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Abstract The uncertainty of demand impose great impact on emergency supplies allocation. The inap-

propriate decisions may easily result in insufficient supply or waste. The production capacity of enterprise

and uncertainties in disaster-affected locations and demand are integrated in a two-stage stochastic pro-

gramming model, which are configured with the objectives of minimizing economic and penalty costs. The

location of enterprises and physical inventory are determined in the first stage. Then, depending on de-

mand for scenarios, production and distribution decisions are made in the second stage. A sample average

approximation method is proposed for solving the model. Based on data from snowstorm, earthquake,

flood and typhoon in China, 2008, a serial scenarios are designed for numerical studies. The results show

that storing production capacity for supplies and introducing penalty for delay and shortage of demand

are beneficial for decreasing physical inventory and risk of insufficient supply. Moreover, physical inventory

and production capacity should be greatly increased if minimizing risk of insufficient supply, which may

easily result in waste of resources.
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1 ?@

����������������� ���������, ���Æ�������!�", �#�

 �����!��Æ�������$��%���. �Æ���� �������� !, �"Æ�

�&��Æ��������#$""� [1]. 2008 '��, � ���!% &�������!��(
')*�(, �('&�+)�����", �",����Æ�# �$�#*�$+$%� ��, !-

�  #������!� [2]. �", 2013 '#,�$$ 2014 '!-�$#�!�, .��#�%/�0

.�&1$$/"�����'��2, (Æ)*�+%% *�#�&$��0Æ#������!�'
%$1&, �����"3�4 '���#��$&'�. *2, #�,(����5-, �(3����
)'.

���Æ$('!��Æ"4�#�����Æ*6. ���Æ�)+!+������(�#��,

�.+����%�/5, 0�����Æ#*6%�, �Æ�!1(�2)7, !�34 ��+,. ('

!��Æ5&���-6('!� [3], .%������(', !/��,7 !, (3���Æ�!#)
'. *2, ���Æ�('!��Æ�0-1#����5-86, .!9!�����(8:#����,

�('79;/, 8!0<+,.

�������Æ#91�2:,73� [4]���*6 [5,6] $��)*; [7] ���. ,73�#91

=",>*<���Æ5*: �$41,73�6? [8,9] �. ��*6+&'=2�>, !�57�3

6:$7-#@���*.1( [10−13]. ����2 !�(3����)',?;�/#0�14A5,*

;��);, �$1&6,73� [14]�'12,7 [15] 8>,��*; [16,17] ���.

����('!��Æ#91(Æ<���&�, �"�&-1#8�@9. ��8�, 913=>�>

9�>9�$4�5 3 �6?;&�('!��Æ#1( [18]; &�8�, 91����::;&����

Æ$('!��Æ;;#1( [19]; �&-18�, ����Æ !Æ6$&�)BÆ��C?, 91&�(

'!��Æ������Æ8$4 [20,21] �#;;, �"�&<1('!��Æ#��'< [22] ���.

$D, �������Æ#91�7&6('!��Æ, %��)(3��,7 !. ����('!
��Æ#91�<8=8�Æ9('!��Æ����Æ8��$4�#;;,7&6('&�#A:@=

;>, !$����";�#1(, E�>,��'7<F�?;Æ@, �<�+>7Æ@?&3@!G

#B�����. CD�>�A+A5#��*6*@ [8], &6+������(;/�A@�5!���

���'$��'�*., BAA5HÆB�����#CE�$� �� [23−26].

!=FI&�#�Æ!��('!�$�>::BG, &6+��$��'#� ��BA����A
5, �BC !$>9 !Æ6�C?, A�����5-#DEC?0'<8@, ,(&�@=����Æ

$��('5A,8@-B,FB 1. &6#� �*.G�;, A5'80�,8@CE�!-, GAMS�CPLEX

�'<J4�H�%, �2, ,7�!;HDI*@, �!CJIJ*@#�)�. �K�91DE, !=#

(ÆDEL�, E!F&6&�('!�#����5-DEC?0'<8@, ��)�;����#� 

��.
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2 H1IJ2K3456L789:M

>,F4: �����M�#; �/�@&�#�Æ!��('!�$�>::�/, E�?A5G(;

KNG&�O:36, ��KF9=27.

1) G1$1&

I HLMHG1, i ∈ I; J HL+�MHG1, j ∈ J ; L HL&��@G1, l ∈ L; T HL;CG1,

t ∈ T ; S HL����A5G1, s ∈ S. ?A5 s G(#1&ILA5�(>7 ωs $+�MH j #��
��' Dj,s. +�MH#� ���!��'HL, M7+�MH j #��'� 0. &�D21&IL l @

&�#J,;�:: CFl�('!� Vl��Æ!� Ql $���>:: CVl,t, N�, K��F9=27, �

CVl,t > CVl,t+1. Hi,j HLMH i K j #NO, CH HL�H��#,7::, CT HL�H��#>,:
:.

A5 s �(I, &+�MO;C�Æ���!. PP;C t 9QI, ���Æ#��.P�>I&+�
M, K&'�!, ��;('QQ55A, J4 ��OL; MK;C-JI, K('#��&'R6++�
M#��', K������!. !=#&6('#�����OL, ;��OLQ5>9K �&�5-

��&'#���Æ, ;���!Q5>9K �����&'#����. ��OL#�H>9�&� α,

���!#�H>9�&� β, '� α < β.

2) *6G'

N�EC*6G', IL"L*; i M# l @&� xi $ i M l @&�#���Æ' ei,l. NOEC*6

G', ILA5 s L, ;C t S, i M&�Æ5M+�MH j #���Æ��' qi,j,t,s, i M l @&��+�M

H j ('#��' pi,l,j,t,s, i M l @&�('��#T6' zi,l,t,s, +�MH j 79!#��' wj,t,s, �"

A5 s -JI, i M&����Æ#T6' hi,s.

f = min fc + ic +
∑
s∈S

ωs · (pcs + hcs + tcs + lcs), (1)

fc =
∑
i∈I

∑
l∈L

CFl · xi,l, (2)

ic =
∑
i∈I

∑
l∈L

CVl,1 · ei,l, (3)

pcs =
∑
i∈I

∑
l∈L

∑
j∈J

∑
t∈T

CVl,t · pi,l,j,t,s, (4)

hcs =
∑
i∈I

CH · hi,s, (5)

tcs =
∑
i∈I

∑
j∈J

∑
t∈T

CT · Hi,j ·
(

qi,j,t,s +
∑
l∈L

pi,l,j,t,s

)
, (6)

lcs =
∑
i∈I

∑
l∈L

∑
j∈J

∑
t∈T

α · pi,l,j,t,s +
∑
j∈J

∑
t∈T

β · wj,t,s, (7)

∑
l∈L

xi,l ≤ 1, ∀i ∈ I, (8)

ei,l ≤ xi,l · Ql, ∀i ∈ I, l ∈ L, (9)

zi,l,1,s = 0, ∀i ∈ I, l ∈ L, s ∈ S, (10)

pi,l,j,1,s = 0, ∀i ∈ I, l ∈ L, j ∈ J, s ∈ S, (11)

hi,s =
∑
l∈L

ei,l −
∑
j∈J

∑
t∈T

qi,j,t,s, ∀i ∈ I, s ∈ S, (12)

zi,l,t,s = zi,l,t−1,s + xi,l · Vl −
∑
j∈J

pi,l,j,t,s, ∀i ∈ I, l ∈ L, t ∈ T : t ≥ 2, s ∈ S, (13)

wj,t,s = Dj,s −
∑
i∈I

qi,j,t,s −
∑
i∈I

∑
l∈L

pi,l,j,t,s, ∀j ∈ J, t ∈ T, s ∈ S, (14)
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xi,l ∈ {0, 1}, ∀i ∈ I, l ∈ L, (15)

ei,l, qi,j,t,s, pi,l,j,t,s, zi,l,t,s, wj,t,s, hi,s ≥ 0, ∀i ∈ I, l ∈ L, j ∈ J, t ∈ T, s ∈ S. (16)

N�, f HL< !, fc HLJ,;� !, ic HL���Æ��#�� !, pc HL('��#��
 !, hc HL,7 !, tc HL>, !, lc HL>9 !. 6 (7) 7C��OL$�!#>9 !, 6 (8)

��OMÆ�*;��&�, 6 (9) �����Æ'�P!&��Æ!�, 6 (10) $ (11) ÆQ��8Q(

''$('��Æ5'�+ 0, 6 (12) 7C���Æ#T6', 6 (13) HL('��#T6'�+<'0
KÆ5', 6 (14) 7C79!#��', 6 (15) �� x R!G 0 8 1, 6 (16) �NO�J.

3 N=>O?@A
�!;HDI (sample average approximation, SAA) "�H?0'<8@#4�*@L�. SAA *@

( G�R�/Æ@#�!, )��!;H?&MS)��#C??&, ��ÆS�R�S( �T C@,

8 L-shaped�PH �U�6C@�H�!�� (�!��'8T6+)��), *G�!Æ,H"�)��#
INH. .+ SAA*@��UP#V@�,4�+�H�'8A5��,VWOT> [27,28]���U> [29] �.

*2,?;91��BA SAA*@XÆ, ��ÆS�RC@�H�!��,N�,ÆS�RC@�! CPLEX

J4�P.

SAA *@UVVL:

N 1 U: ( |M | Q>7Æ@� p #R��! N , OQ�!IR |N | QA5;

N 2 U: ;%� m ∈ M , ÆQ�H8@

min ĝN = fc + ic +
1
N

∑
s∈N

(pcs + hcs + tcs + lcs)

s.t. 6(2) ∼ (16), ∀s ∈ N

(17)

N�, ĝN HL�!C?H, QG�!Æ,H"�S*INH, MNÆQ� (x̂1
N , ê1

N ), (x̂2
N , ê2

N), · · ·, (x̂m
N , êm

N);

N 3 U: ( �Q#�#�! N ′, ;%� m ∈ M , ÆQ�H8@

min ĝN ′(x̂, (ê)) = fc + ic +
1

N ′
∑
s∈N ′

(pcs + hcs + tcs + lcs)

s.t. (x̂, ê) = (x̂m
N , êm

N)

6(2) ∼ (16), ∀s ∈ N ′

(18)

N�, |N ′| � |N |, ĝN ′(x̂, ê) �T7C?H;

N 4 U: *G9!6
(x̂∗, ê∗) ∈ argmin{ĝN ′(x̂, ê) : (x̂, ê) ∈ {(x̂1

N , ê1
N ), (x̂2

N , ê2
N ), · · · , (x̂m

N , êm
N)}} (19)

#H"�)��#INH, MN� (x̂∗, ê∗);

N 5 U: W�6

gap =
ĝN ′(x̂∗, ê∗) − f

f
× 100% (20)

7CT7C?H�Æ,C?H#BG7. N 3 U�( #�!��XTS*INH#,Y, �!A5'8�

Z'[I)��A5&, ��JXT#T �. N 5U�BG7W6HL�!INHW[I)��#Æ,H.

KBG787C;/�9!Æ�, K�!00�!&8�!#A5&Q5UQ.

4 PBCQ
4.1 DRST

!=.% 2008'1(VRW�YX�"#Z*XYVW���EX�$�YZ$�Z�[Z#, �"S

) “[:E” 4 �����#UZ,-\\"&M�]+��� [30], ,7����A5, Q5CJÆ9. ,

-UZ,-\\�<+�\&, .%�]+���T7&M#+�\&, 4 ������+�M"+�\&,

FH 1. �V�#+�\&,-�J, .%]�0  0��TU[HÆ, *Z*XYVW��UZ,- 166
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V\,WX�\Z�\]�]Y�]Z�WX�,^�̂ X�#+���;GB,,-<+�\&� 166V,E&

M+�\&;�. >,H 1 �&MZ���K�*;#&�, EOQM��Q+��, ^ |I| = 14, |J | = 14.

>,H 1 � 25% #+�\�ÆM�#; ��^'� 19

-#Y_#, O\OZ�Æ 1.5 -; ��;/� 30 Z, 3 Z

��Q;C,;CG1 |T | = 10;����1(W�,�(>

7W6. A+DÆ>,$H 1 #&%, ( 16 �����
A5, �/A5#�(>7"&MO;C#M�#��',

FH 2.

>,&MZ�6���� 3�&�K�*;,^ |L| = 3.

&�&�#J,;�::�('!���Æ!�$Y_#�
>::,FH 3,N�,('!�H.%&�#-6('!�

,�. Y_#�>::,�)^: N 1;CS&�&�Y_

##�>::;� 10`; KNG&�N 2 8N 3 ;CS3

6, ��KF9 1%∼5% 8 6%∼10% #=27; KNG&

�N 4a 10;CS36, ��KF9 11%∼20%#=27;

�6&�#'8W�, ��KF9#=27W�. >,,7

::� 1`/Y, >,::� 0.01`/Y · _`, �MOL#

>9�&� 10 `/Y, �M�!#>9�&� 40 `/Y.

F 1 4 UVWXG9YXZHYX[\ (][)

[� [ba \b ]c _\ ]`

1 ^^ 20.75 755.30 12.70 0

2 d� 20.75 226.59 0 31.44

3 eb 0 226.59 0 0

4 a� 20.75 226.59 43.18 0

5 �_ 20.75 37.77 12.70 0

6 �� 20.75 37.77 43.18 0

7 b_ 20.75 0 43.18 62.88

8 �c 20.75 0 0 0

9 �_ 20.75 0 43.18 0

10 b� 0 0 43.18 62.88

11 �` 0 0 0 0

12 cd 0 0 0 0

13 �� 0 0 12.70 0

14 e� 0 0 0 0

I[b	a 166.0 1510.6 254.0 157.2

F 2 J^KL'M_NOHPZQ`*'a<bcdR (]e)

d_ ^^ d� eb a� �_ �� b_ �c �_ b� �� fe

1 44.72 13.42 13.42 13.42 2.24 2.24 0 0 0 0 0 0.005

2 35.78 10.73 10.73 10.73 1.79 1.79 0 0 0 0 0 0.005

3 13.42 44.72 13.42 13.42 2.24 2.24 0 0 0 0 0 0.005

4 10.73 35.78 10.73 10.73 1.79 1.79 0 0 0 0 0 0.005

5 5.37 17.89 5.37 5.37 0.89 0.89 0 0 0 0 0 0.04

6 4.29 14.31 4.29 4.29 0.72 0.72 0 0 0 0 0 0.04

7 17.89 5.37 5.37 5.37 0.89 0.89 0 0 0 0 0 0.04

8 14.31 4.29 4.29 4.29 0.72 0.72 0 0 0 0 0 0.04

9 0 0.75 0 2.56 0.75 2.56 2.56 0 2.56 2.56 0.75 0.1025

10 0 0.60 0 2.05 0.60 2.05 2.05 0 2.05 2.05 0.60 0.1025

11 0 1.86 0 0 0 0 3.72 0 0 3.72 0 0.1025

12 0 1.49 0 0 0 0 2.98 0 0 2.98 0 0.1025

13 1.23 1.23 0 1.23 1.23 1.23 1.23 1.23 1.23 0 0 0.1025

14 0.98 0.98 0 0.98 0.98 0.98 0.98 0.98 0.98 0 0 0.1025

15 4.47 1.34 1.34 1.34 0.22 0.22 0 0 0 0 0 0.1025

16 3.58 1.07 1.07 1.07 0.18 0.18 0 0 0 0 0 0.1025

F 3 Sf'TUg<V� _̀WXY Z̀[XY\ehbijV�

���� a`]fag (bg) ���� (bc) ���� (bc)
deag (g)

2 3 4

f� 1 5 15 9.90 9.39 8.40

�� 2 10 30 9.70 9.23 8.20

b� 3 15 45 9.51 9.11 8.02

4.2 k^_`al
�� CPLEX 12.5 �HA5 |S| = 16 #CJ, >C;/<+ 10 f, 9K&6('!��Æ#&�@=

$���ÆÆ@, FB 2. �@&�$�0Æ���ÆG��XZ0MH, g�� �@&�H+]Z. .+

;XZ&M1(Æ�#�$��%4 #+�\&TPV��Z#$S), XZ&M#����'�, �*

G��G�J�$('!�#�@&�. ]ZH+�Z&M#�TH-, K&+�MNO<�, h�Æ�Æ
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��#����$('!�.

M6 (11) � xi,l · Vl �+ 0, E�&6&�('!��Æ, �HK9&�@=$���ÆÆ@, FB 3.

.+XZ&M#����'#�, 68% #���ÆG��\Z�Bg�\]�WX�XZ0MH.

122860

214664

122860

122860

212916

53570

44720

A 2 bc_WXYZ['Sfde\mCZ[fd

122860

449580

122860

276420

150000

84710

98290

124030

60160

A 3 Jbc_WXYZ['Sfde\mCZ[fd
&6��&6&�('!��Æ# !;E, FH 4. ��&6&�('!��ÆDE, &6#AbL,

#�0c 3.6% #BC !EK(3 62.04% #>9 !, ���Æ<'0< 39.93%, ,7 !#"�h(

3 89.51%. �]���, Kd��#,7��$4M&�, �0c��('!��Æ.

F 4 bcnJbcSf_WXYZ['ghij (]o)

h�i fc ic pc hc tc lc efcd

�������� 22 894.45 513.52 4.48 617.37 622.10 2051.82

e�������� 12 1488.91 0 42.69 436.94 1638.92 1980.53

fie +83.33% −39.93% - −89.51% +41.29% −62.04% +3.60%

BC !�>9 !7�4h#g0, EBC !#0�806h? >9 !#0680�. �6

(21)∼(23) SM6 (1), 91)'iB#G(;BC !�>9 !$< !#1(.

min f = (1 − γ) · c + γ · r (21)

c = fc + ic +
∑
s∈S

ωs · (pcs + hcs + tcs), (22)

r =
∑
s∈S

ωs · lcs. (23)

ÆQ,- γ = 0, 0.05, · · · , 0.95, 1, �H8@, K9BC !�>9 !# Tradeoff j2, FB 4. M)'

iB< 0 0�a 1, BC !< 0 0�a 8546.83 V, >9 !0< 99.4%. ? )'iB0�, �*;#�

#�@&�, �0c���Æ, �(3�����!#)'.

0

1000

2000

3000

4000

5000

6000

7000

0 1500 3000 4500 6000 7500 9000

99.4%

A 4 klghnmngh' Tradeoff pq

0
1500
3000
4500
6000
7500
9000
10500

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A 5 J^orstuklgh m̀ngh\vgh'pqwÆ
�/)'iBLBC !�>9 !$< !#G(ki, FB 5. )'iB;BC !�>9 !$

< !#1(KÆ� [0, 0.3)�[0.3, 0.8] $ (0.8, 1] 3 QEC, )'iB< 0 0�a 0.3, jI 1640.64 V#B
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C !EK(3 76.8% #>9 !; )'iB� [0.3, 0.8] VRSGH, BC !$>9 !3hjG(, <
 !Æ6; )'iB< 0.8 0�a 1, jI 6053.34 V#BC !#K(3 6.3% #>9 !. <M&6�M

OL$�!#>9, �)+(3�����!#)', i!�k�)'Æ6, �Æ�'jI�0c��$(

'!��Æ, 34 �l+,. �]���, )'iBKHL�[#BÆ��, .\\l��3�j)���

*.$1 �. *6DK�!XT ��[)'iB, A+%A8@, F9K�[#Æ,��jI'$��
��)'H.

4.3 SAA rsxyzal
� CPU $S7ÆQ� Intel i5 3.2G HZ $ 4 GB #kmDIJ SAA *@#�)�. MA5 |S| = 100

;, CPLEX 12.5 �H)��j; 515 f, Æ,C?H� 3533.30 V`. �� Matlab2013a %m SAA *@,

�/ |M | H#�H-k, FH 5. � CPLEX 7C-kDE, M |N | = 10, |M | ≤ 30 ;, SAA *@j;#<,

EF9#INC?H�Æ,C?HL/#BG7�P! 0.37%. M |N | H�G;, |M | HW�, KF9#S

*H&'W�, �#�#>7F9#P#INH.

F 5 J^ |M | {'dt/u (|N | = 10)

|M | 10 15 20 25 30

ng (o) 137 206 274 343 411

lhh�i (bg) 3544.25 3546.46 3543.00 3540.65 3537.59

Gap 0.31% 0.37% 0.27% 0.21% 0.12%

�/ |N | H;T7C?H ĝN ′ #1(, FB 6. �/ |N | H#�H-k, FH 6. M |M | H�G;, |N |
HW�, �!#T7C?Hnikl0G�. M (|M |, |N |) = (20, 30) 8 (20, 40) ;, T7C?H�Æ,C?
H#BG7#� 0.05%. �!&'�G, &�!#A5&'W�, S*H#o'W+, SAA *@#j;.
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F 6 J^ |N | {'dt/u (|M | = 20)

|N | 10 20 30 40

ng (o) 274 761 1594 2709

lhh�i (bg) 3543.00 3538.29 3535.10 3535.14

Gap 0.27% 0.14% 0.05% 0.05%
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