
1 29ò1 3Ï
2014c 6�

X Ú ó § Æ �

JOURNAL OF SYSTEMS ENGINEERING
Vol.29 No.3

Jun. 2014

ºx��eUíK��Ñ�à�¬øAó�N

� R, Ïù], M2�, � �

(��Æ²L�óû+nÆ�,� 400044)

Á�: �éà�¬�ÑÉØ|UíK��A:,3à�¬)�û�ºx����/e,ïá
d)�ûÚ�Èû|

¤�ü?à�¬øAó�Å|d�.,Äu^�ºxd�(conditional value-at-risk, CVaR)OK,�ïäkºx��

A5)�û�^�ºxd��.,©Û
Ø|Uí�)�û�ºx��Ýé�`à]Ý\Y²9øAó�N�K

�.ïÄL²µ)�û�ºx��A5\ì
V>S�A¿ü$
øAó|d;3�Èû¤�O�ü �¬ºx

Ö��=£|G÷v�½^�e,�Ø|Uí�êÚºx��Ý�'�ºxÖ�Å�U
¢yà�¬øAó��

{�I�N,ùOr
Ø|UíK�eà�¬øAó�è5¿3�½§Ýþ�æ
à�¬�½øA.

'�c:à�¬øAó;øAó�N;ºx��; CVaR;Uí

¥ã©aÒ: F224 ©zI£è: A ©Ù?Ò: 1000−5781(2014)03−0362−09

Coordination of agri-food supply chain with weather-related yield

under risk-averse producer

Dan Bin, Fu Hongyong, Xu Guangye, Chen Wei

(School of Economics and Business Administration, Chongqing University, Chongqing 400044, China)

Abstract: To aim at the characteristic that adverse weather affects the outputs of agri-foods, this paper firstly

builds a stochastic profit model for a two-stage agri-food supply chain that consists of a risk-averse producer

and a risk-neutral sales-agent. Secondly, based on CVaR (conditional value-at-risk) criterion, a CVaR model

is established in view of the risk-averse producer. Finally, the paper analyzes the effects of adverse weather

and producer’s risk-averse degree on optimal investment level and supply chain coordination. The results show

that the producer’s risk-averse characteristics intensifies double marginalization phenomenon and reduces the

supply chain profits. If the risk-reward of unit product and transfer payment are satisfied certain conditions, the

perfect and win-win coordination of the agri-food supply chain will be achieved by the risk-reward mechanisms.

This can enhances the robustness of the agri-food supply chain under the influence of adverse weather, and also

guarantees the stable supply of agri-foods.
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í�K���¡�Ø(½�½|Â	d���ÅÏ�,ùò��à�¬øAóè5�ü$.Ïd,ïÄ

Ø|Uíéà�)��K�,uy)�ûºx��eà�¬øAó��NüÑäk��y¢¿Â.

�
Æöl)�û�À�éØ|UíK�à�¬)��¯K[2−4]±9Uíýÿ¯K[5]?1
ïÄ.�

õ�'ïÄ�ë�©z[1,6].þãïÄÌ�l)�û�À��ÑØ|UíK�e)�ûü¥A'5��


¯K.,,Ø|UíØ=K�à�¬)��¦�^à�¬øAó¡�Xø��I¦����JK.8

c,�ÄØ|UíK��øAó�NïÄ¥[7,8]�Ä
à�¬)�ÉG!5K�ù�Ï�,$^ÂÃ��ê

�¢y
�Ñ�I¦6ÄþÑlþ!©Ù�/e�à�¬øAó�N;©z[9]3Ø|UíK��¬(�)

à�¬)I¦e,ÏL�OºxÖ��NÅ�¢y
UíK�I¦eøAó��N.,,©z[7-9]þ��Ä

Ø|UíK�à�¬�Ñù�3)��!«Ouó�¬øAó�wÍA5,¿�±þ©zþ��ÄøAó

¤
�ºx Ðù�A5.

Lau�[10]òºx ÐÚ\�øAó�¸¥±5,Ü©Æö?1
�'ïÄ.XGan�[11]$^Ï"�

^nØïÄºx��eøAó�N¯K; Choi�[12]$^þ�–��nØÝþøAó¤
�ºx ÐïÄ

øAó�N¯K.,,Ï"�^nØ´Äun5<3ºx^�e�ûü1�,þ�–��nØK´é

¡/?nÂÃ���.�,VaR37Kºx+�¥��2��A^[13] ,�VaR�{��3�½"�;é

d, Rockfellar�[14,15]JÑ^�ºxd�(conditional value-at-risk, CVaR)OK^uÝþûüö�ºx Ð.�

�, Yang�[16],���[17]�$^CVaROKïÄ
�ÄûüÌNäkºx��A5�øAó�N¯K.,

,©z[16,17]þ��ÄØ��Ø|Uíéà�)�Úà�¬øAó�N�K�ù�'�¯K.

�ud,�©3¾üà��ªe�éØ|UíK�à�¬�Ñù�A:,$^CVaROK,ïÄd��º

x���à�¬)�ûÚ��ºx¥5��Èû|¤�ü?à�¬øAó��N¯K,[�O�«�/¤

k�S3-y��NÅ�±Orà�¬øAó�è5,¿&?¢yøAó�N�ê�ëê¤÷v�^�.

2 ¯̄̄KKK£££ããã������...bbb���

©¥ïÄ�Ø|Uíþ��´�/J5Ø|Uí.3�ÄØ|UíK�à�¬�Ñ��/e,ïÄd

��ºx���)�û���ºx¥5��Èû|¤�ü?à�¬øAóXÚ��N¯K.3)�G!m

©c�Èû�à�¬)�û\¾��V�Ó¿�¾ü.3T¾ü)��ªe,à�¬)�ûûüà]Ý\

Y²x,)�(å(V�þ�*ÿ�)�L§¥�Uí�¹)�,�©úd�ÅÄ�5�ºx�Èû±“�.

Â	!�1Ò½”1.�d�Å�Â	)�û)��¤kà�¬,¿3�È½|þ±½|d� p?1�È.�

éà�¬�ÑÉØ|UíK��A:,^Uí�êw5L�Uí�¹(X§Ý!�Ý!ü�þ�).Ïà�¬

g�A5ü�à�Ô·¨�Uí�êw ∈ [w,w ] ⊂ [w,w ],Ù¥w,w�·¨à�Ô)��Uí�êþe

.,w,w�g,.Ñy��/J5Ø|Uí�êþe.,�w,w,w,wþ´	)�.�w ∈ [w,w )�,¿�

Xu)
$§!ZÂ�Ø|Uí;�w ∈ (w,w ]�,¿�Xu)
æÁ!öU�Ø|Uí.

©¥^eI“p”�Là�¬)�û; “r”�L�Èû; “c”�L8¥ªûü; “d”�L©Ñªûü; þI“*” �

L�`. p�d½|û½�à�¬"Èd�; ω�à�¬½|Â	d�; ωr��Èû¤ûü�à�¬�.Â

	d�; ωp �)�ûÑÈà�¬��3d�; ω′�à�¬�¢SÂ	d�; cp �)�ûÝ\à]Y²�

ü ¤�; πi1�©Ñªûüe�Nc!:è� i�|d, i = p, r;πi2�©Ñûüe�N�!:è� i�|

d, i = p, r; πc�8¥ªûüeøAóXÚ|d.

�
½þ©Ûºx��eØ|UíK��Ñ�à�¬øAó`z�N¯K,�Xeb�.

b� 1 �^à�¬øAó3��$�±Ï¥�´,�A½/«�ü�à�¬,�Èû�ÈÑà�¬�

í��"�Ø�ÄÏ"À�����.

b� 2 ��)�L§¥à�¬)�ûÝ\�à]Y²� x ∈ [0, 1], Cp(x)´�à]Ý\Y²�'�Ý

1=¢SÂ	d�� ω′ = max(ωr, ω),Ù¥ωr��Èû¤ûü��.Â	d�(AØ$uà�¬)�û��3d�), ω�d½|û½�à

�¬Â	d�÷v ω ∈ [L, U ],ÙVÇ�Ý¼ê�©Ù¼ê©O� f(·), F (·) [17]
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\¤�,Ý\�à]Y²�pGÑ�¤��p,Ø���5,��Cp(x) = cpx.

b� 3 à�¬�Ñ^Q(x,w) = Q0σ(x,w)L�,Ù¥Q0��p�Ñþ,σ(x,w) ∈ [0, 1]�ÉØ|U

íÚà]Ý\Y²K���ÑÏf, σ�x�î�4O]¼ê,ùL²�þ� x�O\Jp�¥>S4~

ª³; σ'uw÷v,�w 6 w < w�σ�w��'�¥>S4Oª³,ùL²Ø|U�î(w��)σ�

�;�w < w 6 w�σ�wK�'�¥>S4~ª³,ùL²Ø|U�î(w��)σ ��.

b� 4 �Èû¤¡é�½|I¦��K�ÅCþD,ÙVÇ�Ý¼ê�©Ù¼ê©O� g(·), G(·).

b� 5 à�¬)�û��Èû�¤k&Eþ�V���Ó�£[17] .

3 ààà���¬¬¬)))���ûûû������ÈÈÈûûû���ÄÄÄOOOûûûüüü���...

3.1 888¥¥¥ªªªûûûüüü���...

38¥ªûüeÃI�ÄV�m�|d©��ºx©ú¯K,d�øAóXÚ��Å|d¼ê�

πc = p min(Q(x,w),D) − cpx. (1)

éª(1)¦'uà]Ý\Y²x����ê��

d2πc

dx2
= p(1 − G(Q(x,w)))

d2Q(x,w)

dx2
− g(Q(x,w))

(

dQ(x,w)

dx

)2

, (2)

du
dQ (x,w)

dx
> 0,

d2Q (x,w)

dx2
6 0,K

d2πc

dx2
< 0.Ïd,øAóXÚ�3�`�à]Ý\Y² x∗

c÷v�

��`^�
dπc

dx
= 0,¦)�n��XÚ�`�à]Ý\Y² x∗

cdeª��(½

dQ (x∗

c , w)

dx
=

cp

p − pG (Q (x∗

c , w))
. (3)

3.2 ©©©ÑÑÑªªªûûûüüü���...

3.2.1ÄuCVaROKà�¬)�û��`ûü

©Ñªûüeà�¬)�û��Å|d¼ê�

πp 1 = ω′Q (x,w) − cpx, (4)

Ù¥ω′ = max (ωr, ω)�à�¬�¢SÂ	d�.

à�¬)�ûûüà]Ý\Y²�Ø=�Äg�ÂÃ��'%)�(å��ªÂÃ�ºx��,é

d$^CVaROKÝþºx,ïÄäkºx��A5)�û�à]Ý\ûü1�.�âRockfellar�[14]JÑ

�CVaR��z½Â,)�û�8I¼ê�

CVaRηp
(πp1) = max

v∈R+

(

v +
1

ηp

Eω [min (πp1 − v, 0)]

)

, (5)

Ù¥ v = qηp
(πp1) = inf {z|Pr (πp1 6 z) > ηp}� ηp© ê, ηp ∈ (0, 1]�)�û�ºx��Ý, ηp = 1�

�ºx¥5.

�¦)�`�à]Ý\Y²,�âCVaR���z½Â¿(Üª(5)½Â¼ê

g (x, v) = v +
1

ηp

Eω [min(πp1 − v, 0)] . (6)

�âCVaR�½Â, g (x, v)� (x, v)�éÜ]¼ê,Ïdx∗

d = arg max
v∈R+

max
x>0

g (x, v).du�Å�½|Â

	d�ω3«m [L,U ]þ�VÇ�Ý¼ê�©Ù¼ê©O� f(t), F (t).òª(4)�\ª(6)�n��

g (x, v) = v −
1

ηp

w ωr

L
[v − ωrQ (x,w) + cpx]

+
dF (t) −

1

ηp

w U

ωr

[v − tQ (x,w) + cpx]
+
dF (t), (7)
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Ù¥ [ y ]
+

= max (y, 0).

3�½�à]Ý\Y² xe,e¡©n«�/©Û¦)�`� v∗.

1)� v 6 ωrQ (x,w) − cpx�,g (x, v) = v,K
∂g (x, v)

∂v
= 1 > 0.

2)�ωrQ (x,w) − cpx < v 6 UQ (x,w) − cpx�,

g (x, v) = v −
1

ηp

w ωr

L
(v − ωrQ (x,w) + cpx)dF (t) −

1

ηp

w v+cpx

Q(x,w)

ωr

(v − tQ (x,w) + cpx)dF (t) , (8)

éª(8)¦ v��� �ê�n��

∂g (x, v)

∂v

∣

∣

∣

∣

v=ωrQ(x,w)−cpx

= 1 −
1

ηp

F (ωr) , (9)

∂g (x, v)

∂v

∣

∣

∣

∣

v=UQ(x,w)−cpx

= 1 −
1

ηp

F (U) < 0. (10)

3)�v > UQ (x,w) − cpx�,

g (x, v) = v −
1

ηp

w ωr

L
[v − ωrQ (x,w) + cpx]dF (t) −

1

ηp

w U

ωr

(v − tQ (x,w) + cpx)dF (t) , (11)

éª(11)¦ v��� �ê��

∂g (x, v)

∂v
= 1 −

1

ηp

w ωr

L
f (t)dt −

1

ηp

w U

ωr

f (t)dt = 1 −
1

ηp

< 0. (12)

du g (x, v)´ v�]¼ê,¿d±þ©Û�� v∗ ∈ (ωrQ (x,w) − cpx,UQ (x,w) − cpx].

�ωr > F−1 (ηp)�,
∂g (x, v)

∂v

∣

∣

∣

∣

v=ωrQ(x,w)−cpx

= 1 −
F (ωr)

ηp

6 0,

qdu v 6 ωrQ (x,w) − cpx�,
∂g (x, v)

∂v
> 0,Ïd,e�3�`� v∗,K v∗ = ωrQ (x,w) − cpx.ù� v∗ ∈

(ωrQ (x,w) − cpx,UQ (x,w) − cpx]�gñ.

�ωr < F−1 (ηp) 6 U�,
∂g (x, v)

∂v

∣

∣

∣

∣

v=ωrQ(x,w)−cpx

= 1 −
1

ηp

F (ωr) > 0,

qdu
∂g (x, v)

∂v

∣

∣

∣

∣

v=UQ(x,w)−cpx

< 0,K v∗÷v���`^�
∂g (x, v)

∂v
= 1 −

1

ηp

F

(

v + cpx

Q (x,w)

)

= 0,¦)

�� v∗ (x) = F−1 (ηp)Q (x,w) − cpx.

d±þ©Û��,�F (ωr) < ηp 6 1�,ò v∗ (x) = F−1 (ηp) Q (x,w) − cpx�\ª(8)�n��

g (x, v∗ (x)) = F−1 (ηp) Q (x,w) − cpx −
Q (x,w)

ηp

w F−1(ηp)

ωr

F (t)dt. (13)

du g (x, v∗ (x))�x�]¼ê,K÷v���`^�
dg (x, v∗ (x))

dx
= 0 ,¦�x∗

ddXe�§(½

dQ (x∗

d, w)

dx
=

cp

F−1(ηp) −
1
ηp

r F−1(ηp)

ωr
F (t)dt

. (14)

3.2.2�Èû��`ûü

©Ñªûüeºx¥5��Èû��Å|d¼ê�

πr1 = p min (Q (x,w) ,D) − ω′Q (x,w) , (15)

Ù¥ω′ = max (ωr, ω).

�Èû¤Â	�à�¬Aäk��>S�Ã,(Üª(15)©Û���ÈûÂ	à�¬��å^��

p (1 − G (Q (x,w))) > U −
w U

ωr

F (t) dt. (16)
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éª(15)¦)'u ωr����ê��
d2πr1

dω2
r

= −f (ωr) Q (x,w) < 0,l�� πr1�ωr�]¼ê,q

du
dπr1

dωr

= −F (ωr)Q (x,w) < 0,Kω∗

r = ωp.ù`²3Â	�åª(16)e�Èû��`ûü´±)�û

��3d���`�.Â	d�,Kà�¬�¢SÂ	d�� ω′ = max (ωp, ω).éÜª(14)©Û��,)�

û��`à]Ý\Y² x∗

ddeª(½.

dQ (x∗

d, w)

dx
=

cpηp

ηpF−1 (ηp) −
r F−1(ηp)

ωp
F (t)dt

. (17)

3�©ïÄ��½/«��Sü?à�¬øAóXÚ¥,à�¬)�û��Èû¬¡�X�Ó�Uí

�¹,3�Ó�Uí�êe'�8¥ª�©Ñªûüe��`à]Ý\Y²!|d��Xe(Ø.

½½½nnn 1 3�Ó�Uí^�e, 1)x∗

d� ηp�üNO¼ê,�é?¿� 0 < ηp 6 1,Kkx∗

d(ηp) < x∗

c ;

2) π∗

p1 (x∗

d) + π∗

r1 (x∗

d) < π∗

c (x∗

c).

y² 1)$^¼ê���5�?1©Û,éª(13)¦)'u(x, ηp)�·Ü �ê,Kk

∂2g (x, v∗)

∂x∂ηp

=
1

η2
p

dQ (x,w)

dx

w F−1(ηp)

ωr

F (t)dt, (18)

´�
∂2g (x, v∗)

∂x∂ηp

> 0,l g (x, v∗)'u (x, ηp)äkî���5.Ïd,à�¬)�û��`à]Ý\Y

²x∗

d� ηp�üNO¼ê,� ηp = 1�,à]Ý\Y²����.

-M (x) = F−1 (x) −
1

x

w F−1(x)

ωp

F (t)dt, x ∈ [0, 1],du

dM (x)

dx
=

dF−1 (x)

dx
+

1

x2

w F−1(x)

ωp

F (t)dt −
F (F−1 (x))

x

dF−1 (x)

dx
=

1

x2

w F−1(x)

ωp

F (t)dt > 0, (19)

KM (x)�x3«m [0, 1]þ�O¼ê,l��

F−1 (ηp) −
1

ηp

w F−1(ηp)

ωp

F (t)dt < F−1 (1) −
w F−1(1)

ωp

F (t)dt = U −
w U

ωp

F (t) dt, (20)

(Üª(16)©Û�
p (1 − G (Q (x,w))) > F−1 (ηp) −

1

ηp

w F−1(ηp)

ωp

F (t)dt, (21)

'�ª(3)�ª(17)�� cp/ (p (1 − G (Q (x,w)))) < cp/

(

F−1 (ηp) −
1

ηp

w F−1(ηp)

ωp

F (t)dt

)

,qdu3�½

Uí^�eQ (x,w)�x3 [0, x∗

c ]þ�üO]¼ê,Ké?¿� 0 < ηp 6 1,kx∗

d(ηp) < x∗

c .

2)©Ûª(2)��
∂2πc

∂x2
< 0,dux∗

c�XÚ|d��`ãåY²�é?¿� 0 < ηp 6 1,kx∗

d(ηp) <

x∗

c ,K3�Ó�Uí^�e, π∗

p1 (x∗

d) + π∗

r1 (x∗

d) = π∗

c (x∗

d) < π∗

c (x∗

c). y..

d½n1��,)�ûºx��e��`à]Ý\Y²î�$uºx¥5e�`à]Ý\Y²��º

x��Ý�~�ü$;)�û�ºx��A5\ì
V>S�A,ùò��à�¬�þ�ü$?¬O

\à�¬�øIÅÄ;3�Ó�Uí^�e©Ñûü�V��|d�Ú�u8¥ûüeXÚ|d.ù¿�X

�ÈûI�OÜn�-yÅ�5�NøAó±Ï�yà�¬�½øA.

e¡©ÛØ|Uíé�`à]Ý\Y²�K�.duω�©Ù¼ê�ü à]Ý\¤�þ´	)�,@

o3ºx��Ý�½�^�eª(13)m>�½�,(ÜQ (x,w)'ux,w�5�,��Xe(Ø.

íííØØØ 1 �w ∈ [w,w )�,x∗

d�w�~�~�;�w ∈ (w,w ]�,x∗

d�w�O�~�.

íØ1`²�É�Ø|UíK��)�û��`ûü´ü$à]Ý\Y²,¿�Ø|U�î¤Ý\
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�à]Y²�$?ü$
à�¬�þ,ùò��à�¬øIØ���JK¿ü$
øAó�è5.

4 ÄÄÄuuuºººxxxÖÖÖ������øøøAAAóóó���NNN©©©ÛÛÛ

©Ñªûüe)�û��Èû�gJ¦g��^��zØ´XÚ|d��z,ù´��Ûà]Ý

\Y²¿ü$øAó�N1�����Ï.e¦Ø|UíK��Ñeà�¬øAó�±�N,I�O�«#

�Å�¦©Ñª�8¥ªûüe��`à]Ý\Y²���.�Èû�UõøAó�N1�ÚOrøAó

�è5,I�O©ú)�û¤¡��Ø|Uíºx�ºxÖ�Å�,)�G!(å��Èû��¤Â	)

�û�ü �¬�Ö�� γ±¦V�“�úºx”,Ó�)�ûI��ÈûJø�½�=£|G T ,d|G�

w���)�ûÅ¬ÌÂ1���y7,ù¦V�ý���
“ºx�ú!ÂÃ��”. 3“�.Â	,�1Ò

½”�¾üd�ω′ = max (ωp, ω)Ú�NÅ� (γ, T )eV��|d¼ê©O�

πp2 = ω′Q (x,w) + γQ (x,w) − T − cpx, (22)

πr2 = p min (Q (x,w) ,D) − γQ (x,w) − ω′Q (x,w) + T. (23)

½½½nnn 2 3�Èû¤�O�ºxÖ�Å�e,eü à�¬ºxÖ�÷v

γ =
1

ηp

w F−1(ηp)

ωp

F (t)dt + p (1 − G (Q (x,w))) − F−1 (ηp) , (24)

Kx∗

d = x∗

c , πp1 (x∗

d) + πr1 (x∗

d) = πc (x∗

c).

y² 3CVaROKe,(Üª(22)�n��,ºxÖ�Å�eºx��)�û�8I¼ê�

max
v∈R+

g (x, v) = max
v∈R+

(

v −
1

ηp

w U

L
[v − max(ωr, ω)Q (x,w) − γQ (x,w) + T + cpx]

+
dF (t)

)

. (25)

aq�Èû�Jø�NÅ��/�©Û,3�Èû¤�O�ºxÖ��NÅ�e,)�û3nÜýÏÂ

Ã�¤¡�ºx�Ä:þl�<�^��z�À�ÀJ��`�à]Ý\Y² x∗

ddeª(½.

dQ (x,w)

dx
=

cpηp

ηp(γ + F−1 (ηp)) −
r F−1(ηp)

ωp
F (t)dt

. (26)

òª(24)�\ª(26),¿(Üª(3)©Û�� x∗

d = x∗

c .´�,πp1 (x∗

d) + πr1 (x∗

d) = πc (x∗

c). y..

l½n 2�©Û�uy,3�Èû¤�O�ü �¬ºxÖ�÷v�½^�e�¢yØ|UíK�e

à�¬øAó��N,T�NÅ��Uí�êÚ)�û�ºx��Ý�',¿�-y)�ûÀJøAóXÚ

�`�à]Ý\Y²,lJpà�¬�þ�æ½øA.d½n 2�©Û����Xe(Ø.

íØ 2 1)�w ∈ (w,w ]�,γ (ηp, w)�w�O�O�;�w ∈ [w,w )�,γ (ηp, w)�w�~�O

�; 2) γ (ηp, w)� ηp�O�~�.

díØ 2��,ü �¬�Ö��Ø|Uí�î§Ý¥�',=)�L§¥¤;��Ø|Uí�î

,3ºxÖ�Å�e�Èû¤���Ö��õ.líØ 2¥��uy,ü �¬�ºxÖ�´à�¬)�

ûºx��Ý�~¼ê,ù¿�XºxÖ��NÅ��U��à�¬)�û�Å¬ÌÂ1�.

d½n 2±9íØ 2��,�XØ|Uí�\ì,� γ (ηp, w) Q (x,w) > ∆πr1 + T (∆πr1 = πr1 (x∗

c) −

πr1 (x∗

d))�,�Èû3�N�¤¼��|d$u�Nc�|d,ù��Èûò"yJødºxÖ�ê��Ä

å.ù¿�X�Èû¤�O�ü �¬ºxÖ��,�±¢yøAó��N,�3Ø|Uí�L�½§Ý�

¬ü$�Èûg��|d.Ïd,�*þ�3?�ÚM#�I¦,��yºxÖ�Å��k��1,e¡&?

�¦V�þU��ParetoU?�Ün=£|G«m.kXe(Ø.

½½½nnn 3 3�Èû¤�O�ºxÖ�Å�e,eà�¬)�û��ÈûJø�=£|G T ÷v

Tmin = γ (ηp, w) Q (x,w) − ∆πr1 6 T 6 ∆πp1 + γ (ηp, w) Q (x,w) = Tmax, (27)
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KV�þU¢yParetoU?,Ù¥∆πr1 = πr1 (x∗

c) − πr1 (x∗

d), ∆πp1 = πp1 (x∗

c) − πp1 (x∗

d).

y² �π∗

p2 = π∗

c − π∗

r1�,)�ûÄ�øAó�N�O\�¤k|d�Èû�|d�Nc

��Ó,dª(1),(14)Úª(24)�n� T = γ (ηp, w) Q (x,w) − [πr1 (x∗

c) − πr1 (x∗

d)],�=£|G$ud�

�,�Èû�|d$u�Nc�|d,ÏdÜn=£|G�e.� Tmin = γ (ηp, w) Q (x,w) − ∆πr1,d

�)�ûÄr
øAó�N�¤O\�|d;aq/?1©Û��=£|G�þ.�Tmax = ∆πp1 +

γ (ηp, w) Q (x,w),Ù¥∆πp1 = πp1 (x∗

c) − πp1 (x∗

d),d��ÈûÄr
�N�O\�¤k|d.

e¦V�þ¢yParetoU?,L¦«m[Tmin, Tmax]��.duTmax−Tmin =πc (x∗

c)−(πp1 (x∗

d)+πr1 (x∗

d)),

(Ü½n 1¥2)�©Û�� Tmax − Tmin > 0. y..

d½n 3��,�=£|G3Ün�«m��S,�¦)�û��Èû��VI�Û¡,ù�yV�þ

U¼��é½�ÂÃ,lOr
à�¬øAë�è5.d	,3¢yParetoU?�G�eºxÖ�Å

��3V�m?¿©��N�¤O\�|d,äN©���âV��?d�dUå.

½n 2Ú½n 3´3�Ó�Uí�êe?1�øAó�N©Û,ly²©ÛL§¥�±wÑØ|Uí

�K�Ø¬UCª(24)Úª(27)�¼ê'X,¿�ÃØ38¥ûü�´©ÑûüeÓ�/«�à�¬)�û

��Èûò¡�X�Ó�Uí�ê,ld±þ©Û�±��Xe(Ø.

íØ 3 3�Èû¤�O��Uí�êÚà�¬)�û�ºx��Ý�'�ºxÖ��NÅ�e,Ø|

Uí�K�Ø¬UCà�¬øAó��NG�.

díØ3�uy,¡éØ��Ø|Uí�K�,�ÏL�Ok��1��NÅ�5-yºx���)�

ûÀJÝ\XÚ�`�à]Y²,ù3�½§Ýþ�æ
à�¬�½øA.

5 êêê������ýýý

�
?�Ú`²¤�O�ºxÖ��NÅ��k�5,�!òÏLê��ý�?�Ú�©Û.±·I,

/«,�à�¬3)�¥;�æÁ2(w ∈ (w,w])�Ø|Uí�~?1©Û.�â©¥£ã�EØ|UíK

�e��Ñ�Q = Q0x
αkβ(w−w̄), 0 < α < 1, β < 0, k > 1;½|I¦D3«m [A,B]þÑlþ!©Ù;½

|Â	d�ω3«m [L,U ]þÑlþ!©Ù.�'ëê�äND�XL 1.

L 1 ëêL

Table 1 Parameters

Q0 α β A B w cp L U k p

1 000 0.50 −1 500 1 500 −4.2 200 0 4 e 4.1

(ÜL 1�ëê�¿$^MATLAB7.0^�?1$�¿±Ñã 1�ã45�?�Ú©Û.dã 1�uy,

3à�¬)�ûºx��Ý�½(ηp = 0.9)��/e,8¥ª�©Ñªûüe�`à]Ý\Y²þ�æÁØ

|Uí�\ìü$,ù�íØ 1�Øy���.d	,©Ñªûüe)�û��`à]Ý\Y²��.Â

	d��O�O�.lã1¥��uy,�3V>S�A,=©Ñªûüe��`à]Ý\Y²$u8

¥ªûüe��`à]Ý\Y²,ù�½n 1¥1)�(Ø���.

ã2`²3Ø|Uí�½(w = −1.5)��/e,©Ñûü�)�û��`à]Ý\Y²�ºx��Ý

�ü$~�,=)�û�êùºxKÝ\�à]Y²�$,¿�ºx��e�`à]Ý\Y²$uºx¥

5e�`à]Ý\Y²,ù�½n1¥1)�Øy���.lã2��uy,�,�ÈûJp�.d�3�½

§Ýþ�-y)�ûJpà]Ý\Y²,�à�¬)�ûºx���A5�,¬\ìV>S�A.

dã 1Úã 2�©Û��,Ø|Uí�)�ûºx���A5þ¬ü$à]Ý\Y²¿¬?�Úü$

øAóXÚ|d,Ïd,I��OÜn�Å�5�NøAó±Jpà]Ý\¿¦V�þU�� ParetoUõ.
2,c,�«���ÁG£�I��ÁG�þc12��gc2�¤�²þí§pu~c�(g2002cm©·I�âWMO�5½å

^1971� 2000c30c²þ�−4.2e��~c�)�,¡TcT«��æÁ.
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ã3`²,3=£|G�½(T = 120)��/e,)�û¤O\�|d�ºxÖ���O\O�,�È

û¤O\�|d�ºxÖ���O�~�.ã3�`²3=£|G�½��/e,�3��Ün�ü �

¬ºxÖ�«m γ ∈ [2.986, 3.624],�±¢yà�¬øAó��{�N.

ã4`²
,�ü �¬ºxÖ��½(γ = 3.0)�,)�û��Èû3ºxÖ�Å�e¤O\�|dþ

�=£|G��5¼ê,)�û¤O\�|d�=£|G�O�ü$,�Èû¤O\�|d�=£|G�

O�O�.dã4��uy,�3��Ün� T ∈ [98.240, 151.015]�¦)�û��Èû¢yVI.

ã3Úã 4`²ºxÖ�Å��¢yà�¬øAó��{�N,ù�y
¤�OÅ��k�5.(Ü½

n2Ú½n 3uy,3�NG�e�)�ûäk�$�ºx��Ý��¼��p�Ö�l¼��p|d.
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Fig. 1 Adverse weather’s impact on agricultural material invest level

0.5 0.6 0.7 0.8 0.9 1

0.2

0.4

0.6

0.8

1

 
p

x

 

 

 
r

*
 = 3.6

 
r

*
 = 3.2

 
r

*
 = 3.6

ã 2 ºx��Ý ηpéà]Ý\Y² x�K�

Fig. 2 Risk aversion’s impact on agricultural material invest level
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Fig. 3 Risk aversion’s impact on supply chain coordination
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Fig. 4 Transfer payment’s impact on supply chain coordination

6 (((ååå���

�©�éà�¬)�ÉØ|UíÚà]Ý\Y²K��A:,Ú\CVaROK,ïÄd��ºx���

)�ûÚ��ºx¥5��Èû|¤�à�¬øAóXÚ,©Û
øAó�N��Ï,Äud�O
�Uí

�êÚºx��Ý�'�ºxÖ�Å�.ïÄL², (1)Ø|UíK�e)�û�ºx��A5\ì
V

>S�A. 2)Ø|Uíü$
à]Ý\Y²ÚøAó9¤
�|d,3ü �¬ºxÖ�Å�e�¢yøA

ó�N,�´�Ø|Uí�L�½§Ý��Èûò;É��,ÄudÏL�OÜn�=£|G«m�¦�N

Å�U��k��1,ù�yV�þU¼��é½ÂÃ. (3)3ºxÖ�Å�eØ|Uí�K�Ø¬UC

øAó��NG�¿-y)�ûÝ\XÚ�`�à]Ý\Y²,ù3�½§Ýþü$
Ø|UíK��æ


à�¬�½øA¿Or
à�¬øAë�è5.�©´Äu��&E¿��Ä"À��,éØ��&
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Ee�Ä"À���øAó�N��/ò´?�Úk¿Â�ïÄ��.
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