Management Science and Engineering & 3R} 22 5 T2, 2026, 15(4), 821-835 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/mse
https://doi.org/10.12677/mse.2026.154080

ET=RRUEENXEE R R TH X R
EiESTEREREEME

}7:@;&, %ﬁ’&*’ ?Hﬁ—ﬁ, —i—é-)b

TTIMERAE AR, LT K&

Weks H . 20264F6 150 FHER: 20264F7H7H: KA HM: 202647 H20H

HE

IR, BRREFEN T LA SBTNERY LEERFEYMH, BEXRERREXGERE
PLfsl #FA TG EARBEEEAALE L. AXETHTBEN. REATNER=7 14, WREHE
WHFEHRE, SHmREE. RREENS 5RE=SKREZ MNESHRR, HEHAEHDELTE. B
& RFEE AT AIMATLABEUE 17 1, BT BRA R & - 8 T R A 28 A1 B R X R GERAL B AR R
BrILRE], SEUNRIEE R . REAFRREE #RRAERSRESIRE RN, REREH ™
HEE - RIREE - 25RR” WieeRESEL; BERA. FRANERRED 2 H SRR
wFE, TAME. RE AT ZEREERTRBRERGARE. FATAKBERRRH R, X
BRI TR ER R B RS E

XK ia

W7 ERRE, =5, KkEr, BENR

Research on Risk Management and
Engineering Governance Stability
of Regional Catastrophe Insurance
Market Based on Three-Party
Evolutionary Game

Huiling Luo, Longfei Wei", Xinrui Li, Shouli Wang

School of Management, Liaoning Normal University, Dalian Liaoning

Received: June 15, 2026; accepted: July 7, 2026; published: July 20, 2026
"EHAEE .

XESIH: BHEE, 2K, 0w, Tyl BT =B IR X E ORI AR 4 5 TR R BERR E EAT
U] BRI TR, 2026, 15(4): 821-835. DOI: 10.12677/mse.2026.154080


https://www.hanspub.org/journal/mse
https://doi.org/10.12677/mse.2026.154080
https://doi.org/10.12677/mse.2026.154080
https://www.hanspub.org/

Abstract

In recent years, frequent natural disasters have continuously affected local economic and social devel-
opment and residents’ property security. Therefore, improving the operating mechanism of local ca-
tastrophe insurance markets and enhancing the stability of the engineering governance system are
of practical significance. Based on the three main participants—local government, insurance compa-
nies and residents—this paper constructs an evolutionary game model to analyze the interactions
among strict supervision, active operation and insurance participation. By using replicator dynamic
equations, equilibrium stability analysis and MATLAB numerical simulation, this paper further ex-
plores the effects of cost factors, reward and punishment factors, and perceived benefit factors on the
evolutionary path of the system. The results show that when the benefits of strict government super-
vision, the net benefits of active operation by insurance companies and the comprehensive benefits
of residents’ participation in insurance are relatively high, the system can evolve toward the stable
state of “strict supervision - active operation - insurance participation”. Excessive supervision costs,
operating costs and insurance premiums may weaken the choice of positive strategies, while subsidies,
rewards, penalties and improved sense of security can promote system stability. This study provides
areference for optimizing local catastrophe insurance systems, enhancing risk management capa-
bilities, and building the stability of engineering governance.
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Table 1. Payoff matrix of the tripartite evolutionary game
=1L ZHRUETTER

1 R
RIS 22 7]
B 2 51K (=) RS 5K (1-2)
B G-C-85-8,+4 G-C-S+4
( R-C,+S8+I-F R —-C,+S5,
) :
R 1 L—-I+8+F -C;
(x
WM G-C-S§,+R+4 G-C+B+4
e R, -C,-R+I R,-C,—h
(1-7)
L—I1+S,—L, -C,
BURT
G,-C,-S§,-8 G,-C,-S
%q*&gj\ﬁ 2 2 2 4 2 2 2
g (y)l R-C,+S,+1—F R-C,+5,
PR L—-1+S,-L+F -C;
(1-x)
G,-C,-S,+P, G,-C,+P,
“(%*&éé% 2 2 4 2 2 2 2
(l—y) R27C47Pz+1 R27C47Pz
L—I1+S,-L,~L, —C,
3. RIS
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Eg, :yZ(G2 -G, -5, —S4)(1—z)(G2 -G, _Sz)
+(l—y)z(G2—CZ—S4+PZ)+(1—y)(1—z)(G2—C2+Pz)

E; =xEg +(1-x)E;

H I R A5 1L 5 ST 30 5% A A SR ) B 1 Zh S T R -

dx
- x(Eg —Eg)=x(1-x)(Eg —Eg,)

F(x):
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4

G(z)=G =G, +C,—=C +A+(S, =8, ) y+(B-PB)(1-y)+(S, - S;)z
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M@V&<m[ﬁdﬁko,ﬂ%ﬁ=GfGﬁq_Q_A?%;%w+@_Em_”,m%ﬂﬂ,ﬁ
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SRR,
TP S T BORERS B O RN 0 T S A W F (NG, B S, > S, R (”:&-%<m

FTLAG(z) RKT z IR . Mz<z B, G(z) >G(z> 0, B F(x)=x(1-x)G(z)>0, RGHK

eotgite, s O

——G(z)<0, BB, x=1RRUEIASE SN, BT TR T ot

Fo Mz>z I, ﬁG(z)<G(zl*)=0, IHSEFJLF(x)zx(l—x)G(Z)<O, ARG x =0 1k,
dF (x)
dx

—G(2) <0, Bt x = 0 REEACRATE s, BT EORFIGN A T A8 S I

x=0

3.2. REEAFIHRIEREML S 4
HI4E | A B ORI 23 )RR 28 B MV R 2078 SRS N KPR RS £, AL E, ) DARZAR I (T~ 251 3 R i
E .

I

EX

E,=xz(R—C+8+I1-F)+x(1-z)(R - C; +5,)
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E,=xz(R,-C,—B+I)+x(1-z)(R,-C,—-R)
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y

y=1

FIFERBAE . 2 2> 20, A H(z)<H(z)=0, F(y)<0, fEAAEREBRAE QIR y b

dF(y)

W IE TR, JFZEERT y=0. SL &

=H(z)<0, Bt y=0, HHEATREE R, RKAFH

y=0

A FIEFH R E .

GURRY], RRSRMER 2 X ORI 2 7 208 SRS IR0 3 ZE L ORI 2 =) X f BRI ANUG F AR I, 4
JE SRR BRI, ORES 24 W] B 25 PRI A AN SCH B, RIS B 5 IO R E Sl s 4 f
RS DR e HLAMU S BORI, ORRS 2 R BB 28 8 A SR 0, 7T RE ) 55 HL 4k S22 13D
J1o B, SUREESE RS R I AL AREAE TR A R BN AE , @75 2B 5 AR 22 B YA
PRAR S BA B AL AN 73 FEHL ], 51 S ORE 2 Rl SL b AR

3.3. BREKRIEIEEE ST
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E
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EX
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+(1-x)(1=y) (L, —1+S,—L, - Ly)
Eqy =xp(=C5)+x(1-p)(-C5)+(1-x) y(=C5 )+ (1-x) (1- y)(-C5) = —C;
E.=zE. +(1-z)E,
TS RO 2 5 ORI SR 1 L 3 A5 7 R8 09 -
F(2)= S = 2(Be - Bo) = 2(1-2) (Ber - Ee)

t
=z(1-2)[ L, 1+ Cs +x8, +(1-x)S, = (1-x) L, + yF (1= y) L, |
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34. ZHRUBERGHESNRENS ST

EIR AR AEZE T AR T REZE EAIA B E SRS M A, (HARSGR Bk B HARER
RPN =AEFEEARMILFEER . B TEARERER, T AB MBI Jacobian FEFERKHIE (K
HINHSHE SRR, 4 F(x)=0, F(y)=0, F(z)=0, AI{RSE{LEIERS 8 ALAHsYy 0 A
6 MR A RIS G T A

E (0,0,0),£,(0,0,1), ,(0,1,0), £, (1,0,0), £, (1,1,0), £, (1,0,1), £, (0,1,1), £ (1,1,1),

- {0 L+L—~L+I1-C,—S, RI—RZ—C3+C4+Sz+PZJ
9 b s

F+1L, ’ F

>

g (1L b+1-C=8 R-R-Ci+C,+5+h
o F+L, F

£ L,+L-L+1-C,-S, 0_GI—G2+C2 -C+A+F-P,
! S, -8, +1, ’ S, -8, ’

sty

g L -I1+CG+S,-L+F 1_GI—G2+C2—C1+A+S2—S1
. S, S, +L, S, -,

El

P R-R-C+C+5,+F G -G,+C-C+A+R-F 0
" Sl_S2+P1_P2 SZ_SI_P1+P2 ©)
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P R-R-C+C+S5,+P-F G -G+ -C+A4+F-P+S5,-5; 1
" SI_S2+Pl_P2 ’ Sz_Sl_Pl"'Pz ’
DL =7 AL Jacobian R
OF (x)/ox oF (x)/oy oF(x)/ez) (J, Jy i
J=|oF(y)fox oF (y)/dy oF (y)féz|=|Jy Jyn Jy
OF (z)/ox oF (z)Jey oF(z)foz ) \Jy Jy Uy

(1-2x)[G, -G, +C, - C,+ 4
+(8,=8,)y+(R-P)(1-y
+(S4—S3)z]

x(l—x)(S2 -S,-P +P2)

(1-2y)[R -R,-Cs+C,
+ xS, +(1—x)S2 +xP,
+(1—x)P2 —ZF:|

=l y(1-y)(S,-S,+B-PR)

z(l—z)(S3—S4+L2) Z(l—Z)(F+L3)

x(l—x)(S4 —S3)

-y(1-y)F

(1-2z)[L, =1 +C{ + xS,
+(1—x)S4 —(l—x)L2
+yF—(1—y)L3]

P =T7 AL TSR R SR I s AR E M, AT AR Jacobian FEFE, I AR RE MR AL B
XF R G R FRASE PEREAT 73T (WA 2) 0 — X h00) L 4 PR AEAB B N TN, RGHEIZ i IE B R
AL AR N AR IERHEER, RS ZA, I RO AR E R R AR TR AR
BUREE — B VAL S5 RIC IR B FIWT AR E I o Y T A SCHE J G =77 SRS RE 5 ISl W i A 2 IR
Ja ST 8 AN L ST AR EVE AT, AN IT IR TR A HE i L

Table 2. Eigenvalues of the Jacobian matrix and equilibrium points

%% 2. Jacobian & BUFFAE1E M 198

Yo Jacobian HiFFERFALE et &K
4=(G-G,)+(C,-C)+A4+(R-P)
E,(0,0,0) A =R-R—-C,+C,+5S,+P, ESS a
A=L-1+S,—L, —L +C,
24 =(G -G,)+(C,-C)+A+(P-P)+(S,-S,)
E,(0,0,1) Ay=R -R ~C,+C,+S,+P —F ESS b
A=—(L—-1+S8,—-L,—L+C)
4 =(G-G,)+(C,-C)+4+(S,-S,)
£,(0,1,0) Jy=—(R~R,~C,+C,+S,+P) ESS c
A=L—-1+S,-L,+F+C,
A=-[(G-G,)+(C,-C)+A+(R-R)]
E,(1,0,0) A =R~-R —~C,+C,+S,+P ESS d
A=L—-1+S8,-L,+C;
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A =-[(G-G,)+(C,-C)+4+(S,-5)]
E(1,1,0) 2 ==(R—R,~C,+C,+5,+P) Akt
A=L—-1+8,+F+C;

E(1,01) 4 =-[(G,-G,)+(C,~C)+ A+(R-P)+(S,-5,)]
E,(1,0,1) A =R~-R,~C,+C,+S,+P~F AFEE
A=—(L—1+S,—-L,+C)

4 =(G=G)+(C,=C))+A4+(S,-S,)+(S,-5,)

E,(0,1,1) A =—(R-R,-C,+C,+S,+P,—F) e
A=—(L—1+S,—L,+F+C)

Az—ﬂ@—@}%@—qﬁﬂ+@fSJﬂ&—&ﬂ
E,(1,1,1) A=—(R-R-C,+C,+S,+P—-F) ESS e
J,J:—(L]—I+S3+F+C5)

TE: a: (G -G,)+(C,-C)+A4+(R-P)<0, R-R-C,+C,+8,+P <0, L—-I1+S,—L,~L+C;<0;

b: (G —G,)+(C,—C)+A4+(R-P)+(S,-5,)<0, R-R,-C,+C,+S,+P,-F<0, L —I+S,~L,+L +C,>0
c: (G-G,)+(C,-C)+4+(S,-5)<0, R-R-C,+C,+S,+PR>0, L—-I+8S,-L+F+C,<0;

d: (G -G,)+(C,-C)+A4+(R-P)>0, R-R-C,+C,+S8+B<0, L-I+S,—L+C,<0;

e: (G-G,)+(C,—C)+A4+(S5,-5)+(5,-8)>0, R-R-C,+C,+S,+R-F>0, L-I+S,+F+C,;>0.

MEGEE SRR, B TUAERY], M7 BUR R ™ 1% W P s 10 Sx e il R T Shn i, B
TR M ORI R A B . R AN B AL RS RE 6 TR A I AR LA S AN SO s B AR R D, R
Bor A A BB E R At L v TR, BRI B ARt < SORFRI U Ak 10 240 SRR IR TS 228 A K
X AN Y 55 =W ER W], mRS 5RENEGE N R T AS 5 RE, B2eiia. BUF
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Figure 1. Effects of cost factors on the system evolutionary path (x: probability of strict government supervision; y: probability
of active operation of insurance company; z: probability of residents’ participation in insurance)
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Figure 2. Effects of incentive factors on the system evolutionary path (x: probability of strict government supervision; y: proba-
bility of active operation of insurance company; z: probability of residents’ participation in insurance)

2. HEE RN RGUR B RR

43. WHERBRAMEE

2/
32

+ LI1=60
* L1=90
= =L1=120

N

Mo ABAT RIS ERER, v ARKEATAR

0.8 4

0.6 §

0.4 4

0.2 4

BE, - AERSSERIEHER)

+ L2=30
* L2=50
= =L2=70
+ L3=35
* L3=60
s m[.3=85

Figure 3. Effects of residents’ risk perception factors on the system evolutionary path (x: probability of strict government super-

vision; y: probability of active operation of insurance company; z: probability of residents’ participation in insurance)
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Figure 4. Tripartite evolutionary paths under different initial strategy combinations (x: probability of strict government super-
vision; y: probability of active operation of insurance company; z: probability of residents’ participation in insurance)
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