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i, SEEMIALE HER SN 5% 4, WNERER W ARET, B h#demHEg
F=0h 1% OV YR RESHIRIMER K. EREENE, 1A 21 B HiEFEE
MIBF AF SR LAGA, B 1 A 22 BFLS, WBHE R AR AR R
Blst 73] 6.56%, HEAZ EAFEM. SER, WERTEHADA, By
ol s TR, (HARRHEER S =, H 20204F 1 A 23 H 10 B, RBTHRTTAZ,
gk, B, KREFEEESE, . KENEIGEESREH, R “#” [5].
23 HE 24 H, W9t 11 B TrAak & g A RFEHER. 1 A 25 H, iEA
BEEADOH, BALEA B 8.58%, HEAE =, 1 H 27 H, Wdb I & A EH%
A, K HREREEZEE (6. B, BRWAEARRESS, #dbaw 12 Mhgd. 148
BN 3 AMEERERT 2 B, ERAMALZ FA O3B el A R E 7.

B 1 ERS:ERPIMERNEE EHT, BRE) ZissRiit



312 OB OB % ¥ M 43 %

RYE 1 H 24 A5E S BRI Ros e, B E Bi-i2mei s 57 4, wel
Britidbsihes s (AT, BIGX) B . X SEEFHAL 2 e A 0 s g
KF. HRBIT 2 A 25 HERME RiHLmE1 576 41 1, B 4 E 2 w4
PRI G LB B R, ELHERS TREEIST s(ILIE 1). 3 A 15 HE &5 —BilFERE 5
CRBNE R B, EATMSREIER. B8, BT R RIEERZEOR, BT
PR R, R S AR DR RAFACR. AR SOl o B RRABESRA, BP9 A0
T3 bR IE]BEAR (R RE 0 R MR, SR v [ SR A D N AR AR I ROR

2 BEFMIEF. pOMIBIRTERET B

TN A FEEI B, PO B ERRERY S, HER
th 1145 1% G B B AR o (g JR AR A0 R A

FLAE 2000 2407, HEM GEFNEY BREHERAHERE HEZAR < MA
B« BFARSC, THIHEE, PRI, (EHT ALY 1 (KRB - FETERY g
HORF SR = A AR AR k. BUREZ 2 (Medical Geography) Ji& %3 [] 7347 5%
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WOAIEBA, BRI A B ] — s P R B 12 (R R e 1 R SR T
SR T H M ERE TR A, BB & = . XETEE 4021 HI52 B0 AT
RH: PRI (B0 1/9) A 5.2 R 1 A 22 HIREEMIER, NERB2KRY T
FEIBE (BN L BUEAN H) Ry 1 Ry PHEBERHE (B 1/4:) & 10 RAEA7 [16]. T+ Xk
R BEE AR M s, IR B — H A BOOA AR, BT R o = g
R E W RE R BN S, HAVRE S = v B8 e, 8 5 o BAEEBER A
WA, i PR E L ERE, RIMBER AL > 5, 120> >0,FHH e <e.
BB R EFSUCE A SRR 5 K, 0, = 0.2, BFEBRREERSUCEARS
R TAIE AT 24 /NBE, 60 = 0.9, 28400 F FI BEBR ARSI AT 7 20 0 ot X 3 S o e i 4
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g, WAt 2 A 25 BTG TmE 65187 4, BT 2615 1 19, HATE S
JERA B PRI IE RS R, B 3(a) BB 1 A 26 H ARG, BABHRZ G E T
PRI AR mlS Al ERH. AT E MM So(0) — 31017900, Ha(0) — 110, 3F{E
B S2(0) = Es(0)+ 1(0) = Ho(0), $2(0) > Q2(0) > Ha(0), HIHE E:2(0), 1(0), Q2(0) it Fx
ZFRPFEAG . B 3(a) BRI BRI AR, 0 EPUIME £2(0) = 110,
15(0) = 38, Q2(0) = 320, fEHARBH 2 = 0.9, B2 = 1074, 3 = 0.1. FfTH—H3EE
P 8 54 W By A U0 P 18 W 8 DI R M 38 B A A P, SR DI o 4 R SRR
B eo = 0, BMEHADSEE 3, BB EH L AFRHERGL (LE 3(a) FE &
SO (HIRRBFEE, e gE RS R 2R B T s, B
ey = 1, AR APEIE VAR LU S AT B s % (LI 3(a) P RA T B 4R).

B 3(b) $E 1 A 21 FAHIaamtZl, (5583 2 H 25 A ik, MAHTA &40 2 8 E
AR, shA AR, E IR A B A SR, 8 i A AR, T
REBERE] ¢ R RAL. BTSSR, ROARBATELA RS TSRO, (2
T BB AR SR R A AR, SR E S BT A EUE LS . A e R R B 45 SRt
WEE PR B (1) RBAIR R LR G RBESEEH, R m Almi i
IR E R, HMSEOERAE 3(a) TREEL K, RABEEAESKESN,
FH 2 H 25 ALJEEIETR&— B, a2 AR OLE 3(0b) hilkaELg)
(2) WRFATN 1 A 21 ASRIFERA GG S, B A 3(a) SEATEMER M, Fi1RH
By O 3(b) H W 5 AR B A K 100 £%, (AT DAKERALL & B SR 5 1t 558 il
LR R LR —2 (LE 3(b) R AL, XL TR SR B, W
et 45 1] A 1 B AR AR SRR A — B R A

B 4 REEERR RS A AR e () BOREHRAZEN,  Ro RS REE808,
(b) BBRBHRISECHAEN, Ro MERREMNEIE

BT RE— TG0, BRI RERESR. EE A H AL
Ro e k. B 4(a) BUPABER R AHFE AR RE, B 8= 6 = 6. RATCEW
MR RPA R R ER, NREEARE A ERPAR, Mei=e =0 L
HARFAROLRT R B HE T, B 4(b) DG RGLH 15112 WOA AR
XA BB, RAVPRBE BB | EEEE (R A 550, itk 2 &
M ER (FIHRRG SR, MRBRILEL— RIS 51 = 6 = 5, (RIFBER 2
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M E SR, HOABRER 1 ASRL 01 (BURSRE B2 AR il 3K), R RIS = BB
R BRIE AR B R, WIIRRAGES AL, A2 EBRRRR AR e
SRR

[ S Rt o B 3 B PR AT PR B R, AT R I BRI 2R AR B AR R Ro, 3B
JE RN BRI A SO L I B AUR. BB R, MPURRE IS AR
AR REARG W PR AT EE RSN, S PRI TS BOA A B, BRBEA SR A
JRTE A, M RGEE S RS R O AT A B P T SR B 2 1 B IR T4 X — 2K
REELITHT1, AOURBERE T o 3 I a0 A 46 70 2 B R L 38 75 BER ARt
TR EAEE, IERFAME N 2G0T LIS PR EE; WHEXTHH2 B E B U
FHATHBAEEE, T4/ N FHRIEGE R E, #REER.

5 11

AHXT T 1% Qe 1Y I T8 A 3 s ANl i, A% J 0 i 2 3 g 2 A U R 6 07
H AR, CHRAE RN S 5RO H . BT 30 R AR R A R4
ERALH B AR, KRR BT 5 B O — I 8 7 — AT, A — A
F—NE, N—TEEBG—TERE, FENE, bR REMEEBUT. BT A RS
A S R AR T B 15 S g 2 Fof (< B 2 DR T 2 R ) e Sl I 2 A R (LA e 11
FR I AR A FR A AR SRR I . T RO e T A 23
SE| 25 SAIAREK, B—i CEAER G G RA E e E R RS 15 7 AURAE
BRI E IE 7 X T B R A% G R R R A I, BT 5 A AR RO P R
W, AR T8 A8 N BUR A2 36 T AT 3R AN £8 B iR A28 iy 7 S8 Aok
W 2 {1138 SO A R R A R 4 SRR A I T A 301 I AR B A AT WP 2 B 7 XU
PRUSEL AR B2 I 9 A 19 R B g A R 5 3R AT 0 ) TR B R A B T
(ENB2 AR A B (B4 R R 22 R R 20 | £ A X B ad iy b —28 3, JA1iXE
FEEER BN 2 E2 T BEEEHIE, ML EFRALIR, HRMmITRREE
i L A1 B 4 b 25 B X b By sl A R AR O 2

WFFEAR R I 22 20 g~ A0 I e Rl () — eS0T I R R A BRI RENL S [T R,
SRIE B B HOT R R A B 1 1 08 PO, I SRu I ) d R TR A M, R
#& Fisher [y B8 U A0 Bartlett FIMER 22, SXRBIAL S 7= A AT IR, XA RATIOR 25
[ F8 AR A S e DX AN R T X3, S DA e e iy DX v e S e iy X3 L o el
Bah. R NLY O R E LA 0 1% P i 2 A R R DS BUR TR & 2023
VR A 2 — 2% 2 ] XAl PR oK, XX e AR R il % ey U (R i A . WTRAA
KRR — AR Y HOT R B, BB RS TR R T
{HH ARk 287 B OF e A BRI E Y, AT AR SThR R A

Ty — TR G s A% B 1 07 35 R P B AR, AR SERR AR DL X LU B T DL
FHE. DR S8 Bl Wl A EEEZ, £ MBERNRE AR SRAGR, ¢
P oIPEsRARST IR (heterogeneity) J&if it AFEAEBEH 2 MIRERS SRR, Se T B (& 5
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JRRRRIR SCRRAE R 8, %3 [25] LR (26,27]). RIS T RER A GR AR AT H
HET I EA AL R LRI Ro e 1 ToHm T4 5 A 7 7145 i B 77 A P AR
REME, TR P BRESRAR USRI 52 4% H 9 00 B AR T AR REBR 2 (] (9 T35 2o B 1
AR SN, AR TR T R T -4 A T A AR e A T3k [ 2 A T
MY TR BER R YUY TR, BRI AR R OO AR (WS T (BE
R BA ) 0 RAOERSIRICEE. PO AR 75— R TR B AR K
SANBEI T RS X A AR Ro (5B, (X7 TAEAR A 2529 Ham R — AR
A BRMERBA R, R4 TR T (next generation operator) X S KA,
X BE A Qe AR AR U A P 0 AR IR (RN FOOC R g . AT TS0 — 28
A RS (A AR A et SR 13031 3 S M BE O AL (1) o2t

ERAE AR, FX BEER XA BEREAT T RUE AT, 2R B 2 B 2 [H]
FIBORY B, ARSI EME . WX — 80 sE ik, A aita il iRyEM
PUTAE— I, TRZAN SR, XA A R AR i s A B % T E AL
H AT REAR B ok, R BLEEA AR B I FoAdth o BB, Lo BN, o TR
Fif) TR, BEREB R R m (K = S B LR) WA RFF— R E, TREHE
8 B ALALAE A I B A AR A, Bl mfs ATRAE AR 1] ¢ 28 AR i) R

P [ 3 L T i 2 32 15 S 1) ST il 9 4 4 e ) 2% o P 655 5008 PR A0 1,
P R 2 D e 2 B B, NBREE R, S ATRBT R, BT LM R I,
B T AR P2 X SRR (1) TP AR B L s S R . A SOX AL
(1) M EAEAR Ro WBFERM, BEREZN, TEREIG H MRS 5 5,
A REREITAT M X BEAR TR TR, H Ro /DB 1 BT, BRI,

R G BR, AR K. WHO WEFREBR, BECEEASER, K
WA EZ., REGE—MNEATRGERE. HSTEZEEARR, KRR ERS A
B, temshE, A, BOAOM. 3 ERBUY B BRI AR 2 A H. JATT R —
MEZER B, BA SO BRI R EZ . H ARt
HERANEAFAEL R (g R —20 REEE — M7 RIETE, AJRNEBHE
Joe X Pt S ) Sy, PEAR LB R, N = ST B B P 4G & S
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A Patch Model of COVID-19:
the Effects of Containment on Chongqing
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Abstract In this paper, we constructed a multi-patch endemic model to characterize the
geographic spread of the coronavirus disease (COVID-19). Since Hubei was the epicenter of
this COVID-19 outbreak in China and Chongqing is a neighbor municipality sharing direct
airway, high-speed railway, highway, and waterway transportation, we applied 2-patch model
to describe the spatial spread of COVID-19 between these two provinces and to calibrate the
reported infected cases data from these two provinces. By preforming the sensitivity analysis
of the basic reproduction number in terms of model parameters, we examined the effects of
various control strategies such as closing the border, quarantining the exposed individuals,
isolating and treating the infected individuals, and so on. It is found that closing the border
alone is not enough to control the outbreak and a comprehensive strategy that combines

several measures is required to eliminate this infectious disease.

Key words COVID-19; patch model; basic reproduction number; geographic spread;
border closing; Hubei; Chongging
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