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Abstract: In order to know of the revenue risk of the different agents inthe supply chain, the hypothesis that

product markets are positive correlation with financial markets was adopted. The analysis shows that flexible

contracts are coherent with financial hedging instruments in hedging risk. Based on the results, modeled with

wholesale price contracts and buyback contracts, the optimization of supply chain was solved using the financial

hedging instruments. Finally the optimal decision on the order quantity and hedging quantity of the wholesale

price contract was explained. The results of the model show that hedging instruments can decrease the profit

risk, therefore risk-averse agents prefer to improve the ordering. It also proves indirectly that the wholesale

price contracts are universal in supply chain contracts.
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b�3T ���¦�ê½,�a7K]�� ST ,Ð��S0,7K½|���½|,"Èû�5�¬I

¦�,b�üö����'¿÷v�5'XD = a + bST Ù¥ b > 0. Gaur�[16]3©¥®�[¦^ØÓÚ

Oa.��¬�È� S&P500�ê��'5©Û,Ñ�ÑwÍÜ©��'�(Ø.�©�Buí�,kb�

����',3e�!�tb��Ü©��'."Èû�âÜ�^��`¾	þ�Q,±d� r�È,�éÀ

�T ��ÂÃ± V T
e,RL«,Ù¥eI eL«ºx�³,=�éÀºx��¹,eeI´ hKL«éÀºx�

�¹.RL«"Èû, ML«�Eû.e¡éØÓÜ�ºxG¹?1©Û,¿�Ñ�A�éÀºx|Ü.
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"Èû3�ÈG!c�øAû\¾1ud�ê�,Ó¿U1ud�w	ïêþQ�¬,b½�¬í�

� v,K"Èû	ï�¬��ÂÃ� V 0
e,R(Q) = −wQ,3Ø�Äá"¤���¹e,¢y�È��ÂÃ�

V T
e,R(Q) = r min(Q,D) + v[Q − D]+. (1)

�âI¦�7K]�m�3�5'X,�òþª��
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V T
e,R = (r − v)min(Q, a + bST ) + vQ

= b(r − v)

(

ST − max

(

ST −
Q − a

b
, 0

))

+ a(r − v) + vQ, (2)

Ù¥ max (ST − (Q − a)/b, 0)´wÞÏ�,�1d� (Q − a)/b,Ïd"Èû��u±k b(r − v)�I�]

�,Ó�ñÑ b(r − v)wÞÏ�,�1d� (Q − a)/b.ÙÂÃG¹Xeã 1(a)¤«.
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(a)Ø�3á"¤� (b)�3á"¤�

(a) There is no shortage cost (b)There is shortage cost

ã 1 1ud�Ü�"Èû�ÃG¹

Fig. 1 Retailer’s payoff with wholesale price contracts

��Äü á"¤� p,"ÈûT ��ÂÃ¼ê�

V T
e,R(Q) = r min(Q′,D) + V [Q′

− D]+ − p[D − Q′]+

= b(r − v)

(

ST − max

(

ST −
Q′

− a

b
, 0

))

−

bp max

(

ST −
Q′

− a

b
, 0

)

+ a(r − v) + vQ′. (3)

�ÃG¹Xã 1(b)¤«.�Äá"¤��,¾	þ Q′ > Q,Ïd a(r − v) + vQ′ > a(r − v) + vQ.�Ä

á"¤���ÃCz�Ø�Äá"¤��m�Ì��É3±k�wÞÏ��Þ�êþØ��.�3á"¤

���/e±k�õ�ÞwÞÏ�(O\
 bp�ü �ÞwÞÏ�).

�
éÀÂÃºx,kXe(Ø.

½½½nnn 1 éu1ud�Ü��"Èû,¾	�ÀÌ�¡�²L�eºx.Ø�Äá"¤��,�æ�	

ï·�êþ�wOÏ�,�1d�� (Q − a)/b,±kêþ b(r − v)�wOÏ�õÞ���éÀ²L�eÅ

Ä.�Äá"¤��,�I,	±k�½êþ�wÞÏ�õÞ,±kêþ bp���éÀ.

y² 1)Ø�Äá"¤�,�ï\Nêþ�wOÏ�,ü Ï�¤� tp,KÂÃ�

V T
h,R(Q) = b(r − v) (ST − max (ST − (Q − a)/b, 0)) + a(r − v) + vQ +

N max ((Q − a)/b − ST , 0) − Ntp,

þª���

V T
h,R(Q) =







N(Q − a)/b + a(r − v) + vQ − Ntp + (b(r − v) − N)ST , ST < (Q − a)/b

rQ − Ntp, ST > (Q − a)/b.
(4)

dþª�wÑ�N = b(r − v),ST < (Q− a)/b�,V T
h,R(Q) = N(Q− a)/b + a(r − v) + vQ−Ntp,Â

Ã¼ê�ÜC¤~þ,�Å�ST �-�.=¦N < b(r − v),�Å�vk��-�,��Å��¯aXê~

�
,k�ü$�ÅÅÄ.
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2)�Äá"¤�,�±kMêþ�wÞÏ�õÞÚNêþwOÏ�õÞ,Ï�¤©O� tc, tp,KéÀ

|ÜÂÃ�

V T
h,R(Q) =











N(Q′
− a)

b
+ a(r − v) + vQ′

− Ntp − Mtc + (b(r − v) − N) ST , ST <
Q′

− a

b

rQ′
− (M − bp)

Q′
− a

b
− Ntp − Mtc + (M − bp)ST , ST >

Q′
− a

b
.

(5)

Ó�/,XJM = bp, N = b(r − v)�Å�Ñ���-�,�Ø
Ø(½5;XJ M < bp, N <

b(r − v),Kü$
�Å��¯aXê. y..

éu1ud�Ü��øAûÏØ«úºx,ÏdØ7�?Ø.
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3£	Ü�¥,ÏøAû«ìé�ÈÑû¬�£	.Ïd,øAó|dºxÌ�8¥3øAû.b�£	

d�� cr,� cr > v.Ù§b�ÚÎÒ�c�Ó.

øAû3"��±1ud�ÈÑQb�¬,Ïd"����Ã� V 0
e,m(Qb) = wQb, T ����Ã

�V T
e,m(Qb) = (v − cr)[Qb − D]+,U���I�y �'�ªf,�

V T
e,m(Qb) = b(cr − v)

(

ST − max

(

ST −
Qb − a

b
, 0

))

+ (a − Qb)(cr − v). (6)

£	Ü��øAû��u±k b(cr − v)I�y Ú�1d� (Qb − a)/b�wÞÏ��Þ,Ù�ÃG¹

Xã2.éÀºx�|ÜA	ïNbs�wOÏ�õÞ,�1d� (Qb − a)/b.
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pr )( tvcb  
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ã 2 øAû£	Ü��Ãã±9éÀºx�Ãã

Fig. 2 Supplier’s payoff and hedged payoff with buyback contracts

éÀºx|Ü�Ã�U��

V T
h,m(Qb) =











(a − Qb)(cr − v) +
Nbs(Qb − a)

b
− Nbstp + (b(cr − v) − Nbs)ST , ST <

Qb − a

b

−Nbstp, ST >
Qb − a

b
.

(7)

dþª�uy b(cr − v) − Nbs < b(cr − v)ü$
�Å��¯aXê,Ïdü$
ÂÃºx.lã2¥w

Ñ��éÀ�,�Ã£½�−b(cr − v)tp,Ø��éÀ�,�ÃÅÄ²w~�.

½½½nnn 2 £	Ü�¥,øAûÚ"Èû�g«ú�ºx�Ù3øAó¥|d©�¤�',ù�(Ø�]

�]�½d�.��.

y² l±þí�(J5w,øAûÌ�¡�²L�eºx.�Bu�"Èû¡��ºx?1'�,Ø

�Äá"¤���¹e,"Èû�Ì�¡�²L�eºx."Èûºx�³�Ã¼ê¥��Å�¯aXê

� b(r − cr),øAû�ºx�³�Ã¼ê¥��Å�¯aXê� b(cr − v),�S�IO�� σ,"Èû�
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IO��σr,øAû�IO��σs,Kσr/σs = (r − cr)/(cr − v). rÚ v�½��/e,Ü�¥£	d�´V

�?d�d�(J,£	d��p,"Èûºx«ú��,�Ùºx|d©¤��$.��,XJ£	d��

$,�Ø�$uí� v,"Èû¡�ºx�p,�Ùºx|d��p.éuøAû�´Xd. y..

3 ^̂̂���333���ºººxxx���åååeee������`̀̀éééÀÀÀ'''~~~

3½|þéJé�����'�I�y ,õê´Ü©��'.Ïd,b�D = a + bST + ε,Ù

¥E[ε] = 0, E[ε2] < ∞, ε�Ø��,�I¦D�pÕá.

� ŜT = ST + ε/b, ε′ = ε/b,K ŜT = ST + ε′,D = a + bŜT ,�3
c©b��/ª,��òST =�

¤ ŜT =�.11!�SN�´?Ø
ØÓÜ�¡��ºxA5ÚXÛ�ïéÀ|Ü,�!Ì�&?ûüö

´ºx5;ö�b�e,ûüöXÛûüéÀëê.

�!ºxÝþæ^^�3�ºx(CVaR),ÏÙ÷vArtzner�[22]JÑ
��5ºxÿÝ(coherent risk

measure)Vg,=äküN5!ýéàg5!²£ØC5Úg�\5�5�.3�ºxÿÝ3VÇ©Ù´ë

Y¼ê�î�O¼ê��¹eäk±þ5�,��,K±þ5�ØUÓ�÷v.�
�ÖÙØv, Rockafellar

�[23]y²
�EýÏ��(expected shortfall)©Ù¼êÎÜ��5ºxÿÝ.
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k±1ud�Ü��~,Ø�Äá"¤��,Ù�Ã¼ê�

V T
e,R = (r − v)min(Q, a + bŜT ) + vQ

= b(r − v)

(

ŜT − max

(

ŜT −
Q − a

b
, 0

))

+ a(r − v) + vQ. (8)

ÙéÀ�{�±k 1Nêþ�wOÏ�õÞ,Ï�¤üd� tp,�1d�� (Q − a)/b.wOÏ���Ã��

�N max
(

(Q − a)/b − ŜT , 0
)

−Ntp =
N

b
max

(

Q − a − bŜT , 0
)

−Ntp =
N

b
[Q − D]

+
−Ntp,Ïd,é

À|Ü��±��

V T
h,R(Q) = b(r − v)

(

ŜT − max

(

ŜT −
Q − a

b
, 0

))

+ a(r − v) + vQ +

N max

(

Q − a

b
− ŜT , 0

)

− Ntp

= r min(Q,D) + v [Q − D]
+

+
N

b
(Q − D)

+
− Ntp

= r min(Q,D) +

(

v +
N

b

)

(Q − D)
+
− Ntp. (9)

���¼êL (N,D) = −V T
h,R(Q) = −r min(Q,D) −

(

v +
N

b

)

[Q − D]
+

+ Ntp,dd�ECVaR9

Ï¼ê

CVaRβ(N,α) = α +
1

1 − β

w
∞

0
[L (N,D) − α]

+
f(D)dD

= α +
1

1 − β

w Q

0

[

Ntp −

(

v +
N

b

)

Q −

(

r −
N

b
− v

)

D − α

]+

f(D)dD +

1

1 − β

w
∞

Q
[Ntp − rQ − α]

+
f(D)dD (10)

½½½nnn 3 �ûüö�¦� α < Ntp−rQ,� r−
N

b
−v > 0�,uºxéÀö,XJ tp >

1

b

w Q

0
F (D)dD,
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=éÀ¤��p,K�ï	ïwOÏ�. XJ tp <
1

b

w Q

0
F (D)dD,K±k N∗ = b(r − v)wOÏ�.

y² � r −
N

b
− v > 0,=N 6 b(r − v),�� α < Ntp − rQ,K

CVaRβ(N,α) = α +
1

1 − β

(

Ntp − rQ − α +

(

r −
N

b
− v

)w Q

0
F (D) dD

)

.

éüCþ����ê�

∂CVaRβ(N,α)

∂α
= 1 −

1

1 − β
,

∂CVaRβ(N,α)

∂N
=

1

1 − β

(

tp −
1

b

w Q

0
F (D)dD

)

.

Ïd,ke�(Ø:

� tp >
1

b

w Q

0
F (D)dD,CVaRβ(N,α)´'u N �O¼ê,�
¦ CVaRβ(N,α)���, N∗ = 0;

� tp <
1

b

w Q

0
F (D)dD,CVaRβ(N,α)´'u N �~¼ê,�
¦ CVaRβ(N,α) ���, N∗ A��

��,=N∗ = b(r − v). y..

dù�½n�"Èûéºx4Ù��, ½ö"Èû¿£�²Le1ºx�~p��¹e, ��éÀ¤

� tp �$�,ò¬æ���éÀüÑ.XJ²L�eºx�$,�éÀ¤�p,"Èûò�ïéÀ��üÑ.

½½½nnn 4 � r −
N

b
− v > 0�Ntp − rQ < α 6 Ntp −

(

v +
N

b

)

Q,�
¦ CVaRβ(N,α)���,�

`üÑ�éá�§










(

tp +
F−1(1 − β) − Q

b

)

(1 − β) =
1

b

w Q′

0
F (D)dD

Q′ = F−1(1 − β),

Ù¥ Q′ = (Ntp − (v + N/b)Q − α)/(r − N/b − v).

y² � r − N/b − v > 0�Ntp − rQ < α 6 Ntp − (v + N/b) Q�

CVaRβ(N,α) = α +
1

1 − β

w Q′

0

(

Ntp −

(

v +
N

b

)

Q −

(

r −
N

b
− v

)

D − α

)

f(D)dD,

Ù¥ Q′ = (Ntp − (v + N/b) Q − α)/(r − N/b − v).

éüCþ¦Ù���ê,�

∂CVaRβ(N,α)

∂α
= 1 −

1

1 − β
F (Q′) = 0 ⇒ Q′ = F−1(1 − β),

∂CVaRβ(N,α)

∂N
=

(

tp +
Q′

− Q

b

)

F (Q′) −
1

b

w Q′

0
F (D)dD = 0

⇒

(

tp +
1

b
F−1(1 − β) − Q

)

(1 − β) =
1

b

w Q′

0
F (D)dD,Q′ = F−1(1 − β). y..

dù�½nw«"Èûé8c²L�¿«úÜ©ºx,Ly3ûüþÒ´æ�Ü©éÀüÑ,±��¿

��ºx«ú.Uìy�Ý]nØ�*:,=Ý]öÀJÜ¿�ºx|d±����z�^.

� r − N/b − v < 0�,=N > b(r − v),�L
��éÀºx¤±k�Þ�.ùØ´@Ï����

Æ,´ÝÅ�Æ.±k�L��éÀºx�êþÒ¤�½|�ÝÅö,���!?Ø�8I���. Ïdé

u r − N/b − v < 0��/3dØ�?Ø.
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3.2 £££			ÜÜÜ���¥¥¥øøøAAAûûû������`̀̀éééÀÀÀÀÀÀJJJ

�¤±ÀJøAû��ïÄé�, ´Ï�øAû��ü?øAó�+�ö,UÏLJp£	d�

-y"ÈûJp¾	þ,lJpøAó�|d.�X£	d��Jp,øAû¡��ºx��p,¤

±�ÄøAû�ºxò´Ì��.�âc©,b�øAû	ïNbsêþ�wOÏ�,Ï�¤�� tp,Ù

¥Nbs 6 b (cr − v).ÙéÀ|Ü�Ã���

V T
h,br (Qb) = b(r − cr)

(

ST − max

(

ST −
Qb − a

b
, 0

))

+

a(r − cr) + crQb + Nbs max

(

Qb − a

b
− ST , 0

)

− Nbstp

=

(

Nbs

b
+ v − cr

)

[Qb − D]
+
− Nbstp, (11)

�E��¼ê

L (Nbs,D) = −V T
h,br (Qb) = (cr − v − Nbs/b) [Qb − D]

+
+ Nbstp. (12)

^�3�ºx¼ê�

CVaRβ(Nbs, α) = α +
1

1 − β

w
∞

0
[L (Nbs,D) − α]

+
f (D) dD

= α +
1

1 − β

(w Qb

0
[(cr − v − Nbs/b) (Qb − D) + Nbstp − α]

+
f (D) dD +

w
∞

Qb

[Nbstp − α]
+

f (D) dD

)

. (13)

½½½nnn 5 � α < Nbstp,� tp >
1

b

w Qb

0
F (D)dD �,N∗

bs = 0; � α < Nbstp,� tp <
1

b

w Qb

0
F (D)dD

�,N∗

bs = b (cr − v).

y² � α < Nbstp�,^�3�ºx¼ê�±��

CVaRβ(Nbs, α) = α +
1

1 − β

(

Nbstp − α +

(

cr − v −
Nbs

b

)w Qb

0
F (D) dD

)

,

éüCþ¦���ê�,
∂CVaRβ(Nbs, α)

∂α
= 1 −

1

1 − β
= 0 ⇒ β = 0,

∂CVaRβ(Nbs, α)

∂Nbs

=
1

1 − β

(

tp −
1

b

w Qb

0
F (D)dD

)

.

^�3�ºx´Ä��,�ûu tp −
1

b

w Qb

0
F (D)dD�ÎÒ,� tp >

1

b

w Qb

0
F (D)dD �,N∗

bs = 0¦^

�3�ºx��,� tp <
1

b

w Qb

0
F (D)dD�,N∗

bs = b (cr − v).Ù+n¹Â�c©�(Øaq,�øAûé

ºx��,½öøAû¿£�²Le1ºx�~p��¹e,3éÀ¤� tp�$�,ò¬æ���éÀü

Ñ.XJ²L�eºx�$,�éÀ¤� tp�p,øAûò�ïéÀ��üÑ. y..

½½½nnn 6 �Nbstp 6 α < (cr − v − Nbs/b) Qb + Nbstp�,�`éÀüÑK÷vXe^�






b (1 − β)

(

tp +
Q′

b − Qb

b

)

=
w Q′

b

0
F (D) dD

F (Q′

b) = 1 − β,

(14)

Ù¥Q′

b = Qb −
α − Nbstp

cr − v − Nbs/b
.
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y² �Nbstp 6 α < (cr − v − Nbs/b) Qb + Nbstp�,^�3�ºx¼ê�±��

CVaRβ(Nbs, α) = α +
1

1 − β

w Q′

b

0
((cr − v − Nbs/b) (Qb − D) + Nbstp − α) f (D) dD,

Ù¥Q′

b = Qb −
α − Nbstp

cr − v − Nbs/b
.

∂CVaRβ(Nbs, α)

∂α
= 1 −

F (Q′

b)

1 − β
= 0 ⇒ F (Q′

b) = 1 − β,

∂CVaRβ(Nbs, α)

∂Nbs

=
1

1 − β

(

(tp +
Q′

b − Qb

b
)F (Q′

b) −

r Q′

b

0
F (D) dD

b

)

= 0

⇒ b (1 − β)

(

tp +
Q′

b − Qb

b

)

=
w Q′

b

0
F (D) dD. y..

4 777KKKéééÀÀÀ���$$$���éééÀÀÀmmmOOO���'''XXX���???ØØØ

êþ�5Ü�!Ï�Ü�Úü�ã¾	Ü�´;.�$�éÀÜ�.øAû½"ÈûÏLJø�é

�±Aé�5�¸Cz�ÀJ�,�=¤¢�“R5Ü�”. Ï�Ü�#N"Èû�ây¢I¦,	ïØ�

L¾	þQ�?Ûêþ,�¢SI¦~�,"Èû	ïêþÒ�.êþ�5Ü�Jø��ÀJ¾	þ�«

m [(1 − β) Q, (1 + α) Q].ü�ã¾	K#N"Èû�â¢SI¦?1�gæ	.ù
Ü�Ñ´�
Aé�

5I¦�CÄ,½¡�“ºx”,�´ùaÜ�XÓ7K½|��ÏÜ�,äk`³��3�³.�,Ü��±

�âI�(¹\¾,��3��ºx.

1ud�Ü�´½|þÊH�3�Ü�,��y²3üÏü4øAó¥Ï�3 “V>Sz�A(double

marginalization)”Øä��NøAó��^.éu1ud�Ü��2��É��Ï´��É�*:´,d

u\�¤�p[(�)��¤�)��¦^�{ü�Ü�.�!Áãy²du7KéÀ��3,éR5Ü�ä

kO��^.Ï7Kóä´IOzÜ�,vk��ºx!�´¤�$í�É�à.Ïd,1ud�Ü��U

Ï7KéÀ��3,�UXÓÙ§�NÜ���Jp¾	þ,¦ÙÓ�äk“�N�^”.

½½½nnn 7 éuºx5;Úºx¥5�"Èû,7KéÀ��3Jp
Ù�`¾	þ.

y² �"Èû�(½5�dXê� e.e = 0�ºx¥5, e > 0�ºx5;ûüö."ÈûÌ�£;

¾	L�ºx.Ù§Cþ�½Óþ,K"Èû�ýÏ|d�

E [πr (Q,N )] = r min (Q,D) +

(

v +
N

b

)

(Q − D)
+
− Ntp − wQ, (15)

Ï"�^�

E[U (Q,N)] = Q (r − w) − Ntp − (1 + e)

(

r − v −
N

b

) w Q

0
F (D)dD. (16)

Ï (Ntp−(v + N/b)Q−α)/(r−N/b−v) = F−1(1−β), N = A+BQγ(A > 0, B > 0, 0 < γ < 1),.

�KF¼ê�

L(N,λ) = E[U (Q,N)] + λ(N − A − BQr). (17)

éª(16)'uQÚN¦�� �,�
∂E[U ]

∂Q
= (r − w) − (1 + e)(r − v − N/b)F (Q),

∂E[U ]

∂N
=

(1 + e)

b

w Q

0
F (D)dD − tp,

�� �©O�
∂2E[U ]

∂Q2
= −(1 + e)

(

r − v −
N

b

)

f(Q),
∂2E[U ]

∂N 2
= 0,

∂2E[U ]

∂Q∂N
=

(1 + e)

b
F (Q),Ù\>
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°lÝ
�

H̄ =















0 −γBQγ−1 1

−γBQγ−1
−(1 + e) (r − v − N/b) f(Q)

(1 + e)

b
F (Q)

1
(1 + e)

b
F (Q) 0















, (18)

K\>°m1�ª�

det(H̄) =
2 (1 + e)

b
F (Q)

(

−γBQγ−1
)

+ (1 + e)

(

r − v −
N

b

)

f(Q).

�

(

r − v −
N

b

)

f(Q) >
2

b
F (Q)γBQγ−1�,det(H̄) > 0,KÏ"�^¼ê�3���,=�

(r − w) − (1 + e)

(

r − v −
N

b

)

F (Q∗) = 0,

�`¾	þ÷vF (Q∗) =
r − w

(1 + e)

(

r − v −
N

b

) .

d�`¾	þQ∗ = F−1

(

r − w

(1 + e) (r − v − N/b)

)

��,

1)� e = 0�,ûüö´ºx¥5,�3éÀºx��/e,�Ù�`¾	þ�

Q∗

hn = F−1

(

r − w

r − v − N/b

)

> F−1

(

r − w

r − v

)

= Q∗

n,

Q∗

n�Ø�37KéÀ�/e�1ud��`¾	þ.lþª�²wwÑ,éuºx¥5ûüö,7KéÀ�

�3,Jp
�`¾	þ;

2)� e > 0�,ûüö�ºx5;ö,�3éÀºx��/e,�Ù�`¾	þ�

Q∗

ha = F−1

(

r − w

1 + e

)

(r − v − N/b) > F−1

(

r − w

(1 + e)(r − v)

)

= Q∗

a,

Ù¥Q∗

a�Ø�37KéÀ�/eºx5;"Èû��`¾	þ.Ïd,�±@�éuºx5;�"Èû,�

37KéÀ�/e,�`¾	þ�±Jp. y..

$�éÀüÑ�±-y"ÈûJp¾	þ,ü$V>S�A,l��øAó��N.Ó�,7KéÀ�

�±å�Ó���J.¤±,l,��ý¡�y²
1ud�Ü��ÛEU3½|þ�1Ù���Ï,@Ò

´�37KéÀ�Ãã.

5 êêê���¢¢¢���

� a = −600, b = 0.2, r = 100, w = 80, c = 50, v = 20, tp = 8,I¦©Ùb�� [0, 1 000]�þ!©

Ù,KU1ud�Ü�,3Ø�Äá"¤���¹e,¾	þA�Q∗ = F−1

(

r − w

r − v

)

= 250,8¥øA

óe�¾	þ�Q0 = F−1

(

r − c

r − v

)

= 650.£	Ü�¥����{�N,£	d c∗r = 68.Ï�Ü�¥

�we = 70,K���{�N�Ï�d��wo = 11.25. e¡ê�¢�ò±1ud�Ü�!£	Ü�!Ï�

Ü��~`²7KéÀ.

�â½n 7�y²,�ÑN = (α+F−1(1−β) (r − v)+vQ)/

(

tp +
F−1(1 − β) − Q

b

)

=
6000 + 20Q

4 758 − 5Q
,

- e = 0,=¥5�,KQ∗ = 562.54,N∗ = 8.87.�'�XÚ|dÚØÓ�ºx Ð�L 1.lL 1êâ�±
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uy,�"Èû�éºx5;,Ly��¦�(½5�dXêJp(e�5�p),Ì�æ�	ï�õ�øéÀ

�Ï�,Jpæ	þ,��XÚ|dJp.ù�~�Cy¢�¹,=,ûüöÑ´ºx5;�,Ü�\¾öõ�

1ud�Ü�.d�"Èû�1�q���ú��,��´"Èû�³ùºx,¾	þ�$.ù´3vkºx

éÀÅ���¹e�Ly.�"ÈûU
ÏL7K½|s�N¤�,ÒUéÀ²Lºx,��uï
�x,d

�"Èû3|d�°ÄeJp
æ	þ.�,æ	þJp,|dºxJp,�ÏL7KéÀÅ�,ü$|dº

x.Ïdwq�~�1�,%�3S3ÜnÅ�.

L 1 1ud�Ü���`¾	Ú�`éÀüÑ

Table 1 The optimal ordering and hedging policies

e Q∗ N∗ Πs Πr Πsc

0.0 562.54 8.87 16 876.2 5 539.1 22 415.3

0.2 606.04 10.49 18 181.2 6 977.5 25 158.7

0.4 627.19 11.43 18 815.7 7 958.1 26 773.8

0.6 640.31 12.08 19 209.3 8 691.6 27 900.9

�37KéÀ��¹e,1ud�Ü�"ÈûU8¥øAóe�`¾	þQ0 = 650¾	,ã3´½

n4¥ÎÜ^� αe�CVaR(N,α)¼ê.ã3(a)3b½α = −70 000, tp = 8, β = 0.05��¼ê'X,¼ê

ãLy�]¼ê,�3��^�ºx�.ã3(a)Úã3(b)́ 3Ï�¤^©O� 8Ú160e�ã/,LyÑÏ�

¤^�p,éÀ�Ï�êþeü,éÀºx��J�ü$.ã3¥(a), (c), (d)3ØÓ�α�e�^�ºx¼ê

ã,Ly�α��p,="Èûéºx���,	ïÏ�êþ�õ,�éÀ�J�²w,éuºx��§Ý

�$��/,Ï�éÀ�JØ²w,ùlã 3(c)Úã3(d)é'�±²wwÑü�4à��O.
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Fig. 3 CVaR function of the retailer with wholesale price contracts in different risk and different option value

é½n 3��/,�α = −80 000,� tp = 8 <
1
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1 3Ï §[©�:�37KéÀ�ü?øAó`zûü 381

1 200 >
1

b

w Q

0
F (D)dD = 1055.25�,^�ºx¼êã�ã 4(b),lã 4(b)�wÑ,^�ºx��A�

3N∗ = 0?,=Ï�¤^ép�,�ïéÀ´�`üÑ.
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Fig. 4 Optimal hedging volume of the retailer with wholesaleprice contracts in different option value

ã5�N
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Ñα����Cºx¥5, α��,�XéÀêþ�O\, CVaR�Czé�.α���,L«ºx��§Ý

p,éÀ�J�~²w,Xã 5(c), CVaR�ü$²w.
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Fig. 5 CVaR function of the supplier with buyback contracts in different risk
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~��,�� tp = 8 <
1

b

w Q

0
F (D)dD = 976.6,�`éÀüÑ´	ïN∗

b = 9.6(�ã 6(a)),ÄK,� tp >

1

b

w Q

0
F (D)dD = 976.6,Ï�¤^ép,â¬�ïéÀüÑ(�ã 6(b)),L«�Ï�¤�p,ûüö�ïéÀ

ºx��¹.ã6(a)Úã6(b)�½n 5�(Ø��.
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Fig. 6 Optimal hedging volume of the supplier with buyback contracts in different option value
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