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A mixed optimization method of emergency material distribution in flood
disaster area depending on time

HU Zhong-jun®, LIU Yan-qiu, LI Jia
(School of Management, Shenyang University of Technology, Shenyang 110870, China)

Abstract: In order to solve the problem of emergency material allocation in flood disaster area, this paper constructs the
research framework combined with “Internet +” and proposes a mixed optimization method. Firstly, real-time demand
point estimation is provided for the material needs of the disaster area. Then, unsupervised clustering is applied to the
correlation properties of the flood disaster area to obtain the division of the region. Subsequently, the urgency priority
of the material distribution area is determined. According to the weight, the remaining relief supplies of emergency
inventory are allocated to the disaster areas, and the disaster area material demand is updated immediately, until the
demand in the disaster area reaches the preset level of satisfaction. Finally, the results show that the hybrid optimization
method can fully optimize the system in terms of demand satisfaction ratio and time allocation cost, and make effective
use of the golden rescue period to complete the humanitarian rescue.

Keywords: Internet + emergency logistics; flood rescue; cluster analysis; dual goal decision; point estimation genetic

algorithm; particle swarm optimization

e

5l

201748 H 8 H /LI B R4 3 /NN G, 5 AR
Y LB S B 2L, R LS & A S g iR
8BS 2 H B 40 2 50K I8 Rk M 55, N
CHIEP + LRI BN

HLAE SR, R 5E N ZUD IR I RIE 7T 58 S DAR 1] A2k
2 H bR o 3 RO M 28 O Ak, B infE 2 2 It R RE
FA TR, 25 R AN 2 2 2 0 RUBR 4 % 46 o7 4 114 B &
HEE TR Bl A AT 1) sz e U130 B3 4 4 28 LB 1 X
HEE100 DR ROGE N TE S H bR AR A R, SR,
CE W20 TR IG o A 5 AR R FEEER
R P Je PR AT 0 32
] 53 22 4 BRAT )R B 7 B4R Y27, 78 2008 4

Yim B HA: 2017-10-16; 1&[E HHA: 2018-03-11.
HEEWMHE: HEBEBRREAESTH (70431003).
FERE: 2155

HEIFEZE. E-mail: doctor160606@ 163.com.

~ 2017 AR R AR ) BT o S5 S A v 3k 5 DL 38.4 %
59 R G I 1 A PR BUR BT 51 %. X
5 9 DX N 2R R AL H g R 3, LR
75 35 Wk FRl-131 DL K 87 S i i2% 49 B ] 0 e A A
A T4-161 20 T kB o IX B AR I 7 SR AR FR . b Ab,
WA LB G E TR+ f R R A ORI A 6
I, AR ST R 37 9 XA B 40 T I R, 9 SROHR
VIV EN T . R SRR L 3% PO ANk 7 9 DX AA) B I
BENBEPIIR N 265, 25t DL E RS 6 R SR VR A4
W73, SEIL R JE NPT Z BN AL HL.
1 MARRS B RFAER S R

R B7 L UL I 25 235 R T BB A AR N
SRR I O AT B K X, T A 3 E T



1572 # % 5

2% 1) ROk B NLEE (81 1), SR 5 T 6 R A REE AL
. BUSEARTE o, REr W Bt (R i 48 AL N B0A SRR
AR W 52 R R SRR LIS O 48 BUR W B
FrbCe, B AR T O R AR AR R S ) ) 25 2 7R
SR PR DA Bt WA, A Rt B 1 S i 2 Fg
B R XNBEAN H SRR M 58 20 e, HLRCIs o i %
P8I 3, 1 =t ESOR BOAR I 0 DX SRR LA

PATIR

ORI @ % S HdERL% L @ Py X

..... > (EE — RN

El1 CER+RRYR FIo e
2 MBAET 6 RGRA AT IR BT

S BOBRILIE 0o I L 4T £ (1 AR
R L] (] 2), 5 S5 8 AL B v 9 L AR 47 e 43
AL, A 0 S AT B Ve 1) D 4 B, A SR A
VR I RHE S

Step 1: Step2: Step3: Step4:

| AR L] e e || B e o ) R Tk e
B ok [ Dk [ 4o [ Dok 2
it by SRS R T i

s e StepS:

HpT OB s

Tk e e ] i

o4 ¢ W%

B2 HHFRXNSMRARFESITRIZ

2.1 HEMEFKRIUGITHEREE

FEEEWNM RN E DRI BIRTFRE
EEREF = F TR ARSI Y N St I ELTE /B | B
T RO VLA, ) A48 R v it AN RS J . T 4
ARITI81 5 s A () ) B L B K SR A O, 4 A T
A AT 5y FE il A ROEE W % R 75 K. W46 B R ) e R B
nxm I AL AT ) B2 TGI8 B ()R] B b 53 el L
SRR R SR 2RO e A9 B HER T RIBAT B (B D 9 )
W &A1
P(L<T"x 0;(t)xL + 21_.xo"(t) x VL) = 1—«.

(h
PR B AR A T2
a7 (1) =

* R $34%
N¢
D AT x 0:(t) x L} + 2122 x 0} (t) %
n=1
Ng t—1 B
VI+S =S i - 4). 2)
n=1 e=1

oo dyr (¢) s 45 52 I 1) 6] B ¢ A vt 7 X 30 f I A2
UG A R I AT 20 3 s 5 XA /5 5 T
KM MW 1T A TR dp (1 — A) Rondh
S8 PRI TR TED R ¢ — A P b 35 DX B P A A8 5 5K ey L 3%
N DX I A A S A S 5 1 R B W B B ik 2 1)
e 328 P [ 1) B8 B 5 2, RS B IS ) A2 A R Rk 75
RIEER (GEiTEAIC Y ) KT A BIE; 0 (t) FRos AL [
[Tl ¢ P it 35 [X 3 A PR SE A7 B A T o () o
5 SR T 1 B AR A v AR 22, B R 2 (8).

FHABPIAN G AR IR r 21 m A7 FEAT 22 3454, 58 Rk
XA RIS G AR 1) - B m #4705 1 5.
e, 38N fe K AR B ORAF 2R — AR, IRl E &
IEIEACSEAF
22 HHREXXHKBUMASRAESE

B 5 A B SUE PR AR D 2 4 X vk E K
e} () 27~ 2 1 B[R] 1] B ¢ A0 X a0 b — Rz 3k
IS [F1) 5] B 0 I ) 225 €2 (¢) 37 72 5 0 1R IS [7] (8] B ¢
P, X33 G A0 % 380 7 A5 T N BOREG T N ) B
Z; €3 (t) R AE T RA I 18] (] b ¢ oWl 2 2125 58 X3
HITC BN 1B ef () 3R Bk W 5, B2 N (] Py S or
TR P R SR B IR FEE; e (¢) 8 INF T [A] B P 2 3470 40
PRAE L, 40 7 B B 58 A RRA. k5 R X S HR E B R
AN

E;i(t) = [e; (), €7 (1), €} (t), €5 (1), €} ()] (3)

BTSSR FR AT Th RE X 380 4 20 R
F.

Step 1: X T-45 7€ X ) B SUB PER AR ARTE
BEAT G, h g8 B R > e s AR L R B
REANE S = 1Y e s IR
21, eF(t) > 0.8¢F

max?’

P&, 0.6ek .. < eF(t) < 0.8k

max?

Hef (t)] = < #, 0.4k < eb(t) <0.6ek : ()
W, 0.2¢k < eF(t) < 0.4ek, .
H, eF(t) < 0.2¢k ..

Forpr el (¢) R eSS 72 N R TRV ¢ A YACER 31 4 7 X 08K
iR ORIR I ER kAN RURME; b () 45 el (¢) B Tl
BOKAE; ITARER Y ef (¢) ARG IR H 5. B 2RIt
— IR R Rt B, E PEAR A 5 A R B,



%74

bE S RS TEEREXE LR HEIRD

SHACT 1573

W2 1 Fin.
F1 WERSITHHIBNEME X
W el(t)  el(t)  eP(t)  el(t)  el(p)

[y

Lo

1 1 1 1 1
1 1 1 1 0
1 1 1 0 0
1 1 0 0 0
1 0 1 1 0

iy

FEAT 25 5E 1 % BURME ek (1) ST LA, 5 B 1)
kg A ITE (¢), R
ITF(t) = [s51(), 570(1), 87 5(1), s54(t), s75(0)], (5)
HrpEn R Rorm sy (t),j =1,2,-- ,5.
PR I — R S I 1T F (¢) Rk
I (1) = [35,(1), 85,(1), 55,5(0), 554(1), 555 ()] (6)
Step 2: AF BRI SRR . AR 9 [X 7 26§ Al
AL 5 1) 3k 1) S5 38 S A 115 B AR (16 x4 frAsE
BO% RHPE R(t), Forb R(4) BN TCE 1y (8) B K
X p 55 g AHICE, B

11 T2 T13 - Tin
T2y To2 - o T2n
R(t)= |ra - 7 oo Ty, (7
...... qu
_’rnl ......... ’r‘nn_
1
r(t) =10 ZZ . ®
k=1 j=1

Hrp:n € o, 1]jjrpq (P S8, § Ko € LA
ﬁ% 13 (7) A1 (8) 1550 R (1) 2 X FR R

Step 3: R M X3 o 21, K B A HLLE 2
REAE R X383 DL D 3R 3 e 3 [F])— 441,

Step 3.1: MIEEAIEARTT 5. KEERIRIIMNE = 1
Trh; W BT RINRS H = 1L,HIN R(t) N 41T
BIAE SCHE B (1) 56 1 B P URIEAR, & p = H (ERFH,
W B 2403 T N BURE SR BRI X308 5 9 B S AT I —
AN XA 5340

Step3.2: A E A X W p, MR R(t) 5
p[R, ()T FASRBRMIAT. ¥ H AR EC % 75 3R BT 7E (0 24
X ARic M R, (1), B 18] 15 B8 ¢ P9 AS 7 2 23 v B H A X
38 PRk, AT DA B AH B AT

Step3.3: #FI R, (t) PR ILE, LA R, (1), &
B p B X T AR L B W R4 A R (2) >
p BL, WK A 30 X 35k g 2y BiL 45 5 H bk X 38 p AH R 1)
W, MRS [ R, ()T MBI — 17, Rn K¢ 5

H s X 38 p BA AL Sk A, B o BL B[R] — 4H. 3
[8] Step3.3 K 7 R, (¢) A 7o 2, BRI AT AL 2 b
BB AT I E NI, WM R(t) FF R R, (1),
FoROCAHRE R, (1) MPTE LR, 7T LLLEL 5 I 7]
(] B PN 25 SRR T H s X e p 1) 5 SR P RS AR
FUCH B A 1 — AN DX, WP BT 43 e X 3B B
PR Bl p = ¢ ), % p = H, PR 8] Step3.2 4% ¢
AN X 434

Step 4: WHAPAT L HEI, DU 1E D e X 3843 40
FIML: W SR A 1 &, 45 b R 2R AR N, R
5] Step3.2 FEAT T —KIEAR.

WD IRAE ¢ N IR RL G2, DRI, 15 310k T
DX 7320 g FROBR 1 3 1) S50 SR M A

Qq(t) = [Qig(t),i = 1,2, ,nglioxi;,  (9)
Horb 0, (t) 4 g B XS8R 1, ARIEALAS IR 25 x 1,
B — e R SRR, 3 B, RoR 4L g T R X 38
AR Tk — SRR A

ng(t) =
[ ()5 =1,2,--
23 Z2EMHES
2wy, RN 5 E I kAR SCIR 1) B S AL, BT
T T Ja 1A X R T T PR ARG B . AR O, TR
BRI B, (¢), LA E X3 21 g AR S ), A

Zwk[zzgw }

B, (t) = L Tu T . (11)
Tg
@, (¢) AT, BRHERES GHIX
AR HEAT LS e 7, e A (R 4H X 3k 78 2% v 43 e
BAM A RS, fAE R X IR B AHE B, (¢)
BRI R, Horb 5 B s BUE wy, A ORI I 'R SR
HISFIE T T R HE T
24 FRAENBMYE
TE 53 e S B B, M i 28 6 A 2 B bn LA A
Y, e KA AR G fiff 75 SR /2 T 2 2 (t), BA R /M
o T S A 22 (), B

F
IBPBPIE/HC
1 f 1VJ€J
max z, (t) = V(g,1); (12)

PIDIEAC

Vi Vigeq

757k:172a 75]25><1- (10)

min z; (t) =

Zi Z[ce?x e

Vn f=1Vizcg

t) +cth, I <y, (). (13)



1574 # % 5

* R #34%

et celf ety AR5 BARM B n A3 Fo L
JAH SR B e B RIS i AR, FH T 1A) 45 7€ 19 X ek g
(KIHEBOY e FACRARGE DD PO VRS v, (8) 2
— AR AR R, SRR AE S T8 I TA] [A) R ¢ Y A Z3 B
O f BN X380, g 5% n N AR & %18 E—FY
BLO &€ o BoAL e 4, 5 NPT ALE wy Ml ws, H
wy +wy = 1B, Z HirB T EENEHIH—
(875

zg(t) —z;} s [zg(t) —23}

max z,(t) = wy X [

(14)
Forp 2] M 2y 70l 2 B B KB AN B /ME, 22 A
229 2] Eﬁﬁﬂéﬁijﬂﬁﬂlﬁ!d\ﬁ 2 (14) 7T DA H,
’ﬁ‘XTL W B A 1) 45 AN XA R i i) 43 B A

Se IR AR B AR R Z(¢), T A2 AS R s
LEIZA XIS SR E. A

G

)= wy(t)
g=1

Hortw, () 95 X3 g AH ST I AR A R, HL

G
(t)/z B, (t), V. (16)

max Z(t X Zg, Vt, (15)

[Xi@iig MR B o B AN 4 (¢), RY
zyf ig < zg V(gaig7nat)~ a7

. EEXELT)@@@%
ZZW% gt — 1t — 1), Y(n, £,1). (18)
g=1Vigeg

SHCY) B EAS I RIS R )

G

DD D Vayh( <ZV§)><V frt).
g=1Vi,cg Vn (19

Horpr sk wyy, (02 ENAR g, (1) > 0;
g (t — 1t — 1) Fom [ RIFE ¢ — 145 A, I 2R
P E A O f IRERID B n BEAT &V, RoR SRR Bt
(R ERAL AR 5 V, R 45 8 R R0 0 (1 B0 2K R
3,V (8) Feom A1 ¢ P94 58 258 ZE 40 o (1 1E 8L
X ] [ B 4 % R, Bk v 0 B FEAT R

g7 (t|t) =
j{: > i, (1) Q0)

t—1u—1-+§:%
g=1Vigeg

2.5 nﬂ]*#ﬁl?ﬁ%ﬁﬁa‘@ﬂﬂ’]h?ﬁiﬁf
IR AR 2 SO RS AR R VAN NS AR R Y- AN
PEAARRL T HON 7 ZE 3%, B AR B AL N 5 55

() — 21l T L) - 22T

BV ECIE AR SR Liﬁu TR S IBOER, Bl

minz Z Am (t) X [ Z (cey +

Vn f=1 Up=1

et 1) Xy, Xy, 5 (1)]. @
Sorfricen, Rets, 5 B4R BOBY V8 R w,
ST £ HROERCHR D m ) e B PO IR
A U, BRI VOB By (1) R — AR
A, B LI 1 9 AR 8 G977 w, B3
HRAYIR L £ R GHOL KT m I A B A
REHARAM L £ AR S AU B

L (X #.,0)

Vig€g

Ap(t) = —— ‘ . Q2

f}iwgu) < (3 7,0

f=1g=1 Vig€yg

555 0w, (1) Fe % 5 X AL g KA 6 K 0 0 A A
T, (0351 WBRE Iy, (1) O RALAR. . %
AR 7 S

G
DD st <Z%m

g=1Vigeg

<Qf7 (’I’L fvt)

(23)
ot LT, SR AL BE D B
2 TR e A, B

(] B ¢ P KB %
Triﬂi B RITE] g e — 1

Znyu

g=1Vigeg

< Qn (t — 1|t — ].) V(naunat);

(24)

Y5 (t) =0, Y(n, f,un,t). (25)

Hor: Q Row RURW) B n A8 73 B L f A7 i 25

Bhqn (6 1t — 1) R M IR ¢ — 150,

AE % WL 52 21 ROHR W 0% 4 L 7wy, RO AR T0 4 FE A7. 5K

25) NRFA Ry, (1) FIERZIA. T 8] [H) R,
KR G LRI 1 BEAE N

w (=1t = 1) + Aqy, V(n, un,t),

nylg

(26)
Forfr Aqr IR 45 5 (R B 8] 18] B P, Rob 1 55 43 1
Wy, WP AE AR P B e e 1
KRBT LN — MR, 2 4 e T5 AR
R S ARIRL T IE N @ (), TH SR 1) 3852 A0
BB a;(t) = @i(t — 1) + v;(t). LLEE IR N HTAR
S AL TR BRSO RR G T R A
IEARE I FRIC. B NSGA-TT 4 55 FE 257 1 B AE
J5 AR BN AR B AL T 5 B B e K R T o &



%74 A E HRARMTRFRE R &M T oRRS AT & 1575
I E AL TT . K2 YBEEIVBRAEEC=1)

W AT IR G RALTTVE, IR AR B AL E R
Ty}, ) MAHAE ST yE, (6) KRk, 13 20458
RGO N BRI R .

3 BBl

AT B 5 2L I T A b 1 A I e 4 B g xf
F 2 ) T DX Y B A ) (1] 3), Ak 2 (4) 75 38 5k
1 9 P 1 L e SR A A 45 21 16 AN K1 23 X 3853
BER B RIGEEMRGt = 1.t = 2F1t = 3MER
P2 AR AL 5 K1) 73 X S35 32 21 3(a) ~ &1 3(c) s, it
BiRETERRZALt = 1Mt = 2/ 1T
Wlst = 3BT IR L X I 2R 7K.

A SRR R A BRI O
(a) ¢=10F%]

A RermEgteing A BeEmsE b
(b) 1=2%|

A SR oG A RURMR T
(c) t=3mF%)

B3 SiHEXERzIRESAERE
H1 B 3(a) AT L A7 3 ML SRR FE I R K
Rt = 1, 3O L2 % s XA R AE AN

73 DR EE D X SR FE AR A, XSO RID Rk A 1 T
TPREEN; t = 3N, L1 B SRR FE Y XIS B K,
{EL (RTS8 €0 55 TR 2 (19 52 s T ARAT P H m. of
JS2 3 A ) s AR BC I 7 SR AN 2 ~ R4 TR,

Lo eeES I iR

152k Fiin Wi g AT
1 D.J.L 42.9 27.00
2 K. M 429 19.80
3 C.G 55.8 15.30
4 O.1 62.1 11.70
5 A.H 65.3 9.00
6 B.F 553 4.50
7 N. E 48.0 2.25
8 P 39.5 0.45

R3 PEMEVNEHFRCE=2)
LIPS

TP LI 5, iR

ek i W g AT
1 C.D.G.J.L 52.1 32.87
2 K. M 68.6 15.29
3 E.F.H.1 74.9 28.65
4 (0] 80.5 10.62
5 A 72.6 8.50
6 B.N.P 55.3 10.21

R4 MREENEFR(E =3)
YRR

e i WEw g AT
1 C.D.G.J.L 65.7 4272
2 E.F. K. M 72.3 34.18
3 H.I1.O 81.0 24.41
4 A.B 69.6 14.65
5 N. P 62.1 6.10

FH 2 2 ~ 3R 4 AT, 2 TR 6, ) — I 201
0 i v, 7 R 2 R T A, X — DL R 45 16 4
L5 28 B M 4. 304 DR A R 49 o 7R R A 6 e
35 1 A R A R 26 L 7, SIS 1) 75 il 2 S AR I S
14l S 7 SRR 44 D 6 S R R T 4 M I
S, Eh T R B S A T IR T £ 59,
SR R AL L MR AE I S — RN
SR ) 7 R R PR K 8 A, U DX R
i L A S O I 1] 9 21K T BB 2
L. G R AR B, FLIBE IR F 6 ) H008 T I 1)
8 I /8, 78 5 22 K, A R A R 030, 9 1 5 35
245N R SRR 00 G S 52 o, B O O R,
g ] SR B 2R .

4 & ®»

“CHIBER +7 D4 LRI AR T AR T
BT RH R, AR SO T ST TR T G
HR ST R TIEAT FIR AT, LA B
R X FR1 7 2 0 3 R I . ) = Sk B S
(ERIRE B RO R I L i 27 5 3 ST



1576 # % 5

* R #34%

R %2 575 (T 46 95 A 58 Bt B 8 A% ik
BEAT DS 9 X P58 75 SR m Al v, AR5 5 X R I
PEEAT B SR M, AL KRR D T 59 55
PREE R B R AR SRR A RE B, AT 15 21 52 5 X 35K
XI5y, G id BAL I B BTRA 5 X A 9% 2 S DX 3 8 o
. MRAE RN SFRESE, 5K SOk Fe s oL Hs
AL A B2 H SRR B8 73 TG 8 5 DX F) R Ty
S, B 5 RV ST 9 X ) 8 7 SR AL T, A AT IR &
PO T5 92 L 3 9 X7 SR A5 2 00T 2. BT &
B ) F VR SEI P, SR R A ST B LI AR S 2%
AT IR R, R 2 B 56 ¢ ) 3% s N TE 3 X
BACRESE. FHL b R RE I IR IS DL T, A5
32 B 9 A B TS A X N\ SRR

S E 3 fk (References)

[1] Duque P A M, Dolinskaya I S, Sérensen K. Network
repair crew scheduling and routing for emergency
relief distribution problem[J]. European J of Operational
Research, 2016, 248(1): 272-285.

[2] Dalal J, Uster H. Combining worst case and average
case considerations in an integrated emergency response
network design problem[J]. Trans Science, 2017, 52(1):
171-188.

[3] Musolino G, Polimeni A, Rindone C, et al. Travel time
forecasting and dynamic routes design for emergency
vehicles[J]. Procedia-Social and Bahavioral Sciences,
2013, 87(10): 193-202.

(4] RHCA, YA, XS FR A N S B 2 07 U AR
zhZs LRP[). B BEARL 22244, 2016, 19(10): 61-72.
(Liu C S, Kou G, Liu D B. Fuzzy dynamic LRP
for post-earthquake multimodal relief delivery[J]. J of
Management Sciences in China, 2016, 19(10): 61-72.)

[5] XA, 24h, AN, 7R JE N2 BE A BB E L

— B AR IR RELAE T (D). [ BB, 2016, 24(5):
111-118.
(Liu C S, Peng Y, Kou G. Research on fuzzy
location-routing problem in post-earthquake delivery of
relief materials[J]. Chinese J of Management Science,
2016, 24(5): 111-118.)

(6] XK, 5EA. 7= Jm N2 R G 1 A — B4R
] [1]. 48 LFE, 2015, 33(9): 63-67.

(Liu C S, Kou G. Location-routing problem of
emergency logistics system in post-earthquake[J].
Systems Engineering, 2015, 33(9): 63-67.)

(71 skEE, EAKA, A8, & MARIRYE L H iz
3 e 5 U JRE ) R A A SRR (D). P 5 R R, 2017,
32(1): 86-92.
(Zhang G F, Wang Y Q, Sun Z P, et al. Modeling
and solving multi-objective allocation-scheduling of
emergency relief supplies[J]. Control and Decision, 2017,
32(1): 86-92.)

[8] Defour E, Laporte G, Paquette J, et al. Logistics

service network design for humanitarian response in East
Africa[J]. Omega, 2018, 74(1): 1-14.
[91 Su Zhaopin, Zhang Guofu, Liu Yang, et al. Multiple
emergency resource allocation for concurrent incidents
in natural disasters[J]. Int J of Disaster Risk Reduction,
2016, 17(8): 199-212.
JRIR i, TRIE, TKE R, & BT S B MIBOR 3R A
227 VA (7], BG5S N TR RE, 2014, 27(11):
1047-1055.
(Su Z P, Zhang T, Zhang G F, et al. Evaluation of
emergency disposal schemes based on cloud model and

(10]

fuzzy aggregation[J]. Pattern Recognition and Articial
Intelligence, 2014, 27(11): 1047-1055.)

JEHAVK, FHIR, XmlE, & BT IES B 8UNE
7K 9 T KU PP AR — DUAR M T 9 [J]. R 4t
T#E, 2016, 34(11): 54-58.

(Gong Y B, Hu N, Liu G F, et al. Risk evaluation model
of flood and drought disaster based on normal cloud

(11]

information diffusion method: A case study in Xuzhou
city[J]. Systems Engineering, 2016, 34(11): 54-58.)
garrido R A, Lamas P, Pino F J. A stochastic
programming approach for floods emergency logistics[J].
Transportation Research, Part E: Logistics
Transportation Review, 2015, 75(3): 18-31.
Diaz-Delgado C, Iniestra J G. Flood risk assessment in

[12]
and

[13]
humanitarian logistics process design[J]. J of Applied
Research & Technology, 2014, 12(5): 976-984.

[14] Rodriguez-Espindola O, Albores P, Brewster C. Disaster

preparedness in humanitarian logistics: A collaborative

approach for resource management in floods[J]. European

J of Operational Research, 2017, 264(3): 978-993.

[15] Rodriguez-Espindola O, Gaytdn J. Scenario-based

preparedness plan for floods[J]. Natural Hazards, 2015,

76(2): 1241-1262.

[16] GamaM, Santos B F, Scaparra M P. A multi-period shelter

location-allocation model with evacuation orders for

flood disasters[J]. Euro J on Computational Optimization,

2016, 4(3/4): 299-323.

[17] Baker K R. The effect of commonality on safety stock in a

simple inventory model[J]. Management Science, 1986,

32(8): 982-988.

[18] Corbett C J. Stochastic inventory systems in a supply

chain with asymmetric information: Cycle stocks, safety

stocks, and consignment stock[J]. Operations Research,

2001, 49(4): 487-500.

fEEEN

BEHE (1970-), 5, TR, M4, WEWRAS
B T RIS, E-mail: doctor160606@ 163.com;

XIFERK (1963 —), 5T, %, LTI, NEVIR RS
A FEME S 78, E-mail: liuyangiu@sut.edu.cn;

21983 ), &, B4, NFHYR ARG E RS TR
4, E-mail: 94252305@qq.com.

(it FB%)



