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Abstract

Based on the theory of resilience evaluation and the SIR model of epidemic virus spreading, a model
for evaluating urban epidemic virus resilience under public health emergencies has been developed,
which focuses on three key aspects: ecological resilience, environmental resilience, and public man-
agement resilience. Pearson correlation analysis, cluster analysis, and a comprehensive evaluation

SCESIH: B, R, RIS, WA BT IRAT R AR ST BV AL R Sh A TR0 B Bk, 2024,
13(9): 4391-4401. DOI: 10.12677/aam.2024.139419


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.139419
https://doi.org/10.12677/aam.2024.139419
https://www.hanspub.org/

method were employed to cluster and weight six secondary indexes affecting ecological resilience,
environmental resilience, and public management resilience. These indexes were then compared
to the influence of primary indexes to determine which factors affect the prevention of the spread
of epidemic viruses in the city. A nonlinear regression model was constructed to investigate the in-
fluence of vaccination rate on disease rate. The results argue that an increase in the vaccination rate
of susceptible individuals can effectively reduce the probability of infectious diseases among the
population. Empirical studies have indicated the validity and feasibility of the evaluation model of
resilience to prevent epidemic spreading presented in this paper.
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Figure 1. SIR model of the s(t), i(t) and r(t)
B 1. SIR A s(1), i(D), r(r)
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Table 1. Resilience dimensions of the indicators
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Table 2. Resilience index data in city A (2013~2022)
& 2. AT 2013~2022 I IEAREE

TATHIEE KIaERST

LA e SOMBBE o , TATIRERRT RS RLREST e o gry DLATIRER o
AV TR e ) Pz ek P iR ARV L7\ ql] MREGHER

e ey PE R
GDP  WES) yvee )y kP oy M T

pitie ) RHERE )
N e N)

R E g

2013 0.0795 0.1221 0.0985  0.0523 0.0809 0.0748 0.0559 0.0851 0.0819 0.0196 0.0982
2014 0.0874 0.1117 0.0913  0.0613 0.0790 0.0774 0.0697 0.0851  0.0804 0.0219 0.0829
2015 0.0882 0.1176 0.0940 0.0726 0.0771  0.0751 0.0797 0.0894  0.0801 0.0264 0.1268
2016 0.0898 0.1127 0.0976  0.0763 0.0768  0.0758 0.0877 0.0885  0.0782 0.0242 0.0936
2017 0.1000 0.1082 0.0946  0.0916 0.0749 0.0851 0.0940 0.0997 0.0884 0.0219 0.1024
2018 0.1045 0.1031 0.0871  0.0966 0.0804 0.0970 0.1045 0.1039 0.1114 0.0385 0.1118
2019 0.1106 0.0891 0.0765 0.0956 0.0880  0.0970 0.1128 0.1088  0.0912 0.0347 0.0831
2020 0.1121 0.0931 0.1252  0.1214 0.1490 0.1289 0.1119 0.1088  0.1509 0.1684 0.1160
2021 0.1117 0.0635 0.0987  0.1558 0.1544  0.1388 0.1326 0.1136  0.1157 0.2787 0.0752
2022 0.1161 0.0789 0.1365 0.1764 0.1395 0.1502 0.1514 0.1172 0.1218 0.3656 0.1100

*N = Negative.

Table 3. Prevalence of epidemic diseases in City A (2013~2022)
3. ATh 2013~2022 RATRBELRER

FA 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
ERABE G L 6.62% 6.41% 6.40% 657% 6.79% 6.90% 7.48% 547% 560% 3.02%

M FIX 11 NMEFRERAT R B AL 3R AT ST R AR P L AT R AR 3 m 2 HE I R A — g i T,
FEA LR A BUR I SIESEELE 1 b WARSE AR AR AL DL SR GERI PP A -

Step 1: MRAEL 1 MR, X 11 NEIRS — BT B A% G B A Z 8] (1) Pearson AHCPEHISE , fifi
AN, T FRRLEEL
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AW, BRI, WA, RIS LU, RERIDVZ AR, SBUE IR 72 2147 R 4t
R SEELMCIRFE R AIRAL 5

Step 4: RIFED W= HIBPIRIRIRE R, I8 LR ETLEE &R MR R Pearson AH15C R KN
PO =TI R G4 R PITE R £

Step 5: MRIELFK I IEHILREINBEE, @ RGPIVEVFAE .

3.2. FMTHEERBIAIKE
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Table 4. Results of the correlation analysis

4 ERMDINER

FEAR 1 FEAR 2 R p 1] 95% 1 {5 X [A] p 18
B R EER T -0.472 (—0.849, 0.225) 0.169
BRR T R P RHE e -0.516 (-0.169, 0.865) 0.127
B IR 71 -0.911 (-0.979, —0.661) 0

bRy o WAT W EEDT4% &7 GDP (1 Hi 43 -0.773 (—0.944, —0.280) 0.009
BB Fox R RE -0.711 (-0.926, —0.147) 0.021
B AT IR BER 12 B4 22 AL N RE -0.773 (—0.943, -0.278) 0.009
BR FRBESTRGE % 4 ORI K -0.65 (—0.908, —0.034) 0.042
B PR R IT IR TR K -0.525 (-0.868, 0.157) 0.12
sy T KRG BEST W8T LN [A] —0.556 (-0.878, 0.113) 0.095
B R AT IR BN T P 2 -0.895 (-0.975, —0.608) 0

by e TREARTKERT -0.227 (-0.750, 0.470) 0.528
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Figure 3. Tree-based index system for resilience evaluation example
of a figure caption
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Table 5. The connotation of each resilience assessment index factor
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Figure 4. Map of weighted trends in urban epidemic virus pre-
vention and control resilience indexes
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2016 A1 2020 AEALT RGP AL, {H 2020 AFISPT R, R RGUERATIR B LR = S AR T

4. ZRERETER 2018 FE2 5 —HE FFHES, N T=MARGE, BH T A TEL HAFRITHR RS
WY BURH BE R, 75 2013~2018 4F RGAb TR e RASA 41/NETt, (B7E 2018 4E 2 Ja sl T B RIRTt

UEAh, M6 NEEARFRIIBUE T, RIS U . T, ATR R B R I S NI RE J . AT IR
BERTHE 5 GDP LU SCEBLELRE ST TATR EEE A R R IR R bR . R, R
TRAT I BRIV I OGS AE T IX DY B 2248 A

4. W RRpE R R Eh ST

AR RO RN, 2 Lo a0 B SO0 35 (PUR) R BIFRATAR AR, FATH) SR 7= A — R e 10
YR (Fiik). HSUE], SRR RENE BT AR il e Ym0 R AL WiAT, RN PUEGYR R WTEERJT
Xo I HH LRBAE WA AT U, B M S 5 A TR WL I B2 A

4.1 BRRSEEEMERNEERE

ST W WA AR T, A AR 70 0 1 ST B R 5 SR R TR [ VAR, PR TT AR R v
BRI AR S — AT A B G B R Z R ISC R, TR TSR R i i M S i & 2, Wl 5
fIXF SR, A T 2013~2021 4R [E]E B AN ARG B R UL 6 Fron. HBAREACREZ LR, THRHRE
FHAIR? = 0.59, EHCRAE, HORBE A AL AR RNA#AT G, T USERET & EiR T
MDA ARG R, AR ESR . . R BERLL Rm Rk . il Origin BAFEAT
WA, WA 5 Reduced Chi-Square {5 A1 % /5 R-Square {E i € e A & e, 4RI 7 .

Table 6. Vaccination and prevalence data for City A (2013~2021)
= 6. ATh 2013~2021 FFiE)E MR 5 BREHIR

Ay 2013 2014 2015 2016 2017 2018 2019 2020 2021
EHBRE  0.26% 0.29% 0.35% 0.32% 0.29% 0.51% 0.46% 2.23% 3.69%
R 6.62% 6.41% 6.40% 6.57% 6.79% 6.90% 7.48% 5.47% 5.60%

Table 7. Data for the four types of fitted functions
F 7. MOEBERBBIELDR

A HE a b Reduced Chi-Sqr %5 R T
EEE{ES y=a(l-e™) 0.06471 +0.00222  506436.48994 + 0 4.44E-05 0.14286
srREHEE y=x/(a+bx—(a+b)x* -0.00783 +0.00404 17.53608 + 1.16628 3.28E-05 0.15614
MURAEN y=aln(-bInx) 0.02201 +0.00722  3.70442 + 3.58086 1.91E-05 0.50896
WRRHCER y=ax’ 0.04366 + 0.00657 —0.07523 + 0.02796 2.05E-05 0.47064
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Figure 5. Fitting of vaccination to prevalence
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Table 8. Result of lack-of-list test
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Figure 6. Plot of residual analysis of prevalence
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