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The Effect of Population Migration and Wuhan Lockdown on
the Control of COVID-19 Based on vSEIdRm Model

Gu Jia Chen Songxi Dong Qian  Qiu Yumou

Abstract ; Different from the traditional SEIR ( Susceptible-Exposed-Infected-Removed) epidemic model,
based on the vSEIdR ( Varying Coefficient Susceptible-Exposed-Infected-Diagnosed-Removed ) model in our
previous study, in this paper we add a population migration compartment and propose the vSEIdRm model,
which takes the effect of cross-regional migration on the epidemic into consideration and allows the parameters to
vary with time. We first conduct statistical analysis on the population migration data and connect the migration
with the progression of the COVID-19 epidemic. Further, based on the new model, we estimate the would-be
imported cases to the provinces from Wuhan in the absence of Wuhan lockdown which quantifies the effect of the
Wuhan lockdown. Our results show that the Wuhan lockdown effectively reduces the scale of the epidemic in
other provinces.
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pE(m) =1100° (11)
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AR 1 H 24 HZJGH BRI T /A8 KA, R XA SIS E pf =0, 1 H1I0 HE 1 H 23
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1] 248 3 B 1 1 R ) BOFR RO I, SR LA LR iR A

E(1) = E(0)e" = E(0)e"
Horp Ry =" D iU BRI M FEA FLA B, 3 8 M 5. 7 (Sanche 45,2020) , D =14 j& G5
B2 M-SR B e T DA A SR B AT JE P pf i S 5UeIER (11) .
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A a IR LA 2
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ﬁ_fl(]’ﬁ>
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1
—, t > 25
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IR, RIEENEG LA B K& A LT (Guan 55,2020) , AR SCK R AR TR o 45 5ETE 1/3.5
(RPKZ 3.5 H SR EIBEAIL | X B T Bl 4 815 & J8 , 460 DU BE T A DRt bt ) o T DG 2 0 4
(&) ATLLATI T 5 5 X RE— 03 PUECE, = X, pPA"(0), Jot A7 (o) FR3EH « RIRDBU%
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U pl(m)  ARSCH AT % o, BRI HE— 2RSS =3 A RSB Oy i A
RSB, =143, L0 (S(13) ,E(13) ,1(13) ,R(13) ) = (M - E,,E, - N(13) ,N(13),0) fF
VIR E, ZEA 0y P T LIARSE X (1) JFr 5 (0 3 B A 80 20 i — 45 3 TR B iz i 48, ic h
N, Ho MACER B AT s, e 1 H 24 0 (1=15)& 4 BMIIS80R, & LT i

D(m =[5 ¥ (N = N(1))? (13)

t=15

TESHLMAE A =0 PR/ D(n) , ATLUS B A9 SR 3T
PO TR A O A R R AT

(—) BNFEGIHIT

ARSCHERUT 17 #RZE 2020 4F 2 A 20 H#HI2H 0145 250 AR O, M5 1T SCH T/ 25 1Y
FlTE 7% SR S A AT P2 I LA RCR IR 2, S8R R ER 1, 2 5k
B, 2R A ROR AR A SO T R A T S, R 1 E RS TEA Y n B
S PUERT B A5 sR g (13) AR, AT LA & 3055 R pRBC(EL 1 BBV B2 [ 0. 25,2, 21 ], -3 MEZ 1. 16
(FRHfEDR SE=0. 16) , XM E T3 TS EH S L2 B R 2ZEART 2 6,

*1 17 ARHIEHRE D(n) ARBEENSEMHITHE

By D(7n) 7 E, N Eq/N HA] R, R,
1 i gt 0.43 0. 0075 169 287 0.59 7.8 7.5
2 e g 0.25 0.0149 98 240 0.41 12.3 11.6
3 Wi 1.55 0. 0630 395 1193 0.33 12.9 12.5
4 wH 1.08 0. 0067 253 563 0. 45 12.8 12.6
5 N 1.91 0.0015 511 1233 0.41 13.9 13.4
6 Wi 2.17 0. 0020 332 986 0.34 14.2 13. 4
7 P 1.06 0. 0292 208 523 0. 40 14. 8 14.2
8 L 0.95 0. 0053 115 308 0.37 15.5 14.7
9 b33 0.59 0. 0064 129 448 0.29 15.9 15. 4
10 Hw 1.20 0. 0054 203 614 0.33 16.9 15.9
11 it 0.41 0.0138 68 352 0.19 16.4 16.0
12 IR 2.21 0. 0061 295 1339 0.22 18.1 17.5
13 TR 1. 50 0. 0025 228 969 0.24 18.6 17.9
14 AN 1. 69 0. 0027 205 914 0.22 19.3 18.6
15 AR 1.72 0. 0259 251 738 0.34 20.4 20.0
16 i} 0. 46 0. 0027 35 251 0.14 20.7 20.4
17 BRI 0. 61 0. 0298 60 477 0.13 27.4 26. 8
JER e 3550 11435
¥t 1.16 0. 0075 209 673 0.32 16.3 15.8
(PRifEiR) (0.16) (0.0020) (31) (89) (0.03) (1.1) (1.0)

T By AR B RT R T 10 45 48 0 i e A 0, VAR EEIRE 3 A 15 HA SRS ANEL, HL BTS2 W0 8 HU(E, B4 AT
SR 101 5 A8 I A IR I AR, R, 0 R, 4» IR ZE7E vSEIAR Al vSEIdRm B R HE 10 B L e 8470 (14) |, 5 WAL HISR4 1
F * SRR, 17 B e 15 IR ARG 14857 R, th/NBIICHES

HeWl (Ey/N) # N AT —N AR G117 A 9 R0 2 =R AL ™ 5, R 42 i SOR B 22

D ARSCEBUR A DS R JbaT FER AREE TR TP AL SRR R SIS YTIR VTP B A B R
WL,
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