and constituted tremendous impact on the real economy, ushering in
multi-dimensional mixed conduction between the financial market and various
sectors of the real economy. The contagious properties of the real economy lead
to spatially linked response of returns on assets in different regions and different
sectors. This spatial spillover effect of assets brings about potential returns on
investments, and demands higher requirements for assets management. The
Chinese financial reform is getting deeper, and the capital projects more open.
To curb the increasing trend of virtualization in the financial sector, we have re-
searched into the dynamic evolution mechanism of the crisis impact paths from
the multi-dimensional spatial perspective of integrating the real economy and
the financial market, helping to form effective risk prevention and disposal me-
chanism and maintain economic stability after the marketization and interna-
tionalization of the financial sector.

The financial contagion mechanism and the dynamic evolution mechanism
path has been a hot topic for research at home and abroad; only by accurately
depicting the conduction mechanism of the financial crisis can we make relevant
policies to have effective control [1]. Rodriguez (2007) proposed to apply the
Copula function to measuring the financial contagion, using the correlation
theory to empirically analyze the conduction process of the Asian Financial Cri-
sis and the Mexican Financial Crisis [2]. On this basis, Cheng et al. (2012) pro-
posed that the Copula contagious index (or CCI for short) works better to reflect
the non-linear correlation between the financial markets than the convention li-
near correlation coefficient does [3]; Asgharian and Nossman (2011) made use
of the earning rate and the jumping volatility to establish a Stochastic volatility
model and study the risk spillover effect between the European and American
financial markets, and identify the conduction mechanism between the markets
[4]. Chudik and Fratzscher (2012) made use of the global VAR methods to in-
vestigate the conduction process of the liquidity shock and risk shock between
the financial markets around the globe during the American subprime mortgage
crisis and the European Debt Crisis. Some empirical study shows that the dif-
ferent shock paths are determined by the sovereign credit rating, financial risks
and the system [5]. Tian Yixiang et a (2013) made use of the dynamic models of
international panel data to empirically analyze the different impacts of the
changing sovereign credit rating on the stocks, securities and credit markets [6];
Oh (2013) analyzed the dynamic spreading evolution of the liquidity crisis from
the perspective of the creditor’s investment behaviors [7]; Mckibbin et al. (2014)
believed that the risk contagion channel involves the financial higher moments
of asset return and the change of the average return structure of the cross capital
markets [8]. The above scholars have made use of different financial contagion

mechanism to do research into the research object of the general stock index of
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the financial markets of various economies.

Recent years, some researchers have found the cross-sector contagious path of
the real economy has played an even more important role in the financial conta-
gion process relative to the general stock index (Cavaglia et al, 2000 [9]; Phylaj-
tus and Xia, 2006 [10]), which the cross-sector conduction path plays a more
and more important role in the contagion process of the global financial crisis.
Phylaktis and Xia (2009) [11] have studied assets pricing, and found that the ex-
isting cross-sector mixing contagion has added to the risky impact of the finan-
cial crisis, but it has also brought about potential returns to the investors; Horta
et al. (2010) has made use of the Copula function to investigate the general stock
indexes of 4 European economies and the stock indexes of two sectors (finance
and industry), and his findings show that the financial contagion has impact on
all regions and sectors [12]. Bekaert ef al (2011) have empirical analysis of the
stock assets combination of 415 different trades from 55 nations, and their find-
ings show that the financial contagion mainly takes place across different sectors
in the same region [13]. Baur (2012) investigates the impact of the American
subprime crisis across the global financial market and the real economy, and he
has found that during the process of diversified investment combination, no na-
tion or sector stays immune, and healthcare, science and technology, telecom-
munications and other sectors see smaller impact [14]. Kenourgios and Dimi-
triou (2015) makes use of the FIAPARCH model to have empirical test of the
impact of the economic crisis on the real economy across economies in different
stages, whose findings show that the contagion mechanism works cross the fi-
nancial markets of different regions and the mixed path between the financial
sector and the real economy [15]. The mixed contagion across the financial
market and real economy sectors has now drawn a lot attention of scholars
home and abroad, but no in-depth research has been done on the sectoral ag-
glomeration and impact path of the real economy at the sectoral levels.

With more and more remarkable significance of the spatial effect across dif-
ferent regions, sectors and markets, the spatial correlation of economic data
shows some new multi-dimensional properties, and the conventional metering
method may see errors in measurement. In this context, the spatial statistics and
the spatial econometrics have emerged rapidly, and the spatial econometrics
theories and applications have become a hot topic in economics. Spatial econo-
metrics was thus recognized as the hottest research field by the Journal of Re-
gional Sciences in 2013 [16]. Spatial econometrics now has been applied to re-
gional economics, economic geography, environmental science, environmental
criminology and other fields [17] [18] [19] and [20]. Recent years, some scholars
at home and abroad started to make use of the spatial econometrics to capture
the spatial effect in the financial market, and enhance its estimation precision.
Kelejian et al (2006) has researched into the financial impact conduction me-
chanism across new economies with spatial econometrics [21]; Inci ef al (2011)
has researched into and confirmed the financial risk spreading of the American

stock spot market to other countries [22]. Cheng et al (2012) have researched
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into the American subprime crisis, and applied the spatial econometrics models,
and their findings show that the international trade channel plays less important
role in financial contagion [23]. Eckel et al (2011) have done some research
whose findings show that the correlation between the returns of stocks in the fi-
nancial markets is related to the geographic location [24]. Dell et al (2013)
makes use of the Spatial Econometrics method to study the spatial spillover ef-
fect of the sovereign securities markets around 24 emerging economies from
1995 to 2010, and have found that there are significant spatial spillover effects of
sovereign spreads between “neighboring” economies [25]; Tam (2014) makes
use of the spatial correlation to analyze the market correlation structure and
impact conduction mechanism in terms of time and domain [26]. Arnold et al.
(2013) built up the spatial auto-regression models for the stock market, and
conduct empirical analysis with the European Stoxx 50 indexes, which shows
that we can have more accurate risk prediction, combining the spatial technique
and the financial market theory to build models [27]. The above literature shows
that there exists spatial effect between different financial markets, and many
scholars at home and abroad have started to make use of the spatial econome-
trics to study the risk conduction and the assets combination risk management
and other financial fields.

Analyzing the above literature, we have found that these researchers on finan-
cial contagion at home and abroad have ignored the multi-dimensional spatial
effect of the real economy and the financial market across the markets and re-
gions, with no attention to investigate the spatial effect and sectoral agglomera-
tion of the risk conduction of the financial market, as well as the spatial mixed
conduction mechanism of the real economy and the financial market. Currently,
the global financial sector sees an acceleration trend of virtualization, and it is
rather urgent to effectively capture the multi-dimensional spatial effect between
the financial market and the real economy, and realize coordinated and matched
development between the two. Meanwhile, it is also necessary to explore the
mixed impact effect of the financial contagion across different regions, markets
and sectors. These research efforts are conducive to understanding the investors
behavioral information and the risk conduction mechanism around different re-
gions and trades, and during economic instability, they help obtain potential re-
turns. They also provide theoretical reference for the government to make eco-
nomic incentive policies.

On this basis, this paper makes use of the local spatial gravitational effects and
the time-varied T-Copula function, which, together with the indicators of the
financial market and the real economy, define the broad economic metric dis-
tance and Gravitational effects Spatial Weights Matrix (or GESWM for short),
and construct the broad multi-dimensional economic space, to build diversified
Spatial-FIAPARCH-DCC models and Spatial SUR contagion models, to explore
the impact of the financial crisis on different regions and different real economy

sectors against the background of the European Financial Crisis.
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The paper is arranged as follows: Section 2 introduces the research method of
this paper, defining “economic distance” and “gravitational spatial weight ma-
trix”, proposing the “broad multi-dimensional economic space” and build up
multi-variate Spatial-FIAPARCH_DCC models and spatial SUR contagion
models. Section 3 conducts the empirical analysis, involving data selection and
pre-processing, volatility dynamic conduction correlation analysis, capturing
multi-dimensional spatial effect, and analyzing the shock effect of the financial
contagion on different real economy sectors in different regions. Section 4 sums

up the whole paper.

2. Research Methods

2.1. Broad Multi-Dimensional Economic Space

The economies around the globe are getting more and more diversified and
multiple-staged, and the spatial techniques are also developing a sustained man-
ner; all economies show multi-dimensional spatial correlation across regions,
markets and sectors, and at the same time, regional difference and time delays
and other factors make bring about multi-dimensional spatial heterogeneity be-
tween various economies. The global Internet finance is emerging, and most fi-
nancial operators make use of electronic transactions, and the spatial definition
between the financial markets have gone beyond the regional economic space in
its narrow sense, and the current economic spatial theory and Spatial Econome-
trics method could not completely capture the multi-dimensional spatial effect
in the financial market. Therefore, we first defined the broad economic metric
distance and gravitational spatial weight matrix, to construct the broad mul-
ti-dimensional economic space.

1) Broad economic distance measurement

While applying the spatial econometrics to study the real economy, most
scholars at home and abroad take the physical distance as the substitute for the
economic distance, but in conventional sense, the indexes of physical distance
cannot validly measure the “distance” between the financial markets any more,
and it has become a hot topic for scholars at home and abroad to define the
broad economic metric distance that satisfies the financial market. Pirinsky and
Wang (2006) have done some research and found that the stock market pricing
shows significant regional property thanks to regional information, similar be-
havioral preference and trade modes, and meanwhile the stock yield correlation
decreases along with the increase of regional physical distance [28]. Eckel et al.
(2011) [24] and Fernandez (2011) [29] have made use of the spatial statistics,
and spatial econometrics to study the spatial correlation between various finan-
cial markets, and take the correlation coefficients of the stock indexes of all eco-
nometrics as the substitute of the economic distance. On this basis, this paper
refers to the economic metric distance algorithm of Mantegna et a/ (2000) [30]
and Elhorst ef al (2013) [16], which, in combination with the regional physic

distance and the financial market correlation index, defines the broad economic
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metric distance, and the economic metric distance between the financial market
7and the financial market ;is defined as shown by Equation (1).

1+d;

D, =F(R,.,j,d,.,j)= 1_|Ri,j

7, D, [0,1] (1)

where d, ; € [0,1), it refers to the relative physical distance between the finan-
cial market 7and the financial market £ with the longitude and latitude of the re-
gion where each financial market is located as the end coordinates, we make use
of the software ArcGIS to calculate the physical distance between various finan-
cial markets, indicated by d/;, and the relative distance d,, =d;, / max(dl", j);
R, refers to the correlation index between the financial market 7and the finan-
cial market j. Here, we make use of the important stock index logarithmic return
rate of all economies to depict the prosperity of various financial markets; and
the stock return rate shows non-linear partial, Lower Tail Dependence and other
characteristics, and the time-varied T-Copula function can just depict this prop-
erty of the stock return rate sequence accurately, so we use R, ; (the correlation
coefficient of binary T-Copula function) to indicate the non-linear correlation
between financial markets 7and j.

From Equation (1), we can obtain the following properties: 1) When
R ;e (—1,+1), the economic distance D, ; was jointly determined by the cor-
is,

relation coefficient R, ; and the physical distance d, ;; the bigger the R, ;

and the smaller the d, ; is, the smaller the economic distance D, ;;2) when the
economy / and the economy ; are absolutely irrelevant, ie. when R, =0,
d,; =1, the economic distance D, reaches the maximum of 1; 3) when the
economy 7 and the economy jbelong to the same market, ie. R, =1, d,;=0,
D, ; =0, and the economic distance reaches the minimum value of 0. The above
properties are in line with the actual spatial characteristics of the financial mar-
ket, so it is rational for us to define the broad economic metric distance in com-
bination with the regional physical distance and the correlation indexes of the
financial market.

2) Building the gravitational spatial weight matrix

To research into the shock effect of the financial crisis on the real economy,
we, based on the research of Vega and Elhorst (2013) [16], we make use of the
above broad economic metric distance, and introduce the spatial gravitational
effects of the regional economic from multi-dimensional perspective, which, to-
gether with the geographic regional weight and the real economy state weight in-
dexes to construct the Gravitational effects Spatial Weights Matrix, or GESWM for
short), indicated by W,,. The spatial element 7 and the spatial element ; have
corresponding matrix elements, defined as shown by Equation (2).

mm,

=cC

i . exp(D,.,j) @

where, c is constant, D, ; refers to the broad economic metric distance be-
tween the financial market 7 and the financial market j, and m, refers to the

gravitational effect of the real economy of the i-th (i=1,2,---,n) economy. Its
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implicit economic implications show that the economy of higher investment
appeal has bigger spatial impact on the “neighboring” economy. Here we would
like to make use of the models and variable weight coefficient built by Liu et al.
(2012) [31] to solve for the value of m, , whose specific model is shown by Equ-
ation (3).

In(Invest, ) = a, + 5, In(SUM,, )+ 3, In(WAGE, )+ 3, In(TELEC,)

(3)
+f,In(LAND, ) +¢,

where [nvest, refers to the investment appeal of the economy 7 during £ whose
interpreting variables are shown in Table 1.
Le:
m,, =1In(Invest,)=1.23In(SUM,, )—0.55In(WAGE, ) @)
+0.43In(TELEC, )—0.11In(LAND,)

2.2. Building Spatial Econometrics Models
1) Diversified Spatial-FIAPARCH-DCC models

On the basis of broad multi-dimensional economic space, we have built two
stages of multivariate Spatial-FIAPARCH-DCC to capture the dynamic spatial
properties of the abnormal volatilitys across the financial markets in different
regions, and between the financial market and the real economy.

During the first stage, we first built the univariate (1) - FIAPARCH (1, 4, 1)
models to capture the volatility properties of each financial market. The stock

yield time sequence has 7,

(I-uL)r,=w+e, teN, gt:e,\/z (5)

the AR (1) process as shown by Equation (5):

where |a)| €[0,),

#|<1, {e} isindependent identically distributed random
variable, and E(e,)= E(ef —1) =0, the conditional variance #, = f(Z,_, ), and
Z, s {’}719
have EI:”: |2H:| =w+ur,_,, Var[r[ |ZH:| =h,.

At this point, we have introduced the FIAPARCH (1, d, 1) models to depict
the long memory property, asymmetry and dynamic heteroscedasticity of the
conditional volatility of the financial market (Tse and Tsui (2002) [32], Forbes

and Rigobon (2002) [33]). Specifically, they are shown by Equation (6):
(1-£L)(W" ~c)= [(1 —EL)-(1-AL)(1 —L)q(l +ys)el (6)

1;72,---} the sigma-algebra generated from the sequence, ie we

Table 1. Variables of investment appeal interpreting.

Variables Variable definitions Symbols Weights
Market scale Total consumption of the economy SUM, 1.23
Labor costs Monthly salary per labor on average WAGE, -0.55

I t t

pvestment Total R&D input TELEC, 0.43

technological innovations
Land costs Housing prices for all nations on average LAND, -0.11
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& <1, |2|<1, and 0<d <1; when ¢ <0, 5,=1, and
when & 20, s5,=0. y It shows the leverage factor: when y >-1, A is pos-

where, ce(0,0),

itive, and the parameters combined (A,d,&) satisfy inequality constraints
(Conrad et al, 2011 [34]).
During the second stage, we find solution for the conditional variance of the

single spatial element based on the first stage 4, :[hl.,t] - Tse and Tsui

(2002) have proposed the multivariate dynamic condition’e;lly correlation (DCC)
models [32], whose specific form is shown in Equation (7):
H,=D,C,D, (7)

where D, = diag(\/hTt ,\/E , ,\/m ) , C, refers to the correlation matrix.

This paper builds the Spatial-DCC models under the broad multi-dimensional
economic space, and supposes the volatility has spatial spillover effect. At this
point, we take /4, as time sequence, and based on Equation (2), we calculated
the spatial correlation weight matrix and take it as substitute of C,.

Therefore, multi-variate Spatial-FIAPARCH-DCC is defined as Equation (8)

as shown below:

B(L)(H" ~c)=[B(L)-a(L)@(L)|[(1;+T,) ]| (8)
where B(L):diag{é:(L)} o E(L)=[1-&L] iy CD(L):[I_ﬂ'iL],':L“.,N ,

c=[e], .y ML) =diagld(L)}, d(L)=[(1-L)"]

izl N
T, =diag{yxs,}, y=[4 lownr 8= [sl.), j|i:1,---,N .

As shown in Figure 1, the original data sequence r, is substituted into AR (1)
- FIAPARCH (1, D, 1) model, and the conditional volatility sequence A, of a
single spatial unit is obtained. Then, it is substituted into the Spatial-DCC model
to obtain the multivariate dynamic conditional volatility sequence H, which
we need for later modeling.

2) Spatial SUR contagion models

All economies now are seeing increasingly higher correlation across regions,
markets and sectors, and in the context of big data, the spatial effect is increasing,
and the estimation results of conventional metering method will see variation. In
this context, we combine the spatial econometrics theories and the financial
contagion model, to build the Seemingly Unrelated Regression (or SUR for short)
contagion models to measure the impact of the financial crisis on different re-
gions and different real economy sectors. Its specific construction process is
shown below.

Baur (2012) [14] has tested the impact of the subprime crisis on the real
economy of various economies, and based on the research of Bekaert et al (2005)

[35] we have proposed the financial contagion models as shown by Equation (9).

Spatial-DCC

Original conditional volatility

multivariate dynamic
Sequence sequence conditional volatility
FIAPARCH (1, d, 1) sequence

Figure 1. The establishment process of Spatial- FIAPARCH-DCC model.
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Rs,i,t =a+t blRFIN,m,t +b2RF1N,m,tDt te 9)

where R, the stock logarithm yield of the economy no. /s real economy s,
Ry ., refers to the financial sector stock logarithm yield of the financial crisis
source 3, D, is a virtual variable, and in the time interval of samples, if the
date ¢ is in the duration of the financial crisis, D, =1, otherwise D, =0.
Therefore, the factors b, and b, respectively refer to, during the two durations
of stable financial period and the financial crisis, the impact of the financial
market volatility of the m the economy on the economy no. 7s the real economy
s.

To capture the spatial heterogeneities like regional difference, trade polices
and time delay between relevant sectors of the real economy among various
economies, we have built up the spatial SUR models to measure the spatial effect
during the financial crisis conduction process and their different impacts on dif-

ferent industries. The spatial model form is shown by Equation (10):
R, =pPWR, (o + B Remy s + BrioRey s - Ds ¥, (10)

In this paper, we set, in the table of R_,,, the volatility sequence of the stock

S0t
logarithm yield of the economy no. /s real economy sector s, which is solved
from Equation 8; R, refers to the volatility sequence of the stock logarithm

yield of the financial sector of the economy no. m; D, is a virtual variable,

'
whose evaluation is the same to that of Equation (9); p is the spatial correla-
tion coefficient, which captures the spatial effect during the conduction process.
B, and pB ,, respectively refer to, during the stable finance period and the
financial crisis, the economy m having the impact on the economy no. /s real
economy s, where the 7 evaluation can be identical to m, and they belong to the

same economy.

3. Empirical Study and Findings Analysis

3.1. Data Selection and Pre-Processing

This paper focuses on the impact effect of the spatial spillover and shock of the
financial sector crisis on the real economy during the European sovereign debt
crisis. Here we chose the important stock indexes and ten major sectoral indexes
of four regions—the Greece, the source of the European debt crisis, and Europe,
America and China, and the 10 sectors include finance, base materials, tele-
communications, industry, utilities, science and technology, energy, consumer
services, consumer goods and medical and health care. All indexes make use of
the daily stock log yield and local current for metering; the local metering is used
for metering, so as to analyze the impact of the financial sector on other real
economy sectors from the perspective of the local economy or the investors. The
sampled time interval is from January 1, 2005 to December 31, 2014. The above
relevant data have their source from the database—Datastream, and during the
process of building the Gravitational effects Spatial Weights Matrix, the data of

the macro economic index comes from the database of Wind.
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According to the classification of the evolution stages of the European Debt
Crisis by the World Bank, and considering the financial crisis source—Greece
and its stock index AR(1)-FIAPARCH (1, d, 1) volatility (Figure 2) and relevant
event points (Lehman Brothers declared their bankruptcy on September 15,
2008, which had tremendous impact on Europe and Greece;), on December 8,
2009, Fitch Ratings lowered its credit evaluation of the credit rating of Greece,
and the financial crisis went worse; on January 10, 2013, the European Debt Cri-
sis slowed down and continued), we have divided the European Debt Crisis into
four stages: 1) From September 15, 2008 to December 8, 2009: The financial cri-
sis lurked, and the conditional volatility of the Greek stock index surged to a
large value, then fell to normal after several months of volatility. 2) From De-
cember 8, 2009 to March 7, 2011: The financial crisis broke up and spread to
other economies, and various financial market under the impact deteriorated.
The conditional volatility of the Greek stock index began to rise in the shock. 3)
From March 7, 2011-January 10, 2013: The financial crisis broke out, and all real
economy of various economies deteriorated. The conditional volatility of the
Greek stock index continued to fluctuate violently, peaked and then fell rapidly.
4) From January 11, 2013 to December 31, 2014: the financial crisis slowed down
and stayed. The conditional volatility of the Greek stock index continued to slide

to normal levels.

3.2. Fluctuation Dynamic Conduction Correlation Analysis

This section, considering the multi-dimensional effect, measures the dynamic
correlation of various indexes of Greece, Europe, America and China across re-
gions, markets and sectors during the European Debt Crisis, to test the shock ef-
fect of the financial crisis on all regions. Current research findings at home and
abroad show that the financial contagion channel is the main contagion channel

for this European Debt Crisis [3] [5] and [23]. Therefore, this paper supposes

1.4—

1.2-

0.4—

0.2~

0

slowed

contagio upgraded and

continued

. Latent
development

|
31/12/2005

31/12/2006 31/12/2007 31/12/2008 31/12/2009 31/12/2010 31/12/2011 31/12/2012 31/12/2013 31/12/2014

Figure 2. Greek stock indexAR(1)-FIAPARCH (1, d, 1) fluctuation diagram.
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that the financial sector is the contagion medium of the European Crisis on oth-
er regions, and according to the financial contagion test process proposed by
Baur (2012) [14], Kenourgios and Dimitriou (2015) [15] we mainly test the fol-
lowing two contagion channels: 1) the impact effect of the general stock index
yield of the financial crisis source—Greece on other regions—Europe, USA and
China; 2) the impact of the financial sector in various regions on other real
economy sectors.

With the multivariate Spatial-FIAPARCH-DCC model built in Section 2.2, we
test the impact effect of the European Debt Crisis on different regions and dif-
ferent real economy sectors. To test the contagion of the European Financial
Crisis, we focus on the two stages of financial crisis spreading and upgrading, i.e.
we make the sample interval from December 8, 2009 to January 10, 2013, as the
financial crisis period, and other time intervals are defined as the period of fi-
nancial stability. Figure 3 indicates the AR (1)-FIAPARCH (1, d, 1) punctua-
tions of the financial sector in the crisis source of Greece, and Europe, America
and China during the financial crisis period. Table 2 and Table 3 refer to the
stock index of Greece—the financial crisis source and the average correlation
value of the multivariate Spatial—FIAPARCH-DCC of other economies during
the financial crisis and the stability periods respectively. If the average value
during the financial crisis is bigger than the average value during stability, we
believe that there is contagion effect of the financial crisis on the financial mar-
ket and real economy [14].

Figure 3 shows that during the European Debt Crisis, the financial markets in
Europe and USA had the same abnormal volatilitys to that of the crisis source
(Greece); according to Table 2, the multi-variate Spatial-FIAPARCH-DCC av-
erages of the three regions to the European Debt Crisis source of Greece in-
creased, which indicated that during the European Crisis the financial markets
of Europe, USA and China were affected during the European Sovereign Debt
Crisis, and in terms of value, Europe was under the severe impact, with the Eu-
ropean regions under the biggest impact, while China saw the smallest impact.

The findings in Table 3 shows that: 1) The materials, telecommunications,
science and technology and energy sectors around the three regions were af-
fected by the European debt crisis, while the health care and consumer goods
were under little impact, and here we could not even find any evidence to indi-
cate the impact upon them. 2) In contrast to the impact of the financial market,
there are 7 sectors of the real economy of China affected, and the real economy
was more widely affected, while the real economy of the most developed USA
was affected the least, which indicates that the emerging economy is more fragile,
and more susceptible to the financial crisis, and the real economy of the more
developed regions become more immune to the financial crisis. This is in line
with the findings by Baur (2012), and Baur, and while researching into the im-
pact of the subprime crisis on the real economy, Baur has found that the new
emerging Asia and Latin America, relative to the developed regions, were more
severely affected by the financial crisis.
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Figure 3. AR(1)-FIAPARCH (1, d, 1) fluctuation diagram of stock index.

Table 2. The Spatial-FIAPARCH-DCC value of the financial crisis source (Greece) on other regional financial sectors.

Europe United States China

During stability 0.5403 0.1615 0.1481

During crisis 0.6137 0.1948 0.1590
Contagion C C C

Table 3. The contagion of financial industry to local real economy.

Europe:
Material Tel.ecox.n Industry Pu.b.lic Science and Energy Const{mer Consumer Health
munication utility technology service goods care
Stable period 0.7442 0.6958 0.8321 0.7068 0.7265 0.6471 0.8227 0.7594 0.5626
Crisis period 0.7689 0.7047 0.8589 0.7290 0.7299 0.6975 0.8086 0.7383 0.5348
Infection C C Cc C C C
U.S.:
Stable period 0.7223 0.6982 0.8673 0.6602 0.7666 0.5772 0.8477 0.8166 0.7477
Crisis period 0.7390 0.7083 0.8634 0.6562 0.7675 0.6465 0.8342 0.7973 0.7309
Infection C C C C
China:
Stable period 0.7471 0.6019 0.7608 0.7022 0.6029 0.7313 0.7214 0.7081 0.5817
Crisis period 0.7655 0.6064 0.7734 0.7134 0.6177 0.7528 0.7471 0.7075 0.5525
Infection C C C C C C C

3.3. Spatial Effect Analysis and Financial Contagion Measurement

In this section, we make use of the spatial SUR model (Equation (10)), to have
empirical analysis of the impact of the European Debt Crisis on different regions
and different real economy sectors. Time intervals during the financial crisis are

the same to the previous section, Ze. the sampled interval from December 8,
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2009 to January 10, 2013, is the duration of the financial crisis, with the virtual
variable of D, =1; and other sampled time intervals are within the period of fi-
nancial stability, corresponding to D, =0. Here, we have built 4 spatial SUR
models to respectively test the spatial effect and the impact of the European Cri-
sis on Europe, America and China, and their real economy sectors.

Table 4 shows the spatial SUR metric results of the spatial effect and the im-
pact of the crisis source—Greece on the financial markets of the three regions of
Europe, America, and China, and the interpreting variable R, ,, refersto the
volatility sequence of the Greek stock index log yield, the volatility sequence of
stock index log yield of the financial sector around the three regions, all items in
the model have passed the inspection of significance, which means that our es-
timation results are reliable. When the [, value is bigger than 0, and has passed
the significance inspection, it is defined as the impact of the financial crisis on
the corresponding financial market. Analyzing the estimation results of the
model, we have found: 1) all the spatial correlation coefficients p are more
than 0, and have passed the significance tests, which indicates that the impact of
the financial crisis on the three regions show the spatial effect, and there is some
homogeneity for the financial market or investors around the three different re-
gions on the financial crisis, and the spatial effect of the Chinese financial mar-
ket contagion is the smallest. 2) Analyzing the impact effect during the stability
and crisis periods, we find all the factors during the crisis period /S, are more
than 0, and have passed the significance test, which shows that all of the financial
markets around the three regions could not avoid the impact, and the European
Markets saw the most severe impact, which is in line with the facts; the factor of
the Chinese financial market during the stability period did not pass the signi-
ficance test, which indicates that during stability, the Chinese financial market
and the financial crisis source do not have remarkable correlation, and the fi-
nancial crisis has made the correlation between the two regions remarkably
stronger.

Tables 5-7 respectively refer to the SUR measuring results of the spatial effect
and the impact of the financial sector in Europe, America and China’s on the
real economy sectors. Here, we still suppose this financial contagion mainly fo-
cuses on the financial channel, respectively making the stock index log yield vo-
latility sequence of the 9 sectors (exclusive of the financial sector) of the real
economy in the three regions as the substitutes of the explaining variable
Rppy . » and the explained variable is the volatility sequence of the financial sec-
tor stock log yield across the three regions.

The model evaluation shows that all the adjusted & are 0.8, and the F inspec-
tion and D.W. values have passed the statistics inspection, demonstrating that
the empirical findings are reliable. Here, we define that when /3, is more than
0 and has passed the significance inspection, which means that the financial sec-
tor in different regions has impact on the real economy. The empirical study results
show: 1) all the spatial effect coefficients p are more than 0, which indicates that
there is remarkable spatial correlation between the financial market and the
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Table 4. The spatial SUR measurement of the financial crisis on the financial markets in

the three regions.

p
EUR 0.6012%**
USA 0.5403***
CHN 0.3281%*+*

Adj R
F-statistic

D.W

0.1179***

0.0648***

—-0.0032

B, Contagion
0.1907*** C
0.0603** C
0.0571%+* C

0.9028

5751.803***

2.1217

Note: ***, ** and * respectively refer to the tests passing 1%, 5% and 10% significance levels.

Table 5. The spatial SUR measurement of the financial crisis on real economy in Europe.

P B b, Contagion
Materials 0.2540%** 0.1959*** 0.2045*** C
Telecommunications 0.1779%*+* 0.0048 —0.0671*%**
Industries 0.1622*** 0.1691*** 0.1135%**
Utilities 0.2008*** 0.1886*** 0.1181***
Science and technology 0.2142%%* -0.0061 —0.0550**%
Energy 0.2515%** 0.2015** 0.2907***
Consumer services 0.1361*** 0.1361*** 0.1871***
Consumer goods 0.1592*** —0.0027*** —0.1240***
Medical and health care 0.1840*** —0.1646*** 0.0768
Adi R 0.8182
F-statistic 2627.286***
D.W 1.9576

Note: ***, ** and * respectively refer to the tests passing 1%, 5% and 10% significance levels.

Table 6. The spatial SUR measurement of the financial crisis on real economy in the

USA.
P B b, Contagion
Materials 0.2580*** 0.1476 0.2747*** C
Telecommunications 0.1737%%* 0.0103 0.0391%+* C
Industries 0.1495%** 0.1389*** —0.0373***
Utilities 0.1894*** —0.1153*** —-0.0316**
Science and technology 0.1785%** 0.0295* —0.0367***
Energy 0.3028*** 0.2691*** 0.4653*** C
Consumer services 0.1378*** 0.2272*** —0.1671*+**
Consumer goods 0.1348*** 0.0673*** 0.0345
Medical and health care 0.1547*%%% 0.0016*** —0.0628***
Adi R 0.8334
F-statistic 2920.547***
D.W 1.9820

Note: ***, ** and * respectively refer to the tests passing 1%, 5% and 10% significance levels.
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Table 7. The spatial SUR measurement of the financial crisis on real economy in China.

P B B, Contagion
Materials 0.1736*** —-0.0059 0.1477*** C
Telecommunications 0.2014*** 0.0122 0.0690*** C
Industries 0.1598*** 0.0214** 0.1234%*+* C
Utilities 0.1587*** 0.0125%** —0.0904***
Science and technology 0.2154*** —0.2292%** 0.0354** C
Energy 0.1421*** 0.1226*** 0.0781*** C
Consumer services 0.1635*** 0.0057*** 0.0311* C
Consumer goods 0.1694*** —0.0554** —-0.0034
Medical and health care 0.1915*** —0.1669*** —0.1031*%*
Adj R 0.8283
F-statistic 2816.932%**
D.W 1.8609

Note: ***, ** and * respectively refer to the tests passing 1%, 5% and 10% significance levels.

real economy, so we built the broad multivariate economic space, and built the
spatial SUR to analyze the feasibility and necessity for spatial SUR analysis of the
financial crisis contagion effect. 2) Altogether there were 14 sectors of the real
economy around the three regions affected by the European Debt Crisis, with
51.85% contagion probability; the materials and energy sectors in the three re-
gions were impacted; the communications, industry and consumer services in
two regions were affected; the utilities and science and technology in only one
region are affected, while the consumer goods and the medical care sectors
around the three regions have not been affected at all. Therefore, during this
European Debt Crisis, the impact bears remarkable sectoral agglomeration and
hierarchy. First, the impacted real economy includes the materials, energy, in-
dustry and communications sectors, while the health and medical care sector
basically stay immune to this crisis. 3) The real economies in Europe, America
and China saw 5, 3 and 6 sectors under the impact, and the American real
economy saw the narrowest impact, and the impact of the European Debt Crisis
on China is the widest, while Table 5 tells us the Chinese financial market sees
the smallest impact. Therefore, during this European Crisis, the impact on the
financial market and the impact range on the real economy are of asymmetry,
the more developed region sees stronger resistance of its real economy against
the impact, and the emerging markets’ real economies are more vulnerable to

the impact of the financial crisis.

4. Conclusions

This paper defines the broad economic measurement distance and Gravitational
effects Spatial Weights Matrix to construct broad multi-dimensional economic
space, in which we build diversified Spatial-FIAPARCH-DCC models and Spa-
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tial SUR contagion models using the spatial econometrics, to explore the impact
of the different stages of the European Debt Crisis on different regions and dif-
ferent real economy sectors through the contagion channels of the financial
market. Further analysis and generalization of the empirical study results helps
to make the following conclusions.

1) There is significant spatial effect across different regions, financial markets
and the real economies on the globe and the impact financial market on real
economy also have remarkable spatial effect. The financial crisis enhanced the
spatial correlation of the impact path.

2) The European Debt Crisis has impact on the financial markets in Europe,
America and China. But its impact on real economy has remarkable sectoral ag-
glomeration and hierarchy, that is to say, the impacted real economy includes
the materials, energy, industry and communications sectors, while the health
and medical care sector basically stay immune to this crisis.

3) There is asymmetric relation between the extent to which the real economy
suffers and the degree to which the financial market suffers. For example, among
the three economies, China had the smallest impact on its financial market but
the most affected sectors in its real economy. It saw the smallest impact by the
financial crisis probably due to the less openness of the financial market. How-
ever, as a major exporter and manufacturer, China is vulnerable to the financial
crisis in its real economy sectors. The more financially developed region has the
stronger resistance of its real economy against the impact, and the emerging
markets’ real economies are more vulnerable to the impact of the financial crisis.

4) This paper defines the broad economic metric distance and Gravitational
effects Spatial Weights Matrix to construct broad multi-dimensional economic
space, as is conducive to matching the financial market theory to the real econ-
omy, which provides theoretical reference for us to study the financial market
and the real economy’s cross-market risks contagion and so on, and avoids ag-
gravating virtualization in the financial sector.

The financial sector now faces more and more serious virtualization, and
among the financial reform strategies and academic research, the researches on
matching financial market development with the real economy development
have just started. In this paper, we have built broad multi-dimensional economic
space, and investigated the impact of the financial market on the real economy
with the spatial econometrics, which shows high adaptability and validity. Along
with the development of the spatial statistics and the spatial econometrics, fur-

ther research efforts could be made.
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