#4811
2022 4F 3 H

X & B FRXF

Journal of Dalian Maritime University

¥ iR Vol. 48 No. 1

Mar. 2022

’

T EHS:1006-7736(2022)01-0023-08

A4

CH L, F

MRECEIZY R i

(KRR R Al TS

WE.ARAMT IR WEBE LA TSR GZEREA
AAHRPNER, BREMEE T EMAER T B S %
sz B A AW REILERRAT A
AL 7RI b P R A O 1 R BB R R E e
B ERE AR T BB AL R T AR 7 8 3
B, BREW. YH O L RPEZERKARKE N W R
df i 5 EHRHH TN G RARZAE THRAGEHK
AMEAR Aol ol RBFRAZELA, H#t
56, Tl N TR A SR BRS80S S AN Ik 5 AR R AT B X
EFR ARTRADLLERAXRAZERANERA
[

SRR R EE A 1 A B BOR BUR AN IE AL
FE S ESF202 MRS A

Green technology adoption subsidy game of port

enterprises under carbon quota constraints
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Abstract : In order to explore the role of local government sub-
sidy policy in the decision-making of port enterprises’ adop-
tion of green technology, the game model between local gov-
ermnment and port enterprises was constructed by using the evo-
lutionary game method. Combined with the idea of prospect
theory, it made up for the expected effect of income value in
the traditional evolutionary game theory, and adopted more
appropriate subjective perceived value to construct the profit
and loss matrix of both sides of the game based on carbon quo-

ta constraints. The results show that when the sum of the sub-
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jective perceived benefits of adopting green technology and the
transaction cost of purchasing carbon emissions is higher than
the cost of investing in green technology, port enterprises will
spontaneously choose to adopt green technology. In order to a-
void falling into a state of invalid government subsidies, it is
necessary to rely on the dual means of subsidies and carbon
quotas to form a win-win situation in which port enterprises
spontaneously adopt green technology.
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Tab.1 Game benefit matrix between local
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A 5 FERT LA FRAT 5 I HUE T HG R AR Y MU (E
(0,0) [(aR)" + pAe—I1[(mF)* — A(bI)"] (aR)" + pAe—I +(mF)* — A(bI)*
(1,0) —{(aR)" + pAe - IN-A(mF )" +(mF)* — A(bI)"] —(@R)* + pAe—I1- A(mF)" +(mF)* — A(bI)"
o) —[(mF)* +(aR)* + pAe— I1[(mF)* — A(bI)*] (aR)" + pAe—1I + A(bI)"

223t R0 ESS BAT N 2 HUE R Y B 45
R A LU 4598

Z£i1 #F (aR)*+pAe-1<0H (mF)* -
A(BD)® < 0 B iZ RS AL ISR R SR ESS
HE, =(0,0) . ZMRGERET W 0l ks
ARNEREOFA | B EBEA R AIANEBOR

g5 1 U 4% O loR S R
TN 25 5 AN SR G 23 045 A BT T WA S P ik 58 7 1l
AR Z KT SR gH 3 (L AR s T S A R 8 A RS 5
Q77 B AT T F B S AT S B AR RN 5
F A AR ISR AR AT 4/ T H B
AR SRR R, 3 DAl 1) T A SR 9 4 (o 4
AW, 7 BT A ) TR O R W S s, 35K
o SR A ROR T RN AN R OBR A m R
A ESSER v NEIL € P oy 1 A S MRl 2 S S 5 2
RIS, ZMRE T, IR BA T AR

WAL SR« INGEINBE” B D AR b T
T YRS H AR BB ARR S A T 1 Al
Lk,

Zit 2 %(aR)a+pAe—[>0H
A(mEF)* =(mF)* +A(bD)" > OB LR G L
THARARE RIS ESS o E, = (1,0), AR
BT, DA FoR SR R, #05 BURF e
ARPFMEBOR

258 2 BEHL 25 38 11l R 4 2 5 1 R 1y J
SRS 45 {EL5 AN SR N 25 (0 B AR I O 5 ) SIS P B 52
Ty AR Z R T R IR 4 AR A R I,
1 il 1] T SR MR 2 G R SRS, b 7 O 1)
TARIANE RN, B 555 5 T ) A WO
DA B B (s 1 B RS AL e | HE 11 Al Ok
UNAEIPELE SER % SO i R A =931 PPN
P8 805 Y R TG R R A g (B AR S



%1

B, ARG R T AL EH AR MAME T 27

H SR sR LR T, IR0 RS RS 1 )7 BN A
HHE S R AR | R A s M R 25 RNk 5
Dy AR S OR A 11 il 32 5l R B A € R 110 T 5L
KR . SR BOR R 2 A 7 A 8 P
ABI SO AR Wk b PRESk R 1y T
TR AN 4 - 15 7R R K1 I3 2 o
il F1 Al R A SR O F AR BIAE

Z£i3 H (mF)* +(aR)* +pAe -1 <0 H
(mF)* = A(bD)" > 0 I IZRGE R IR E
WM ESS N Ey = (0,1), ZFERERS T, #sH
A BRI G OB, 3075 B e K 94 b
WO

4510 3 B O BUR SRR, 7 E1 il
RN G EHAR GA RN G EHAR M T 25E
(mF)* +(aR)® + pAe — I /NF 0, BLHS #E T4l
TR —E M & WA RA AR Qb7
BUR AT T S S AT R AR M T H Al
AR AR TS AT 4R T A B R R 2%
MY TEIZA R RS s Al ) AR
HRER CH RS 3 7 BURT i 1) TR JBOCRI U SRS
TZRIRAS RIS F 53 s 1 A ol B 4% 2R 20 4 (5 1
AR ARSI 56 4 LA R H 56 T8 7 Jc K
TERYIESR)G , A X UFER NG OBAR, X T
T BURTT S A8 R I A 388 5 fiF il R
SRANEROFAR W) T 4T LA RN, IS Sk 1 5 B
HPIG R ARAS

3 B ES

SEUE B TR IR T R RA T R
SMAE ST B, WIRIEAR SO 3, It R Bl
FEXUTT WAL R AR A8 SO B Python #RF1E1 T4k
(BT B, E— 25 43 BT G B 2 40088 8 %o T2 U7 o
ERINATN

DA R R TR 1 2 0 o F A AR AR iy FH 22 41
VE B 5 AT 52, #3830 H 10 432 8 1 it
IO s Ol e RN SR B R T
BN T = 300, il R A 4 (@ F AR ] LA
HeAF ZHIES R = 1000, A 45 BUR AR R AT
SEFARB MM 4R F =200, R4
Tversk 257 ST, BERE WAL 25 A 2% PR KR A JRURR: 45
FERB o FIHUEN 0. 88, BEE I HIEE R 50 A 1Y
BUE R 2,25, %Mo), & 2 0 4 i HE

BRECA e = 100 653 ) T Ak HEBC AL A p =
1, 53925 BEA A S0 A8 Xt 1 Jr BUR A
Al 2 B PR HE R () 52 1 5 R, IO 4 TR SR MR
3 (0.50,0.50)

(1) Yo B Wi 25 ™ A i ok 55 A IXUPRS: 245
FERE o WRBE 3 Hr, B o 530 BUER 0.2,
0.4.0.6.0.88 1. 00, F/ L3k X5 KU 25 5 1Y
ANV B R G AR O, an & 1 TR (v B
AR BRI AR 1A M 5 W 326 5 ) 3 AR 2o A, P\ AR A
TR b7 B RN R AR R, R

0.5 =—===""\ | T
04~ _/'/4 \ |
Kd g \
03l 7 o\ -
N / SN\
n a=0.2 i
o2/ TTTGLE N
! - == a=06 g \
o1Fr a=0.88 .
— — a=10 - N N
| | | RPN
0 0.2 0.4 0.6 0.8 1.0

E1 RE3o MRBESH

Fig. 1 Sensitivity analysis of the system to «

WLEEIEL 1 R, 757 BUR 5 s 1 Al X %
SRR T XU 2R 80 o OB 20 Al T
RN L3 (0 HA B 30 BRI 1 XL R R
N, A 11 A AR o) AL XU S P 3 11 il e
SRANANR IR A 14 SRS T XL 28 K it J3E
ARA S BRI R A BEE o« 1Y
BUEABE A, i 1 Al BICT 7R PH B2 A KUK i
FERINER ORI E AL TR o IUEAY 0. 88
B, % 1Al 5 20 SRy SR g a0 5 AR SRS 5 5 o HRUE
AREEHE TN, P 10 A Ml 1] SR A 2o €8 B AT A 1Y) 3k JEE
SR,

(2) PRI P2 WLk 2 A 1 R A
BEOHT . KA S BIBUE N 1.2.2.25 3 4, Rk
SRS A0 2 L IRE 4 A [+ 988 B2 | 2R 8 1 1 155 10
K2 fioR.

Yhrm] LB 1 RIE 2 W s Al 5 R
Rt 28 ) AL B AR AN BURE, H 11 Al 0 755 J%
A TR “ P2 2% WLk A B A 178 B 5 B 6ROAE O
P HE AR R A 28 (RO A UG JBE (A B4
SRR ZR U Bl (R e Bl T 11 Al 45 25 R ok
BB B 3B A0 1 | 2R 8 10) 2R 94 ¢ (0 B T 7%



28 KEHBFRFFHR

% 48 %

0.5

04

03 F

02+

0.1 -

2 REgExt A KIREESN

Fig.2 Sensitivity analysis of the system to A
AR AN, DA, O 08 S 1 A alb ) SR 44 2 11
BRI PR AR A, b 7 BUR 5 2558 Y RS
BER RS PR Uk % NE PSR T

(3) RGRAEROLARTITRIE o 9 RBUE
30T o a FERE 53514 0.2.0.4.0.6.,0. 8 1. 0 i,
RGN OL A 3 frs

0.5

0.4
0.3
>~

0.2

0.1+

0 0.2 0.4 0.6 0.8 1.0
X

B3 R« MREESHT

Fig. 3 Sensitivity analysis of the system to a

WLEEIE 3 R, H 4k A BOR BT 2R A A Ak
THARAKF(a = 0.2) B, BEET, #5114l R 24 25
OEARRRAE SR, RO BAE
Tt AR AF RN ELHE DAl AT R SR AT 4R
] AR 2R OB R TT )84k, BEE 2) CLEOR Y
TSR AN 4T TG T, W 1 Al J i i i 1 ) B
HZ AP, TR A0 R, W E Aol ) SR 4
R0 BR AT AR R AR SR, BIVE 95 A i 5 B
JAF BRI , 8 Aol 2 9 2 Ml B 4 R 4 2 (5 4
Ao BRI, 38 T7 BUR AT L SR Al
RINTT G RN = R O AR, 51 O il
] RN (LFAR B 7 1) A

(4) HbJ7 B XU 1AMl S AR RN I
FE m 1 R ST, m U 53529 0.1,0.3

0.5.0.7.0. 9, 27~ M5 BUR X F Al R 48 9
AR5 AR, RGN 4 BT

1.0 T T T T
* m=0.1
0.8 —-——=-m=03 |
: — == m=05
AN m=0.7
0.6 : — — m=09 7
~
04~ -
0.2 B
! L
0 0.2 04 0.6 0.8 1.0

4 RGN m WREEST

Fig. 4 Sensitivity analysis of the system to m

WLZEIE] 4 TTH, R GER T30 75 BUR R B £
OER G R B BUR, A e LM I A L
AW F Aol B A 37 BUR MU HE H Al
MR EREEAR” IR EE , S BUN A AL T
BUARIKAF-(m = 0. 1) B, REGE A RP LR OEAR
FR5 1) T A, S BOR Y WA R — i
Ji , M5 BUR AT LAGH 3 fin A5 6 T B el 5 B
BB CANIG B2 BUR MR LR B9 A B
R, RG] M7 BURF AN, 8 Al AR A 2 (145
AR ST A B DRI, 3 7 U
i EEUCE B B MR R ol A R 1) 9 11 Al
it s, B AU RSB T IR

(5) BREC G A p 557 BUNBEE BYI8HE TS
JE Ae 1 REBIE AT, [ 7E 7 BOR 58 E B9 H
Al IR FF R AE 5 A 20 S B 0.5.1..0,
1.5.2.0.5.0 i, REWALTE I 5 i,

5 M7 BUR R RE B4 0 HE R AN AR I Bl B R 52
Gy AR IE AT, U 1 AP W 1] SR A 2R (A BER
F189 7516 P LA /R e ) S 1 T30 RT S Y 1) oy B
Ao W EARMY XS BRI SE 5 B TH 040 A% 5 T B
AT RILAE B DRI B LA A s 4 AR, A7 AR SR DL A
PRI FC A 24 SR T AR 1Al i B AT R
MG B8RS WA LU S fin s o 11 Aol Ay s
G HE 1Al R 20 2 (U BRAF AR ) A
Mo LABRZZ 50 A% SR ], 2558 5y i M it i — 5
BRI, BEE B SC S A OIS I s Al R gl 2
OB AL AR 5 B R L T A 3 e
W, P2 m s Sy M A I T Al B PR
Ml ) 5 2R AN S OB B T 1]



%1

B, ARG R T AL EH AR MAME T 29

0.5

0.4

03+

0.2

0.1

X
(a) Ae =100
0.5 T T = T

T

p
04 ———-p
03+ — —
0.2 - \\i]

0.1 |- i

L L I 1

0 0.2 0.4 . 0.6 0.8 1.0
(b) Ae =500
5 RGN p IREESN
Fig.5 Sensitivity analysis of the system to p

4 Hap REWN

AR SR A 1 5 T EL M7 BT 2R BB
FIE H Al R AR (AR 22 6] B 2R 4T S AT WF
FE, e T RRHERCSE 5y A% I8 1 E | BUR AP
P AR EE R B DU 285 B 15 4 2 ML 45 1
AR B RS AR E RS AN i B
WL AT H R DU RS

(1) $ e v A Ml SR 29y 3¢ €0 5 AR 118 B Rl
i, IR 1 A b R 7 AH R A 8 11 ol 1) 2R
NER TR TR AT B, ATE 2T Ol
I B 00 XU BT, I 7 22 3 Tk IE A0 249 SRS 22
(G177 UG5 7 10 Al 0 2R A 4 A UG 28
JRE L R A58 R AL TRE R AR ] T %o IR 25 B 5
D BRST BHE H A, 7 BT AT LA 5 R 2 4
(5% NU N R WNTTPES 1 B Rt W RN S A S ik 5
AR o X TR 25 B o R B A 9 1 Al , M7 B
R AT LA gt D A I LA I SR T 7 R N R 8
195 Y 2 CB AR PS5 T e 2 8 R AN AR (AR )
Ut

(2) WAUBS 280 8 % okt | T SR A R M A
LU BRAC T i A AL B %) T 2R G B0 T A 45 R AT

AN IRV I A XU 28 0B e, 8 1 Al T
AR, RG] TR G R, femskE
PR s i H Al 1w s B HE f
F AR AR 2 TR (4 SN VR D, 2 e o o 11 Al >R
IR OEARN AT B, #0757 BURF G o B 95 4
WA B E B AP R R SN A LR R AR
NN R T RS

ST ASCHY A 5 0HE, W HE Ak A3 5
B LR ORI

(1) W ARl SR A LR B AR 10 S N 3 22
ST AV BT B X", 377 BUR A]
DAE A T A 0 Aol X 2R 44 2 0 B B A 0 i3
SE SR CHE 7RI m A5 7 50, SR A s H Al ol
HR R ORI 2 — 40, e RSB F Al 1]
RN LR AR B T5 1) AT AL

(2) HbJ7 BRI 2% us 1 Al fin— 5 19
HEE ) fE—E R B BT B T 3Uah s 11 ol R 2
ZROFORBI BN . 17 BUN B 2R R A )
W B UL PR, & B i Ak
7 AR G AR S A BRI S 5 I ik S
IR RE . e, FERD A A fe IE A A P 2
MR T [ H RTHY 285 R K s H A B s
RO s AR AN SR GO 915 O A A 2R
5 IEIC B 75, e R R B O W 11 Al R gy
AR T, FeJa, {07 BUN S 240 R £ ot
IR , AL OEAR I IL S, HEm 1 7 s 1Al
PAKBEAS 22wl 2 00 R (R R (8 11 B K e
5B,

2 3Lk ( References) :

[1]E 4, T8, T, 55 J EARAR A 11 25 05 4 Biih 3L

REJEE[T]. 358 5 AT 2L A&, 2014,39 (6) : 40-
44.
MA D, DING Y, YIN H, et al. Outlook and status of
ships and ports emission control in China[ J]. Environ-
ment and Sustainable Development, 2014, 39 (6) . 40-
44. (in Chinese)

[2]RADWAN M E, CHEN J H, WAN Z, et al. Critical
barriers to the introduction of shore power supply for
green port development: case of Djibouti container termi-
nals[ J]. Clean Technologies and Environmental Policy,
2019,21(6) :1293-1306.

[3]CAO W, LIU K L, XU S, et al. Stabilization control



30 KEHBFRFFHR

% 48 %

strategy for shore power system with surge loads based on
virtual synchronous generator [ J ]. Journal of Electrical
Engineering & Technology,2019,14(3) :1045-1054.

[A4]ARHBE, B R, e, 45, 5 R X 45 HB AR 0 4%

PR J7 1k 9 ek [ ], A9 T2, 2020,49(3)
101-105.
SONG Y Q, CHEN L C, GAO H B, et al. Improvement
of the control method of seamless shore power supply for
berthing ships in port[ J]. Ship & Ocean Engineering,
2020, 49(3) :101-105. (in Chinese)

[5]ZIS T P V. Prospects of cold ironing as an emissions re-
duction option [ J]. Transportation Research Part A,
2019,119.82-95.

[6]KOTRIKLA A M, LILAS T, NIKITAKOS N. Abatement
of air pollution at an Aegean island port utilizing shore
side electricity and renewable energy[ J ]. Marine Policy,
2017,75.238-248.

[ 7]SCIBERRAS E A, ZAHAWI B, ATKINSON D J. Elec-
trical characteristics of cold ironing energy supply for
berthed ships [ J |]. Transportation Research Part D,
2015,39:31-43.

[ 8] F g, e, BBLBUR T W 115 A s e SR Y
HZE T[], RHEEFATSE ,2019,39(21) :227-235.
SANG G F, MENG Y P. Game analysis of port and ship
decisions on emission reduction under carbon tax policy
[J]. Science and Technology Management Research,
2019, 39(21) :227-235. (in Chinese)

(O] F H &, e, 5 B AR Il M 52 By 1) 11 D HE
Mg ()], bR R4, 2020,41(2) :33-38.
WANG R J, MENG Y P. Port emission reduction strate-
gies considering low carbon preference and carbon trading
[J]. Journal of Shanghai Maritime University, 2020, 41
(2):33-38. (in Chinese)

[ I0]JFAN K, HUI E C M. Evolutionary game theory analysis
for understanding the decision-making mechanisms of
governments and developers on green building incentives
[J]. Building and Environment, 2020,179.:76-90.

1] Bt sl ety S i D HE T BURF5 H 1All A9 E AL 1
ZELI]. H E B HOR K2 4], 2019, 49 (9) - 762-
772.

XU Y, MENG Y P. Evolution game between govern-

ment and port enterprises under mandatory emission re-

duction[ J]. Journal of University of Science and Tech-
nology of China, 2019, 49(9) .762-772. (in Chinese)

[12] 2 0F, 5Kk 40, AT 25 T ok A SORs A = 17 02
R AT [ T]. LRSS A R K 2R 2441k, 2020, 46
(7) :1247-1257.

YAN Y, ZHANG J, TANG Q Y. Game analysis of air-
line freight alliance based on improved prospect theory
[J]. Journal of Beijing University of Aeronautics and
Astronautics, 2020, 46(7) :1247-1257. (in Chinese)

(3] AWRAS , R, ik, 45, ST A 5L e #Y LSSC i

5 R A 1 SRS AL TR R e [0 ] v A PR
2£,2021,29(7) :33-45.
DIAO S J, KUANG H B, MENG B, et al. Evolutionary
game analysis of LSSC service quality control strategy
based on prospect theory[ J]. Chinese Journal of Man-
agement Science, 2021, 29(7) :33-45. (in Chinese)

[14]NELSON R, WINTER S. An evolutionary theory of eco-
nomics change[ M]. Cambridge; The Belknap Press of
Harvard University Press,1982.75.

[15] Rk, A8 RER. OB P LM N LT & R

A EAEIE [ T]. B8 E 54 B, 2020,29(11) ;
37-44.
WU B, CHENG J, SONG Y. Evolutionary game analy-
sis of the phenomenon of deceiving acquaintances in e-
commerce platform from the perspective of mental ac-
count[ J]. Operations Research and Management Sci-
ence, 2020, 29(11) :37-44. (in Chinese)

[16] EZ=. s 1t B TR B 20 B [0 ], P 4 AR,
2021(14) :254-255.

WANG J. Port shore power application case analysis
[J]. China Plant Engineering, 2021 ( 14) ;254-255.
(in Chinese)

[ 17] KAHNEMAN D, TVERSKY A. Prospect theory:an a-
nalysis of decision under risk [ J]. Econometrica,
1979,47(2) :263-292.

(18 Bi¥ar , 1 W, 25 bR B THC 4015 A IS O Al ol HE

AL 2 M Y ELACRITFE [T ] BT 42l , 2021 (2) +25-
37.
WEI Q,PAN Y, LI L J. A comparative study of corpo-
rate emission reduction and social welfare under carbon
quota and carbon subsidy policies[ J]. South China Fi-
nance, 2021(2) :25-37. (iin Chinese)



