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B R T 5 B A R0 Bk 3T 4F K 10 35 24 18T ( Akinci A1 Olmstead-Rumsey, 2018) . X1, Hi T 4%
Pk = AW G R GEAE, HRTEAGATAT 2 T AR R STk A 2 00,

— BB SCHER MBS E AR T AT R WA X R AT AR R AR MR, S B AE LU R0 e
— P IA A FT AT 28 W 8 X T 00 i) 28 40 1 XU 2 JE 5 4 22 19 (Mirza FiT Strobel, 2013) . 17 & AX)
FREAE T BIFTAT 220 51 5 KBS I BCSE AR B R 25 A, T LAV AR A7 3 BE () UG 7 $A TR, 951
S BB KRS E S B (Blum, 2008) o 55 — i MIIA SR FTFF 256 W5 48 1] g 2 BRAIRAR AT 1 il 25
TKF-FNSE S BE 7, 0l 1S i XURS: AR AT A, TS B T AR A7 K & 19 %8 € (Kiema F1 Jokivuolle,
2014; Allahrakha 5%, 2018)

A ORFLAT 28 W48 X B AT KU AR FHAT Sy 1 52 e, SETEAF 5% 45 2R [ RE AR AE A K 25 =0 T,
Kellermann 1 Schlag(2013)TAR, S lATAT 22 LRI FE HBREAR T 4R 17 KURS 3¢ 7 1 L, AT b
HARFHTE Z (9 AU o Smith 55 (2017) (9 730 BT 38 B, AT 26 24 o 238 In AR AT A0 XU AR 04T, (HL[)
BF 4 2 W S B T 3, I A B R R SRR E . BEAh, LIRS H A BT R RN RS
PE XU, PR T A 8 VA PPk AT 25 0 A T LA 38k

MWEWPFRE, Bai A R (2015) 7 B (2016) S5 /D82 H H T GNSS BRI B R 4t
GMM %5 J7 VA T BB L A7 5% Eb A7 3 78 4 38 46 2 UL o 1L T L 04 301k, T i A Sk
FE SV FLAT 2 WA B R0 . 58 T B BE 58 01 1A W T b [0 22 AT AT 38 MR A5 5 A U AIR T 4R
TR FR I R Go bk AU, T3 i e L i DR ASS 1 V8 7 1 PN A i ) RS B IR 4% s el R, AR S
68 FH PR A e O 28 A TR SR R AT 23R W A A A
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5 3 BT o BRAT ] P90 4% 1) 4 3 3 A R ks B — R S R AR AT ) XU 55 DG BR AR e 14 A 20 i
(BEOEAIBT 7R, 2010), H 20 502 38 58 5 J0 2 AR UM SCB0HE o 50 —FP 2 © Fn AR A7 5 — SIBlk 5 19
S Sk T B, R TBOE PR AT 1] I 28 R D AE R HEAT A T (S 55, 2007; FE RIS A%, 2016), H i
22 550 I 28 BT SCHR R X AR 7 150 38 = Bl 56 TARAT AR T Ry A Ae) 25 P A M I 4% A i P b 7
B, ARATOCHRY 55 (19 S ~T R A A Y, FLE A e — B s A A AR o i PR A ) 4 DU ok A
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A7 ) 10 245 2 4 (S ) 2 T8 1), R T IS A A 5 B4 O ) R

(9)

a,a,a;

2
€= DEDE-T) Z oy
WA U PR FR bR A TN AR S A Y R A RE 1, TP RO P B, 1 A
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T R AR TR FREOR, ARAT 1 Il 32 A VR Sl B R s, AT
. pX(nl'=s)+I+bl'+ml'+d Xh+pXs,—bb' —d
XX pXml =)+ x, Xbli+y, xXml
g = X pXQ Xy =D+l XXy =) +mli X (ys Xy = 1) +d'x(1-h)+bb' - (12)
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1— d'+bb' - Ad'
pxXnli+I+bli +ml+d xh—Ad
d+bb'—(1—lev)(pxXnl+1I'+bl'+ml +d xh) J
lev* ’

(11)

= lev’ (13)

Ad' = min{ } (14)
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R T ARG Ad' ARA TR B AR Sh M 7 Ad' (B4 A7 2 4 RS2 A AR R sh PR s,
I3
Ad' = hx Ad' +max(l —axd +a xAd',0) (15)
S;:Ad’—[thd"+max(i;—oz><d"+0z><Ad",O)] (16)
TEALFF R AGA 8 2 RAE M T H 1=1 KRR, 8T @ e 292 Bn 32 Hh i AR 0 3l 1t 9% 7 4k

[ S‘,zojﬂ:

min(nl, s}) v 2y, lev <lev (17)
0o v 2y, lev > lev'
min(nl’, s}) Y <y, lev' > lev’

{ min[nl,max(s;,s))] v <y, lev' <lev’
s, =
TEAN T ZH R X (4), B TE B8 A 58 R AR AN () 1=0 7 ), B AT 5 2232 Hh iy 3R it sl 1
B R s N
g o= { min(nl',s)) y <y
1=0 0 V>y
QNSRS R A R AR U B B 7 S AT AN AR A M A R, AR TR B R M 2 AT
™ G B HAA AR B 7 0 B 0 AR DL Aot 55 B U #1451 22 % Eisenberg Fll Noe(2001) 19 fi
o AET BV BT 10 SR S BOL AR SRR U Bk, (0 IS A T 2 A A R AR AT (B T R,
W51 55— % B AR i s Ve B = 8 o i T s BEAE p 19T B TEE N, VR S PR B A S 45 R
B S(p)=Ys'(p)Je& p FISRE . AR B 1 53 7 /9 17 3 X A5 A% 356 2 S(p)=D(p) . fi§ % Cifuentes 5
(2005) KW 5T, 7E L PREL 0: [p, 11—[p, 11, BB 48 20 (19) B E ROR R R 0 1Y S, iR
AR S PR G LA A% p BEATAG (R, LR i 22 0(p) .

(18)

6(p) = D" (S (p)) (19)
A T B3 R o 1R B 5 5 5R BCIRE
p=exp(-B) s (p) (20)

o, B(B>0) Z% 7 M A% W AE Ui 2l M 9% 7™ 32 10 B5ak 1 R 0 R B B U AR R R R L S5
Cifuentes 55 (2005) AT 5, FRATT 38 I 45 Falt 1A 2% 52 1 4 B I O 2 1k 9 77 INE A1 A IR AR B2 R 20% 1Y
b L B L AR I B P AR A SR AR R AT« R A 2 2 w1, AR Sh P B T 31
WA po A 1o U, BTAT ARAT X0 f B8 A W48 oK, AR I gl M 9 7= i Sz th B0y 0. 72 %8 7=
Z— WK G, AN R AR WA R A R AT 2 — B AR T B MR LA R B B A
Fe R, Ik R I Sl B 7 B b2 B o S(1) o S8 T7 2T RO SR BR B AR M A p(S(1))™ (H 3207
BN N 1, T KBTS N po 8 p(SC)™ Fl p, B9XIME . T 1T 0 A% T e, — S84 T R
AR 32 M A T S 7 LA J WA W R o S A M T A e R — TR F p(S()™
EF po (¢ R BB, S0E T A FA B R T sl ik 08 ™

(PO ) 5L 7Y 35

AR (18 35 £ 7 LN -

1. (I, nl', BT, bb") it 2 20 (2) ==X (6) 1 B A o &2 (1) P £k ) 301 i, RDAR AT 1) Jre 0 9% 7
[

2. TEARAT IR T A M # » F, ARAT I T 3 9% & 9 BV HE 45 55 T TR SR, B Y bl = 3 b

3. ARAT I 2 Ry 3 Tk AR R A B A 0 R AR

4. AR sh M B =TT S ik B, TS B AR 3L T 0(p)=D"'(S(p) ) 1Y E R R A5 2,
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(L) R G0 U5 o
1 % Bluhm %5 (2014) 1Y€ S, A SCHY R Ge 1 XU o 32 B A0 AR ol 5 2 29 4R 47 Y S 56 7 o5 4R
TR R ST B 2ARAT R AR B A8 2 0, Jr DA BEHCWE 77 02 32 3 oy Z i A9
RGN ¢ T
ZM assets,,;

I Z ¢, X prob,, = Z —— X prob, (21)

e o Z ‘assets,
i

Hovh, def 3R 4 R 2 2 B E b ili 5 i AR BRAT, o7 TR b i e A7 i 15 5%, prob,, I
b, 3 BN WP S m A AR BOBER AN ST AT AR R A R GEE AU

= BT

(—) SR
B N IR E 16, eod A1 ml WRCE TR IE 16 52 LT AT O 967 ik h kA .
H, mi AR S G ERTR, e HTARAT 09 BT 3 AL 4 s o RATIEIGRATTE 2010 4F2 2 &
JE 2 2018 4F4F 3 = AU AEATACHE, ZROBUE IR 1o 7 248 AR, B0 1Y R
(ETFAS S BRAT PR 28 2 XU, 1) B2 o, AN 1 FE BRI AT 3 W A8 A JERLAT 3 W A8 PR S 0 T 4
TR 2 MBS, 1) 22 5
®1 SEEE

28 FESL B SR
N RGP RAT R 16 Hataj 1 Kok(2015), Aldasoro 4:(2017)
s LR TR 0.05 RS EE(2016)
RETE AR AR 0.175 RN TE(2016)
0 e BB 7 B KU A 1 Bluhm %(2014) , Aldasoro %5:(2017)
% BT ST AR AL 0.2 Hataj il Kok(2015) . Aldasoro %(2017)
Pa SN B B R AT 0.4 AN 5 (2016)
r AT AR B B 7 Il 4% 0(0,0.15) Bluhm %(2014) , Aldasoro %(2017)
e RTINS PR % 0.76 RS EE(2016)
y BT R RELR 0.08 Bluhm %5:(2014) , Aldasoro %5(2017)
T AR ph LR EER 0.01 Bluhm %5(2014) , Aldasoro %£(2017)
lev’ FIAT R M R 0.04 2015 AFETTHY (TR B RV ART TAT T SR BN )
¢ X AR BRI it —abs(N(5,25,0)) Bluhm 24(2014) ,Bluhm 1 Krahnen(2014)
ml SRR A BT - AR Bluhm %5(2014) A1 552 (2016)
d WA R AT = R Haxaj 1 Kok(2015), Aldasoro %:(2017)
e BereE AR TR ik Hataj il Kok(2015), Aldasoro 45(2017)
m hi il A 1000 Bluhm %§(2014) .Bluhm F1 Krahnen(2014)
pe BRAT AN DR e L 451 0.9 Bluhm 45(2014) | A1 #2(2016)

() RTAT 3R M 8 Xk T P SRR AT 9 )™ e A 5 i

24 I TALAT R WS (I=1) FITCATAT A A (1=0) DI B0 T (9 BT [1] 100 265 235 4 R ik 45
bro AT LA, O AP AEALAT R MG, S 3 BES 7 2.8 7oA, REWRAE BN AT 7E R 45 Hh -
W52 2.8 DNHRATIFAEBURUGUS B R o P38 K R BE PRI 00 T #RELAR, X 5 Aldasoro 5§

O 16 K LW RAT QR 24047 TR ARAT IR RAT R EARAT P [ RARARAT FERTERAT . B sURAT DOl ARAT L JEURAT A R AR
AT AZHARAT S P B CRTARAT 6 RARAT . rh R UeARAT L oh [ ARAT A ARAT
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(2017) A9 %2 B — B0 FEGIARTAT R ULAE 5, V3 BE P P9 A JE RS- 2 B34 T R B, R W RLAT
REAE— R E LD T HRATRNA BB R o teAh, P2 R R K 1=0 B 19 0.1444 [
F [=1 I 01341, (EATFF AR A 6P By b A Ao A BT BT 33 3R, SRS AT R I A AR T
BRAT 6] F) 1 28) SC IR AR B, L — SE AR AT AR Oy 9 2% HhCe 1 i AL A AT I B T, B A R BUR A
2L OR B L EPTal SRS d S 1

&2 SRITIE M &SI FELRIR

PR AR P FRRIERLL SRR
=0 2.8750 1.4375 1.4375 0.1444 20.3194
=1 2.7153 1.3576 1.3576 0.1341 247222

T LR E A REA R 1 2 B3 (E

34 TR I=1 F1 1=0 BFARAT R ZR 09 AR 38 8 1 9 7 (nd) RAT 8] T S BB (bb 8%
bl) IR A G (D USRS (ta) o T AR i 52 W AETEFTFF R WA IO, R R4 I AERH
G EEE o XL =1 F0 =0 PIARNE BL AT LR IR, nl R IEAR IG5 5, bb F ta WIAF A B 35 22
5o BB, XPERAT RN 4% PFTAT 238 29 B AN 25 8 2 50 i HG B0 46 0 77 RN B U 3l 1 7 A G
R AT L a0 e B AT R TIT 4 A ORI SR OB R 4 9 7 e B B, AR AT AR R
PR =0 B AE B AT BT T R DR Ak, pr SR A AR AT IR R BT BB LTS XS IR R
BRAT MY B 7 RRASTAS W 47 5K A = SRR A, 3R WA SC AR ASE AR 8 405 65 - b Sz B B S

&3 EERH =1 I1=0 FRITEHERNHER~EE

=1 1=0
nl bb 5 bl I ta nl bb 5 bl 1 ta
201002 8.6044 5.0014 2.3886 55.8619 8.6044 6.7169 2.3886 57.5773
201102 11.1651 8.6290 2.7445 67.5627 11.1651 9.2100 2.7445 68.1437
201202 13.3750 10.7728 3.1111 77.8510 13.3750 119115 31111 78.9897
201302 15.5083 12.2281 3.4577 87.0562 15.5083 13.0764 3.4577 87.9045
201402 18.0325 14.3061 3.8567 98.0357 18.0325 153977 3.8567 99.1273
201502 13.3793 17.9156 4.0359 106.5905 13.3793 21.6352 4.0359 110.3102
201602 15.7945 20.0844 43527 116.2637 15.7940 23.0738 43527 119.2530
201702 17.1428 18.7831 4.7487 123.8526 17.1421 22.4656 4.7487 127.5350
201802 18.5433 18.0011 5.0445 130.0550 18.5433 21.4575 5.0445 133.5114

TE: T AT T 2L T 24, R ZEBEA bb=bl, RSB, Ferh (50 AR S BB . ST,

1T B SS T PRI O BRAT IR R B AR G R AR . NP RT LR Y ARAT IR R AT AT %
FVGEAS 8 FEAE S AT AT 2R W48 J5 W AT b T, 3 R MR A5 A S 29 SO0 5 2l 3 TR AT I BE AR
Blo BT HATRRA I B I A 2 R A A B9 s, PRI OO T 4R AT B R 09 B8 4 o Ak iy 1
I Ry B AR M K 5%, BLAk, BRAT IR DY & 9 7 i 1 L 7R 5 | AATAF R I8 5 A B B R
IX R B — SR AT 38 2k OE S el /0 A A AR L XU, 228 /0 A R AT ) B 7 i AN 2 T 3 1 B 7 ok
FETH F B B FLAT 28KF, BUFLAT 28 W48 58 i 17 38 43 B AT 19 XSS 7 $H 38l

P 4 5T REAR W AR AT B FTAT R AR L (Alev) KT (lev,,) AR FE LR () GRATHL
B (size) (AR BN Pk B8 72 W4 238 (r) LA BCBE 72 4548 (es) Z 11 () Pearson Z %0, Hr, Alev=lev, ~lev.,,
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Does Leverage Regulation Effectively Reduce the Systemic
Risk of the Banking System? Simulation Analysis Based on
the Endogenous Network Model

LuLu, Yang Wenhua’

(1. Financial Research Department, Chengdu Branch of the People’s Bank of China, Chengdu 610000, China;
2. Risk Management Department, Bank of Chengdu, Chengdu 610000, China)

Summary: Deleveraging of the banking system is an important task of financial supply-side structural
reform in China, and also a key measure to prevent and resolve financial risks in recent years. With reference
to Basel III, China Banking Regulatory Commission formally introduced the leverage regulation indicator in
2011. According to the official data, the leverage ratio of China’s major commercial banks has been higher
than the minimum regulatory requirement of 4%, but it is also an indisputable fact that the risk of China’s
banking system continues to gather after the financial crisis. So does leverage regulation effectively reduce the
systemic risk of the banking system? The answer to this question is related to the effectiveness of the leverage
as a macro prudential regulatory tool. However, limited by the lack of empirical data, the complexity of the
economic and financial system and other factors, the current literature on the effectiveness of leverage as a
macro prudential regulatory tool is rare.

Therefore, based on the model of Bluhm, et al. (2014), this paper constructs an endogenous network model
with leverage constraints, and simulates the risk contagion mechanism and effect under leverage ratio con-
straints. It is found that in the normal period, leverage regulation will bring the effect of increasing the propor-
tion of risk assets of some banks and decreasing the average degree of network connection between banks. In
the crisis period, leverage regulation will increase the number of initial bank failures under exogenous shocks,
but will reduce the depth and breadth of risk contagion. On the whole, it is true that the minimum leverage re-
quirement of 4% will lead to a more stable banking system, but the excessive leverage requirement may cause
the rise of the systemic risk. In order to maintain the stability of the banking system to the greatest extent, we
can implement counter-cyclical and differentiated leverage regulation strategies for banks. At the same time,
timely liquidity assistance to the market and improving the loan asset recovery rate of defaulting banks during
the crisis will help to enhance the financial stability effect brought by leverage regulation.

The possible marginal contribution of this paper is as follows: Firstly, compared with the existing litera-
ture on the effectiveness evaluation of macro prudential tools, based on the analysis of the endogenous net-
work model, this paper opens the “black box” of leverage regulatory tools affecting the stability of the bank-
ing system, and explains the effect and mechanism of leverage regulation. Secondly, the existing endogenous
network model usually fails to consider the impact of the introduction of leverage regulation conditions on the
stability of the banking system in normal and crisis periods, which is emphasized in this paper. Thirdly, the
study of this paper has strong policy significance. The comparative analysis of the regulatory effect of leve-
rage under different market parameter combinations provides theoretical support for regulators to formulate
more effective leverage regulatory strategies.

Key words: leverage regulation; endogenous network model; systemic risk (Friemir & &)
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