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Abstract; Ecological environment is important, but degrades seriously, and the extensive mode of economic development
can affect human well —being and sustainable development. It is highly significant to study the interaction mechanisms
between the central and local governments because they are the main governing bodies of the ecological environment
rehabilitation. Based on the background of fiscal decentralization, we constructed an evolutionary game model between the
central and local governments, using the profit function to explore their behavioral characteristics as well as influencing
factors. According to the replicator of dynamic equation, this study analyzes the behavior evolution laws of participants and
uses the MATLAB simulation tools to analyze the evolutionarily stable strategies of the two groups and their convergence
trend under different situations. Our results show that the central and local governments represent “economic men” to a

certain extent. The stable equilibrium point depends on the net income of local government when they choice the strategy of
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“strictly implement” , and the net income of central government when they choice the strategy of “strictly regulation”. The
key indicators include the implementation degree, costs, ecological and economic indicators’ weight coefficient of the local
government's ecological rehabilitation, as well as the central government’s regulatory supervision, costs, punishment, and
other factors. The above analysis puts forward the countermeasures, such as fiscal decentralization during the innovation of
the local performance evaluation mechanism, following comparative development advantages, and widening of the regulatory

channels of the central and local governments to guide the improvement of the efficiency of ecological rehabilitation.

Key Words: ecological rehabilitation; fiscal decentralization; evolutionary game model ; numerical simulation
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Table 1 The Evolution game Payment matrix of Ecological rehabilitation action
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D T De T
Equilibrium point et(J) v Stability Equilibrium point et(J) () Stability
E,(0,0) + + N E3(1,0) + - ESS
E,(0,1) - AE B E,(1,1) - AE B,

ESS . {#H{{bASE KM% evolutionarily stable strategy

(2 21_61(1_)‘1)+/\2F+/\182[2_52[1 +6,1;>0, (F_Cz) ( 1-1,)<0

http ; //www.ecologica.cn



51 WS A S P SRBUN A2 AR BAT S AT AL T SR i —— 2 T I B AL A 7

20 v SR BT S T W A IR D7 BURE A AT AR TR B AR DA IE R R BUR AR M A R A B, DA
F4 M 2 Al LI AR A B, (1,0) o PR B0 A 1 M7 BURF PUAT AR A I A B I
11 e o A A A ER R PR 2B BRI I, 3t 77 BUR AR e AR 2577, g et RV LA v e BURE
B AR MR AE DT BURF 23 A RO AR i B B o A 56T BEPE 25 N7 IR, v SR BURF ™ 4% M 4
AR BA A g | 1AL AR 7 B 0 5 RO B 22 B 8, A 2™ s M A M D7 BURFA Ty o IRy 07T
VAF 07 BUR LG5 AR i, A AR PR AU B MR T2 BH R b B 250, HL™ A AT s , T v o B
R B A WA AR S e T A i, EL WA D BRI

1.2 ~ 1.0 r ST EEEERIIIEEIRIIN00000000 00 0 0000000000000
1.0 Po i IEITIITIEIEINC0000000 0 00 000000000000 G 08 + C? o x
5 s vy
0.8 °
0.6 %
. 0.6 %, ey ?V
= a8y = v
048 v
0.2 v
0.2 Y
0 0} W 4
02 ) -0.2
o 1 2 3 4 5 6 7 g8 9 10 1 2 3 4 5 6 7 8 9 10
t t
B 1 St RB AT RS R A E B2 RARBANSENLE
Fig.1 The Dynamic evolution of the two levels of government Fig.2 The Dynamic evolution of the two levels of government
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Table 4 System local stability analysis ( Case 2)
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E,(0,0) - AE i E5(1,0) + - ESS
E,(0,1) + + ARE B (1,1) - ANE LSy

I 3:-C,(1-A,) +A,F+A,8,1,-8,1,+8,1,<0, (F-C,) (1-1,)<0,F-C,(1-A,)+A,F+),8,1,-8,1,+8,1,<0

24 v B % T WA b IBURT AR A T A AR B v I 5 DR B P R IBORT T A A A v I 25 Ok B P
SRR AR WA IS b BURE ™ A AT AR VR BRI s S T, SR 5 RIIRT 3 AT, R GE AL A R A K,
(0,0) o FERXAMEOLT , i SR A= 25 A B0 W A8 AR 5 /80, %o Ml 7y IBSC RS 8 T PR T A AR B A 28 B TR AR
BF, SO Ay b B A AT B BT A ) TR WA T AR AR ERA TR . AN T BUR AR B T AR AR B v
Wt AR T 05 R T4 VG BRI IR £, WOE i 7 BUR R AR SR AT h D ANME RS B, RS EA]
A, v e BRI T A AR, S B0 S BUR AR A I A I T X by BORE T I B A A AR SR

x5 RERBMBEES(HIE 3)
Table 5 System local stability analysis ( Case 3)

Hf i e Tk oyt s T
Equilibrium point Det(J) Te(J) Stability Equilibrium point Det(J) Te(J) Stability

£,(0,0) + - ESS E;(1,0) - A Bl

E,(0,1) - AE B E,(1,1) + + AEasE
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AR TR L AT S5 AR bR, B Tk R AR 06 g
B, BT SR 2t R 0 L 72 | 0s | v
iR G BT B 2B AR S TR B NG R
FSIE 4.-C, (1=, ) +A,F+A,8,1,-8,1,+8,1,<0, (F
2C,) (1-,) 50, F~C,(1-A, ) +A,F+A,8,1,-8,1,+8,1,<0
214 v o S 2 T WA S b SR A AT AR AR
PRAGEIC RS A B S O A% WA I I 2R o OE R
SR TBURT ™A A5 BT 1 5 BURE T A T A AR B A I
ta AT, il S AL IR IS 455 3R 6 MK 4 W] ~0.1
AR AR S 0N B,(0, 1), XRME L& A TE
Y EORT BT WA AR AR, i AR A RS B e, B S B3 RmREHSELE
TAt A IR R AT 1 B A% 7 SC A S HIE TT Fig3 The Dynamic evolution of the two levels of government
1. BEETH T EOR T R R T A IR AL ES (1=2,1,=6,1,=2,,=10,C,=5,F=3,1,=0.3,1,=0.5,5,=0.5,
R T PA T A5, Hb 77 BURFVE S B 28 55 A, 8.=08)
TEFFEE AT AL o R 2 Ak e 1 2 e T AT AR IR HLR
W, SRPREIE— 20 3k h SR ) W8 0 B BB LT N, T BUR I 2 B BRls i debn i TAE RGBS
FAB b , T SR BUR X b5 BURT ) 28 5% ) 38 5 1 Wa 45 AR, e ke SRR W AR PR M o T b T O AT R
et

==

xk6 ZRERMBEMESN(EL4)
Table 6 System local stability analysis ( Case 4)

Equﬂi?fjf point Det(J) Te(J) :iﬁh% Equilffjf point Det(J) Te(1) iﬁh%
E,(0,0) - R [r3s E;(1,0) - RE 2 05,
E,(0,1) + - ESS E,(1,1) + + ARGE

I 5:~C,(1-A,) +A,F+A,8,1,-8,1,+8,1,<0, (F o
—C,) (1-1,) <0, F=C,(1-A, ) +A,F+A,8,1,~8,1,+8,1,>0 09} L
ol O R U BT 08 il o
SRR 51 R B PR B s s o Wﬁﬁﬁﬁ
SR S 7 RS T A A A B O 5 g [P
GWIER, 2t BB E W 7 R S Tl 044,
AR BT B, (0,0) . SO 2 2 1 03
SR A S S | %
PRI | 36T 1 B 36 55 % 1 250 M TR N
R ) T AR T W SR T 7 R A X T P4 B s e e

A7, R MPAT A 00 BLRAS 1 W4 5wy, 1 Ah el £ L AT PP
%ﬂﬁ% E/‘J éé{;'cgm &&%&{%ﬁﬁj ’ /fﬁ 1§ f@‘ﬁﬁjﬁ E j] Hm%ﬂ: Figd The Dynamic evolution of the two levels of government
PR AT, R AE BB RGN E WA EREAE (1 =2,,=6,1,=2,¢,=10,6,=5,F=6,1,=0.3,1,=0.5,5, =
R AESHERRELR L, 0.5,8,=0.8)

T 6. =C, (1-1,) +A,F+A,8,I,-8,I, +8,1,<0,
(F_Cz) ( 1_/\2) >0

F-C,(1-A,)+A,F+A 8,1,-6,1,+8,1,>0
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RT RERBMBBEMES(ERES)
Table 7 System local stability analysis ( Case 5)

Yot FaE Y i Tt
D Tr D T
Equilibrium point et(d) v Stability Equilibrium point et(J) () Stability
£,(0,0) + - ESS E;(1,0) - e Ly
E,(0,1) + + ARE E,(1,1) + + ARE

25 Hp e RS R T M A N 4 T BURE AR PAT AR TR
PRy R O P SR AR A B I g O OE
R P M A N e R A PR T A A B A
ti MIERS . 8 FIE 6 RIRI, XU AR AR E 2
Mok AR PO (o7 Ly 7)o MRAEAEXIFRIE A ISR S
e, X T BUN B HiZhAS 7 F (x) = 0 I, A] LIS 5
x=0,x=1 PP 5, SRR ACF y<y " 1,2 =0
FEREE KL BRI y>y " I =1 A E R, [H]

X TR e BUN RIS F(y) =0 B, AT LIS E] y -0.1 T
=0,y=1 PP, HHTERARE A x<a ™ B,y =1 J& t
B s SRR KT oo =0 RLEE A Y . memm

T 1 R B SR BUR A W, B A RE Y S Fig.s  The Dynamic evolution of the two levels of government
TR AT B FAE (67 " ) BIALE . XRIEM (1,=2.,=6,1,=2,€,=10,C,=5,F=4,1,=0.4,1,=0.4,5, =0,
RAEAE 2 v SR A WA AR TR B AR AR L 5.8.=0.7)
BB PR 5 T M T UM BRSBTS R BT
S TR AT B AE R I e R 5 A0 28 5 3, AR ANEGE AL SIS . S KR A, 2 b Je UM 4 F
D7 B KA AR T 285 B R W A8 AR, S8 b ol b 1 WA o b SRR e 300 v e IR W ) BERRAIR , HL 3R
T PAAT A AR B A 5 R , AL W AR T 0 B M0 A 5 2 g i e b 19 8 IERCF 1190 1R 5 Sh A S
EGAE FIRMHT B« FI oy BIRIHEIE 43 5% E 2 (0.8,0.2) .(0.6,0.4) .(0.5,0.5) .(0.3,0.7) .(0.1,0.9),
R AR b BUR ™ A8 A T RIS I S A0, AR v e BUR A8 W SRS Y S APk . S BUE A Ho]
A, S b PR G BORIE UG 0 R e A B0, Il FUE " Ay 2958 (0.28,0.27) , AT AR I 4R A y<0.27
B, LT EIE T 0,24 y>0.27 B, x IOHLE T 1; S04 5 x>0.28 B,y BFLIT L T 0, 4 x<0.28 BT,y
SREZIR7Y EBline m N

*8 ZRERBMBREMS (1B 6)
Table 8 System local stability analysis ( Case 6)

ay s ===y Vi ==
Equiéﬁﬁf point Det(J) Te(J) i:aﬁfhrtiy Equﬂfﬁf point Det(J) Te(J) Iiﬁm%
E;(0,0) - NE B E,(1,1) - NE B
E,(0,1) - AR L/ Es(x",y") + 0 LRINISY
E5(1,0) - ANE BN

25 LTRSS RIE TR T i BUR S S BUR B9 AR e 3w, 2 vy vy vy SRR -C (1-4)) +
Mo F+A 8,1,-8,1,+8,1, ((F~C,) (1-X,) Fl F=C,(1-A,) +A,F+A 8,1,-8,1,+8,1,. 45 v,>0 B (15 1,2) , e
JiF 2% T A T b SRR 7™ A AT A A TR B i D T, b BOURF ] T A AT AR TR L, Y v, <0 B (1
¥ 3,4,5,6) by BRI R TR AT AR IR, FOETERI IR S5 0F T, v SR Y W K F- T S
B, 5 BURF A 23RS AT A TR B (R 9 7R ) o DR L SR bt 79 0 S0 A 2450 L5 Wi 15 vl | S AR A i T 5
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R RIB v, My ™ WA, 325 )7 BUN B 4t

B AR S AR PR R RAL S, FRARG TR bR AL R4

8, BN S BT M AR AR A F R A 2SR
PERYSAT LA €, T M v, (LS80, v ™ (T B, REAS 5K
PR A S B R A H A A

4 ZFr5iit

A ASTRTUR SE AR S SO I Y OB R L 4
A ERR DL A B A B A A A 78 e 7 9 IE0R
AR AT AR REE L TS 5 KW ' Cx
AR IS T KOG Z i I 2=, N 9T it . 24k P
BEIRATJr AT T RN, 45 Hh d BRAR A SR 45 Fig.6 The Dynamic evolution of the two levels of government
SR R IR T T BUN RERS AR AT (1, =2,5,=6,1,=2,¢,=10,¢,=5,F=7,1,=0.4,1,=0.6,5, =0.
AR EATE), FEASWR (1) B X AR 4.6,=06)

FEPESIAT A5 1 A2 23R BRPE T 1% 100 B e T e b 95 2 BT

AIRHREI RS . XTI BURI S A BT A SR BRI RS R T R AT IS B, JEie b e BUR A5 ™
& Wa A, Ml O ARG ] T s 6 AR AR R B X T rh R BURF T 5, 7% W AE I AN J2 DATRRM A A
i, rp s EORFAE ) TR R M . — SRR YR UE T My BUR RN e BUR AR < B2 T, AR SR
PHASCR BT & R R v O SR B O B RS B SR A 8, (2) WK IR E | A 2834 #AT 3h ik mg
PERRAL TSR RS AR Bl AT 1 BE S AT AR S5 P9 AN R 3R 2R [l VE A 25 3 Fae
o347 0 R T PR ZE AR A L RS A B Wl — 29 1 26 &, R T SR Wtk A 7 sh A R i Ak, se oAk
TSN Y NI e

R9 FRBEHTHELRERMK

Table 9 The Evolutionary stabilization strategy in different situations

THIE T AR E TR
. . vy Vs V3 . .
Situation evolutionarily stable strategy

1 + + + " HEPAT R
2 + + - O™ MPT R )
3 - - - (REHGT , W)
4 - - + CRTTAT AU
5 - + - (RIMHAT, R )
6 - + + JG ESS

v, AR R S TR 2 T A R O BURE PEA PUAT A ASTR FRAYIEHILES the net income of local government when central government choice “surface
regulation” ;v, ;103 F JL B A% W5 4 1914 I 25 the net income of central government when they choice “strictly regulation” v, ;183 FF g B RF 4% W5

B 5 BUR A AT A TR LAY ISR the net income of local government when central government choice “strictly regulation”

MAEZS BB B, AR AR i T ML TR A 28 Ry it | 76 A 2500 PR e v 2 o o ¢ A R 05 45 1)
A DR, 7R 23 I B SO A 2530 B 2RI 257 R i P R BT Y AR DR SR A T D i A A e B AR
TR RIE WAL R S A AR AL B R 2 b DA BRIV T3, IS 5 AR b2 S
BN, R AWK |5 ) L R 2R B — RS E AR . A Gl Wl sh T 1, AT LR
IO 9 M P G BURF AT X TEEAL  i BE R /R e AR iR ST i e v, PR AR AR TG &R

T 1) 2 S PR 1) 0 T MBS WL > 2t Ty IBURF 8 N 2 A 55 (16 45 LAt A T8 B D g, 8%
AR SO W U B EAR A ZE BIE 007 2 5 0T BT M BRI 4 2R . 2R INAE T, 2B LU rp s
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U EZ LA GDP F— AL 7 BT, WA T3 T 05 BURAE W BOT I SE 2 /9 3 4, TR B
AETE, W05 B VR SR LA IR R R AT A IS R AR, AR B AL, X5 R
SCHFTESE AR — B0, HABF BB AR PR E R I, HuJ7 BURFBT T 2 106 B, Y A S S080C5 AR b B I,
T3 BURBEE] T MR B, PSR Bk e At DU JLRER I, (1) W B0 A [a] il B35 3 07 B 4 2% A% AL
il o BB e R S B AR AU R A R 307 AR SR B S R AR SR 58— AT 518 TR
RZ ., (2) TG HEBE 3 TR A, 55 il A 285 e 55 i DX BURF i JR A 285 b 2 5 B P 0 A 2B 3R e i K T
A, e A S PR I 55 i DX R 257 T BRI RIS 1B X, 2% DX Sl R P ) 9 0/ T AT A 9 S B B
SV RIERETI AN | 7 B P LR i S % A% SO I BRI 45 A A AT H, — 7 TR AR 7 R AR YA
PR HRAT A, 55— 7 TS H 5 BUR & JEAEZS P 255 ANARMRER SR 77l MR 2205 4 3l ol R4 AR A 3R B
BT SR RAL . (3) Hh S BT RN 5 X8 4 Ty AR 2506 BEAY A 0 B R AR A AR, A A PR R Y
“BEIAL T FRAE , LUK AR 2R i SE AT W ) A S 0 S R M AR TR M S AR 5 DA R4 58
AR BRI AT U CRAL S AR BT (NGO LA 9N B AR S R B R 2 A A A, I Rk 3t
T BUR AR BYREST 1 GB TR B R A 54T, BRI i A2 200 BA T 3h i WA RO
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