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Abstract; [ Objective]To address the complex spatial distribution, significant heterogeneity of demand points, and insufficient
efficiency of resource allocation in emergency material reserve location under flood disaster scenarios, an optimization approach
integrating demand-based zoning and hierarchical facility allocation is developed. [ Methods]Multi-dimensional feature vectors of
demand points were constructed from three dimensions, including hazard, exposure, and accessibility. After normalization, a
self-organizing map (SOM) neural network was employed to achieve topological mapping of high-dimensional features. The
within-cluster sum of squared errors was calculated based on the neuron weight space, and the optimal number of demand clusters
was determined using the elbow method . At the subregional level, a primary reserve location model was established, with the
objective of minimizing the product of demand weight and transportation distance. At the global level, a higher-level reserve
location model was constructed for optimization. [ Results ] The results showed that the optimal number of demand clusters was
determined to be 34. Based on the classification result of the 34 subregions, primary reserves achieved effective coverage of intra-
regional demand. On this basis, eight higher-level reserves were identified through global optimization to enable coordinated
resource allocation. Compared with conventional method , construction cost was reduced by approximately 16. 1%, and the
weighted average response time was shortened by approximately 17.1%. [ Conclusion ] The results indicate that the proposed
method can effectively characterize the multidimensional heterogeneity of demand points under flood disaster scenarios and achieve

zoning-driven two-level optimization of reserve allocation. Through the framework of “SOM-based zoning-local optimization-global

coordination,” the spatial adaptability and system efficiency of emergency resource allocation can be significantly improved.

Keywords: large-scale flood disaster; reserve site selection;

cluster analysis; multi-objective optimization; demand

heterogeneity ; self-organizing map; emergency material reserve; influencing factors

0 5 &

i EBA AR R . AAEE . kB
FAERE Y B R R R AR X AR A
TEREEEAAERE I, FEOY SRR I, KA
FERNI B AR B, BERE TN ARGKRAEN EaEH
P PR R R, 2B R E B R AR, AR
YN E L R B A RAR Y o AR R, Bl G 3
B0 G IR BE A A o A ] PR A2 K S TR W B R
FUNE, AT ARGt B 0 R — b 2 N RBEA A A
RO 7= i AR RS . MAEAF R S AR i it 5 9 5
K, FHRAGEEN BB SRIR . AL E
T 28 A PR A2 RN K o A A 7 T A B B S M H
i FE R

FEeht HbR T, ST 2 LA | R
TN RO ERR( L 1), CHEN % DL 5 %
X Z [E) B /Mo B As, BE9E 95 B B I B i it 9
B i1 311 SO i A Al 5| I 5 b i s 3 71| YN T s
B | BT M A A, B 2
ek S e ht - B AR DR R UL AR A Bl BE ST TR A,
BT AZ DAL HFR DA & 2 2 REE TR K . WANG
20O M RAR I RN, A R S ek bk
BRI — 20 e T N SRR A, B
MR ERE H AR SCIN 2, OKSUZ 45170 # 1Y DL IR
I s 77 A i 1R AR R 45 172 Nk H AR R B
E1grinn1| L LU PRI S ok SRR 3 N (58 s A N NI = R 79 F

KFKEBEAR(PHRL) E57%5 2026 FE 8 H

Ay Z2 BRI SRR, ik B2 H
P28 FlbR I 22 H bR S AU ) K R a3

FESERE SR 7 1k 7 1, VEAL R a2 R oA
L1700 TOPSIS T R (A A TR A
(T g S ST 1| 1| S |50 57 % 7 0 R o W 51
KEVFRS  EEXTERARBIR | R E 242 Hin
FRAE S E R ), W5 RS, — O, IRE
BB MR 5 T TR A rp /N RS R k] R
E s LTI < S YA o O 7 R - )
P OBGE kD A S & A e & U
ERE T2 N TR HE (R, B TR AR
e

FEREE A K2R Dy T, A SE N A R — PR R )
ZHNFRLGAEDE, N 237 KF-F 58 4% 1
SRR ERME R, MEEE AL, &
T SIS A B 4 B A A G ik ) R, LT AR
KB Mg NIE B S0 5 8 DL K 5 TR
N R IIVE RN CHEFR FRaN A5 &, & N 2 ) W A
PEENE e, E—Hh, MIERIX AL, Wi KRR
TN 22 B O 25 TR 28 A0 740 W7 o 40 A o ik e SR A 2 1
TERG EVE) IR, AHMADI 2822 75 2% 835 it ik
TE5 T A E = g pE kA DUIR T N & R G nl A
M, BRI B I A KE R B ERD H
% T SR 0 S SR A ) O A A% R ok ik o A
rhg A,

JAEA WAL AR | B RS LN M

15



iy

FER, S/ RERRGRESEDREREEEEIA MR

Zre 5 S ARy TR IRUAS T AR T (RS R
L E7 R F AL . — 2B Z X5 R 2
XIS TR (4 20 R A R 2 SR AR R it A
g5t BRZ 002 R RIR R RGBT, R
B7 ICEALAE 52 B DXCIRIPR )y | IR BRI B 52 K
SFMAVRRE, TRGE T & KY) GRS IR R DN “ 5
SRR R AR

AR SCAR H 0TI [1) RS R 7 9 3 1) 0 2= b ] i
HEAEZR, EOME 2R ORAMESS ], I A A
B 2 P &% ( Self-Organizing Map, SOM) Z)] 1 7 3R
23 B, SEELER R USRS s HUKH ST g5 45
SR 2T ARGt A PE R IEASERY 5 deJe A s LA
TR B R 5 £ A e MR AR IS v 2 A 4
VEHEREHY | JF38 s AR R S 22 H AR 1m) B8 H AR Y %
b, DT 4 g 45 A % AT A R 5 S B A e i
“23 77 FRAECHETE KNS S I AR R R, RS
FL 57 2 SAR R ACA BRI 34

1 BREEE TR

1.1 =B

FKH o IXJEHEhE” PSR ARRmS (WE 1), '
Se, WL SOM WiF K s AT 2 [ RS, W I b KA
B bk [ AR 43 A AR ST 7 D3R, DT 7 £
R R S B RRAE 1 ] s A 205 R AT P AR ASE ;. Lk,
TEF XN AT HAE 2 el JF ARt BERT -T2
&) )Z R RS R (LE )
1.2 3R AZ B TR S
1.2.1 FREBIET RS

BT RAFER o R fa R i | B A S st =4
AeFE (W 2) , H, BREEEAULIA A 5255
B[R — R L AR B DX R A i 55 PR AR, R
FEM . A2 RN M X A 7= B R XA A7 B 1 Ry
NG, ZhnfELab B S A SOM.,
1.2.2 SOM

SOM #% 51 A FH F ZI il 75 5K 55 AF 2 4 R34 25 (8]

{ [ PR R } \{ { B P HE R J
d’/ | E ,,,,,,,,,,,,,,,,,,,,
| ks | Dep,h,W ;iZiZ——4 Rt %ﬁf# |
GDP, 3
s T = 12 [ 7o | BI85 RO e |
| | | |
At
| 1 2SR 2 P | [ LR LS J
————————————————— b L wihi |

HREERI 5

* SRR R
wss | e
HERERE [— @ OB ENME % X & #
Pt KA 45 P

1
Fig. 1

16

& R A% & EE IR LA R SR HE SR

Overall framework of site selection model for disaster preparedness material reserves

KFKEBER(PHRL) $E57%5 2026 FE 8 H



BREENE &R E A TR

x1 YEBEEEIFRTIRK
Table 1 Current status of research on material reserve site selection
T IR g kK 25 3CHik
N WANG %11, GENG %", CHEN 4%,
Hﬂ‘lnﬁﬂﬁil"\ i 5 ;T(:F[%] IH(?K%"P [4] v
S E AR A X1) 2 [27]
Pehlk A bR WP RRAS . AR WANG 2157, s a2
BT A%k OKsuz 4,17
R AR 7 2 R IS AR ARG I AH B H A KRR/, e Fyatel?]
e/, R A0
BUATE kAP FENG 45010
PG 7 i TOPSIS 3. &% 11); KONG %['?); PANG %1%
RETM . 2kl
FVENN RO HER MR ;. MARTATS!
s SRS LUCAS'®
GA: SAEIDI %105 320270
[30:
SRR NS(:,A-II_ Eﬂ!iﬂ‘frﬁ
NSGA-IIT. SAEIDI %!
Ja & =5k ACO. WEI %1%
PSO. BEIKI %[
SA. JA#%D
I kY. WANG %05, LOFFLER %!
BT K-means F1 NGSA-TT ; 3k 73 pp25 (2
o T AUR RSk, b He
s
2. 3o 11 %12
ok X#““ LITJFUS
G . AHMADI %512
LAEES BIESA: BHREE S kT
‘ BIRARIER AERE Ju kY
LR R E 2
I AL AR RS
PIEElE . Bk
Mt R
*F2 IBREEBNNXER
Table 2 Correlation between indicators and models
2% 5l =R P & X H &
R R Rl R RE W SOM #ii A
e WV VR Depth, Wk L TR
UNEE: ;- Pop; UNIRE: -2 T RAE 5
TR ZRN P TR SOM #i A
GDP GDP, SR SOM i A/l KA
T [EE DA L 25 B U P SOM % A
= e U B d; SBRIE HeHbp
FRSRBERR AR, KISH ICE TR T, AR ()VHIAH—LREA & (p=1, 2, -, P)(P R
“ffﬁg\%%V&TLiéﬁﬁﬁfﬁﬁﬁﬁo HINJZ ML mAﬁ)ﬂ%'ﬁﬁﬁW EHE@%
SOM i TL B sa g2 2T AL, KM ERR e e 200E BEs Wl ( 1) ], & 5% AR B /N PP £
AeFRFhasa], FECRAFRE AR UM ¢ 2R 19 [R) sl S5 B0 55040 G, HAKXN
SR AL FEE T AR U A AR DL A ; —
TR S 2 R T, SOM R T = & G ) (1)

<m@%%ﬁﬂ—%ﬁ%m%ﬂmgmo=
2, o, ) (AR TR, BUERIIRIEIE
%ﬁmgmﬂwﬂ%@ﬁnmu

KFKEBEAR(PHRL) E57%5 2026 FE 8 H

Eav AN dﬁ%Aﬁﬁ%%ﬁﬁxﬁﬂﬁE%E%-@
R p ANRAREA B j A A 2 TAUEL; x,
MAREA,

17



iy

FER, S/ RERRGRESEDREREEEEIA MR

(3) 5 SURIEABB N, (1)

(4) VB BB 11 SAUE, HAL N

w(t+1)=w,(t) +n(t, N)[x, —w,(t)] (2)
A, w,(0) W APETTIRUE; (e, N) N o B
215 2] %

(5) KBNS IR T 4521
1.3 FRAEEEEIAEEY
1.3.1 FERE

i oRAE w, AN

w; =a X Pop, + B X GDP, +y X Depth, (3)

X, a. BHIy SEHMIKIF LY, FIRRBEL
Ay RAE 0.5, 0.3 0.2,
1.8.2 HBAZEI

WL SOM XK s i AT RA M, TR &

BIAFOR AR BB, JF DR/ MEZIEES S H bR
ek,

(1) BFreR%r, B— 57 K ARG X i At 45 P2
AR TE . HAbReRECH

min 21' zjtwidijxij (4)

Kb, ITATRGAES; JAEEEES; 4, 2K

S R B, w0, WK SR, B P
SRAFEMVE, x, K1, FIH O,
(2) RIS R
(1, R R R
i lo, AR ()
(3) A, B B TR A i
e, AR

.xijzl,ie],je] (6)
1.4 SREFEIRUARE
1.4.1 #A &S
(1) Btrest, BHRMEITEALE
Loy
= Z ngwi/d,.jxga[/ (7)

A, o AR j R ETR A PR,
SURAHR S A | PEARRA A | s A
AR A R i SR 7 A AR A, AR
Joa =/ 54 L (8)
X, f WG f, AR WA £, isk
WA s f, NIETRAS, YR SR R, H 7k
FARAES A, AN

20((1 - Zaj i ]) (9)
=K, 0ﬁ$h@ﬁ&$@%% V. 2 ) I 3 kA A

18

Xof IR 45 Ak J AR A Ak B
WEL TR AT I 5
L R

[ ) 2% PEE 5 e B KA S 276 A B/ IME,
22 BRI (max f,,,., min f,.), JETR
fif, RAMBCRIEXT ik 2 BARR AL T 640 (A, F1
A, IRIES T SCHR[ 42 [ 43 ]88

min F = )‘1fcosz - /\2fvalue

(2) IRAE
1,  H&RKYEAERE )1

TR s
0,  MmIWAHGAL

1, fEj &SRR
&z%, SR (o

(3) WM, FEAFA RE/NTIEFRE N,
HAH

W B AN T SROKE I A
q; NRK G R AR

(10)

0<Q,<UX, jel
KB, U Y& R
PNE R gL =R i E /L9 nS N iU NE Sy
Za<0
Aﬁaﬁimﬁéﬁﬁ B 1] T SR PR O
X,-X, <0, iel, jel
AT R B — Mt A B T JL s ) e

ZX_/I (15)

%ﬁ%@mﬁk5MﬂLmTﬁﬁﬁﬁkﬁmﬁ
R

(12)

iel, jel (13)

(14)

rel, jel]

J
da,<gq, iel, jel (16)
j=0
1.4.2 BAEREHELE
IRAGE LB A R A SUORAS S 45— RN A

AR, AL HEA ™ A B 2R FARIMA ik
GAE T I R MBS 28 5 B AR e, % st fe
SR IEAT T, AT LA T R A A SR AL S A
R, PR RIE R
(Uﬁ%ﬁﬁﬁﬂ%ﬁ# B e AR Bt
JE— IS, AU BCE BRI AR E 100,

(2) ¥ I B B bR sR L F 5% e 185 B B pR AL
1
f’nmo

(3) 4 T PR ISR LR M SR, 5IA
AR N JEE 1A 3 I ] s A S 0, 0l I (AR
W, PR SO AR RIS S A 22 i)y, AR B 2

KFKEBER(PHRL) $E57%5 2026 FE 8 H



FERARBIAAR s 3G L (E R/, PR RS SURE R A
ARFAER M Z IR, Fiﬁﬁwoﬁ“fﬁ

( P cmax  © cmin ) (f f min )
Pcmax - > f 2 favg
Pc = fmax - fmin
Pcmax ’ f < favg
(17)
( Pmmax - Pmmin ) (f - f;nin )
Pmmax - _ b f 2 favg
Pm = fmax f‘min
Pmmax ’ f < favg
(18)

b, PR, P, NERKAANR, P, Hk
INESUR S f R ERGE R xJ@ﬁﬁhﬁfEhﬂ
FERERN B P, N RRER; P IR RAR TR
P NENESR

(4) IR Z 1k SR TR BT A AR KB

2 LRI A

2.1 WHRERH#ER

SO DX [R) AL IR A, K R AR, R
EA B %4 HE ﬁkﬁ%LﬁoﬁﬁﬁﬂL%%m
AR A T TR G 3, VT I S8 T ) 67 % 7E 3t R b
O?Eﬁﬂcﬁ?ﬁﬁm%%mm%mm%ﬂ%,
L X5 J ) il = ) R 9 22 b b, T 2 e R OK
%,&mmﬁﬁgm,%rmﬁmwmﬁ&mkmo
2023 AFMER] “23 - 77 MR UL KR 1963 4F L
R0 fr o T S F, TR O X A2 KN H ST
500 J7, RAEYIZ K IEAGE 46.7 5 hm* | HEEZHH

JeiET440t,
2.2 HIERBETFERSHE
2.2.1 HEXR

15 FH B B S R KR PR AN 3 Brsil
2.2.2 FREME

HF GEE =F 4, Al Landsat8 244848, &

landsat8

iy

FER, S/RERRGRESEDEZEREEEEI MR

®3 HBIREBRFRR

Table 3  Data types and sources
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Fig. 7 Sensitivity analysis of objective-function weights
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