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Abstract

Based on the data of confirmed cases of COVID-19 in 18 prefecture-level cities in Henan Province
from 2020~2021, BYM (Besag-York-Mollie) and FBM (Familiar Bayesian Spatio-temporal) models
were used to analyze the spatial and temporal distribution characteristics of the risk of COVID-19,
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and explore the influence of socioeconomic and ecological factors. The results of this study were
also used to compare the advantages and disadvantages of the two models. Methods: The data of
confirmed cases of COVID-19 in Henan from 2020 to 2021 were collected, correlation analysis was
used to exclude some influencing factors with little correlation, and factor analysis was applied to
downscale the indicators, which were then analyzed and discussed by substituting into the two
models. Results: 1) The risk level of the epidemic in Henan province from 2020 to 2021 showed a
decreasing trend, and the high-risk areas were mainly concentrated in the northern part of Henan.
2) The factor analysis constructed five comprehensive indicators: basic economic factor, social
factor, temperature factor, precipitation factor and air quality factor. 3) The results and DIC
values after the model run can be concluded that the FBM model is better than the BYM model in
general.
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1. 518

HE I 9 IRAT I =47, FLr B 7 B (12 1 4 AW 46 B R AT Delta RUAT, e DU i if 2 5
RUR] DA R bR 208 e il 98 CE RS [R) R0 2 () 48 P b R R i o P IR I S B AT IR R b, XA B
T IRA VA F A IRAT IR OB 23 VAR RRAE[ 1], 17T %F 2020~2021 3876t K AT HORI 70 tH 21X AN Wi

BYM (Besag-York-Mollie)t< %, FBM (Familiar Bayesian Spatio-temporal)#5 7 j i it £ it () U1 st
THEA, BYM BRI Z 1. 7 oS ubid i) DU S e b 87, By Besag 55 AR
[2], 1fi FBM BEZY 2 G. Li L BYM JyR 3T A e H i) — s Y [3], AR ST Jig SR 15 18R I A A 2
IXPFSERL H AT Oz 18 F T o AT 23 VAR 0 i R v, ALRE O L JTREE e KU VA, 34
TEESERH BYM B4 7 H 28 mCB T o X B 50 T2 i 25 70 A S8 AR (4], 8 35 55K H BYM H5E
4T T AL ETT 2005~2009 % X (W45 A% 7E S N T ZRR2ma K7 14 R IR B 28 AR RRAE (5], 9KAH 5
Sz H BYM FAY AT 1 T S BH Hb X (1) il 5 4% &0 T B 45 542 [6], Daiane Leite da Roza %5 LA BYM £ 7Y
M T PG AR ES 0 Sdo Paulo /i Ribeirdo Preto £54%9 K R B 258 oy S e 5 4k 2 e g5 1tk 1 98 R [ 7],
Dagian Liu %5 BYM 8R!, JONAHRLFI M 240, H2 T DUt i BB 72 7 KA i A0SR 4% i (8]
AR TR I A AN R, AR A AP S R G B I TR PR A A (R AN, R T AR S AR
AEEME, FMERATAT A0 BYM B8R T3 et il 2 0B 78 . FBM B84 YI G, Li S84 JF
i T 9 B AR X N 2 B G A0 90 AR VP AL, I BT T XA I R ¥ R B Rk Jg a4 9],
Danyan Liang 5% H FBM #8431 7 2010~2015 4F P 52 1 L X 1A B TRBR 9% 15 1 B 23 R S I A2 [10], L
Wang %53z H FBM R 4T 1 4E 23 28 B R FE AN T4 b [X 1 45 42099 (1) 25 38848 [11], Ram K. Raghavan %%
Fi FBM B RLRIE T 36 [ V4 25 1L KRR 16 BE st S50 () B 25 00 A REAR , JFVPAl L XU, RIS R0 7 A 56
IKEN R % [12], Junming Li S48 FZ 75720 A e 1 o KBt b X 1A 52 HS R 23 AR PR T 3R A
2 DA IR S PR R HE AR 1 S I FEE[13], Xiangxue Zhang 45% 1% 5208 1 2000~2018 4EH1[H PM2.5
RG22 5 R & (I 25 53 [ 14], Wei Wang 2532 F FBM R RUHR R T 2006~2020 46 H [ ok Fifi 2844
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AN B T R H I 2 AR A A Yoe 2R [15], FIFER iR STk iR, AT LA B LB 7T
GG I AR [ AN ERE I B, /B I 2 R R &3 nT LUR A FBM LAY, Hiiet i 46 2R AT Delta
R IRAT AR 2 18] b, B ek AT T At 5, i) 1) ek =45, IR FBM BEAL N FH 37 ek it 26 110 XU 1Ay,
AT LI 23 R R AR R A AR . IS A PR B AE 3 M P4l COVID-19 il 54 o g )8 FH &5 SR 2
ST AR AT A FEERAT] 2 B DL BT i 3 A AR Al A D Wi S FH e K IRAT I A, RN 3R Eh— AN b X
TR AT B RE A DR 7 6F i e AT IRV PR R e R B A R Ge P4l s 1 H BYM 5 FBM BEAL AL 9556 L
fEEHE S o DRI, ANSCLL 2020~2021 4F7A] G 48 i X 37 7k 1l 98 S8 1% AE I Fo 0t B, R0 PR S 2R 78 %
AT 993 S 00F 50 R 1 I P A7 150 RS 28 F B 1 45 TR, ) BN R 2R IF 0479 1) 9K 20 K1 3 e JH ot 9 XU P 52
i FL AT R FH S 2215 B ME N (Deviance Information Criterion, DIC)K LL# BRI AL 2 [a] (40L& R BE , PR A
RILER R %5, — M DIC {E /MRS &5 BB R [ 16] -

2. BB
2.1, HiEExREAFI

5, A 2020~2021 SIS 18 ANHBZLTT S R T RS AN BB TR, TR R &R
IR R [RIB12 N B SR VE 2 AT, 3 BUR FH ROZR A SGMEr Ar i 7 v, AN T
(5T
VZ(-xPX(y-)
13 th 85 R JE A GV R TR e, 1R AR P E/NT 0.05 B4t X, KT 0.05 ARASI =
X, TRAEFE, AT TR A 1 e s i B

FERAHIRME S AT IS, X8 076 328 58 B IR S M DXL 5 1B AT R 120 o bR T 8 2 0 DR £ B S A B ERAS
—F, PR AR & R R TR T Ak, AT T R SR SRR i . H A TR AR
Xyij = Mi_n @
Max — Min
Horp, X FoR X005 § A5 kK DNREKEIGEEE, Min 2075 kK NMEERR/AME, Max 25 kM
H A MH, Normalization-Index [ HLE Y /& 0~1.

S S DR 1 TR] Y SR AL 2t 0] 8, 3 BLR FH DR 14 A X FR b (R 2R AT 3 4, AT R 45 52 0 R 1A T
Bt EA . JEH Bartlett BREEKL G H KMO Ko, A48 52 5 400r sAE ¢, Bartlett BREEY IO St B
W 0.05, KMO HUEANT 0~1 Z[W], HUEBEHE 1, WAR & A CFEE S, KMO Zit& KT 0.7
PLERS, BP0 RO B R Hr ECE R Rk an R

Xi=ayF +a,F, +-+a,F, +6
X = : =AF +¢ 3)
X,=a,F +a,F +--+a,F, +¢,

2.2. NHERRT = =R R E

BYM Fl FBM A4 3472 ) FH S 56 40 A B o T A (R R SN S E AT HER Bl 5 384T DUl T H 3R A3
T R 88 o0 A, IR 5 2R BER 524K % 5 %5 (MarkovChain Monte Carlo methods, MCMC)3i#E47 J5 56 4>
FifTH R, RAPBARMSERIETHELT].

2.2.1. BYM R
WXL i 7E j BB BIECN Y, MG NBGE N T 2 AR N DB, mT LA Y, IR

)

Normalization-Index =
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Poisson 7 Afi

Yilpy ~ Poisson(eijeij) @
& =My *(ZYU' Z“J (5)
i=1 i=1
0 = exp(aq + g + 0, + Psiy +V, +a, #timel, +d, #timeL; + Y 4, *x,,) ©)

o py FORXKI 0 AE A BL ARG, o R0 AE | NRIBLA M BURE AR, n AR A
IS 1) B AR HE N T 8. 0 R XIS i FE5S J SERIMDR AR o g RORAREE, o RO BIE, v R
AR, g FoR H AR RN, o FonI SN R, timel, FoR5 j R RIRLR,  d FoR
BB, Psiy RIS SN, B R BRI R T RO AL &, X R DX i 58 ARRES k A E2R
s

2 (A [ o 1 pe OB [ALAH OGP, 2R3 (E B — Mol i 2% 448 B [ )3 452 284 (Conditional  Autoregressive
Process, CAR) i K/~ . LAY AU T

/Ui|,uj,j¢i ~N[Jz_;wij/ujla;21/ni] ()

Hos | gy BRI AIXIR J Z W22 RIROSE; o7 [y ARGRIXIE i 52 BHHAS m AN DX 402 ] 2R 5
(77 21 S31H, nzivvijyj AR i 52 BAHRR m AL () R B2 M BT M, X FLRATR S 2 I r 4
j=1
18 TR A A B, BBl AP TSR wy =1, RZWSET 0. 2 [A) 5 ik th 22 (R RS
BRI, — RO IERS A, R
v ~N(0,07) (8)
IS TR ARA R IS % 2 L A — Pt e TE 25 70 A AT, T B RO Ry AR 7 9 5 2 1) R o Ak A7

A X E A IS B S I8 AT BRI EZE (0, 10)HIEI 2] 0 A, TR o OSB3R 0 AT, 3X
HRHIES BAeRnAi .

2.2.2. FBM &
FBM (%A AT

0, :exp(az0 +5 + bt v, bt + g +Z/3kxkij) (9)
s, =exp(ay + 44 +V;) (10)
t=t-t . (11)

KW, oy RoREER, s RPN I R0 A, ISR A BYM BERDREIR . (bt + v, IR
FE % X I R R R A S, bt (6 =t —t o IREILFE RIS RSB h 2R R 7Y, v B IERS
IR R RARI N )RR A RE LA AL B 0o byt AR XIS B O BSL R I () 380 o REAER S
FEREIR e (ER O W e 7 AR S O BN LR Z2 00 B RO A BLRE W R T R A&, X R X0 4 j 47
M2 K ANFEMIA T o S ECRM IS AR, 2S5 SE R AR A U5 2 (0, 10)H93 50 705 4 Ay,
MIeie A5 BYM BEARUARIE: by v by AOHUEIE I S0 R A BRI N AR AN 3 2 T ik 2 N B
BHIAG . AP EIAE WIinBUGSL.4 T iz 1T .
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3. SCUES AR
3.1. BUEXIE

2020~2021 4307 [ 44 7 7k il 98 A0 12 N BOE0HE SRR VAT e 4 s TS s kot W R IR R SR IR T
2020 £EAI 2021 fEN A G iTE% . LGN GDP. MM . Tkl @H0lk=1. MEEEF
B ZidEr-E. EEERFE. Sr-E. By =, HaRS=E. BRABDZFERA.
SRR A=K 1V SN DSyl [~ (v SN DR ' | 4K VN $$wlﬂﬁiﬁﬁm@%$$ﬁﬂh\$$wh
Ky BRITHUE . BRI IRALEL . BeyT N REEETE 20 ANSEMR R o VAT B 4 At 2R A 2 B0 kR T R b 1]
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Figure 1. Correlation analysis of the number of diagnosed patients with each influence factor

E 1 W2 NBE&FWETRIRXMES T

MR E G, BATR A RAATRN, Aas R 1.
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Table 1. Results of correlation analysis between the number of confirmed di-
agnoses and each impact factor indicator detection
1. Wi NS S mEFIRREX M S L RA

S R P1E
GDP 0.12
TR 0.00
Tk 0.81
fESTIN 4 0.11
R EE 0.55
2B IS 0.73
(R 0.04
EA 0.20

5 = 0.03
FoAh RSk 0.14
ERABIFEERN 0.01
ol B E 0.03
YN 2K 1R 0.39
VN A SE 1R 0.03
32 ST AR E(AQI) 0.00
i 0.03
RSN 0.00
BEIT AL 0.06
RIT RAL 0.02
TP NAE 0.02

BT, BT AQL PR, FHEKET AR T, ERETHEERE T, 2R ATH T
T, ITERRAT

Table 2. Test results of socio-economic and meteorological factors
2. HREFEFMSKEFHRIGER

KMO FH B ARG FI AR 56 HEGB AT [EHATF

KMO HUFEIE Y1 4 0.741 0.601
EALRTT 249.495 4.226
H 28 3
BEME 0.000 0.238

MM a5 /G, 225 THRIKMOME K107, HEZM/NT0.001, @&&#ATHE 724, M
SERTHIKMOE/NT0.7, HRFEMAT0.001, MmAEGIATH 700 BrEl, Xtk aadf il 1t
TN, EEE— D EEYE, TSI TR R R CTIAQL. PR B K IRATINNR Hek E
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Figure 2. Spatial component diagram after rotation
Bl 2. med R = alE HE
Table 3. Component score coefficient matrix
3. MO RN
o353 R BOERE B 1 J%73 2
V2 0.007 0.379
V7 0.190 0.019
V9 0.199 —0.078
V11 0.129 —0.333
V12 0.025 0.347
V14 0.199 —0.072
V19 0.180 0.094
V20 0.185 0.066

X EV2RFRMAY, VIRFEEEREDOL, VOREHGH™, VIMREE R A ZTEWRA, V12
R RAE, V1A =%, VIRETIRAE, V20K E T N i H. MR8 s
Ry RN T/ LA A8, B — i S ARGl . R RN ZREEWSN AN S — 7l Ay
HOX =AM 1, RX—Er dr 4O RR TR 7 ROV — 80, G2 oty . 2,
A58 R T Heda (AR S 7 M AR5 20 A

3.3. DIHHErE e AR

3.3.1.BYM #&&
(BRI R MO0 1 8 4 AR KUK ey o SRR TR T g » RSB T gy » FRIAQIN Xy
FERA Xy - TIIRAN xg; - SWE TR ERREON 5, - 4, - WATEIOBYMECEHT T F
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Y, | p; ~ Poisson(e;rr; )

r, = exp(oe0 a9+ PSIU— +V, + o *tlmelj +d, *tlmelj + py * Xy +f, * Xyij + [y * Xaij + B, * Xyij + fy * x5ij)

FEWINBUGS1.47 HE4T K Z13000009K KA, MEAYIEAIE ) T USRS .
FERE B SUS , AT T LAAS H VAT 1 44 184N 2% T4 20204 F1202.1 48 FFH X JXURS: P2 B )T S50 50 A1 (WL
4), [FIR AT LAAS HY AN B0 B 55 AR 5 XU P S i A (WL 225)

Table 4. Relative risk level of prefecture-level cities in Henan Province, 2020~2021 in BYM Model
Fz4. BYMIREI TN 2020~202 1555 R 8 & b £ i AR T U A2 B

Wi 2020 4E 2021 4E
H M 1.19 0.34
¥ FH 0.39 0.78
1HERH 0.77 0.89
%R 0.70 0.25
e 0.59 0.44
g RE 0.71 0.89
IR 0.70 1.04
=170k 0.69 1.21
R 1.53 3.30
i) 6.18 0.05
[E1S 0.08 0.05
ST L 0.05 0.02
e 0.07 0.02
VBRI 0.39 0.51
JEn 0.76 0.08
21! 0.09 0.05
SR G 0.85 0.04
(=L 0.19 0.05

Table 5. Impact assessment of each impact factor in BYM Model

=5, BYM#RE T & M E F B2 i iFh

SR ghi
AR F(B) 0.91
AT (B,) 1.81
SF3AQI(By) 0.46
FIRIR(B,) 1.27
SRR (B ) 0.49

WRIERARIGE R, 2% F5 4 2020~2021 4251 e fili 26 s KRG & @ 1, L3, 1814
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Figure 3. Risk assessment map of COVID-19 epidemic by prefecture-level
cities in Henan Province in 2020 (BYM)
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Figure 4. Risk assessment map of COVID-19 by prefecture-level cities in
Henan Province in 2021 (BYM)
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MRS RRAE , AL 57— 7l B S S R 2 B DA 136 e e 1 IO R R IEAR G, T
2 AR BRI T E AQUNS T e e 1 A7 AE TG IEAROG R SEM,  HLHL Ao 2 D7 AP 28 AR X B el 2 1 14
SOMARR, M3, (1A L mUb I R IR, OB R R A ey ) 2 B il g (1 P AL s X . T e
MLt AR X T B T I, KB TAACP IR, AR A S 20 5 A 5 AR AR S, R,
REAE R R Tl e, P A U B AT AL, N AR, i AR 1 XU £
Tt

3.3.2. FBM &&=
TELBETRT T 28 ML 2R T3 47 ORI IR ey, BERBZR VT % » AR T0 %y 0 FIIAQIA Xy »
PRI Xy 0 PRIBEACN x5 SRR TR RECN B, ~ By« AR FIFBMECEE R AT

Y, | p; ~ Poisson(e;rr; )

rr; :eXp(ao +8Hhot +V Hbyt g+ BE Xy By ¥ Xy + By ¥ Xgy + B Xy + s *Xsij)
s, =exp(a + 44 +V;)

FEWINBUGS1.4H11%4%400,000, ¥J4A{Eburn ini & 210,000, A4 FEACK FISL, 1Kt =t -t -
ted, 2, Mt =15

BERA B SIE , FRATTRT LAAS HH Tl B 24 181> Hb % 117 2020 4F A1 202 14 A AH %o IRV P2 B (1P X B (L=
6), [FIE AT LA H AN 52 ) R 76 AR GE IRURS: PRS2 M DA (L2 7) o AR 22 410 45 SR 22 i Vo) B 48 4% Hb Tl
2020~20214F Hr i e fE LA e, WIS, 1516, AR ERATHWINBUGSL.4%K {411 5 BYMAFBM i 152 2 (1)
DIC{E, W38,

Table 6. Relative risk level of prefecture-level cities in Henan Province, 2020~2021 in FBM Model
F<6. FBM1ER! T 2020~2021 A Fa & F- R T AE XS XU A2

Wi 2020 4 2021 4E
HH 1.18 0.35
¥ FH 0.37 0.78
biEd el 0.75 0.87
%R 0.69 0.23
e 0.56 0.43
Ty Rk 0.70 0.88
FEIE 0.69 1.04
=10k 0.68 1.21
IR 1.52 3.29
Frdt 6.17 0.04
[E1S 0.07 0.09
ST 0.06 0.08
e 0.09 0.06
VR 0.20 0.54
AN 0.82 0.05
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Continued
A B 0.12
I 5 )5 0.91
(EL 0.25

Table 7. Impact assessment of each impact factor in FBM Model
F27. FBMiREY T & 820 E F A S 7144

S R T ghR
RMAFRT(B) 0.99
R T(5,) 1.54
T AQI( B,) 0.13
FEARIE(S,) 0.34
SERIREK(By) 1.18

IR 4

4 g\ BE 5l B
. —
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Figure 5. Risk assessment map of COVID-19 epidemic by prefecture-level

cities in Henan Province in 2020 (FBM)
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Figure 6. Risk assessment map of COVID-19 epidemic by prefecture-level
cities in Henan Province in 2021 (FBM)

[E6. 2021550 F & & #h 4R iy F 1 XURS 142 (& (FBM)

Table 8. Comparison of the fit of the two models

8. MMMRERINSIZR LI

i Dbar pD DIC
BYM 175.788 36.983 212.771
FBM 167.482 30.028 197.509

7E: DIC = Dbar + pD.

MEEMIEERORE, FERZETTR T ik D7 LUK T35 B T R 8 B e e 17 R R SR (152
DRIZR, %520 DR 3 8 O68 RH T XS A7 78 TEAH DS ORI, G XS R R P2 TS 2 B 3 5 B2 T TR R 4R B R 4R T
MTHRTT o MPHAE BT g 48 5 3t 20 11 RO 15 IR TPl L AUt Pl th m] AR HY 0T g 4 25 3t 20 1l s et 8 15 A
X IR A P S LR A T ka3, T g ) I 0t DX 2 19 P XU, — LB ™ B, LR BRI . =17
Ty WSPATT . ERAETI . MERHTI . ESEETHAE 2020 4F (B AR X RS AR BEAT BT hn, - SR H 17 W i 55 - 1T
VTR R AR IR, AN 20204F 312021 4F 4 H H Fi )5 55 5«
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