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Abstract

In recent years, the PPP model, while instrumental in advancing infrastructure construction, has
encountered significant challenges, prompting its transition to the concessions model in 2024. This
study, acknowledging the bounded rationality of decision-makers and incorporating prospect the-
ory, constructs a tripartite evolutionary game model. This model involves local governments, social
capital, and financial institutions within concessions projects, all under the lens of audit supervision.
An evolutionary equilibrium analysis of the model is conducted, and simulations are performed to
explore how varying initial participation intentions, government subsidy methods, and risk prefer-
ences influence the strategic choices of the three parties. The findings suggest that insights from
this study, particularly regarding the modulation of decision-makers’ perception of benefits and
losses and the management of risk preferences, can offer valuable suggestions for fostering the
high-quality and sustainable development of concessions projects.
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1. 5|15

T A R R i R I Rt 8 it A B AS K O, BURT R AL 4 B A G A (PPP)#SE U 7E H b R 4
TEEEH[1], HEH PPP A7 5 4 M7 BURFRAEAT AN . AL BEARE . 1278 th ] 2k
i, SEIH RS E AT, HEm 7 H T BUS IR ST, I T O M BUE 7. 2023 452 H,
2K v B 04 E PPP I H AT i, RIE 2 A, 4 PPP Ui H AP A A% A, WBGH PPP i H
EHEERF N, PPP IUH N T IUH $HLRFH B, R0 1 7 25k R R o I e ja] R {8
FE GG, 2023 £ 11 HESRDPATH R T EBUR Atk 2 B AR SERILHINE S
WY, BAEREESR PPP I H LA R A& A st , SRS S H , S Bia th 75 BUR B
PEfR 5. 2024 4F 4 F, NHBREAT 17 5%, g “EEAEB A A R &8 2 5 T AT 9 1
PPP #5\” , BAHGEIR PPP I H M A HK RV &S 1 Ui, 8 G008 3 M 7 BURF R PE i 55 . R IF S
A B BB E RS, AEEEMAEMER, sIANRE M., BEAFAER 7%, Fib
R R T EEMER, W, AT DA RO IR A IR T H H E AT e, PRBE T H IR
SEE it o

b T E 2B AR T, N BB AU E il it A A LR 45 Flk ) R oR = H 2ok, (A2
FIAEUE S HARSE, 2R, AFat a0, @ e B AUk R i W TR SRS B S AR T R
2], FHFLEHRAEGRE S THER, WIHBEARNSS@®E. TBa, ERTEEDHT, Xt
SRR AT O I, TR URNGE T T UM . SRR R SE A A R R R B SR, A b A [ i
BRSO P 288 A R R B

ARG EE A F VB AL A, 383 B ARAROUE =5 A e S D T 2 R SR 7 )2/ L Pk R B A AR
NI N BUR il 52 5 1R pE IR AR AR
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2. [OjfEiER SERAE
2.1. BRES5FKE5RRES

RBE 1 AR = MRS 5 14K, U QRS EENES, Q= HTBUF, HHaiA,
SR}, =K 5 FARILRMBGE BN RE(3]. FETEAE IS 5E IR0 A, BIE
EITAZ 5 R A RN, S5 TEENr. HIBE ST HAAEESR, MR AEE A
PR, &2 5 FARR RIS A N A TR A, HAE R R RGeSV R RE . AT S
RATE RIS RAT R

e 22 8 J7BURF B SIS 25 1) A (R, TS}, SRIBURGRS BT LR V22 8 00 10 SR O R 26
Nx(0<x<1), RBUKEBARRFVFLE I H ISR 1 — x; A2 BEAS 0 SR 25 (8] 0 { A et 5t
ELAERRBE ), RIS RIS IR y (0 <y < 1), RBONEBE IR I 1 — ys GBI ) SE0E 2 5]
NP Bt BRI S5, VAR BRI SS ), RBUIGE R IRy 2 (0 <z < 1), REUATEGT SIS ML
BAH1-z.

2.2. AR

e 3: =7 A BRI, R TRTSEE R RAE R T B SR A5 NE R H S BE R 2L
55 NHRFEIATIBIE, K H Kahneman A1 Tversky $2 H 48 28 5L

B (x—T)a, (xZT)
PO e (e

Hr, TS SR, XN THREIE, ZF T8 IEFE 0 B HEWHEIEAS i, B T=0.a F
b U B IR A2, Kahneman A1 Tversky (1979)if i SZIGHTE 7t A, LR 5 WAL 2 AN 2% F 2 P Ak
PR, EWSEIUEN a = 0.88 (W) b= 0.88 (HKIK), AR —LMmkE, EHS5E
WA FREEVERFE . 2 NI IRIE REL, ASCH Ae = 0.49 MBS G T 8 THA FUE 0 R 2 e iR =15 2%
RS (R RI A SRS EEIINE) B 17 5%), HURBGHSEATES AR FXHHkL
FIR A9 . XU EBEHBURS S 1 9% Van Schie A1 Van der Pligt (1995)%F U i (I SSIERT 78, u=2 £ W]
2 5538 o RS RO B B A T P S50 =i 7K T, FF B RGBT H oot & R UA DR SPAT B B . AT S 3
WHBE R 2R RiE, ASCERIUH Prelec (1998)HF 7015 H L& B2, Z R EUE R Z MR E A
BRI, AR LA BUR S R B R IA T R B —

z(p)= ,

23. SRR ESHER

5L 4: B REAEVTRUSL L IRAFAE, (AR TR R Ak 2 BEATT HIE M F Oy p, ELRRR IR T 4
RRARTTHIETMF N yo 2% GEMBI A A FARHTFLEFHINE) ONHRLSH 17 5%
Mg, “RRVFE T H ST, BUNT AEIRAUERHRIT . BRSH, AR MK 2R
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&, HENME R ek, e SAR B H 2 R RK ) TS W] RE 52§ 1T BRETRE 1 1R

W, AN—ERe A EARER, TRAFZERAE
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BY o HTT BURAERUR M A R B SR G R DR AR 5 I, FLAN UG R PP A B, B JRURG e 325 D IS
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Table 1. Variable definition table
z1. TEENER

p)(1+R)C, +rg, [4]. AAAERELIE 1.

BN A X
M EATT R I H Y
Ci kBt &
c BT A
4 FLERR TN JCiEIE S R
1~ Ja B R T R AT 2 BC A A
p AR B AL e R
Le Rt MRS & PRtV s e A NIUEES
U7 Gi AFRETE T N BUGS AL BEATT IR
S BUR 48 T R LR O R G
Ryg b 75 BEURF B Wi 2 (75 2 AU 2 55)
Lg T IR ALY A R I 10 2K
SR C SRR BT R 55 I A
e SRR E B U A A
Ry SRR E s
Ri BT E AL BER A (B
R B T HRE IS B e AU RO A5 DR R (T )
Ly SR LB I AL 2 A
w JRSE AT L

2.4. TITFERERIE

HTTEURT S AL A SRR =7 2R 4 2 K

3. REURRISE S
3.1. HiEEWER R B taE
(1) HoJ7 BURF I3 28 240 eR 4

SNFERE, InE% 2 FiaR.

i BURT AR 16 5 S )BT YA V4878 T H DA S R AR R VT 4278 T E SRS 1 R O A R U, L&
L PSR R U,
U, =yz[ V(2R +R, =G, - SJ]( ) U%AR+R ~c=G,)]
+y(1=2)[V (2R +R, =G|+ ~2)[V (AR + R, —c=G,)]
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Table 2. Payment matrix for different participating parties

2. FRISSEEHRIX TR

Hb 77 B
U M x AR 1 —x
e vA L BIR
[ R y BRI 1y I % BRI 1 -y
BRI AR 4R, —c—G,-s, RFRememC PR AR L, AR - L,
4 e (1_,1)Rt_ﬁcl+Gl (1—/1)R,+G2 % fgat (I—E)R,—ﬂcl (1—2)Rl—(1—ﬂ)c]
Al IRk _(1_,B)C -yR,C fih k55 -¥R,C
%L z PRC +R,-C, +5, : T %—L Z pPRC +R,-C, 27 0
4 0 i
AR +R, —c—G, _
WHE AR +R,—c—G, P ‘ MR AR L, AR~ L,
1-2)R +G B — —(1-
BEERE (1R e 46—, (I-2)R +G, Vel (1_ g g, (1IHR-(1-5)e
8 —(1-B)c, - 7R,C, 55 “JR.C
-z PR.C -C, -1, I 1-2 PR,C -C, e 0

le_yz[V(;tR ~L,)|[+(1=»)z[V (AR, - L, ) |+ y(1-2)[ ¥ (AR - L,) ]
1-y)(1- z)[V AR -L )]

UX=xU +(1- x)U .

(2) A2 BEAS (1 1 B2 O] v K
R BEARFRBS RO ERA P ANRU, 5U,_,, FERHERGERU,
U, =xz|V((1-4 )Rl—ﬂcl+G1)]+(1—X)Z[V((1—/1)R[—,Bcl)]
+x(1=2)[V (1= A) R~ Be, +G, - L,) |
+(1—x)(1—z)[V((1—/I)R,—ﬁcl—Lg)]
_xz[ ((1-2)R, +G, —(1—ﬁ)cl—yR2C,)]
~x)z[V((1-2)R,~(1- B)e, —yR,C,)]
x(1=2)[V((1-2)R, +G, —(1- B) e, = 7R,C, ) |
(1 )(1=2)[7((1-2)R ~(1- A)e; = R,C,) ]

U =yU, +(1—y)U

1=y

(3) SRR TR RO R 2
SRR S EEMA SRR U, 50, , PHMBRGEEU, .

U. =xy[V(pRC,+R, ~C, +5, )}+(1—x)y[V(pRlct +R,-C,)]
1=2)[V (0) ]+ (1-x)(1-y)[V (0)]
U, =xy[V(pR2C[ -C, —Lb)}+(1—x)y[V(pR2Ct —Cb)]

#x(1=y) [V (=L,) ]+ (1=x)(1-2)[¥ (0)]
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HTH

U_Z=ZUZ+(1—Z)U

3.2. HBRUERE KR
T 10 S 5 T
F)=S=x(1-x)(U.~UL)
:x@_x)ﬁzy_lsz,+R¥y-41RJ“_ya_z)ﬂ(c+GJb
_Wy@+q+gf+44q+@+gf+a_ﬂﬂ@+@y_ﬂugq
HE B A S s TR
F()=2=3(1-)(U, -0,
:ya_yﬂxﬂa_zyg+qyj_xﬂu_ng+ag“_a_zy4ﬂq+Lgf
+[(1=p)e +7R.C ]~ pz(Ba)'|

SR B S ST
dz _

F(z)=5==(1-2)(V. ~U,..)
= z(1=2){w[ (PR, +5,+ R, ) ~(pRg, +R,) +u(C,) |-(pRog,)
+7[(Ry + pRg, ) = u(G,) }rxyu(Cb+Lb)h—qu(Cb)b—xyu(Lb)h}
3.3. REMSH

(1) T3 SRmg RasE Mo i
PRIEAG GRS e Mg B, Dk B 7 BUR SRS PR B RS, FEF(x)=0 H

2y-1)(AR +R AR 1- G) - G +S,)
M<O, é’l( g )( a Sg) ( ) ( Z)ﬂ(c+ 11 yZ,U(C+ l+ 1) i, F(x)EO; %
+zu(C,+ Gy +8,) +(1-y) u(c+G,) —u(L,) =0
(2y_1)(/1Rt+ng)a—(lRt)u—y(l—z),u(c+Gl)b —yzu(c+G, +85)) i, dF (x) <0, dF (x) 50, It
+2u(C+ G+, +(1-y) (e +G,) —u(L,) <0 dr ., dr .,
I ox = 0 BT AT R, BRIV DT U AR E SRS 2 T AR M s
(2y- )(/IR,+RSg) —(AR)" —y(l—z),u(c+Gl)b —yzu(c+G +85)) . dF (x) 0. dF (x) ol B
+2u(C,+ Gy 48, +(1-y) (e + G, ) —u(L,) >0 dr ., dr |

I = 1 BOIRALIHE A, ML BOTE A e S U
ik B £ A MR R IR EF@Foa_éQ<o,%

x[«l-z)R,+GJ“}_x[«l_z)R,+Gg“_@_z)y(ﬂq+1¢y]+ﬂl_ﬂ)q+ng;]_;m(ﬁq)b:o&n
F(y)EO; e
(=R +G) |- (1-2)R +Gy) ~(1=2)u(Be,+ L) [+[(1=B)e + yRC, ] uz(pe,) < OB,
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T

fﬁ” <0, fﬁo >0, BT y = O OIS, B SV B MG L
(1=2)R +G) |-x[(1=1)R +G) ~(1=2)u(Be + L) [+[(1-B)e, + 7RC, |-z (B ) >0 1,
dl“;_iy) <0, % >0, BRIy =1 BN AE s, B A2 TR I Ro e SREms 2 Al e mh 75

ﬁﬁﬁé@ﬂ@%%ﬁ%ﬁiﬁﬁ,%EF@F0E§%2<m?%

o[ (PR +5+R,) ~(pRg +R,) +u(C,) |~ (pRog,)’

(p )

., F(z)=0: A

(R, + pRog,) - ( G,) |+ wu(C,+1,) ~wu(C,) —xu(L,) =0
o[ (PR +5,+R,) ~(PRg +R,) +u(C,) |-(pReg,)’ dF (z) dF (z)

, i, <0, >0,
+y[(Rsb+pRzgt) —y(Cb) ]+xyy(Cb+Lb) —xy,u(Cb) —xy,u(Lb) <0 dz | z |,
BRI 2 =0 ORI a7, R R IO AS E SRR TH IR Bt el 555 24
| (PR +S,+R,) ~(PRg, +R,) +u(C,) |-(pRg,)’ R0 R

+, —— <0, >0,
y[(RAb+pR2gt)“—y(Cb)b}nyu(C +1,) —xyu(C,) —xyu(L,) >0 dz |, z |

BRI 2 =1 SO T T, R R O AS E SRR AR AR it I 55
(2) =TiE AR Y
PA_E 34T 1 B 77 SR AR BIRR E I oA, RGUA BT T E AR =07 I EE, NI R SRR
SETEREIT AT o ASSORT AL SRS T (245 s AT 73 W, S Lyapunov iE AWM fifz g vk, WAk 3.

Table 3. Stability of each equilibrium point
3. BB SHTREM

1 a5, FFAEAE (1,02,03) et
0
(0,0,0) #((1=B)e+7RC,) - u(pe +L,) R

u(c+G,) +p(L ) ~(AR +R,) =(AR)’

u(pe+L,) —u((1-B)e, + yRZC,)b
(0,1,0) (PRg, +R,) ~(PRg,) AW E
(4R +R,) (2R ~p(e+G) +u(L,)
0
(0,0,1) u#((1=B)e +7RC,) - (e, R
u(c+G,) (AR +R,) ~(AR)" +u(L,)

,u(ﬁcl +Le)b —,u((l—,ﬁ’)cl + }/RZC[)b
(0,1,1) (PR.g,) —(PRg +R,) AT E 4
(AR +R,) ~(AR ) —u(c+G) +u(L,)
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u(L)
(1,0,0) (AR +R,) +(AR) —u(c+G,) —u(L,) AFaE
u((1=B)e, +yRC) —u(Pe,+ L) +((1-2)R +G) ~((1-2)R +G,)’

b

_,U(Lh)
(1,0,1) (AR +R,) +(AR) —u(c+G,) —u(L,) AW SE
#((1-B)e, +7RC) —u(Be,+ LY +((1-2)R + G ) ~((1-2)R + G, )’
u(pe+L) —u((1-B)e +7RC) ~((1-2)R +G) +((1-2)R +G,)’
(1,1,0) w(e+G,Y —u(L,) ~(AR +R,) +(AR)" AN 3E 5

b

(PRg, +5,+R,) ~(pRg) +u(C,+L,) - u(C,)

(pRth )a _(pngr +58, +Rxh)a _:U(Ch +Lb)b +:U(Ch)b
(LD u(Pe+L) ~u(1-P)e+7RC) ~((1=R+G) +((1-2)R +G,) s
(AR)' ~(AR +R,) ~u(L,) +u(c+G,+8,)

2 3 AT%0, A71E 1 DMARRGE SR 7 NAE s FHEXTIX 7 N E S 3 T8, SRR RS
BN, AihE ﬂj‘flﬁl’]“ﬂlﬁhﬁ‘ﬁ%%%%%%o
00,0 24 u((1-B)e, +7R,C,) — (B, +L,) <0 LLK

p(c+G,) + ( ) (AR +R,) —(AR) <OBF, Ay ESS, BELLYA s 2EHL Iy B IR A

&
REVF R I H AN < BTG T AR it R 55 A SRS T, IR B R B IR R M BUR T B R, [H
I, 3t 7 ORI RN 1 HL T AR M S T e s Kk

O,1L0E: 4 u(fe,+L,) - ((l—ﬁ)cl+7RC) <0, (pRg +R,) —(pRg) <0
(AR +R,) ~(AR) —u(c+G,) +u(L,) <OW, Z P4 A ESS, MU 2 ¥ A7 70 H 7 WO 0 s B

VR I A< RIATLRA T B P < R I 55 10 SRS T » JB RN B EL e 356 (R e i 58 (K0 B3 A T EL BGRB8, R0
SRR P A SR Ot e R R 55 PR USC s v T AR B I 55, M7 UARF ARG M8 i SR RO A T T

15 25
.

0.0 s 4 u((1-B)e, +7RC) —u(pe) <O u(c+G,) —(AR +R,) ~(AR )" +u(L,) <0
i, 2T N ESS, BV £ BT 16 77 BURFI B O SR T, A 5 B3R 8 50 R AT I3
3 P L P S SRS

O,1,1)1E%: 4 u(fe,+L,) - ((1—ﬁ)cl+7R2q)”<o, (pR.g,)" —(pR g, +R,) <0
u&+&)_u@)_ﬂaﬂm+ﬂ@ghﬁw,@$@ﬁﬁg$ o F LR, U SR

F5 ity RV R B EE Y AR B A B R AR 55 (AN (B T A W T AR BRATT R UL, BN B B R 9 4 SR )
PR T AR BE . X T M7 BURF K3 E?ﬁ*&%ﬁ%%ﬁ‘]@%ﬂ%ﬁm?%ﬁ*&””*E’J’E’Z%Muﬁ

(LOD: 4—u(L,) <0, (AR +R,) +(AR ) ~p(c+G,) —u(L,) <0 F
w((1=B)e, +yRCY —pu(Be,+ L) +((1-2)R +G) ~((1-2)R +G,)" <O, %4 4K ESS. X T4
TIBUGRE, HAR IR R IR (R Tk, RIS, k2 BF AN 0k 3 B4R B8 SRS A SR X IS s T
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[ETEE7
(LLOYE: 4 u(fe +L,) - u((1- ), +yR2c,)b ~-((1-2)R +G,) +((1-2)R +G,) <0,
y(c+G2)h —,u(Lg )b —(ﬂ,Rt +ng)a +(1Rt)a <0 Ml (pRg, +5, +Rsb)a —(pR2g,)a +u(C, +Lb)b —,u(Cb)b <0
I, %P RO ESSe W T T BURF R UL, 1% BEAR A M A SR R SR A B LU Y AR AN B B s X T4
DEATTRYL, PR TR AN E R T EAER BT X T SRR UL, 75 7 AR DA St 22 B
AR R BT SRS T, AR RV AR AL Bl IR 55 BT 3R A3 (0 B En A E AT /& T AR SR R IR 55
(LLDE: %4 (pRg,)" —(pRg, +S +R,) —u(C, +L,) +u(C,) <0,
w(pe,+L) —u((1-B)e +7RC) ~((1-2)R +G ) +((1-2)R +G,)" <0,
(AR ) —(AR +R,) —u(L,) +u(c+G +S,) <O, % ¥y ESS. % THUTBURKIL, B
SR PRI RN A L bV AR M A (R B RANEL B v s W T A BEAR T SR U, ()42 R B 1 SR (1 B AN /= T L e
Bty X T AR SRUL, 77 AR DA R A 2 BT A (R Al (0 SR T, AR B (4t 4 Rl IR 55 P R
IR IERINTE R &7 baoe et Y & Gvivk = A0 ) &7t oo . Y &
4. HEREHL

N T EEMHE A FIRIAEAIRES o BUR NG L B XU fh 4 55 OB DR 3260 T % 77 BURF « #Lax BE A AN
R FEARAT AL R0, T K Matlab #E/ T8R0T B (5% Tversky 1 Kahneman LA Van Schie
A1 Van Der FHICHIETE, X av b F w BEATIRAE, (RIS 15 SEAHSCHIE AL, ARHE AT U, 456 SR BINAHR S 3L
WEHATAN RSB 1E, WESSEIE, Hrb, ST HRERGES, FFIEEEEUSE S0 0 83 B2
#MIEANSHE S, Bl T=0; Kahneman Fl Tversky (1979)if i SEIGH 78 R B, R 55 38 X6 A0 o AN 45 2K 1 32 B
MBI, R SEUE N a = 0.88 (IR AT b = 0.88 (FKIK), AEHIX—L e, ks
FARRIA PR BEERAE; AT A,=0.49 BIBGE L& 1 8 1 & B RE 43 B BR8N (S % (Rt
A RIS ERIME) 8 17 52), HURBAE S BEARLE S ML R N8k rfR a5t MR
Van Schie #1 Van der Pligt (1995)X% KU w4 I SEUERF T, w = 2 FR IS 535 %60 RS (1R RERE F Ak T b 55 i
K, FFEHRFVFAE T H Fo SR RS AT NI . S5 B R B 2023 SFRATIY (Al
FRVFA S I H MU RGBTl s ), G HC A I H T30 8K R =5 (FAAL: AL TT) M F BRI C, =
10 (FAfr: f270). AR E N AT 2024 F5—FE R T HIMNM FIZ(LPR), L2 BT A B HERL 5%
KN eq = 1 CEAFIR 5%), 3T BGHE PPP 10 2023 4EH 114k &, AL PPP Tl H 1Pk 3B £
N 90%, AIFHIEE, B p=0.9; 2% (PEEEME TR ERE2024) , RE M EBE
BORARLN 10%, Wy = 0.1; WIEFEDIVRATEIREAE, SRS ETE SO S BUR S AR s 5k 4
RNERBAN) 20%, 56 SHIRHEN RN Ly=2. RIEEZ B AT (T M0 S BUM it 2 BT A
GAERHLEI T TR WD) (2023 4F), AT I E AN LL G T AT E , 3l E A G, = 0.5 F1 G,
=0.3. ZHEETE(2025) [SP0HL 7 BUR 528808 MR T, BRI as BUE v B 8P RCES 1) 50%.
HARWE 4.

Table 4. Determination of parameter values

* 4. SRENHE

a b u Ja R C c c1 p Ly w
0.88 0.88 2 0.49 5 10 0.5 1 0.9 2 0.5
Le G1 G2 S1 Rsg Lg Cp Rsp Ri R
0.5 0.5 0.3 0.2 5 8 0.1 1 0.15 0.1
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Figure 1. The impact of initial participation intention on local governments
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Figure 2. The impact of initial participation intention on social capital
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Figure 3. The impact of initial participation intention on financial institution
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Figure 4. The impact of loss avoidance sensitivity on local governments
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Figure 5. The impact of loss avoidance sensitivity on social capital
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Figure 6. The impact of loss avoidance sensitivity on financial institution
B 6. 5 MUK X S RALIERI RN
1 T T } H—H—K
****x%x*xﬁxw;x-'-*_*_
* « X + +
0.95 % % + T x x X
+ X
+ X
09r X
+ X
X
0.85 - +
= *
08|
2 *x N
0751
5 x
=2 07r%
0.65 *
06 B FH R AT 2 -4 R B XS AR e R #0=0.2
’ X AR RE -5 R I KU R L R #=0.4
+ R R as -4 I KUK R 4F %2 %4=0.6
0.55 X AR XA -4 R I KUK (R AT 2 $7=0.88
K R R Rl 4R R KU B F $0=0.9
0.5" | | 1
0 0.4 0.6 0.8
I [a]

Figure 7. The impact of risk preference coefficient on local government under the relative return loss of valence
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Figure 8. The impact of risk preference coefficient on social capital under the relative return loss of valence
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Figure 9. The impact of risk preference coefficient on financial institution under the relative return loss of valence
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