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X HLEAT A BERLRI A0 JRy B v T R A X A
TR RE 1 . MRS RLpE A A i K, (R ik
W R A RS R (Berads, 2023).
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LA, O TR U5 38 38 B DL TG 8 R S 4 N2 %
kL UEE SR, TR BB AL, R
PRS- A REERE ) (IKRIEDE 55, 2019).

AN 2 REXE S BT PR, R ER A T
i B 2 e By e bk R AR5 18 . S A /2R A
FLL R it w7 T 0 3 EC P A, T T 2 3k w3 T
ARE I PEI B RS . HET, 3 N 2k
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Gy B VEANR 71 o TR DV 2GR XE 37 BT VA 48 Bm 1 6 25
L EEUIR A AT FIAT RO TR ) A
FEAEMEER B4 R AN FE bR o B AESE (2020)
KRG R ERUR S AR . RS A T
Ml ss &R, ABYAGAmA ., ADBCE ST, X
V7 2kt e 37 I AT A 55 B VAN o Si4E (2023)
7 JEREME S B () RTIAVEFNEE B, RN DB
BB B G N =R (S R A A = A A B 1 VA= B
ME 3 Bt 0 3 ik A2 (8] A )Ry o Senik A1 Uzun  (2021)
PGB . ATasdE . i, W T aREET L
FOREEY . BHIEBERRES . BE  B T gk . bR
HEKEE RS | BECMAT AR Y . BRI B R 8 4
P B E kIS BLPEARIE, X 4 H-H Diizee 17 56 4> )i
kS Bt AT AL o Ommi Al Janalipour (2022)
bR 7B IR E AR NGRS T AR R
WM EREE R R, BF 8T AT RRER
HAh K FZ )R] e, X B Sarpol—e Zahab i 24
WEXES BT e AT PPAG . sk B (2016) BEIBUW 2
WEXES T A DR . RS IS HE L )T RE AR
Bragbn, DA DXORUEE X 10 2k X 37 BT 1) e bk i 47
(P D o ] e o 3 D W A B 377 T B v
(RS I TN =R o IR 1 T E R a8vig i R A A =R T
AN BE A8 B X0 1 M e W 1 2 skt ik 37 BT R 201 O
2 M T FR R I 2 3RE X 3 T DE H 9 OC B 4 A
(You&§, 2023), HAfEZEN T I AT
PERARI . Bl 18 AR 25 8] 73 B i i i L M
N TR REH AW A, ) e AR AT PRt |
W B REIRIGHOCERF R, Hirde &2
e 37 T A 205 e X TR ) M R
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A R BCF RV AR GIS 2 M A3 A he AR, X3
PEATPER AT . B BPE 5 A R IR G ik
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18 3T B4R 7 HE e 15 TOPSIS  (Technique for Order
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Wik, MR R RS, BOUESF (2023) R
FH AHP X PPN T8 FRAL | FER FEVE B0 & 20
WO AR T RAT o3, i 18 B0 X 2 bl B 2 sk
MES I 22 MR AT VRN . SRS (2019) SR
FHAHP M BRI PEMBIRL, 4585 ANH XD
TS5 H H GIS 25 Rl 73 A Hyhe . X g it b S
SDREEG PR S AT I o Alawi %% (2023) A
M GISEAR, 4 AHP MUMALE Ny Hr A4 5, 3F
i F PR T 3 /AN [R] |l DX 114 17 22 3 X 37 ot o b 7% 11
FROWRL . Yao 5§ (2021) HET GISE A, RH
TOPSIS B 15X 24 Z2 ) 57N 7 223k i 3 e 1 22 4 e
AR MR L AT I M E AT VR AL o g R 5K RO
(2021) RIWEL B ERNE, BRE KO
M GIS A, X K AL I XA R 2 XfE 37 T
HAESEAT PR o LA AT A R N R X 3 BT T
WA B R, O R AR A AL 32 BER ) AHP U7
VEBEAT IRAN B 2 WA i 509% 1Y LA E AT 1] B
WAL, PEEERLS T EU, GHEMEAR G, 1
Oh, SEBRRE KA BA B AR, AR A AN F T
SUREXERS SR, MEUA WFE R A R X B
TSI, IR 4T

BEXS R R, 7R ST AT TS 2 Y
Behih B, ARGk ATaAE L A AR R
W 4 A 24 2 T Jon 4 T b AA) T 7 Sk M3 BT K
BV AR AR IR F , JF R Z IEUIE X 2% 16 bp
AT EPEAE AT, DAL 5N PR i TR
WA, WL B GTPM AR, R R E
257 FIEIR A A WAL (EW+Z M) AYALE &
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WrRiRL; [, B IERE R E RGN, AE A
FHEAT 2248 SR B, LA S 3l vl oz 2 A R )
R RGN S
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2.1 WRERER

S| s Sl = S S S N ES A N S =
sZ o dbatn ST AL 16.4 km®, 2020 4E119 5
fENF 2189377, J& LAY KA T . dbari
e R A >4 G MR T 200 Uk, B E ISl
Zad 8 HIFE (Youss, 2022)., MR X R EKE,
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[ T 2003 4R HE AT A — AN 2okEXE S i, RPdE T
JURERI IR 5 ik 2 e, n] U b s e R e ke
HLA AL PE AR e vk o AR S AL BT N 20 B
2022 AF N A N ok XE S BT 44 B, LA 2022 4F
Ao mt — LR N 2k T 175 57, A fedb sl
BAFEX . HIEILE AN EREE K. AM4E
e, RAEREWRRMAG . SR IE K T HAD
M DX, I LR kX 7 T 32 A0 A AR P X
(A ZAe 5, 2021) . FrRAAR OB AL H IR N Y
AN ZGREMES BT OIS 5, HARAL R A I A
SR ARFG R 3 FEAR, 59, dEa T
AP N ki I BT 43 A an 81 1R .
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Fig. 1 Spatial distribution of emergency shelters within the
Fifth Ring Road of Beijing
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G4, Gl R FOHE . IR
MGt POLE S, ATARICEE S ALA . A& )
T B 3l B sAL, DA SO 2l xE 37 BT A (S B
HT Google 218 (M43 HE#0.23 m), il AWML
SEEAFVE, A UV OREXES i N B SR R
[7i] I 1) R PR BN 45 WHU fiii 28 i s g (2
] 53 H8420.3 m), SR Z20EEXES T N AS e REXE 1Y)
HHY . X GF-2 BB BRI T AR M E bR . AL
IE. RBlGEEALEE, S M HERIA L m, #
T A TREME T KR BB (FETE 1R 45, 2023).
FETRG IR GP-2 523 42 OGRS st i sk B s 42
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TRECP T EEYEEX, HLRE L+
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T HOR 2k X T N R, RIS A b T
Wrsdats oA, AT A AT SR R . N D B R TR
FH-EWREE AN DEA AN, NEFRE S 54T,
AN OB I AreGIS - 3 R w AL A H . b mt Tl i
KB A VR T 2022 HL P b BN, A FE T P
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B ONATIE R LA AR AR SO B
PR PR TR DL I IR 1 s .
3 MRTIE

ARICHI B . GIS MGt # ik, &
EXE ) BT AR B A AR A, A 2 TR AR 3K
W T PP R AR IR R A R AL . FEFRAL
HIFE IR E T DL SR LULAN R 4,
FARBL R 2 iR .
3.1 RREMIFMARNDTNIERERIGE

3.1.1 IEFRIKRNIE

N 22k X 7 T AR 3 ) % 3% Z PR AR LR A R TR
MERRG . HT SN, Bl AENRE
TIVFM AR AR IR ZR , FE T T8 bR B T 2R 25 &
PERARG M . B PR A AL | R eE R AT AT
JE (53, 20165 5K 4%, 2019). 4E <t
O Ik b R e B R BT (EAN) LRI
BL) . CHLRE N 2ok T K B R ) (hAg
N R M ] ] G I M S 928 ) i v [ [
FIRMEALE FIZE 514, 2008) ., N 2 kexfe s fif (A
WFoY, ARSCNE A, nTiktk . AR B
AT HE B HE bR, IF 80 KE DM 7 TH AR G
LR T | MRS 14 D8R, #
BN SGREME S TR R I PEM AR AR R (E13).

(1) %4, A rEds iy =N 20kt kg i A<
HHE IS4 4 (Wang, 2019), A5 H W
ZUEE RS . FERAAEZ®A. S, 1) BB
S4AT IR RS o N 20kEXE S BT IV G B T S, R S R
SUH RGBT, DA A I L) 8 A2 B 5 R
o 5| R kA g E o MR b BT T b AR K S A A
K FHZZ o DX B e, % W7 24445 43 591 2% #1000 m
2000 m. 3000 m. >3000 m. 2) J&H2E&A 52
R MZEARDIREESNEY, Bk, b
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Table 1 Data required for the study in this paper
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Fig. 2 Technology roadmap
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Fig. 3  Evaluation indicator system for carrying capacity of

emergency shelters
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2018) o Ay ELAICFz W A B 2K st 1) 3k X A 22 [R] 1)
FEES, ASCRHMZaHrE (Mads, 2022), DLE
PR SEPRAC R, 4% BRREXE L P SR GO B LT, D
1253000 m, [M252000m, M2£500m, Kit8E R
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A5 X T AR SR A ST DX P N X8 AT 3K A A5 M
GRS ke B 23 18] o0 A 19 A (You
S, 2023) NI aT kA ke i AR R Ik
ME N D3 7E BE B RN 23 )L 2 38 ki 37 T e A P
EXE I T A R 55 KT e o e sExES T IR 55
N B AL, N 5 IR S5 F & A
2, NIk A Rk T AR F BT A
F =358, (1)
K, S, A RGEEE TR, S, oA AR S5 v L B
UNIEE &

(3) A8ME o A 50 1A B0 3kt w37 JUT 9 B 1) 4t
YhTE T, KR SR RN I T B AT — A 1 A5 (R s A2
WEET K (Wang, 2019), GF5HSGEMER . 2
GINEC. NPVECE S | B TG JFEs )
Foo 1) ARGEMETIAL, 256 (ARt s &
N SGEEE T (E46) BLRIANEE) . DB11/T794—
2011 (b T Ty s o o 2 [l b 1o 2kt ik T
BEVTRLTE ), I SO T A SR E A . 8
T AR 25 b P A 3R o b T AR AR o A
B ZHYEEX . KT 77 RBES S AL T
TSRS W AT A . AR SCIET Google 5214
WHU fii 25 (S 8 dis % . GF2 & /%2R . DEM
AR . CF-2 4R M B 42 5 Z U5, SRR B 2
3. ML gk (EHREE 45, 2021) 4RV
3R XE 37 FIT PN A B JRE E 1) S BRI L KR
TN E A AR DR B A 0 R T R
X 3 B A A ke ME AL S, (You 25, 2023). 15
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S,=S;-S,-S,-8,-85, (2)
Aof, S, A AGEEME T R, S, Ol N 2k XE I BT
AR, S, M ESRY) R B SR T AR, S, K AT
LS, R B YR AR, S A>T
T

2) AYINEL 9N NEE R E S T A AL
e X T AR O $4 d /N ke E 1T AR 22 HE (Trivedi A
Singh, 2017). Z7% [ N Fh Xk Bir 040 523
HE, ARSC T 28kEuE Bt A2 fe /N T FCR 2 m?,
11 23k i 37 i 0 A\ 38 e/ N TR AR 1.5 m®, T2
HEXES BT\ S/ N REXE TR 1 m?,

V=5./8S,. (3)
b, VAEWAE, S ARG, S, N
N e/ N T A

3) N ECE ST, N D SR —E R SS
BT, T EGREEA N D B A D AR
2%, —EREE RS TAAENE X (B
B 4, 2019),

Se=58,- >8(d; <r) (4)

K, SN ADBCESLT, S, RS X 75 2
(OEET, 'S, Ayl 7 B Al sk i ST,
MRS, Y S, =08<0mf, F/RAELENE
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L2026, M2E, BRI 248 s
B (http://yjglj.beijing.gov.cn[ 2024-01-18]) , H:
i 1 2SRk XE 3 T S G b o REXEIS TSR SO R
Ul WTC 5 1 LB 5 1 B o L IR AR 5 A, dREXE
N B R T R R 5 A T R X 4 T e
5) RS b . FFT0As 6] AR A 2 I 22 X
Y A Rk s T A S o A 2 b . TR As TR L
R, BERTRTR A X2 (X0, 2012).
a=S5,/5,100% (5)
Kef, a AP L, S RGRXE AL, S, A
AP A
(4) PREEVE. PREETETE 0002 N 20k XfE 37 i ]
FEl AT A B B2 A R (Ma s, 2022), f14G
FREESTALMIE B | PR R iR Ry . BEIH B s iR e
1) BEBRITHIAGFE B . N 2k xfE 7 o i B e 7 ML
BGE B R T RIS R R A, (TR
FEIERER TAE. AR POLEE , XHbatmi HIF Y

P g S A #5475 500 m, 1000 m, 1500 m A2 >1500 m
G X o Wr. 2) BEANZ R . N 20k T iR
BN E R R R, BRI T S E I B,
PREEMEN LA P B AR POLEE , Xkt FEf
PN 42 Jmy s AL AT 92 o IX a3 B, % oyt T 43 )
791000 m, 2000 m. 3000 m A2 >3000 m, 3) HE7H
7 3k P S e ol X A T P O By e, A
F T S it IF e K Bly 7853 K 447 3 X 37 I 18 ek 3k
fE. MRAE POLEME , XAt FLER PN B T8 Bl ol s 254 7
ZEp XA M, G2 o [ 4351 2 1000 m, 2000 m
3000 m }>3000 m.
3.1.2 FMiEtREN SR

AR SCR FH A8 1 FE PEAR S B 25 B PE M ik
52 [Nj 72 3t Mk 37 9T AR DG RS bR o AR G SR (5
s fEAE, 20145 BRAAH AF, 2022; A EFRF AR,
2018), Jfa#IE K F AU L 0 & PEM bR AT o
Gfl, BARSHBRMENR 2 R

R2  NRUEME TR E SN IEREN 5 RiR A

Table 2 Quantitative grading criteria for carrying capacity evaluation indicators of emergency shelters

PP R bR DT 41 0] IHE

U ety 1 5 /m >3000,2000—3000, 1000—2000, 1000 7,5,3,1
JH) B2 A5 A7 e 2 AR A, 1,5

Wepz(*) >7,5—7,3—5,0—3 1,3,5,7
A DA >4,4,3,1—2 7,5,3,1
TH %% B/ (km/km®) 0—10,10—20,20—30,>30 1,3,5,7
N ] 3R RO AE T B /m® 0—2,2—5,5—10,>10 1,3,5,7
R T B /m? 10000, 30000,50000,>50000 1,3,5,7
BANBIN 10000, 30000,50000,>50000 1,3,5,7
NEI RN 0,10000,30000, >30000 7,5,3,1

THESES) T A2 I,0,1 7,5,3
FFiezs 6] L /% 30,50,70,>70 1,3,5,7
I o S 7 /m >1500, 1000—1500,500—1000, 500 1,3,5,7
B2 R B S /m 1000, 1000—2000, 2000—3000, >3000 7,5,3,1
Y1 77 3 B /m 1000, 1000—2000, 2000—3000, >3000 7,5,3,1

3.1.3 f5tRtRAEL AL TR

AP PR AR R LAY, A SRR K

x}; = (x; — minx,;)/(maxx; — minx, ),

i=123,n;j=123,m

(6)

1, [ PR R AR Z ) B 49 AN R, DL R K ds
RN RBEAR—3, LB PE A 48 AR AT b
WAL AL B . A SR PR 22 1 0 PPA 46 BR 2547 B
feabB, A (Wang%, 2023):

LI R bR IEA T

PR R AU DG
v = (maxx; — x;)/(maxx; — minx,),
i=123n;7=123,m (7)
K, o WARUEA IS BB, x, R PEAN 48 B 1Y 2L
B, minx, APFB AR IR/ME , maxx, H I TS
PRy KM . Hrh, g@EifhaiiiL (6). (7)
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TR BEATARIEAL,, E SR bR a0 o 2 5 A )= 2
W, ZHBR2PMME, PRGN (6). (7) frifE
o B ARMEACAL B, (45 45 P 45 B 10 B 4%
o5 0—1, H-5EREE x, 70 A A 1R o B2l xfe
Gy OREE I PP RS AR SC I AN 3 P

R3 N REBESR P AE TR AR K 1

Table 3 Relevance of indicators for evaluating the
carrying capacity of emergency shelters
W TR bR LiiPSca
S PR 2 5 /m
JlE P SRS e ki
()
A EUE A
T8 B/ (km/km®)
I AT 3K A S8 T P/ m?
NN
UNELEERTIRIIN
Jrikzs Al
AR T B /m?
XS T A2
S BE 2 /m
BF 2322 R B 2 /m
S By 3 5 /m

==

2 H A HHA

2 H A

2 o8 R

3.2 AHP-EWM A& %

FOULMR AT 125 32 M L 500 48 bn F PR Y
WHIWT, 2R SR A S, 55 HHNES
HISLBRIEBLALF o 2 UL AN 7 35 22 o Hh s ot
TR, X Bl 0 o i 0 s AR A K, AR
5 G B PRGOS B PRV FE AR
RO FLAE . &, 7R SCR A % WA 7 15
BCE, VABRANA—RLE AL, FIRACR HZ
Bror ik AHP, Z AR - AL EWM. # H
B A B 4 A 2O = R N UL A -1
st R ALE ) R A 0.5 CTHERLHE,
2019), A SCR R K 227 5 fBRe K i &
IRA () e AR A R B
3.2.1 AHP

RT3 AT AHP & —Fp B WA %, W
KefphZz Hbrge Rl 2kl 22k, 2
WY & J= In) B A A SR B E P 2R, #iE L
T PR EL R A% 48 b 16 0% )2 U B A G EE R
T 3o R 0 0 R B LT S ) R T — R R 5
(C.R.<0.10), HEISIEIAEE, EHEMALRE
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Table 4 Weighting of indicators for evaluating the carrying capacity of emergency shelters
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NHY ] A HORAE T BY (m®) 0.1574 0.2207 0.1836
NN 0.1233 0.0910 0.1100
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Fig. 4 Evaluation results of the carrying capacity of emergency shelters within the Fifth Ring Road of Beijing
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Fig. 5 Excellent, good, medium, poor and percentage of carrying capacity evaluation results of emergency shelters within the Fifth

Ring Road in Beijing
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Fig. 6 Evaluation results of the carrying capacity of emergency shelters in each ring area of Beijing
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Table 5 Statistical analysis of the emergency shelters carrying capacity evaluation results of the ring within the

Fifth Ring of Beijing
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Fig. 7 Statistics on areas with excellent, good, medium and poor carrying capacity under short—term shelter scenarios
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Table 6 Statistical analysis of the emergency shelters carrying capacity evaluation results of the ring within the

Fifth Ring of Beijing
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Fig. 8 Statistics on areas with excellent, good, medium and poor carrying capacity under the medium— and long—term refuge scenarios
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Table 7 Statistical analysis of the emergency shelters carrying capacity evaluation results of the ring within the
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Abstract: Emergency shelters can be used for sheltering, rescue, and evacuation of residents after a disaster. These structures are an important
part of national public security and emergency management. Evaluating the carrying capacity of emergency shelters is important in promoting
the construction of resilient cities and the sustainable development of cities. Beijing is one of only three capital cities in the world that are
located in a zone of VIII degree of intensity. It is also the earliest city in China to build emergency shelters, and thus, it is typical and
representative in terms of emergency evacuation. In this study, we use remote sensing images, POI, and other multi-source data to construct an
evaluation model of the carrying capacity of urban emergency shelters based on multi-objective decision making, and take the Fifth Ring Area
of Beijing, where the population distribution is relatively concentrated, as an example.

First, according to the principle of establishing evaluation indexes, evaluation indexes are selected from four aspects: safety, accessibility,
effectiveness and security, and relevant experts in disaster evaluation are invited to screen out 14 indexes according to their importance and
relevance, constituting a system of evaluation indexes for the carrying capacity of emergency shelters.

Second, subjective and objective weighting methods are used to determine the weights to make up for the lack of single weights.
Subjective assignment adopts Analytic Hierarchy Process (AHP), and objective assignment adopts Entropy Weighting Method (EWM).
Commonly used weight combination is the average of subjective and objective weights, while this study adopts maximum sum of squares of
deviations theory to solve the optimal weight coefficients of the combination of assignments.

Then, based on the multi-objective decision-making model, a 30 m>30 m grid was used as the evaluation unit, and a multi-objective linear
weighting method was used to calculate the evaluation scores of the carrying capacity of the emergency shelter. And the natural discontinuity
method was used to grade the carrying capacity.

Finally, considering the complexity of the disaster after the occurrence of the disaster, including the degree of damage to the building and
the potential secondary disaster impact, and referring to the relevant norms and standards, the evacuation scenarios are categorized into short-
term evacuation and medium- and long-term evacuation scenarios according to the number of evacuees. The carrying capacity of different
evacuation scenarios is simulated and analyzed using the method of this paper.

Results show that the carrying capacity of the Fifth Ring Area of Beijing is good, but the carrying capacity of the second and third rings is
zero, and an imbalance exists between the rings. This study provides qualitative and quantitative basis for the evaluation of the carrying
capacity of urban emergency shelters. It also provides decision support for the planning and layout of emergency shelters and the efficient
allocation of resources.

Key words: remote sensing, mergency shelter, Analytical Hierarchy Process (AHP), Entropy Weighting Method (EWM), combined
empowerment, carrying capacity evaluation, multi objective decision making method, scenario simulation, Beijing
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