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Abstract

Based on statistical data including the number of active cases, accumulated confirmed cases and
cured case of Novel Coronavirus Pneumonia (COVID-2019) in the provincial administrative region
from January 24, 2020 to March 4, 2021, this paper uses methods including Geographic Informa-
tion System (GIS) analysis, Spatial Markov Chain, STL time series model and so on to analyze spa-
tial and temporal evolution characteristics of Novel Coronavirus Pneumonia in China. The study
found that: (1) The COVID-19 epidemic in China can be roughly divided into seven stages including lar-
ge-scale rapid outbreak period, national strict prevention and control period, national suppression
period, local recurrence period, normalized epidemic prevention period, second local recurrence
period and normalized epidemic prevention period. The epidemic change characteristics of most
provinces are similar to the nationwide’s situation. Due to the outbreak of the local epidemic, the
characteristics of epidemic changes in individual provinces show some differences. (2) The high popu-
lation mobility from Hubei during the Spring Festival transportation period are the main reasons
for the rapid expansion of the epidemic. The Baidu Migration Scale Index for the 14 days prior to
Hubei closure was significantly correlated with the cumulative diagnosis of provinces (by Febru-
ary 11). 3 The analysis results of the Markov chain model for active cases of COVID-19 in prov-
inces show that the four epidemic risks (high infection, higher infection, lower infection, and low
infection) have a relatively stable probability and a relatively fixed spatial distribution, and the av-
erage probability of downward transfer is significantly higher than the probability of upward trans-
fer, reflecting the downward trend in the number of active cases of COVID-19 in China. (4) Based
on the STL time series trend analysis method, this paper analyzes the change characteristics and
trend of weekly confirmed cases in China and typical provinces. The number of confirmed cases in
the middle and late stages of China is generally stable. The newly confirmed cases are mainly imported
cases from abroad, and the focus of epidemic prevention and control is the prevention and control
of imported cases.
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1. 5l

2019 )ik, COVID-19 Rt AEsQiR Ak, T [ [ A SR HAR B X 97 k. 8% 2021 4E 3 H 4 H 24 I,
T R B 101,046 F(AE GIE), ARG 442 51, Bt &g 53,726 fi, RilAET % 4837
i, BETIZ 3.78%. COVID-19 FEih B A RRAGNE, MR4E (-t 5 T A 1 208 BL5a R B il 28
(COVID-19) Bk &H %4k ) Box, COVID-19 #1E Ktk £k 2 3mis 2~2.5. AR BAHLT 2020 4F 3
H 12 H'E A COVID-19 S 4 il A BR RIRAT LK, B 1 ZRMEHLIX, D3 73 [ S A X 988 155 AR A5 345 AL
Fifs, 4Ek COVID-19 1% E R I BILEFIE. 3% 2021 52 H 4 H, ¥k 200 Z/ME FAIHLIX H B

il
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2R, AEREIRSEUA R 11,611.57 . A I2% 2879.04 Fif), HrSEE. mpE. EIAESE 3 H
LMz R 1000 i, P HT. SEEL EE. SR, PR, RHES 18 MERM R
T2y 9 Hs ki 100 F5 41

COVID-19 JEEmE LK, B WAMEH NRATIE RESE. JERA 2. IRREE Y. I A
TS AT R T — RZ5I0F5E, AR COVID-19 R EEALENLE] . k. B FE 51 LA K 55
BEAE AR XU R 755 1 R T B2 5% . b, 0% COVID-19 15 14 7Bk 7 4 Hh 7 A4 S AL FR A Y 1
P AT A7 T « WAL (2020) G 1140 2020 4 1 A 29 H~2 A 9 H4[E 50 Mg &4 COVID-19
fIafie AR, R IR GR R RN A BUEL] . £ E%(2020) /) COVID-19 f£ 4% 5 244 M 4 5 71,
S AT R S X TR R R RS R) S A T R R RS RS [2] . Ve U [E £5(2020) .
45(2020) T HU R AR ALY COVID-19 FE1#E4T T HII[3] [4].

X BT SR R NG R E AW Y3k, BoR . Bids TAEERS] 7 RRAESIER, H TR T w2047
%1 COVID-19 FEfEAL R 7t H#iih 2 . F 55 (2020) 758 22 46(2020) AR 55(2020) M A28 2
2R T 2 A T IRIE 2020 4E_EAAE K T 4R COVID-19 253 BURFE[5] [6] [7] [8]. —Lb2E3 LA
W TR BRI BRIBEEAZEGIHL, K5 T COVID-19 FEff i = 4 BURFIE A s i R % [9]-[13].
e N LA N ST ], R ISHRE R T S BT AR AL R B0t HE[14] [15]0 — B8535 TR 1T
T AR A 1B P s ) A R B 2 R PR S EE AR R s e [16] [17].

Mk BE, FFA COVID-19 PR 25 AR RIE K AL #5140 55 F M FL H 263 22, (H& BT RVa
N ) 1 B SR IO 82 R 55 R 3R, L X S A B A R 90 T SR A T B8 1y B 3 T S O
Xy ], o) B R [ A% i B 2 AR R I T A k. 24ml, COVID-19 &1 7E B N 4 A s
Hl, ENEEPEEAETRE, MERESHROEOEEARE B, 2IREEPEE AR ™IE . fE
BHT, ARSCRH GIS /bty — MBS /R BHERBERN 25 (8] B R B EE . W] FF 51 STL 43 fifi: 55 J7 15 S [E) Al
2 (AP ANYEFE 73 BT FRE COVID-19 FEfH T 2= AR REAE,  VPAN TR E 5 SBURF K™ 4% 1 A 24590 T4 it 1)
ERAA, AR TIRAL G (0 AL R 7T, D90 R AR QYA T i 2 7 075, XA KRB}
5 R FA AL el H A E B .

2. X, BIRRESMRSE
2.1 PREEREHAEKIE

AR SO P X 22 NG N 33 MR RATIELX, 4% 4 N EEET. 22 M 5 DN EVA X S
X % 2021 42 3 A 4 H, 3RIE 31 M X S [X 35 H I id COVID-19 B4 il . % #hi X COVID-19
Wiz N IR ABEERIE R B T & RATR “COVID-19 i 5 etk SLif zhas”
(https://ncov.dxy.cn/ncovh5/view/pneumonia), I8k X 4% € HUIUER 2234, i [A] 5 5l 2020 4 1 H 24 H
2021 4F 3 J3 4 H3L 406 X, 3L 58 i, AILAECN RS B E COVID-19 #EIE M BEARLRME.  iT4E
PR IS Hk B T A J¥ b B E R (https://qianxi.baidu.com/) , 3 A 48+ B 45 K UE T E XK B W b
(http://data.stats.gov.cn/easyquery.htm?cn=E0103).

22. MIRFG*

LR BIREM D F /R BEREET 5. S/RBI KRB AR Gt 22 B /R BERIE R B AR, 3
TRy S RV “TEJE R [18]. T VR 2 AP AR AR (i AR B SR TS R R, (A
Ty R FHR BEAE 22 D HFEAIE 70 159 2R AR 2 (WS [19]0 By /RBFRBE 572 A% O IR S F R R R, 7T 43
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MRS . BRI AL AR R AL RS I IRV RERE, AR SCR R MR B . 3 ) Sy /R RLER B FR AR 5
IRBFFEEIEA B 5l A 7 [20] 50 i bR A [RPRAS He R A 7. 5 ERBEREREE R A 1
ANFEFEATE, 23[R B R BRBE MR AERE A N /NN RSO . LUBEE 8 AN 23 [A) S R BER B
MR AERE T BOX R TC R, W] AR S X R TR SR B B /N B 5 4R X I AR G &R
M 53 B CAAS [B] 4B DX 38R 25 1 107 8] B e i i 2 A SO [21] o R By /R BHIHE L 2] By R B R B
FEME AR B )T, AR SOR IR 1) 2 2t BR 000 43 B A0 2 1) o =4 4462 PySAL (Python Spatial Analysis
Library)#1#] GIDDY (Geospatlal Distribution Dynamics)*.

STL W EIF3li&a# 741, STL (Seasonal and Trend decomposition using Loess) & LA # & S A [=] )=
VB8 T3 12 1 I 1) P 20 23 0732, T CA 23 B 48 202 18I 6 A e A1 2 Bl IR AR AR AIE St 3%, AR DR
H RAEF AT H A HT[22].

3. COVID-19 1R 2= /R 3T FHIE
3.1. £E coVID-19 EiFH R ER

f T COVID-19 FE i HE Z IE AL 2020 4F-4 1z 1A H O 31 2 B A IE XA, 5 80K R Pk
@, i NERPUEEKES . SEIEI2 NBTE 2 A 17 HiA3)0E(E 58,016 %1, Hiiig
K 17.5%, K WILETRE & FBUR P 5 H & A E SR S, COVID-19 s K44 30 Rik 3
KI(E 1); 2 A 18 His&EIAHeEEH TR, 213 H 15 BN 1 A6ilAA, HIE T 6.2%; %
2 H 29 HE k2 1000 B A4, HIJ R 5.2%.

A EEAARTE R E, RIH S ES Bk 2P, EREEKIKESSE. 1H24 H
~2 A 17 HE, RibsisBiER K, 25 R 17 B EIZEGE S 2000 . 8 JOBT R s ki
3000 i, HFrifHfhiZEuR mA F) 5090 B (HERRGE i AR E S A); 2 A 17 HikEgE, 2 A 19 HZ )5,
[ERFIHIZECN R 1000 BILAA, RS EOEK IR Bk gE, #2021 4F 3 H 4 H, Rit#izhs)
101,046 i, HI¥HEIH My 1.17% . A M2 HUE E R 2 ILBL (70 A RRAE, FEIE SR ERETI T “K
FUBLPOE R R . S EE BRI EEMEHE. REME AN, HEMEE. REBRERE. B E
B 55 7 AN R B BN

O KB & (2020 46 1 H 24 H~2 A 17 H, 325 RK). HaOras 48 5 8] i ) 4 K7
Bl A P i e, A BAAH2BUE 2 A 17 HIiAF0&(4 58,016 7], HIyK 17.5%.

@ AR 11(2020 £ 2 A 18 H~3 A 15 H, 3t 27 K). B BAE S REUT 5% it “—3%
BL” PR, R RSN L AURER R, NG AT E TE M, 1E 3 A 15 H¥IAE
W% Z 1 i A, HYIRE 6.2%, BLE Bt aa 2 2 LS AN AR 295 51 o

@ AEMH|(2020 43 H 16 H~6 H 10 H, 3£ 87 K), KEpWlikiEE TE ™, MAAHISHRE
£ 4 H 29 HE R#EHIFE 1000 BILAKN, 6 H 10 HBF#IZHuE— 2 T2 100 fl 4, SEoMa A 1153
B o

@ FREERH(2020 6 H 11 H~8 H 16 H, 67 k). BA#SHEIEH 6 H 11 H 119 135 % 8
H 10 H¥ 2077 Fl(&id 61 KB Beidgfl), Hdb st kg T 6 4 11 H Iz mifl, Sk
26 KymspiE, 17 H 6 HALm M H B e HmeIfEE 0, Fred L&A T 7 H 17 H I/ NIBE,
Zid 31 RAMPITE, #18 A 16 HEHMHSHEIEEE S 0 fl; Sk BFE, LB E 5 2 800 H L)
Pefl RAIITE 1N H LARAS 216 B

'GIDDY M3fi: http://giddy.readthedocs.io/en/latest/index.html .
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Figure 1. Changes in the number of active cases and daily new cases of COVID-19 in China (January 24, 2020-March 4,

2021)
1. £[E COVID-19 HFHUlFE R MBS RHEHIH (2020 F£ 1 B 24 H~2021 £ 3 A 4 H)

® HALB#EE(2020 4£ 8 A 17 H-2020 4E 11 A 20 H, 96 K). BIAEHIILIH 1B 46 K58 55 [a]
ik T 1000 1, 9 H 17 HPF%Z 5K 368 51, BBy 16 8 i 76 T B5 /MM NN L RTA B 5

® —WREERIA(2020 45 11 A 21 H~2020 42 H 17 H, 89 K). HTESLE | m A% E KA 2020
9 A RIL T AL YR )1 SR NAE S COVID-19, ifi LT 12 A 16 H & IREFRE & B #5748 5 COVID-19
PN 2], I bR BOE IR A K RIS, ToRERIBR Y3 2 B T #8515 93 22 AL
SE1 A 3 HIFEIAL. BV, HAREE I BRI E KIS IET 1 H 26 HIAR|IEAE 2922 4,
gk, REBEISHROIEE T 2 H 17 HEREZ2 1000 FILAR .. Hf, dbT 2021 421 H 3 H
R B TCRER IR IZ ], A EERIG KT 1 A 21 AARIE(H 843 ], &id ™ ik pidx, #iibmiz
Wil T 1 H 30 HFEZ 0%, BV 1 A 13 HIFE KN, 2 A 2 HikFIEE 522 fl, LGP,
BrmiSHE S 2 H 7 HEEE 0 F); SN 1 H 16 HERZEEIFT 2 4 1 HisREE 350 %), 2 H 8 H
G R A 0 B

@ HHEAPFE2020 4 2 A 18 H~2021 £ 3 H 4 H, 15 K). &t 1 FELP%, RECKETE
BONSEER) COVID-19 Bifstb i fIN SR R, I EAg. #5106 i S U m XS AT CL 4
JETT, VLR B 0 s AT ARAE T BE AN AN RAIASEY) S, 2% COVID-19 Jidi. UL BakE
ARSI O E B AT, B RS, T4k COVID-19 s LI St Hll 1
Z P AL YLRE 1 R AR S COVID-19, T [ 5 2L B A 8 i Ife 78 76 XU o

BE7%E COVID-19 fEABRJE A AEHE, FREM 3 H 1 ST H I HEESMa A 2 6], 25 HILTE
b5, 3 A 2 HAFGA7EWTT B, L AHRITE 3 A 5 HIFMRHEL, # % 2021 4¢ 3 A 4 H Rit5ish46
NH1299i 515 2 5040 4], T FEAR @R L IS MmN BiE6E, 12 2020 4F 3 H 4 HB54MaA
TG KA R, FAth N [R) 4 B B B M AT A 2 40 (LI 2). HoAr /R g4 BRI DRI T 1Y) it
RPN G 2, A3 1431 41, Wb, BraE. JARSEE IS 800 fil{H AN E 1000 1, HEIEIT.
VORI, AR BRPE. AEEE . dEE. YOPE. dbns R, 2B EIR. WL, WLva S T 0 B
ZREIEGET 100 51 HIASHE 400 61, AN FER AR H B A A\ ) .
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#2021 £ 3 H 4 H, EPN COVID-19 RitFtr: AHCh 4837 4, FET:%N 3.78%, FHAidbstr: A
#k 4512 B, A s 201 ), IR BRORTTEANE AT NECH 22 fiIFN 13 4, A fr A8 T N B ki
10 %, VEGR. HilE. LG, TLOREE O R BB G . P, AR E S BUR ) S B S R
PUigi B G — RV E . BB, KRG 2 5, COVID-19 i KA 41t 25~30 K (4 2
A 14 RIGRIA)IE B I KR S, B3] 7 A Rz
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Figure 2. The number of accumulated confirmed cases and daily new cases of COVID-19 imported from abroad in China
(March 5, 2020~March 4, 2021)

& 2. £[E COVID-19 ZiHEIMaN & FTiE w5 $iE(2020 £ 3 A 5 H~2021 £ 3 A 4 H)

3.2. 4BREE COVID-19 #1585 Sk

AR B2 (8] 70 A RFE SR G, COVID-19 1% 75 A [E3E Py S I AE B BUORF IR, AN IR 44 T X 1 17
ENEES. BATNE, RERYESZET COVID-19 FGLR G4 5 MM AbE 2 5T 2154 4
(I RS FE BB DIAR DG, T R S 0 52 858 A M N SRS R B . o KRS B B2 I A I T AE B R 2
FA RIS B BT A AT T LUK EL, FRE COVID-19 Hfii2 i i #5  Pidt 3 K 5 M IbaE
FIEAA 0 BT AE RIS FE B UIAH OC . AN b I il 8 2020 4 1 H 13 H 21 28 [ A IALIT H 3544 13 1)
ITHERUETRE, DABIAEIE NS B M TR B R T HE oy B R, DOldbiIR 14 K52 A 11 H)&4
B RS ECH RAR B AT R, AT DUR I B B AR OO Btz = RTHTHE R
#*129.67 + 96.5 (R2 = 0.0087, @i 0.01 &2 1t AKFAa L), MLl th 2% 4 03 (1) BT Ha 80
WIACERAT T tH N D EZE B W AR TP, ER. AR, XA B2
W RS, X R ER ARG A5 (2020) [SIFEMLZK T E H IR HEA —F . AT, 78— R sk
JiHT COVID-19 1 2 e AE AL Ju H R s T R AR AL 1, B KRN DS, i — 03 i3 1 Py HAth
RHIX, XA 4 [ %48 7 X AL R DL R A 3

FHJFER, EER 1 H 23 H~28 H#M, #B A b i bk Sedt ik, BN 30 NME TR 3 — %
ASERRFAmN, T NRE SR N, e EE, PIWE YR, BT COVID-19 2 1 R I
PN 14 H, fF 28 HAEA T H AN D FR#EH COVID-19 7RI N RAE 2 A 10 H A4 7] AR R H ok .
Ja SEbE A N AL A S AN B T X AR R T TR, B HEWEE TR, WA EREE
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B EFGE TMEA . AT, H 2020 4 1 A 23 HER IS g 5, SEGE N
XS 7 — RAVGEE B E I, AFERRIFRG] . 82 Ul R e 2 B i, AT AR At
ACRRES, A HTTE O BT S i, RS RO Py LA T R B TR A A i A S B ik T
e it — 25 1) A E H AR DR, A KT TR B AR SRV R N A R H

A BRi 2 AR AR AE AR R, K544 B 2 T A IAT 12 B A8 A S D s e s A X, 42
[ WS K T AT 12 B R B R 2, 8 1 B e i 2 (i ) 5 37 A e = (i )
LR R (W ). e 2 R i) B = e (oAb 50) KT R s B = s X (o B
L&A 3).

2
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Figure 3. Changes of active cases of COVID-19 in China (January 24, 2020~March 4, 2021)
[ 3. HE CoVID-19 MAEMISHENREE (2020 &£ 1 A 24 H~2021 3 A 4 H)
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3.3. ET=ELRPKREN=RE ST

FIFH PySAL 115 2020 4 1 A 24 H~2021 4% 3 A 4 H& BRIAFHAIS A Y A 2 0] Dy /R BHR BEFE 7
FERE, e s )i e AU OB SR, A1) fE R R S A 4 RS (e . B UK
By RIERGL, A C3. C2. Cl. CO&KuR), Z4iRUWIEE 1. PySAL IbX 7% 8] B /KB REEH AT AR L AT
R, 2R ERA A S RBER S o B AL, P RSR L Sei-E  56.909 (P {84 0.006),
IS 11l N 55.624 (P {ii )y 0.008).

TR BEREER 0T DA 145 B AR 4%4 5EF%E(2020 4E 1 H 24 H~2021 4£ 3 H 4 H) BT #r, Xt
FALRIIBUE KT 0.913, R &SRBV E KB E, A [RIBRYLAR B2 2% 15 Hh X 0 A AR X [ s, i
JE Gt X AEFFBUIR OMER K, X F) 0.983, i Gutth X 4EFFHUIR MR AR, X% 0.964.

MATRIZEARE, 2020 4F 1 A 24 H~2021 4 3 A 4 HHE], (KGR CO M B HIT MR N
0.016, HAREKGLEA M LB H AR N 0.052, [ K TFIIMZ N 0.035, gl L i%
R P2 N 0,033, [ R K EIMER v 0.038, F B8R 1) FHR AT XIMER N 0.036, AT L,
BURIRG A, ey B R A ) R R RS MR i T i) R RS R, UiBAIRE COVID-19 #iis#s Bk T
R .

Table 1. Markov transition probability matrix and transition time matrix for active cases of COVID-19

% 1. COVID-19 F IS DR B KL ML K B (B RBP4

7 ] s Ji5 2 R R I () A%
A Co c1 C2 Cc3 Co c1 c2 C3
Co 0.983 0.008 0.007 0.001 2.1 107.6 146.4 220.1
o c1 0.035 0.913 0.051 0.001 66.2 129 84.0 169.7
\‘IB Cc2 0.01 0.028 0.928 0.033 117.9 102.0 6.0 98.5
C3 0.002 0 0.034 0.964 1468 1426 54.1 3.7
Co 0.987 0.01 0.002 0.001 24 162.4 79.8 156.1
= c1 0.058 0.887 0.055 0 726 14.0 43.1 119.4
é Cc2 0.007 0.025 0.933 0.036 96.7 130.9 4.3 85.4
C3 0.002 0 0.023 0.975 129.9 164.1 33.2 3.6
Co 0.985 0.004 0.01 0.001 24 83.1 755 193.9
’-'E C1 0.034 0.91 0.051 0.004 66.2 6.5 37.7 160.8
8 C2 0.017 0.02 0.929 0.034 82.3 56.8 35 125.7
C3 0 0 0.03 0.97 99.3 78.1 23.3 7.3
Co 0.982 0.009 0.008 0.001 3.1 79.8 65.5 111.9
’E C1 0.029 0.916 0.055 0 76.0 5.9 38.6 94.1
8 c2 0.011 0.031 0.936 0.022 100.1 59.3 4.0 61.1
C3 0.002 0 0.047 0.951 112.9 83.1 27.9 4.0
Co 0.977 0.01 0.009 0.003 2.1 107.6 146.4 220.1
’E c1 0.027 0.927 0.045 0 66.2 12.9 84.0 169.7
\CG»; Cc2 0.007 0.036 0.916 0.041 117.9 102.0 6.0 98.5
C3 0.004 0 0.041 0.954 1468 1426 54.1 37
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Figure 4. Analysis for the number of active cases of COVID-19 at provincial level based on STL model
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