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Abstract—In this paper we examine the interaction of stocknetwork nodes are the representative indices of the 32 stack

markets of different countries by constructing networlet tton-
nect 32 selected stock market indices from different coesitin

kets? Our study considers the daily closing value of each index
during the 1078 working day period from 7 March 2005 to 23

the network being constructed, the nodes are the stock triarke April 2009. In case a stock market is closed on a working day,
dices and the edges are connections between the indiceb. E#we day’s closing value inherits from the last available kimmy
edge has an edge weight equal to the cross-correlation éetweday. In this 1078-day period, the stock markets network is co

the pair of connecting indices over a windowwfdays. We con-

structed for alkv-day windows at 1-day intervals. In the network,

sider the period from 7 March 2005 to 23 April 2009, i.e., 1078ach pair of nodes are connected by an edge, with weight equal
days withw < 1078. In this period, networks are constructed forto the Pearson’s correlation coefficient between the twacadljt

all w-day windows at 1-day intervals. By examining the variatiorindices over a window ofv days. It is obvious that the weight

of the network parameters as time elapses, we show that the ayf edges evolve chronologically as the window slides in fanav

namics of network connectivity is related to the fluctuatidnhe
stock markets. Specifically, a form of network synchronarat
is found to be correlated with the volatility of the stock iets.
Our study thus reveals that the stock markets in differenneo

time. In this paper we will examine the network dynamics base
on the variation of edge weights as time elapses. For eadhy
window, we also calculate the properties of each stock mamke
dex, including its return, mean value and volatility in thexdow

tries generally behave in a synchronous manner when theetsarkperiod. Our study focuses on investigating the relatiqusihie-

experience fluctuation.

tween network dynamics and financial properties of the eslic

Keywords—Complex network, stock market, network dy- under different choices of window size.

namics, market volatility.

1. Introduction

The total domestic market capitalization of world equityrma

We begin with the network construction procedure in Section
2. Then, we examine the network properties and introduce the
definition of network dynamics in Section 3. We will examine
the dynamics of the stock market indices in Section 4 and show
the relationship between network dynamics and stock msirket

kets has exceeded US$ 60 trillion in 2007 but dropped 46.5% fiiancial dynamics in Section 5. Finally the discussion of ou
2008 [1]. The phenomenon seemed to be global as the 2008 sults will be presented in Section 6.

nancial crisis swept almost every country [2]. It is thusacléhat
stock markets in different countries do not operate indepstiy,
and their interactions have a significant role to play in ghgp

2. Network construction

the overall world stock market performance. The co-movemen
of world exchange indices has been studied since the 1970s [3 |n the 1078 working days from 7 March 2005 to 23 April 2009,

Prior work uses variations of ARCH (autoregressive coodl
heteroskedasticity) models [4, 5, 6] to study the corretatibe-
tween stock market indices. Directed acyclic graphs ard tse
represent the structure of interdependence in interraltistock
markets [7]. It has been found that a relationship existe/ben
the structure of international stock markets and the masiatil-

the network is constructed for each of theday windows at 1-day
intervals. Hence, the entire period is divided iftH windows:
Wi, Wa, -+, W, whereM = 1079 — w. Let P;(m) be the
series of closing values of stock indéxn the mth window. We
consider the node of stock indéxn the mth window. In the net-
work construction procedure, each pair of network nodesame

ity [4, 8]. However, in much of the previous research, only aected by an edge, with the edge weight equals to the Pesrson’
small number of stock markets from developed countries hausbrrelation between the pair of adjacent indices [9]. Siudiy,
been studied, resulting in somewhat biased conclusion®lan r the edge weighp; ;(m) between node? (m) and P;(m) in the

tionship between individual markets’ volatility and thewrrela-

tions to the peer markets. Also, the previous approaches hav

over-simplified the structure of international stock maske

2They are Bovespa (Brazil), IPC (Mexico), MerVal (Argenjin&&P
500 (USA), S&P TSX Composite (Canada), AEX (NetherlandsjXA

In this paper, we construct a network of stock markets of 3¢astria), BEL-20 (Belgium), CAC 40 (France), DAX (German§TSE

member countries of the World Federation of Excharlgdhe

1They include Brazil, Mexico, Argentina, the USA and Canaatarf
the Americas; the Netherlands, Austria, Belgium, Francern@ny, the
UK, Ireland, Spain, Denmark, Sweden, Portugal, Italy, 3eviand and
Norway from Europe; Australia, India (both National StockcBange of
India and Bombay Stock Exchange), Hong Kong, Indonesiaaiva,
New Zealand, Japan, South Korea, China, Singapore from/Pesidic
Region; Egypt and Israel from Africa and Middle East.

100 (United Kingdom), ISEQ20 (Ireland), Madrid General &®), OMX
Copenhagen 20 (Denmark), OMX Stockholm 30 (Sweden), PSP26 (
tugal), S&P Mib (Italy), Swiss Market (Switzerland), Totahare (Nor-
way), All Ordinaries (Australia), BSE 30 (India), Hang Se(tgong
Kong), Jakarta Composite (Indonesia), KLSE Composite @ykih),
NZSE 50 (New Zealand), Nikkei 225 (Japan), S&P CNX NIFTY (In-
dia), Seoul Composite (South Korea), Shanghai Composhm&y}, Strait
Times (Singapore), CASE 30 (Egypt) and TA-100 (Israel). ddta are
retrieved from Yahoo! Finance.
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Figure 2: Edge weight distribution of the network consteakct
for the 20-day window of 17 Feb 2009 to 16 Mar 2009;,;

is the weight of edge between each pair of network nodes and
p(p) is the probability of an edge weight falling in a 0.1 inter-
val. This edge weight distribution resembles a normal ithistion

with mean 0.69 and standard deviation 0.21.

Figure 1: A network for world stock market indices constaatt

from a 20-day window from 12 July 2008 to 2 August 2008. . T
Edges with weights below 0.95 are excluded (unconnectesl). Y o8 | fl i IR "\ﬂ% ‘y[»
low nodes represent stock market indices from the Asia Racifi 06l h‘\ I J\(‘Q W W“\ qﬂ 0 b H‘U m | W“‘\{‘ 1 JKM“
region; red for the Americas; blue for Europe; and black fer t 2 WM‘WH‘ ! m\\”‘ l‘“r““ i W W ”’\‘ r ‘]HW | w \‘\
Africa/Middle East region. g o4 ‘L“M\W‘f\‘h | Hvﬂ “ M ‘ﬁ“\ .l “‘ ” [
RN I
2 o—m“\w"‘&'# l‘ “‘v | ‘
mth window is given by HU‘ “‘ \‘ ! |
-0.21 |
b
P; , Pj - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
pi.i(m) = cov(Pi(m), F;(m)) () 047100 200 300 400 500 600 700 800 900 1000
I p;(m) O’pj (m) Window sequencial number m
_ (Pi(m)P;(m)) — (Pi(m))(P;(m)) Figure 3: Node strengths of Hong Kong stock market and the US

V(Pi(m)2) — (Pi(m))2y/(P;(m)2) — (P;(m))2 stock market with window size equal to 20 days. Hang Sengdnde
is shown in red and S&P500 Index in green.

whereop, 1,y andop, () are the standard deviations of the con-
stituent closing values itP;(m) and P;(m), respectively;cov
means covariance; ar{d- - ) denotes the expected value. DuringFig. 3 shows the node strengths of Hang Seng Index and Standar
the whole 1078-day period, the network construction praced & Poor 500 (S&P500) Index versus time with window size equal
is repeatedV times. Each edge will have its weight recalculatedo 20 days.
for everyw-day window and hence has an edge weight series @efinition 2: Network synchronization sxer(m) in the m-th
length M. In the next section we will define network dynamicswindow is the average of weights of all the edges in the nétwor

based on the weight series of edges. ie.,

The edge weighp;,; ranges from—1 to 1. Furthermore, for 32 39
better clarity of presentation of the network, we may opibn _ 1 By 3)
omit edges whose weights are less than a threshold Yaleig. 1 sxe(m) 496 ; j_;# pia(m) (

shows a sample network.
Fig. 4 shows the network synchronization versus time with-wi
. i dow size of 20 days.
3. Network properties and dynamics The node strength describes the connectivity of a node to its

With all edges included, the number of nodes and edges in eagﬁer nodes. It reveals to what extent the financial system of a

. country is fused into the world financial system. The netvayni-
of the cons_tructed network_ are 32 and 496, respectively. \ME m chronization, in a larger scale, describes how closely tranfial
now describe the connectivity and structure of the netwanks

terms of the distributions of the edge weights. Fig. 2 shdwves t Zﬁﬁesqqzseg xfiganmstic:jun:;fi;ﬁ;i'??ﬂ?;‘gsg'in(j[;e“:?swgfn ;]0 de
edge weight distribution of the network for a particular dadmv. ' y y

: - . : strengthsS; (w) and network synchronizatio$iver (w) in all the
The following tvvp properties are particularly useful in cheter- windows, with the lengths of the two serias = 1079 — w.
izing the dynamics of the networks.

Definition 1: Thenode strength s;(m) of node: in the mth win- . .
dow is the average of the weights of all the edges connected fo Stock market properties and dynamics

nodes, i.e., 39 By constructing the network of stock market indices for lad t

1 Z pi; (m). 2y  w-day windows, we can study how the individual stock markets

Py sy interact. Here, we are interested to know whether the nétwor
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Figure 4: Network synchronization of stock markets with ehaw

size equal to 20 days. 2000

2 :
properties are related to any financial phenomena in the sémne § §
dows. In particular, we calculate theturn, average value and E %’
volatility of individual indices. gz flooo‘g

Let p;(t) be the closing value of indexon dayt. The window 2 3
returnr;(m) of index+ in the mth w-day windowW),, starting &%; =
from ty, 10 tmtw_1, IS given by S S

g

Pi(tmtw-1) — Pi(tm) 1""100 200 300 400 500 600 700 800 900 1000 °
ri(m) = BEEEES R ) 100%. (@) o i ™0 *0 0
— . . . (b)
Likewise, the average closing valug(m) of index+ in themth
w-day windowW ) is given by L 200
= o
tmtw—1 = 2
t=t,, Di (t) L§ E
pi(m) = St ®
In stock markets, the stock prices and market indices chanc i 1000¢ §
whenever stocks are traded. Moreover, there are many $actc 2 3
which could influence stock prices and hence make the fluctus &%; =
tion irregular. Such fluctuation, usually knownwasatility, can be 2 ‘ W s
measured by calculating the standard deviation of the gtdck T M WA AR T T T
or market index over a period of time. Specifically, the ititgt %100 200 30 400 500 €00 700 800 900 1000 0
oi(m) of index: in themth w-day windowW), is given by K
(c)
oy — SR (pilt) — pi(m)? 6 Figure 5: (a) Window return (in percentage) of Hang Sengstnde
oi(m) = w—1 (6) (blue) and World Index (green). (b) Average value of of Hang

Seng Index (blue) and World Index (green). (c) VolatilityHdng
Here, we take the MSCI AC World Index (World Index) as theSeng Index (blue) and World Index (green). All market preipsr
stock market index of the world financial system. Dynamidfief are calculated based on 20-day windows.
window return, average value and volatility of this Worldléx is
an indication of how the world financial system behaves. Fig.
shows the return, average value and volatility of Hang Sedgst  among series of network synchronization, index window retu

and World Index versus time, based on 20-day windows. average and volatility of length/ = 1079 — w are calculated.
Again we adopt the Pearson’s correlation. For example, dhe ¢

relation coefficientp,,» between network synchronizationand

5. Application of networks: Connecting networks and World Index return- is given by

stock markets

| _ fs) = (5)(r) .
The key challenge for applying the study of complex networks Ps;r = V) — (5)2/(%) — ()2 )
in real-life applications is whether the properties foundnit-
works have any corresponding physical meanings that wiidd s where (- - - ) denotes the expected value. We use different win-
light on how the actual system behaves [10]. In this sectien wdow sizes, i.e.w= 10, 20, 40, 60 and 120 days, to examine the
will explore the connection between the network dynamicsi(c  correlation between the network and stock market dynannics i
plex networks) and stock market dynamics (real systems). different time scales. The results of the calculation a@wshin
First, we compare the network synchronization with dynamicTable 1. We see from Table 1 that regardless of the choicerof wi
of the World Index, which is used to characterize the worldrin  dow size, the network synchronization and World Index \iblat
cial system. Specifically, givenwa-day window, the correlations ity is strongly correlated with correlation coefficient®and 0.6,
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Table 1. Pearson’s correlation coefficients between eathopa
dynamics of network synchronizatian World Index window re-
turnr, average: and volatilityo.

Table 2: Pearson’s correlation coefficients between eathopa
node strengtls, index window returrr, averageu and volatility
o. The table is sorted by Pearson’s correlation coefficignt
between node strengthand index window volatilitys.

w Ps,r Ps,pw Ps,oc  Prp Pr,o Pu,o
10 | -0.18 -0.10 0.65 0.07 -049 -0.21 Index Country Ps;r Psu  Ps,o
20 | -0.28 -0.13 065 0.12 -0.63 -0.21 2':")(() dinari QUSI”"J}_ '8?2 '8-(1)8 8-23
rdinaries ustralia -0. . .
40 0.33 0.10 0.65 0.24 0.75 0.20 FTSE 100 United Kingdom| -0.25 -0.14 0.57
60 | -0.34 -0.05 061 031 -0.83 -0.19 CAC 40 France 026 -016 057
120 | -0.29 -0.38 055 0.38 -0.88 -0.33 DAX Germany -0.24 0.00 0.56
S&P Mib Italy -0.14 -0.25 0.55
TA-100 Israel -0.03 0.17 0.55
AEX Netherlands -0.24  -0.18 0.54
OMX Stockholm 30 Sweden -0.22  -0.11 0.53
Network Swiss Market Switzerland | -0.11  -0.08 0.53
Synchronization Hang Seng HongKong | -0.13  0.10  0.52
s OMX Copenhagen 20 Denmark -0.26 0.00 0.52
S&P 500 USA -0.16  -0.08 0.52
BEL-20 Belgium -0.18 -0.16 0.51
Nikkei 225 Japan -0.11  -0.26 0.49
Total Share Norway -0.25  -0.06 0.49
Window Window NZSE 50 New Zealand | -0.11 -0.04  0.48
Volatility Average Bovespa Brazil 001 017 048
o H Strait Times Singapore -0.08 -0.02 0.46
Madrid General Spain -0.13 -0.24 0.45
IPC Mexico -0.02 -0.08 0.45
MerVal Argentina -0.04 -0.06 0.44
KLSE Composite Malaysia -0.05 0.16 0.44
Window BSE 30 India (BSE) -0.22  -0.14 0.43
Return S&P TSX Composite Canada -0.11  -0.16 0.42
r Seoul Composite South Korea | -0.05 0.03 0.41
S&P CNX NIFTY India (NSE) -0.20 -0.14 0.40
PSI 20 Portugal -0.15  -0.07 0.40
Figure 6: Graphical representation of relationships amoeig fg'égtz%compos'te ,'Pjg:gs'a _8:82 _8:(2)‘21 8:22
work synchronizatiors, World Index window returmr, average: EGX30.CA. Egypt 0.06 -0.06 0.13
and volatility o, with window sizew = 20 days. Shanghai Composite China | 002 003 004

comparing to those between other pairs of dynamical prigsert
A graphic representation of the relationships among thearit
and stock market dynamics is shown in Fig. 6.

The network synchronization is actually an assembly ofrell t
individual node strengths as shown in equations (2) andr{d)s,
it is of interest to know whether the volatilities of the indiual
stock markets are also related to their node strengths isttioé
markets network. A similar calculation discussed earlmethis
section is adopted. This time the Pearson’s correlatiofficimat
of individual node strengths to each of the index’s windotme,
average and volatility are calculated. Table 2 summarizese-
sults of our calculation for all the 32 indices taking windeize
w = 20 days. It is found that most stock markets in developed
countries have their node strengths correlated to indiastil-
ity while for stock markets in developing countries, no digdin
conclusion can be drawn.

(1]

(2]
(3]
(4]
(5]

6. Conclusion 6]
Networks have been constructed for 32 important stock mar{7]
kets based on connecting each pair of stock markets acgordin
to the correlation between their representative indices. hale
studied the dynamics of the networks during the period from 7[8]
March 2005 to 23 April 2009. In order to make the study use-
ful for application, we have established the relationshépueen
network dynamics and stock markets dynamics. By comparing[g]
the network synchronization and node strength to the isdice
window return, average and volatility, we discover that tieg-
work synchronization and most of the node strength dynaaries

(10]
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strongly correlated to the volatility of stock markets, lmihe ex-
ception of stock markets from developing countries. Thus, w
may conclude that individual markets generally react in @& sy
chronous fashion when the markets experience fluctuation.
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