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Fig. 1. Differential network diagram: (a) The network and adjacency matrix before the change; (b) the

network and adjacency matrix after the change; (c) the results of differential network and the matrix.

3 % £

ANELR =5, @it (2) X, XA B
KENL =T — 4A, N TGRS B2 7] 5%
etk A =1, NIfFEIL = T — 4. AR SCHUE
KFET R 24 A DO i et Bolie o =6 B VR st 70 36t
%, BTV E R, AN DK EE AN,
WA 24 A A 41 MBI, ARG 394
B, TR EEL 40 T A0 &, fETHE R
R, BAF X A PO LR, Xt A SR B
[i) SaE 3R AR 14 7 VAT 7 A A 6 1) 3 2 5 A

P 2 A BN MBI A 5 5. TR
AL 1) 72 B Y % T B B T AR AR IR O &R, RMEL 59 3
BT 0,0.3,0.6,0.8,0.9,0.95 3 6 M, AT LLE H 4
B AT R R I, SRR . X e L (171
e A, 199757 A BN & Rk fE AL B, 2002 4F9
H IR R G C, 2008 49 H ARl
fEbl; D, 2010 4 5 H BT X6 7 i Bt &il; E,

2011 4 8 H IRK N 55 faal. ST 2 BB A
i, FERF SRR S SR G, s e kit £
R, LB 2 (f) G 1R 2 i 1) B BT 2 0,
gl 2 1 30 A B2 (A IR I, X AR AR
I SEAB BTG 1.

TEBE 3 o BRI A 5% R 25 A,
N R AP RR ICEE A, W] LAE Y, M H MG
B TE 0.66 I, Stpg {E L Syt 71N, BT BAASCEL
0.66 9 BB R AE 9 2.

X AE RO IR 2%, T A G R E AL &AM T
v s, 22 0y W28 10 7 ok G- G b e LR 2R
A5 &Rl E AR AR B 1 X ). FE R R AR B ) 0 2%
5 faMURAEZ AT BN RS I 48522, B fa il
D 28 6 I PRI AT B R B A 22, 022 5 IR A B R PR A
NGNS R, 4 fa LB o A R IR S O
oM, SUEAIE N L. B, K 2 A,
B, C, D, E [ FrAR3R (i 8]y BeAE R fa bl Ak A= i
H A, B, C, D, E f4% H Z 8 FIAEASBS 18] BEE N
fEHLR AT,

198901-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 19 (2016) 198901

800
(a) — (Hifti = 0)

600 CDEg

400

200

() — (ifti = 0.6)
600 | B

C DE

400

200

600

400

200

0
Q)

N

B ] /4

2 BAEARSRRR B E T A0 28 B R AL

800

(b) — (Hif = 0.3)
6001 A B C DE
400 f
200

Y T T

(d) —— (Bifti = 0.8)

600 |

C DE

400
200 |

0

600

400
o M
Leud AL . A A AN h
ib

0
> P P O E L DD
D7 D O L O I LY
SR RS I I e A R
i) /47

(a) HAHKHRERME = 0; (b) HAHXRRERME = 0.3; (c) &

KRB ERE = 0.6; (d) HAHRKEBME = 0.8; (e) HAHKKEBME = 0.9; (f) HAHRRBBME = 0.95; AR
78 1997 £ 7 AW ERLENL; B RoR 2002 4 9 AR HEMIEKRIEZ; CRIR 2008 4F 9 A &R EREHL; D #oR
2010 £F 5 A BT X SR BB+l E2RoR 2011 4 8 H BN 6T 55 el

Fig. 2. Evolution of link number at different thresholds of cross-correlation function: (a) Threshold = 0;
(b) threshold = 0.3; (c) threshold = 0.6; (d) threshold = 0.8; (e) threshold = 0.9; (f) threshold = 0.95;
A, asian financial crisis in July 1997; B, dotcom bubble burst in September 2002; C, the global financial

crisis in September 2008; D, international Monetary Fund decide the first bailout for Greece in May 2010;

E, european debt crisis in August 2011.
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Fig. 4. (color online) Differential network diagram of five major financial crises. (a) Asian financial crisis
in July 1997; (b) the network graph of dotcom bubble burst in September 2002; (c) the network graph of
global financial crisis in September 2008; (d) the network graph of International Monetary Fund decide the
first bailout for Greece in May 2010; (e) the network graph of European debt crisis in August 2011; (al)
network diagram of pre crisis; (a2) network diagram of the crisis; (a3) differential network diagram between

pre crisis and crisis, other crises follow the same way.
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Abstract

Fluctuations of stock prices and their interactions network the corresponding entities in a stock market into a
complex system. How a financial crisis affects the network structure, namely, the response of the structure to a financial
shock, has received special attention from different fields. The response can reveal specific features of the crisis, which
may shed light on the mechanism for its occurrence and provide further helpful information of the regulation of the
financial system.

In the literature, there have appeared some pioneering studies on this topic. From return series of stock prices, one
can calculate the cross-correlation coefficient between pairs of the entities. The cross-correlation matrix is then converted
into networks according to different strategies, such as the threshold method in which an entity pair is linked only when
the cross-correlation coefficient is larger than a certain value, and the planar maximally filtered graph method in which
the constructed network can be embedded in a 2-dimensional surface. Some interesting findings are reported.

However, there are still several essential problems to be solved. First, the previous work focused mainly on the
clustering of entities and linking density of the network, while we are much more interested in the detailed changes of
network structure. Second, in the planar maximally filtered graph approach, the number of links keeps constant, which
means that different criterions are used in the procedures of constructing the networks before and during crisis. If we use
the difference between the adjacency matrices as a measure of the structural changes, there will appear a large number
of spurious changes. The real changes will be submerged in the artificial noises. The problem of artificial linkages exists
also in the threshold-based method. Third, the records of stock prices form a multivariate time series, which may lead to
a serious spurious estimation of correlations between the entities. Finally, the record series is limited in length. From the
viewpoint of statistics, the estimated cross-correlation coefficients have usually unreasonably large values of confidence
interval.

In the present paper, to reconstruct a reliable entity network, we use the time delay stability (TDS) method to
extract dependent relationship from stock prices. If there exists an influence transferred from node A to node B, the
transfer process will spend a certain time, called time delay. The method is based on a simple fact that though the
transferred signals may vary, the time delay is determined by the intrinsic properties of the nodes and their link and
consequently should keep constant, called time delay stability. What is more, spanning-tree is also constructed from
the cross-correlation matrix, which is jointly used with the TDS to detect reliable links between the entities. Then we
calculate the defferential networks, namely, the difference between the adjacency matrices corresponding to the scenarios

before and in crisis durations, to measure quantitatively the structural changes of the entities network.

* Project supported by the National Science Foundation of China (Grant No. 10975099), and the Program for Professor of
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By using this method we consider the shocks of a total of 5 financial crises occurring in the period from 1994 to
2013. A total of 30 stocks that are used to construct the Do Jones index are considered. Interestingly, the influences of
the financial crises share some features, for example in the crises the entities are tightly linked into dense clusters. At
the same time, the influence of each financial crisis has its own features. For instance, the global financial crisis in 2008
led to the significant changes in the raw material related industries, in which the top three entities were the Aluminum
Company of America, Exxon Mobil Corporation, and Chevron Corporation. While in the European Debt crisis in August
2011, the significantly shocked entities belong to the financial and banking industries, in which the entities Citygroup
Inc. , Bank of America, and JPMorgan Chase&Coare were listed as the top three.

There exist various complex systems in diverse research fields. A complex system contains generally many elements
that are networked by their complicated relationships. Monitoring the dynamical process of the elements and the edges
produces a multivariate time series. Hence, reconstructing the network of the variables and monitoring the evolution of
the network are the preliminary step to investigate the evolutionary behaviors of complex systems. Our procedure can

be extended straightforwardly to the investigation of this problem.

Keywords: financial crisis, complex network, time delay stability, differential network
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