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Modeling green supply chain games considering retailer’s risk preference
in fuzzy environment

WANG Shu-na*?t, HU Zhi-hua?

(1. School of Business, Heze University, Heze 274015, China; 2. Logistics Research Center, Shanghai Maritime
University, Shanghai 201306, China)

Abstract: A two-echelon green supply chain model composed of a risk-neutral manufacturer acting as the leader and
a retailer with different risk reference acting as followers is studied under a fuzzy decision environment. Considering
the innovation cost, the parameters of demand function and manufacturing cost are all characterized as fuzzy variables.
Then the optimum policy of the expected value and chance-constrained programming models are derived considering the
different risk reference of the retailer. Finally, numerical examples are presented to illustrate the theoretical underpinning
of proposed models, to compare the interaction among product greenness, wholesale price and retail price and different
confidence levels, and to explore the influence of retailer’s risk preference on the profit of manufacturers, retailers and
green supply chains in the fuzzy green supply chain. Study results show that the confidence level of the profits for supply
chain members affects the final optimal solutions. In the pessimistic decision-making model, with the increase of the
confidence level, the level of product green degree, wholesale price and innovation cost gradually decline, but retail price
and the overall profit of manufacturers, retailers and green supply chain gradually increase. The results is opposite in the
optimistic decision model.

Keywords: green supply chain; retailer’s risk preference; fuzzy environment; innovation cost; green degree; Stackelberg
game
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H b bR 200 AR 28, e T o TSR 45 52 1 B K
1. min 7 AR Z 5 A o LR, FH A F 391
B B[] KA RS e w1 (0 136 7o O ).
M BE b ¥ )3 AN 5 T 0 ) B R w0 O AN

p K KA B BT A FNE. E I minmax AL 23 £
ORI 2R S A T 2 A
max E[7y(w,0)] =
E[(w—)(B ~ fp-+46) - 5667
s.t. Pos{w —é < 0} =0.
P RN ) A
max [Tr(p)]k = [(p — w)(B — Bp+70)]%;
s.t. Pos{B — fp + 76 < 0} = 0,

pzw.
(18)
FERERIFR T T, LUK fh 2 oo 12 1) 326 78 9 38,
PR 3 ARG 1) A8 0 22 i g R 1 ) % £ 46 1 4 T DA
RN SR,
EE3 A [7rp))L F R KR 1350 Z 5
(¥ ), 2 5 43 € 7% it B L R AN % w, 45 Pos{ B —
Bp* + A40* < 0} = 0, F B p 1 bR
s 1 BEyaLg
HOH P (w,0) = W + W
UERH DB XU 30 22 e B A ik 100

[7r(p)i=p—w)(B-Pp+30)5, (19
Sk
[7r(p)]E =
— BUp? + (BE +5L0 + wBY)p — wiko — wBE.
(20)
H =X (20) 7115 (7R (p)] L B — B A1 — i 345, B
~ L
d[ﬁﬁ;p)]" = —260p+ (Bl +750 + wB), 1)
Plrr®)a _ zv
A —208, - (22)

T ?[7r(p)]4/dp? = =265 a < 0,48 [Fr(p))k 2%
T p 11T R K, S SR b R R R A AN
AT LLEE 4 (7R (p) |5 M — ) S 8CEE T 345, /1
d[7r(p)la _ _QBU + (BL +ALol 4 wBU) —0
dp - ap [ ’Yoz a [
(23)
12X (23) 73 4% 0 i 1 B 0 A% p XS bR A%
w AR JE O 1 B A0 SN B 4
. 1 Bi+ke
SE L3 AHIE. O
EIR4 BT (w,0)] 9 KU i o Hh 4 i 3k v
HIBE R, 25 Pos{w* < &} = 0 K Pos{ B—fp*+70* <

0} =0, H4E[B|E[] > (E[j] — E[B]7L /2B8Y )2, WAFAE
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I <~ ~ E ~~L
e - B (Bl - D)
0" = (4EIBIEFI(F)? + 2E[IEIA)(F)* - - . 25 | S0,
2B[5|E(3BLAY + ELBE(B]3EAY - (B6) - =5")

2E[BIE[B]75 By + (EB])* BLAL —
2B(3)(BY)? [ (@AL +eal)da) /
(4E[EIE[B](5Y)? — 4(E[RD*(B)*+

ABIFBIITEGY — (BIAIAE)),

* = (AE[BIBIE (B)? + 2BIERIEA)(BY)*+
2E[7|E[eA]7 BU—QE[ﬂ] [€1B2 e ~
EIBELA)(74)? + [EIB)745Y -

2B[5)(3Y ) j (7L +ekqL)da) /
(EERIBI(BY) - 4(BI7)A(BY)+
4E[B]E[]£BU (BIBFE)?),

— (4BIBIEI)3 BY + 4BI5|B[A) LAY -
2E[B]E[mm> + 2B [EEIF1BY 3Y -
A(B[3))*BEBY + 2E[F]EIB) BLAL+
AB[BIEIE)(FY)? + 2EIEE[B)(BY )
BIAREBY2ERIEY)?) [ (@5k+ekaY )da) /
(MEEE[B)(3Y)? - 4(B[)*(BY)*+
MBFEGEIEAY - (BIBRE?),

JEHE (18) ) Stackelberg-Nash 24 7 fi.
UEBT  H X (8) WIS JXURS: fh i o A2 it 3 7 4Rl
RIEA KA CHIAN @ F
Effar(w,0)] =

— 1E(ﬂ)w + E[Blw + 0wE(7) + %E(&B)w—

(BE +3E0E@)w | FEEEH)0 1

> E[£](6)?
250 250 5 EEN(0)"+
BLE(
25UCﬁ 3 f (eYAL 4 eLATYoda—
% jo (BL&Y 4+ BY&E)da. (25)

H 2 (25) IT 3 E[far (w, 0)] KT (w, 0) 1—B 520, Bir
DL Hesse 5[5 N

Bl B -
B

— E[B17% /25 ) i, B

Hesse Hi B A2 £ H [, bR E0A7 8 ME— 351 A
L E[7u(w,0)] KT (w*, 0%) I— FHETE,
BapilEE]
dE[7ny (w,0)]
dw

~ BBl + BIB] + 6E(3) + 5B(e) -
(BL +3L0)E(B)
254
dE[u (w,p*(w))] _
do N
R
2f AL + 55V )da = 0. 27)
A7 3K (26) A1(27) AT A e ML HE R A AR L 2 0 2
0 = (4B[BIB[)(BY)* + 2E[3]EIEA)(BY )~
2E[|ES]) BL B + EIBIES) 7 Be —
2E[BIE[B]75 By + (EIA])* BLyL —
2R(3)(BY)? [ (@AE + eal)da) /
(BIEE[BI(BY )2 - 4(BIR)* (BY)*+
4E[BIERNL A — (EIB175)%), (28)
—( E[BIEIE](3)? + 2EIEJE[B)(BY >+
2E(HEE5]74 Be — 2EIPIEIE] By By —
EIBEIEA)(74)? + [BIBIAEAY -
2330 [ @Ak + e3Y)da) /
(EIERIBI(BY)? - 4(BHD2(5Y)%+
BIFBEERY — (BIFIAE)). (29)
K (28) 29)FRN (24) AT AL T B M A%

=0, (26)

(4EIBIBI)3EAY + AERIEIA]T:BY -

— 4(E[3])*BLBY + 2E[A]E(S]
AE[BIE[E](B)? + 2E[EJE[EA] (BT
2E[3](BYY?) [, (&95% + ELAY)
(24E[EIE[B)(BY)? -
4E[BIE[F)FLBY -

[E6;
FEV? + 2B[EE(B) BL Y -
[B1BEAE+

5
3
[y
] 3Y)7 — [BIBIYEBY+
da) /

AEF)* B+
(E[B175)%))- (30)
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AP 1 3 7 AT 26 T 1 i KR 2330

Blftar (w,p", 07)] =

B[ — &)(B - fp* +707) — 3607, (31)
7P w, 0)] =

Tr(p", 0%, w") = (b7 = w)(B = Bp* +507). (32)

SEFLALHIE. O
3.3 RIVRRRE

B2 BE FT R A 3 T S ROW A R SR, K
SR FH A B2 1 20 7 v 1 o 3 7 1 B, R R T 38 A
Stackelberg 2%, 7 3 T A7 1) /2 KUK i 247 9
1 7, H S R e SR M i w ISR 2 0,47 9 B 0
RS PR 5 W0 25485 P A Dy R il 3 o S B = ol D R
W p, B BRI B 2> 2 AR AR, 37 T XU fh
B o P R 3 5 R U R R o P RO P S AR Y

max ay;
w

s.t. Pos{(w — &)(B — fp*(w) +30)} > s,
Pos{w —¢ <0} =0.
PR A A

max TRg;
P

s.t. Pos{(p — w)(B — fp +70) >
Pos{B — f3p+ 76 < 0},
p = w.

ﬁ-R} 2 «,

(33)
[F) A, b AR AR AL 2 R R AR T e Mg v 2 5 5
A2 %A UL — € B BB K O I HT 52 T, %
KA H b eR B SR I AR, e o G AR
P TS A 5 1 B AKCF. 6 FAE A 45 8 ] AT 1 3R
W&, max 7 AR 28 B A I o SR OUUEL, F R ) 39
BAH E[7 s ] R RS i 2 H A4 P 1) 3 o PR ¢
G N b ) 3 A 2R T 0 R w0 A
pRERAS B B TASFE.
T AL R R R S T G AR
max E[7y (w, 8)] =
B[(w— (B~ p*(w) +76) - 566°);
s.t. Pos{w — ¢ < 0} = 0.
p AT R A
max[7r(p)]Y = [(p — w)(B — Bp+70)]Y;
s.t. Pos{B — Bp+40 < 0} =0,

pZw.

(34)

FEASOR PRI T, DAJRUSS: i e 14 1) 7 o 2,
i e RIS 4] 4 0 265 1 O R o 8 1) o €6 Ak S 4 T DA
HtHﬁD_Fénm

EES 2 [Fr(p)Y Tl RS R 0% & 75
(I, 25 72 S B 7= b (R R AN b w FNER L5 0, 45
Pos{B — fp* +76* < 0} = 0, M EENH% p I HA R

R 1 BY +4Yp
LR R P (w, 0) = S+ 2/%“ .
UEBR il XURS: B o 00 248 e A R i Rk =00k

[7rP))Y = [(p —w)(B — Bp+70)]Y. (35)
[] 72 B 3 (IR BH, 75 L AR TR rp 2 €8 7 i R SR AR
¥4 p TR AL IO BRI £

P*(w,0) =

1 BY +3Y¢
R (36)
SERSTRIE. O
EIB6 E[7a(w,0)] A AR & P il 3 7 1)
HAEE R, #5 Pos{w* < ¢} = O&Pog{B — Bp+ 40 <
0} = 0, L4E[E[¢] > (Em - E[ﬂg)z U 47 75
: )
— SR
0 = (4BIBIERI(3E)? + 2E[E(eB) (B
2E[3|E[B]BS B + EISIE[EBIAY Br —
2E[BIE[B)5Y 5% + (E[B])*BY7Y -

PEIF(BL)? [, (€3 +ekil)da) /

(E[EEIF(BE)? - 4(BI3)2(BE)+
AB[FEIT13Y B — (BIARY)?),

w* = (4B[BIEE)(52)? + 2B[EEIEA)(BL)*+
2E[7|E[eB174 B — 2EIBIE[E] By B —
BIBE[E8)(+Y)* + (BB AL -
2B[5](5L)?) [, @7k + Eal)da) /

(EIEELB)(BY)? — 4(B[3])*(B2)*+
4E[FIEFITE B2 — (BB,

P =

(4BIBIEI513Y BE + 4EI5|E[EA)3Y B~
2E[BIEIB|(3Y)? + 2E[¢E[3BY B~
4(E[3)° By By + 2EREIS] B 7 +
AE[BIEIE)(BL)? + 2B[EE[EA) (BL)2—

BIBRY L + 2BRI(BL)?) [, (@955 +4Y)da) /
(24EIEELB)(BY)” - 4(B[3])*(Bh)*+

4E[FIE[)TE By — (BB,
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A BT FIERE B RIS hif ey 4k &4 B st A AR A 719

FEAR Y (34) 1) Stackelberg-Nash 251 7 fif.
UEBA  H 2 (8) T 45 IR i 4 H ik 1) s e ) 81V
Fik A F X G6) A (®)

Elin(v.9) =
~ SE(G)? + [BB] + 0E(3) + SB(e) -
(B9 + EOEG), | B 1

D U e 2 GO
5 ;ZLCB B f (EYAL + eEyTYoda—
S Jo (BEe + BUekyda, 37

) i B8 4 FR9IE ), T 45 4 €5 8 7 8 O W e SRR
Elfta (w, )] K T (w, ) — 4, 4315 T %, 4
ik
dE[7ar (w, 0)] _
dw

— 2wE[B]5% + 2
B(eR)3E - (BY
dE[7u (w,0)] _
dé
— 20B[€]3% + wiLB[] +
wEBRY — 265 [ (AL +éAl)da =0 (39)
kA7 5K (38) H1(39) 15
0 = (4B[BIE[)(FL)? + 2B[3]E (5] (3L
2B[FE(8) BY B + EIFELA)L B2 -
2B[BIB[F]3 AL + (BIF)* BY3Y -
2B(B)(BL)? [ (3% + eal)da) /
(E[EEIF(BE) - 4(B3)*(B5)*+
4E[BIER By — (BIBI)?), (40)
w = (4EIBIEIE)(FE)? + 2E[EEICA)(B2)*+
2E[F|E[e5]g By — 2EIFIBIE] BY 5y —
E[BIE[E5)(ve)? + [EIB)vs Ba —
2B(5)(BEY) [, U5k + ekaY)da) /
(EIEEIF(BE) - 4(BH)2(3E)*+

AE[BIEFIYS BY — (BB (41)
¥ 30 40). (4D AN (36), T 13 AR Z AN i
p* = (4BIBIEGRY BE + 4B B35, B -
9E[BIE[)(7Y)? + 2E[¢|E[3]|BY 3L —
4(E[3))*BY 5L + 2ERIE[B] B AL +

E[B] + 20E(7)+
+4Y0)E(B) =0, (38)

7 Bles] -

AB[BIIE|(5L)? + 2R (Bl (L)*-

[EIB13L 3% + 2B3 (BE)) [ (&3k+

¢k3)da) [ (2LEEBIF] (BL)*-

AB[)(BL)? + 4BIFIERILBE — (BIARY)?):
(42)

EH6AFHIE. O

EL A b AR AR B IR AL I RN, A

AI(1). (18)~ (34)IBAK R K5 B34 155 1) U2 (4 o7 ik
VRIE
1
g%(w—dﬁﬁw%%w+vw—§w%
s.t.w > c.

p* U ] S
mgX(p —w)(B — Bp +~0);

st.B—8p+~8 >0,

(43)

p=w.
A2 YBR[ B AL B BOR KT A ).
BT T RIS IR AER) | E(R BT R L) (il
I BAR) S (T 3 7 SR G (B R 7K1 6 1 A2 4k 26 18
I IR, HE 2, e B4 R e H 6 45 18 IR AL A

4B > I H
g By—cby . 2BEH 288~ ey’
46—’ A&p - 7
. 3BE+cfE—
S4B

SR Stackelberg Nash ¥ 7 fife. iX RGN R T
Y (43) [ — MR 45 18 R b A ST 1) 45 18 1 02 R 1 38
BRHHE
4 HESHT

AT DAZR e Ak I A SR AV ORI ST R B
RS ()G M. HE, T SEB T B R B 2,
SRR T A B SR, 45 AR AT et L
R, FEBUE A XA K, AR 515 3 F
TR A RE. BT LA, LGN T 2451 D i gk AT #5549 05
B, — B EAE T Fa RIAELT, 2R (o Ak
SR R PR AS [ RS O 2 AT S 0o 4t 1 257 3 S AH
KPR 50, 72 B AF KT o AE 7 1, e = 0.55
a6, K0y 0.05, H IR E Y6 S &8 PL R UE T
FLAE R RS T

W AR, [ s b Ak 22 560 44 il 3 AV i T e gt
PR REE H AR, RS T RIFIE S A 2 e, 8
[ & £ A1 87 5 A B R RS A 2 — b R EE I
P A R A F] (FRIRR “ ALV 7 ) C Stk b A 3
FEMNAT (PR ALY SRS, il e
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BB T (R s AL N R E I IME) 55 RS
T2 B ) 2 AL TR A 3 3 HE AT S A 1 A A 2,
LA AR AR IR R AR A 4
371 B[RSO FH S A 5, 25096 JE A DR A PR R AN B A
]I, ST 8 B R L IR A A
WA BRFE = ST KT L PR W RS L R 7 ok
PR 1 R 5 AR, CAAGVR B (K 47 b 5 e Ay £, A8
WAL B BOR K25 8 BERR T3 T SR 4 11
AR EERBIRT RED (& MA) by (T 35
SRR BE KT 0 I AL ) 8 bl B R R R
FAG . AR ALV A 4t i i v, % SRl
st [ 117 3% 25 B 3K (2400 600), 11137 75 3R X 4 1)
AR BBURR CK LR 20), 173 T SR 6 645 7K 6 11
AL I N (KLIN5) Sl REERR (RZN
10) LA Je il i 7 £ ) 2 ol A o AR 3 R (10 72 A7), I
B R T 5 & S AR E & A = f BRI R < &

ARAE ] R R A5 81 1 % AR A i AR L

B#14600, B = (580, 600, 620);

BZ1920, B = (19, 20, 21);

Y2185, 5 = (4, 5, 6);

41N 10, ¢ = (9, 10, 11);

E41°H10, € = (8, 10, 12).
BB A ERE [ o RAEAN o 3B 40 T

BL = 580 + 20, BY = 620 — 20q;
BE=19+a, By =21 — o

Fh=4+a,37 =6 -«

* R %36%
E=9+a, ¥ =11 —q;
L =842a, €Y =12 - 2a.
HESHI I EE N
- 2 2
B[B] - 580 + ><4600+6 0 _ 600,
< 194+2x20+21
E[3] = 9+ 10+ _ 90,
. 4+2x5+6
E[ﬂ=f=5,
2 x 10+ 11
E[E}:%:lﬂ.
AHSL
~*_} YoLaL | sURU _@
E[C/B] - 2 fO (Caﬁa +caﬂa )dOé - 3 ’
1 2
[ (@Y + ke = 22,

[ @BY + & BEyda = 20,

FET DA A, BR300t L AR 1) A0 AR
B o BB o IR B K 23 (L it R BE 22 SRl 26 L
2. HTR 2RI R, AR BE KT BA R
i 1 1) 25 i R e A SR S P e 2 P 1 ~ ] 4 BTORR,
SIS TR R k.

1) Z2h A 3T 134T B Yo = 1IN, 1
R AN L R A HE RN EFE F) o AE B A o SR
A S5 LA A (), 55 (R T A5 1 75 SR AR T T e it
FERLTY M. IO 7R 2 4518, Ul B 7F SR IR B
TR 2RI T B ~4h s HEZ
IAZ R ARIG R 1 2 A 38 i .

®2 BRMREHRNEDTIE TESHNENE

@ 0* w* p* Q" AT A E[ma]” Th TS
WEE — 2.62 20.34 25.50 103.19 34.36 1032.2 532.46 1564.70
1.00 2.58 20.32 25.48 103.23 33.30 1032.26 532.78 1565.04
0.95 2.63 20.40 25.46 101.55 34.63 1021.02 514.32 1535.34
0.90 2.68 20.47 25.44 99.87 36.00 1009.44 496.19 1505.63
0.85 2.74 20.54 25.41 98.18 37.43 997.53 478.38 147591
— 0.80 2.79 20.61 25.39 96.49 38.91 985.27 460.89 1446.16
= 0.75 2.84 20.69 25.37 94.79 40.44 972.66 443.73 1416.39
0.70 2.90 20.76 25.35 93.09 42.02 959.71 426.88 1386.59
0.65 2.96 20.83 25.32 91.38 43.66 946.39 410.36 1356.75
0.60 3.01 2091 25.30 89.67 45.36 932.72 394.15 1326.88
0.55 3.07 20.98 25.28 87.95 47.12 918.69 378.26 1296.96
1.00 2.58 20.32 25.48 103.23 33.30 1032.26 532.78 1565.04
0.95 2.53 20.25 25.51 104.90 32.02 1043.16 551.56 1594.73
0.90 2.48 20.18 25.53 106.57 30.79 1053.74 570.67 1624.41
0.85 243 20.10 25.56 108.23 29.60 1063.99 590.12 1654.10
0.80 2.39 20.03 25.58 109.89 28.46 1073.92 609.89 1683.80
R 0.75 2.34 19.96 25.61 111.55 27.36 1083.52 629.99 1713.51
0.70 229 19.89 25.63 113.20 26.30 1092.81 650.43 174324
0.65 225 19.81 25.66 114.84 25.29 1101.78 671.21 1772.99
0.60 221 19.74 25.68 116.49 2431 1110.44 692.33 1802.77
0.55 2.16 19.67 25.71 118.13 23.37 1118.79 713.79 1832.58
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B AR FEE 48 0, o1 R 5 T B U R
5B T R BT R A, T SRt TR A, 7
DL 25 7 ) A S T 3 x4 0t i R G A
T 2, T T AR ST 2 S A L BT . 4R
A 0 17 IR BT, B ke 2 1350 18 0, 1 3 3
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