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Abstract: In order to accurately predict the material demand in the transitional resettlement stage of
earthquakes and improve the efficiency and accuracy of emergency material mobilization, the factors that
have a great impact on the number of resettled population were determined based on the historical seismic
data in China. A prediction model of the resettled population based on GWO-BP was established, which
combined with the quantitative relationship between the population and emergency supplies, to predict the
material demand in the transitional resettlement stage after the earthquake. The experimental results show

that the GWO-BP neural network model exhibits high accuracy and stability in predicting the number of
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relocated populations, and can effectively predict the number of relocated populations in disaster areas,
thereby calculating the corresponding material demand. GWO-BP neural network model has a certain

application value in predicting material demand in post-earthquake transitional resettlement stage, and can

provide a reference for the decision-making of emergency material procurement after the earthquake.
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Table 1 Earthquake-related data

| | me | e | owere | ssa | SR s (})‘\D i ) S
1 WALEL | 7.9 2 5 7 656 136 2 11 000 2 300 000
2 Z R 7 1 7 8 959 000 2 11 1 075 000
3 ZHTH | 6.4 2 9 4 360 000 2 73 186 000
4 VUSRI AE | 6.4 2 9 4 365 120 3 102 103 055
5 PURE ™ 6.1 1 7 8 7 466 3 121 130 300
6 HIEER | 7.1 1 7 4 3 805 1 7 201 955
7 PO HE % 7 1 7 4 910 2 122 152 001
8 =) 6.5 1 7 4 900 1 265 108 8400
9 e A H 7.3 1 7 4 13 662 1 4 455 570
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| e | e | e | e | OO sk | PR SEL
10 PO S 6 1 6 6 30 655 1 340 243 881
11 B 4.5 2 6 5 90 1 344 83 000
12 VUM 6.9 1 7 8 3 000 1 1 12 000
13 BTG AT 6.6 1 7 8 5 469 1 12 10 500
14 s |7 1 8 9 73 671 1 3 000 176 492
15 | Brsbrsiky | 6.7 1 7 9 571 1 7 2 546
16 PRI | 6.6 1 7 8 200 000 1 320 870 000
17 PR | 6.1 1 7 8 7 455 3 121 130 311
18 ilE | 6.1 1 7 8 36 500 3 101 103 054
19 oL | 6.5 1 7 7 31 932 1 19 995 000
20 PN/ 6.6 1 7 9 86 1 50 120 000
21 ATV 7.6 1 7 9 1 858 800 3 49 2 500 000
22 ~HEE | 6.8 1 7 9 40 500 2 104 53 6000
23 i E | 7.9 1 7 10 18 567 3 6 1 500 000
24 WFEHE | 5.6 2 7 7 5670 3 6 800 49 064
25 e | 6.8 1 8 7 7 880 3 11 445 660
26 Rk | 6.4 2 8 8 341 700 2 56 96 000
27 HofEE 6.6 1 7 7 320 000 2 189 603 139
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Table 2 Normalized earthquake data
L4 JAERFE] ) wBEAE | BORRUE | RS | BURKF | AAEE/(A - kmT?) | KA
1 1 0 0.5 0. 352 959 0.5 1 0.919 918
0. 735 294 0 0.5 0. 666 667 0.515 902 0.5 0. 000 909 0.429 419
0.558 824 1 1 0 0. 193 636 0.5 0. 006 546 0.073 456
0.558 824 1 1 0 0. 196 391 1 0.009 183 0. 040 245
0.470 588 0 0.5 0. 666 667 0.003 97 1 0.010 91 0.051 154
0.764 706 0 0.5 0 0. 002 001 0 0. 000 546 0.079 845
0. 735 294 0 0.5 0 0. 000 443 0.5 0.011 001 0. 059 843
0. 588 235 0 0.5 0 0. 000 438 0 0. 024 002 0. 434 784
0. 823 529 0 0.5 0 0. 007 304 0 0. 000 273 0. 181 394
0.441 176 0 0.25 0.333 333 0.016 446 0 0. 030 821 0. 096 632
0 1 0.25 0. 166 667 0. 000 215 0 0.031 185 0.032 214
0.705 882 0 0.5 0. 666 667 0. 001 568 0 0 0. 003 785
0.617 647 0 0.5 0. 666 667 0. 002 896 0 0.001 0.003 185
0. 735 294 0 0.75 0.833 333 0. 039 589 0 0.272 661 0. 069 649
0. 647 059 0 0.5 0. 833 333 0. 000 261 0 0. 000 546 0
0.617 647 0 0.5 0. 666 667 0. 107 555 0 0. 029 003 0. 347 335
0.470 588 0 0.5 0. 666 667 0. 003 965 1 0.010 91 0.051 158
0. 470 588 0 0.5 0. 666 667 0. 019 591 1 0. 009 092 0. 040 244
0. 588 235 0 0.5 0.5 0.0171 33 0 0. 001 637 0. 397 386
0.617 647 0 0.5 0. 833 333 0 0 0. 004 455 0. 047 029
0.911 765 0 0.5 0.833 333 1 1 0. 004 364 1
0.676 471 0 0.5 0.833 333 0.021 743 0.5 0. 009 364 0.213 599
1 0 0.5 1 0. 009 943 1 0. 000 455 0.599 592
0.323 529 1 0.5 0.5 0. 003 004 1 0. 618 147 0.018 626
0.676 471 0 0.75 0.5 0. 004 193 1 0. 000 909 0.177 426
0. 558 824 1 0.75 0. 666 667 0. 183 791 0.5 0. 005 0.037 42
0.617 647 0 0.5 0.5 0.172 116 0.5 0.017 092 0. 240 482
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Table 3 Earthquake disaster prediction data
. X - 5% NS, | 2R/
5 2 Y] 5 L §J i \ﬁj i i NP2
A | KRR | BRI | BRIRZUE il TR O - k™) i
PIJLZEN 7 1 8 73 671 1 3 000 176 492
x4 BEEE
Table 4 Parameter setting
EY k, k, ks k, ks P 0
BH 2 000 1.6 1. 66 0.5 1 3 1
x5 WNER
Table 5 Prediction results
R E NBU TN KHK/L i/ kg iR/ X Mk %/ 150 bt/ %
9.98 598 800 479 000 497 000 49 900 99 800
kW, TR AL E N 9.98 1A, P IR BN VR, #0975 oK i
ESEBRMA 9. 94 J7 N R | 3 B i A A 2L Ay 2) MR G o I P 2 B By B 0 i oK B AR Y

S
4 & &

T kB, R ETFELAERLE NN
9.98 JT N\, 552BR1H 9. 94 J7 NHE %L, 150 W 1% 45
RUTE R 3o U 22 B I BE ) ) 0 = <R Tl Oy Tl A —

1) GWO-BP #i & M ZE B RIAE WAL 20BN ARk, BE 0 7 i IO S W) % 114 2 47 ok o 42 1L
HJ7 T, 2B B e R AR E M RE A %
2 % X #

(1]  TBE, 1R, RIBE, F. wENSBEXRNENEDHRLI]. XEZ

, 2013, 28(3). 166-169,197.



510 FEABAE BT GWO-BP YRR ek i 42 5 B B o7 2049y W SR Fotil] *23-
WANG Haiying, SUN Gang, OUYANG Chun, et al. Phases of earthquake emergency response period[ J]. Journal of
Catastrophology, 2013, 28(3) . 166-169, 197.

[2] BRI, IR, AT SBENSEMRNESTREARLI]. BESR, 2018, 15(3); 459-466.
CHEN Gang, FU Jiangyue. Multi-objective emergency resources allocation with fairness and efficiency considerations[ JJ.
Chinese Journal of Management, 2018, 15(3) . 459-466.

[3) FAR BRUREREERSONNSDAREL]. ARICHE, 2022(9): 58-61.

WANG Conghu. Build and improve service demand oriented emergency material security [ J]. People “s Tribune,
2022(9) . 58-61.

(4] DHEARFRNENZEES. (“TIOH” NRYIRREML) B[ EB/OL]. (2023-02-02). https ://www. mem.
gov. cn/gk/zcjd/202302/120230202_441507. shtml.

(5] SB35, BN REUMEN SRR KIS ERRLI]. MELRE, 2011, 30(22) . 27-29.

GUO Jinfen, ZHOU Gang. Research on emergency material demand forecast method under large-scale earthquakes[ J].
Value Engineering, 2011, 30(22). 27-29.

[6] U35, 359, SSR. BT IACO-BP BB REMAMATRIMNI]. WA TIASSE, 2019, 41(3) .
332-338.

LIU Fang, FENG Dan, GONG Xueran. Demand predicting of emergency supplies for flood disaster based on IACO-BP
dlgon'thm[,]:] Journal of Shenydng University of Technology, 2019, 41(3) . 332-338.

(7] ®=5. EF PS0-BP BEMNBSHVRKHMBN B RFTRIVUHAFRLD]. LR ARIBEARE, 2020.

FAN Rui. Forecast of large earthquake emergency material demand based on PSO-BP neural network [ D7J. Beijing:
Beijing Jiaotong University, 2020.

(8] BB, B%x, B3E, F. BT CGA-BP LN THXNBRERENIEMOHI]. RESMETIE,
2017, 24(5) . 43-49.

ZHOU Dehong, FENG Hao, FENG Wenbin, et al. Reliability analysis for emergency rescue capacity in the chemical
industry park based on GA-BP neural network[ J]. Safety and Environmental Engineering, 2017, 24(5) . 43-49.

(9] MIRJALILI S, MIRJALILI M S, LEWIS A. Grey wolf optimizer[ J]. Advances in Engineering Software, 2014, 69.
46-61.

[10] £, 2. BP BENSERANRFTFRINPBIN A U T ARINABIL)]. PELZENZFIR,
2013, 23(4): 20-25.

QIAN Fenglin, CUI Jian. Application of BP neural networkanalysis in forecasting emergency demand:a case study on
earthquake casualty forecasting[ J]. China Safety Science Journal, 2013, 23(4). 20-25.

[11] BB, [T, TRl ETWREES P BENEBEREEE[)]. MEBFHSITEN, 2018, 35(3).
19-22,27.

YANG Shujie, YE Xia, LI Junshan. BP neural network for image restoration based on grey wolf optimization
algorithm[ J]. Microelectronics & Computer, 2018, 35(3) . 19-22,27.

[12] BX#E:, TF, @FS, F EFWRNCEENEXREMNEELHRI]. WATTEN, 2023, 29(1):
45-49120.

SHAN Wugian, NING Qian, ZHOU Xinzhi, et al. Research on irrigation area discharge prediction model based on grey
wolf optimization algorithm[ J]. Modern Computer, 2023, 29(1). 45-49120.

(13] CHOU Yiingjeng, HUANG Nicole, LEE Chenghua, et al. Who is at risk of death in an earthquake? [ J]. American
Journal of Epidemiology, 2004, 7. 688-695.

[14] ARMENIAN H K, NOJI E K, OGANESIAN A P. A casecontrol study of injuries arising from the earthquake in armenia,
1988 [J]. Bulletin of the World Health Organization, 1992, 70(2). 251-257.

[15] BES, Wk, INSE. WBARGOGERRETEASKEAL)]). TR, 2021, 38(12) 1-16.
YAN Jiagi, CHEN Xiangzhao, SUN Baitao. Review of estimation metods and systems used to predict earthquake
casualties[ J]. Engineering Mechanics, 2021, 38(12). 1-16.

(16] RAMIREZ M, PEEK A C. Epidemiology of traumatic injuries from earthquakes[ J]. Epidemiologic Reviews, 2005,
27(1) . 47 - 55.

(17] E5RME, ENH, &85 =& BP MENSRETDRBBESEZRRLI]. BIBREIAR, 2017, 25(5):
29-33.

CAI Ronghui, CUI Yuxuan, XUE Peijing. Research on the methods of determining the number of hidden nodes in three-
layer bp neural network[ J]. Computer and Information Technology, 2017, 25(5) . 29-33.
[18] BBX, S0, HER, 5 HENANEITROERIINE . REmBERNER A1), ZBR, 2001,

23(1). 69-76.
NIE Gaozhong, GAO Jianguo, SU Guiwu, et al. Models on rapid jugement for the emergent rescue needs during
earthquake ; by analysis on post earthquake events[ J]. Resources Science, 2001, 23(1): 69-76.

fEE®N: A4 (1973—) 5B gAML Tt ml 2z, EENFEN2EH TS
THEH XSS R ﬁ\ﬁﬁfﬂi@fﬁﬁﬂﬁfﬁﬁo E-mail . weizhan@ ucas. ac. cn,





