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Abstract: With the rapid development of the modern financial industry, the complexity of the network formed by
multiple financial entities has continued to deepen, and the probability of systemic risk has increased significantly. The use
of complex network theory to explore the network topology and evolution process of financial markets plays an important
role in the measurement, contagion and prevention of systemic risk. In this review, the connotation of systemic risk is
clarified firstly along with their causes and characteristics, common indicators and complex network models are reviewed,
and the important impact of systemic risk in financial networks is pointed out. Based on the correlation between financial
institutions, the algorithm for building the network model and the measurement method of systemic risk are discussed,
and their characteristics are evaluated, along with their advantages, limitations and applications. Then, the contagion effect
of systemic risk under the network structure are also analyzed. Finally, based on the perspective of complex networks,
challenges in systemic risk problems are concluded to throw some light on the future research.

Key words: systemic risk; complex networks; relevance; measurement; risk contagion; risk prevention

Citation: CHEN Chaoyang, TAN Dingrong, QIN Huanmei, et al. Analysis of systemic risk from the perspective of
complex networks: overview and outlook. Control Theory & Applications, 2022, 39(12): 2202 — 2218

Wcka 1 39: 2021—03—30; 5% H H: 2021—-09—-30.

T38{5/E% . E-mail: cychen@hnust.edu.cn; Tel.: +86 731-58290114.

AT ERZS: BLEA.

| 5 S A TR« BURF I8 [ A 35T H AU 512019 YFEO118700), 5K B AR EEEI0TH (61973110), HFAE2FHEREETIH (16BTY158),
IR EARARREA TR G H (20213710030), IR A WHITE 394 FHLQIHT A T H (2020RC3048), T il i & S HoR E o H A s =7
TR BB H (DMETKF2022023), #IF AR A BB EUEITH (CX20210998) ).

Supported by the National Key R&D Program of China for International S&T Cooperation Projects (2019YFE0118700), the National Natural Science
Foundation of China (61973110), the National Social Science Foundation of China (16BJY158), the Natural Science Found for Distinguished Young
Scholars of Hunan Province (2021JJ10030), the Hunan Young Talents Science and Technology Innovation Project (2020RC3048), the Foundation of
State Key Laboratory of Digital Manufacturing Equipment and Technology (DMETKF2022023) and the Postgraduate Scientific Research Innovation
Project of Hunan Province (CX20210998).



512

WRBRESE: NI T RGEPE R SRd AR 2 2203

1 55

W 5 <o Rk 1) 39 00 0 SR AT 422 % 4 R 4 BR AL A JE 1)
TN, T F2% B 1 4 Al R T 2 a5 Pk
20088 & (1) 4Bk & A fEHLAE VF 2 K7 2L 4 L
FILRHEA SRR 2 R 5 (1) R G R 2T 1
AN, T 5% [ R [ B 2 2R3 250 SR BT K N 45 i, Jin
50] FR 40 B B E A BVLAA I MR, 979 R G KUK
20104, 3 BB e E M 1 -5 22 ARk
F 5 SR R R SGE A AR 143 0T 5 Ry
2V, Bor Rt WBE NS, 81T R Rat 4
RS, BN AR RIERHRE. 20124F 12 H , S EBUF
WA (20124 SRR SER) , WAL & RBUR S i 2,
P R DA R SR ECE Tt 97 3 RN ARG 2R G UG, 4
e S b R AR . A U R EE AT A XU )
I o AN T B Sl o i -/ VAR (. o F B0 )
R ML, 4E4 & iz T M & Tiin 8k,
B7 38 2 401 UK. 20174E 10 H 18 H, 1L M id 7
T IR F IR TR, “ BEfE SRS E AR,
SPAEAR R A RGE SRR R LR, % E B 4
il RS/ S = KRR R 2 15 7. 2020510 H 26 H, 5%
(L T A2 2 BRiE: GBS e e AL S
LA, WA 514 I FROR R A5 A A A A, B
TR R B [ PR A HERR () 85 RURG:, 30022 X
e,

Keynes!" - 75 H 5 25 GEIL ) Rt iiid T 19204
TR SENLH L R G KU, JFEAT T A
(153§, 2007 4 B 36 B IR DR fE AL 51 A 1 A3k fa LA
20094 Y5T A5 [l I RN 55 S AL, #1038 B H T Rl
P10 15 B DRI 2 79 SO BT PR A = A G 1)
SRiA R, SEATREEMEEIR. LG, RG]
T AR SRR R T 5 B RV, R Gt XU ()T
J~ WU REE 2 977 3 55 1 oM v 22 2 3 B T AT, Bt 4
Rl ACRE FE IR NAEEE, SR S R L . 4
R 5 AE 4 BTLRA 2 TR BR T ok 7ol 2 2% 1 T 8%
KR, B 5E M RGABIERE, U285 Aot
PR 28 0 FN 5 A0 DL S IR FE 46 IX MEARRAIE A2 2R G XU
(1 B EL M R 2R 230 S U T Al RN R et
PeE MRS, BT 2 MR AR A, S 72 kR 2%
(R FR N8 B A R, A BT B3 4 i = Ak 2 R
FEAER, A 8B & ik R kash, 5 /gt
RS P T AN B i B A B 3L

BUAT HIRTE 530 M X 45 25 1) 1) B —HEAE N T, TR
NETF4HT RS AL Y fl R R e 8 T T &
G JRUG: 7K T A% Bk ) ) 24 45 1) 1) A S5 R 0E A K%
1% J52 W [9X) 4% 3k g 8 A 0T P O 9% 45 g JfG 53 2 RO 7
/b AR, O 1 RS RS AT T R T AR — 2
ANJEZ AL, G /b S S A LRA IA] ) Y SRR R, Bk
HIEE RS N2 MR R, R4

R LR 2 [1 R R I R 0101 20 T 4k R A A
PN S RlENLZ G, SR 2 —Ff B R
B TR A M AR RRAE, G5 AR
15N B8R 28R 1) 4 R LA TB) 26 BB S5 R -
KENESIBIE 2 AR RS %, R 4
Rl 2% E R R A, R G0 G XURG: X 485 (4 ey
FIEA RN B S5 X288 5 A0 (1) A R AR 5 DX 28514 151 A
J A S EE LR 2 oetk, T RN SR, ELE
NG RITURE) ) (R BBR 2R, 385t Wof O 4% 45 Mg S o AR AL AT
W I, REME NS 0 4% 45 AR I FH 1 22 0 1 XU 72 1)
TR, ST A LS BRI, 1) R Do 256 A5 I T Y 2
FAIFRI 53 BT T VAN RE 8 %oF 4 i S IR ATLAZ 18] T2 iz P 194
LR GERE) B FRAEHEAT DN BE 534, 1T EL AT DASKH B A 4 koY
28 RGeS G LA T 40T, S ELSs B oE
R

AICE AN T RGN PR B SR
HR, fER M FER (3Rl B, 5T SR LR 2 1A]
(RS IBC P 8 T R g S8 XX 8 A 7R 4 B3 R U6
WFETTIE, FERES E IR s 3R JRBR DL B F 45
T X BT ARG, BT 5 2% RN 4% 5 A O AR A S T
T R GEM RS R sl bE; 5, i R Gt XU (A
DT HE P A i BT AT T R ST LR R
KR,
2 RGP R SR

ARG AU A B &, AN 37 I, e 4
RGN G A T AR BN 4 b W B A 3 D45
L N2 FTR, B R R A R R G XU I SRR AR
51 SCE IR KRS, Har LR KGE R B2 BT
BT ATARBS 75 SO IR Rt B R, ie
A2 71 I 2% BV ) A A R D T I 4%, St R ek XL Pl
FE ARG S HE S AT T HESEPERIRF 7T,
21 XN

TEIUVAE SRR, & 14T RGPS IR A2,
K RN SR Rgm . BIH NI, KRGH
PR A — A 57 1) 5 S, B IRER MR
SUREU AR, — R NSEEVE BN A e S X
R [12-13190 8 FR G XU A2 B o B A 4 b ik 2 DL K.
FMAGFHIEAE, B IR — A R LA 1A
SEPE. SCHR (14138 H RGeS B R ok 2 S 80
G T S RN, IX AR B R Rl R g M fa L, OF
FEIX PR R SEHLA AT REPERR N R et KUK, SCHR[15]
B RGN IR E 2 TRl MR, IXRh AR R
BRA RS (R, A HARAS AR S I 25 R TE 2
GGG, R MU AL R £ B 52 S SCRiR[16-19]
W R G XU BT AN @ R — R A
HURI RT3, 512 22 K% & 248 (domino effect) 47
B RTREME. SCHR (20142 H R GEME XU R BN K



2204 B owo#H w5 N

%39 %

o BT ARG 23 AR S, 5 AL MR B R
— B3 (R B T ARRE . = I G Rl T BE 1 A R e
SCHR [211IA8 R GetE XS S iia rfE B A b S 2k
(4R Th BE A 5 (R AR IE . SOk (2206 R SE bk SR X
K6 52 SCNEIR & il 3 1 s A A o S . 7Y
Fe ISR 22 5% 52 1 1) £ P 2R G XU 52 e SR
[23] B G iR R 58, A SRR 25
HCIZAR R A8 2™ AR, SEUS O
AT e PR RN, A IR LR e R M.
2.2 RSEGA

R GRS T B R+ 2 2, R R
HIE G KA BEIHEA T 2P . 2 G RS B4 i IR T
FEFLET LR U IR ER:

1) SRR A AT A L IR AR IC P4 2 Y

FENE 55 P25 B> b A ZR s RS — T3 i, i RE A
FIRALAT IR 1 gRb iR R i ge 0, SBUAS:
FOPRIEY 1 o3 — 7 T, A DRI R A I ) R ™
ForpiE s B R ek XS AR 7T RE A AR AT 45 <
Uk R A A fEpL.

2) AT NEREAEE RPN IR RN
LA A AR G AR 1R AL — > R LR R 2]
P 2 38 1L TR0 B A < Rl i 173 RS, 2K e )
HMN AR AEITE X [ N SR 22 Grad B . | 4%
B AR AT O S B o 11 3 BRI AN 5 345
HERF AR TP R OV BR , JFE 1E S ASLIE B A
SRR HE— D TOK, 72 E RN KRG T, B ik 2
AN 2 L BE AR, P T R B SRR A H 28K
HEIR RS 2K, BB A S 4E.

TR R ML I R GNE SRR R T ERE

AR i TSR ARG 7
U IR ) < i Y 2% Fe bRl I
5
VaR |
s MST
R I B ST |
TR PMFG o4 Rk ]
SRS S VAR R 54
INThHEE YRk bt

RR 245 2 Granger-causality | o Ihfie, FERUME IS ]
WS RR

MEEh LASSO e (B |

SRMZREERRFIEREAY || MEREh &1

AR 18 26 FR 5 A 2/ 380 A

NTRE/ KRB M7

Bl 1 ARSORRASFI R ZE N 2

Fig. 1 Framework and main contents of this review

500 F

23000

400 - 42500
po)
& 300 1 72000
I} B
® 41500 —
& 200 -

<1000
100 - - R |
-+ 5308
| 1 1 1 1 | I 1 | 1

I

SRV GRS
SPFFHESES
B AP

AR
VE: 1%45 BL7E Web of Science F PLsystemic risk A5<HE A X 3L
BRPR A TAL RAGE] (B2 T-20204F)
Kl 2 2000-20204F RGP R K RSB S 51 SCHOR G S

Fig. 2 The number of publications and citations on

UGN
SIS
DT AT AT AT A

systemic risks in each year

3) PIEEOR KR S R o). 1N B M

KA % BUR 1 2R 1R 2 < R 30 35 ROARUEITZE. [RI,
B ER I R GRS R A, S it
ISR E R e R, ERbEET RS2
B SRR XL R, AR e S I 21 X
xR AR BRI R RS 27

4) iz Mgk RER el ) etz
AR GAFAEAR AR ] 2428300 G L) (5 1L 28
W L3S 5 BB RFAR K 95 50k S 2™ BT R R, M
JS2 7 A PR [ e TELAE XRS5 S RS A% ek
SEGRIE MARA b 25 Rt ok XS, RS EE
IR RGeS

5) WEZRMZ IR, BURERL IR 252 HiAk
2271 (R LA R i 119 37) RRE F2 0K AR P B
L2, I AT IS L IRFAL. Exfhli
Yt —RE ARG, ] AR GE A BT S5 40 Je 3
gt S AR R 20X — R GRS, DLESE



512

WRBRESE: NI T RGEPE R SRd AR 2 2205

74 R T 3 A R AR S i 2R G RS T AL
.
2.3 KRR

FR G AR 1 RS R R TS T SR B, R G X
[ 40 A SRR R B IE e R, HoE R 2
Fo 2 2 MR I Btk A, 8 7 0F 22 40 1t XU AR
PEAIEMTHI R, MEIB BT R, Dl b HEE. R
g R - LA

1) HAMBERE: 5N, A SR
it I 25 BEAS 4 Rl A 2R 1 e T WSO aR 1R AR B O £ 4
o, JE DA SN AL G R 2K

2) ARGt RS i S IR T B R AT S il T
WA R AL G, T R G REZ 40

3) R IO AR KU R BS n 2 51 ik
52 A A% G s e R fe S IR 38 m, KU dt— 25
FMBIN, BJ5 FEEA SRR R 515

4) AXFRME: — O &, RS- S5USca AHDTRLD, B e
PG SRS IS 2, GRS SRAF AU 25 (0 R G e XU
A AH SRS kM2 B RS A, XSS 5 U8 2 AN XS FR.
3 HSRMETIR

P R G AE AR N4, B 2 4% 0 45 HLR
TR G RSB o —Fh E LS, HREA R
FHIRSE R L.
3.1 BRMEIEBEIR

KRBT AR EROA, RFATIEWE
1736540 24 5K R $ii (Eiiler) i 7 1] “ Konigsberg LA 7]
A AR 2 18— VAN M G R A
ATRERY” . HH R TEAE , X ORI AR AR B 1 2k
fill. 20t Z8504E AR, 4 7F )45 2% X Erdos FlIRenyil®!!
57 1 ML PR (random graph theory), Rt /1T
T E AR S5 1. 20122905 AR, WattsF1Stro-
gatz32 $EH T/ A (small world) #i%!, Barabasi #ll
Albert33H H T TE bR B X 25 (scale-free) #5724, 1 195 17
FEOE BRI TGRS Tt 90 52 2% X 2 R 3G . 52 4 I 4%
FEW TR R RGP AME IR B AH BLAE R B = A2 1)
KT RGBT NG, AT E 2 R %

HS A 52 % 0 2 BEAL 5T DASH IR FORIE 72 52 24 R G0 e L
FANGER. fE R W T B T, E M H g 2
T vz N T BB 34 ER S R 35T 4 gl R 1361
BTN ERANG RS,
3.2 EAWEIIR
e X 2% Y 25 ) R TS S RIS,

S TATHR T 2 MR N SRR T 2 N 48 45
FIGeiHREbE, DR & — 25 H O S48 5.
321 FEdaotk

TE i) P24 R R B E R SUR S R s ELEA

AECE . B AP (degree centrality) A2 FH R 1 & ¥4
g e 0T R FR AR, — ORI, — AN R B
R AR IX AT B
322 FHIBREKE

IR 28 T R R R TRI R RE B i X d  NIEREX
PRANT R R B R B AR . 28 (1) T3 B AR K S
(average path length) & SCA M 48 HAT R P AT 22 1]
PRSI, 1AL, R

1
L= 12(N(N — 1)) ; dij: M

For N2 i B0 P35 BR AR P A2 I 265 1) 42 JRy
fIE, B FH R B4 2 75 2 /N SRR
323 ERRM

PR 28 H — A B SR, PRI 50 PR SR 2K R B (clustering

coefficient) C; & XN
E; 2F;
C; = : : ()

E(E,— 12 E(E —1)
b B2 15 B i ke, AN AR s 2 T8] S B A7 72 1 il 5
SRR RHOEF A0, 1] HUE, BRI 102 BT
5 R I SRR AR DR S R G M 2RI
H R R R R
3.3 MR

FUSE 48 BT R B H SR G /N SRR TR R
AT SR AR I SR AT MG E
T 28 AR DR IR Lo G RV, SRR X S Y
2K HITEAAT L.

FALIN) [RR) £ 0 AL ) 28 76 B s AR v AR D AR AE, B
T LU IR I N 25 . T AT 58 4 K0 ) 28 0 5 4= Bt AL
W2 2 8], BB AR SAE KSR SRR R
BT 2%, BRI T2, 5 A A WS/ SR
TUFINW N SR B 73 A R A0 R R 1 5T T
LR TCHTFE N 455, S5 HL R (Tt R BATE AR FE N 4%, 6
P R 25 ELA A B R — R R, BT 2%
FIRRA S AT K, R de e e, BDHT i
B AW A T AR e B R AT R R, R R
IINTECEE T LA 2 28 SEAABRY ) M T

FR WL e S Sl i)l v
Table 1 Comparison of the properties of four net-
work models

(e SR 7 R 01 £t 33 RRAH
ML B854 $535) TN
BEHLMZE e BA/MESRRE  JRSRHE
ANEEFERAZS IEFA M By Bk

TEAREMZS R CIRRMERE o] B RIRE

4 FETIRHRAE Y X 2% 4 S R
ARG S I LA 2 T8 B SRIBAE I — WL %




2206

7w oo 5 MM

%39 %

B FCARATLR, T RSP AU H 25N KRN 1 A
ERL ARG AT RENE. 18 FI 2 A 4 BRI F i
WK Z TR] AR AH L ORI HE A, R IR 28 8 R G
RSz AT  FEANPE AR — PP BT .
ST USRI SNC T RT4%
T, (EBUR - SR A NSEL EAR
12 57T LU 8] b A2 6] b AN s Ak e T T A
HIRAG. T T zRE, Tiemiiznihs

WTH 4

~  RiHLY
////,]‘: e
ol \ ~

Ak ZHZ

Ktk

N T MZAH BRI A ZE 54, IS T
W25 AN T4 ARATTRI T P 28 55 kT2
I, MERNEM T M ST R RN T2
Sl ARG A TR IR AR 2 B AL
BRI AR, G0 B3R, BB T ARADLRE (14 2%, 8l
SR R IR AOAR O R 3, R PR 28 SR A A b
i e AT R DR UM 5 i o T I SRk k2%

AfE =N
HETH—FE A% %«Eﬁﬁlﬁlﬂ
ﬁ% e / 55N -
o \ \*
l
ﬂ
/ =
/
’ I‘Jéﬁé}m%
— --.\
| \ ...... ‘
e¥, _// \‘---*//

—

R A SRS

—Pp— g
—— HITH
—— E KB

3 Rz RS R

Fig. 3 Structure diagram of financial market network
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Fig. 4 LASSO method for dimensionality reduction
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