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(2012 £8) . AP (2013 ) . 22 (2014 ) %%
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W2, ZAREE N ASF i, X0 b E e ASF D
BERT, ASF JZE1EFamis /e b E 2 AN E i &g, Xt [E
AR B R T E K fa N,

FE YT I R AR 5 IRAT LR ) L& AL Jedi . ALk 1%
R G BB IX A E BT . FEREZ& ASFV 1)
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KA. Blln, @i ek sz TG Repg Rk AKYE THAK.
WTHRS, FREEH, RERN., IS5 20
ASFV 148 5 £ A EE R R ST H T mIc A 2%
BANEIT 7792, ASF BT Al i) 2 B2 AR 5 P 1
DUFD A B AER i, i DU N A R XU PPk 5 2
TR A ] ASF & 4 [ 8 B B,

& JLIp it 91 SRRk B EE A0 S FH IR B B AR o
SNSRI B R RG PRAG L — e gt S AL AR 22 )
VRSB S T VP Al B 48 G 1 RS DX 38 B A DG i
1T RS R R AR E S . N, Ma 55T i K AL 45
BERR FE AT Z0] ] /N 2 1 RS [X 3k
AT TIREDY, Wang S5 T 2 HE N eSS FE o drilad &
F VT3 € LI AU BRI 2R T 0k v ] Ay 10 B 9 IR [X 43
HEAT T VRGN Assefa 253 T8 S Fh A AL 45 & H
IR Y PRUISSE [R] 206 152 ZE A9k B STV 4k e A ] 4D 0 T 9 XL X
AT AR AR, 458 A B (Boosted
Regression Trees, BRTs) T 7t N & 3 B A i
G I 3 R,

K2 HORAT 1 5 VA5 A BRAN S e Pk b R AF AR B 2 1)
JRIFRTE . FESETS BT, 2020 4F Carlson JF& 1 U4 S0
[\ )95 (Bayesian Additive Regression Trees, BART) %)
PO AR BART & —Fhak K RINLAS % > 5%, |
Chipman Z57E 2008 42, FF7E 2010 FRs HAE) R H 2
Sy EPL, BAR BART A G AR —Figirik, HE
{I156-F W Hh 5 Ak RS (Species Distribution Model, SDM)
et AR E BB . DU S E R ARk 1o T
EE SIS, 8 S5 G UL 7 R DL B b Ak R
B AR ANE E P, X AT REAE DL 20y B [l = sy —
T BRTs {17775, 1b4h, BART 15 BRTs HI¥F 2110
R WG TR ARG ) AR B, IR HAERA
ErA A T HoAs 43 S ml e D i

AHE LI T BART 45 &ML AIRE M R 300 o [ ASF
RS X 33 AT VP4l o (RIS, X ASF R AEAH G 2552
Mo K] 32 S AR A AT bt . WFFRES AT BART 1E3))
VA% B RS PEAG ) SR B AR 225, RIS N T i
AR g R A ) 32 RS X I M i (R 2, SRS L
Tt A 4 it A5 B AR

1 RS

1.1 HIERIIRER

ASF PEAEER IR T HR A B SR (Food
and Agriculture Organization of the United Nations, FAO)
(5 S SR U R BT R e, P B I TRV
Iy 2018 4 8 H—2021 4 8 H. N I iEBREFLS
TR AT RE LRI W 22, ST ArcGIS 10.2 H itk
MR LA 5 km W BT IX, X X AT 2, MW
B P AR 22 R Gk DO R0 Al s K — S, BERE 5 kmx
5 km P AL — 4> ASF et s,
1.2 BART =Y

BART & — Mol DU 218 5 SO s 80 25 & 1 4k

BTV, FEAATE SO R SR A A S5 ) S e
ERFEASY, AR SR AR A 2 H 0 S
Bl B, 165 TR AR AL CRLB SR AR
B TR R AR SR R — 2
B = XRE, M={uy, o, s ot Bon—HE TH b A0
T R R IR S HE . o, JEM 5 S 2 BRI
D 5 %o A N A A 3 2 R 3R AT — oo 4 1, I T 0N
{(xEA}MI{x€4}, A NMNZE x [HEK T4, @b b
TR SERAE RS x ZBS T — AN UG
B, HOCERMIZ L 1 BRI x B RAE. fE45C T
MM IHTER S, BRI B ] LR
Y=g(x; T, My+e, e~N(0, o) (D
X gles T MYsRAE x B 31 €M BIREL, e RFEAR
g, JEH e IR N (0, 07). Rk, Bz
AIPLR IR
Y=Y7 g(x; Tj, M) +&, e~N (0, o°) (2)
A TR NGB AR, MRRE TR0+
WRSHE, xEERS g (v T, M) BUNR| g EM. 4
REFRIECRE m KT 1IN, A gy (AR IR Z TN 1) — 5
Iy Hg s T, Mp WA R x IV, 84, (ULER
EANBERFERMER. 24 g (s T, M) K24
A x B,y WIS 22 A8 B (A8 AR 45 R0
HFsH (1, M), (T, My, -, (T, M,)
Ml e tRyE T BART FEAY, R FRE0 X L S0 I se 46
ER . W T AN E FEARRIR R, i B DU B
VEA DAS B S RS SR IR A AT, IR 5 8 R 3R
3 Z H{H . BART #5284 2 Hi)Il kAl AT i 2 DU
Backfitting MCMC (Markov Chain Monte Carlo) %7,
Je—Fhgh &7 U7 Backfitting $L & SIS A MCMC HE
R SRR,
A& ) BART R B2 T £ U i [ AZ &, i) BART
A IR AT LA A logit link AbFE 3 280, HAH
Y=} glx; T, M))] 3
X @ RARUE IEA A0 1 RF A ok 2,
1.3 IMERERIERAEBAEE
TRAESEHTRT ASF S54% Bl i KU PRSI 78, 16488 H
AEEEE . ORISR, SO . A E S
#F8%0 (Normalized Difference Vegetation Index, NDVI) X
ASF HEAT UG XB222), 36 1 iRl ref BART
BRI 33 NS E . Hfr, 19 MEYRBEASERIET
WorldClim ##i4E (https://www.worldclim.org/) ; MLk
FIFH B %L ZE (https:/luh.umd.edw/index.shtml) H1i%+¢ 12
AFER LRI AR & . SO LI /KR T FAO
(https://www.fao.org/home/zh/) . NDVI XTI & TCFHHES)
VIR o3 AT BORE RS RI 23 9 AN TR R A DR T R e — A LR
(AR B TR A A B T UL R, IR H NDVI
BT 4 78, NDVI Bl k)i T s A Bt 58k oo
(https://www.resdc.cn/Default.aspx) o TE3RFFHTH M54 &
HE)a, FrA BRI, IR 2 [ 0 3 X
a7 A FER L0 5 kmxS5 km.
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#z 1 ATHEREERNTETE
Table 1 Variables used in the model

o ik LhL Wk
Variable Description Variable Description
Biol P55 Annual mean temperature/°C Biol8 I HEZE[% K & Precipitation of warmest quarter/mm
Bio2 53R H % % Mean diurnal range/°C Biol9 4 ZEP% 7K & Precipitation of coldest quarter/mm
Bio3 2R M Tsothermally (Bio2/Bio7) x100 Primf U — LA AR bR L HhFE %X Normalized forested primary land index

Bio4 W EZTEARHEZ Standard deviation of temperature seasonality

Bio5 W% H i i Max temperature of warmest month/°C
Bio6 1A A BAKIEE Min temperature of coldest month/°C
Bio7 )15 E AL VE [ Temperature annual range (Bio5-Bio6)/°C
Bio8 T2 T 2R Mean temperature of wettest quarter/°C
Bio9 I 2% P4 IRE Mean temperature of driest quarter/°C
Biol0 IR 2R P35I F Mean temperature of warmest quarter/°C
Bioll A28 1R Mean temperature of coldest quarter/°C
Biol2 FEHPE /K Annual precipitation/mm
Biol3 13 A P 7K & Precipitation of wettest month/mm
Biol4 5T H P& 7K &t Precipitation of driest month/mm
Biol5 Pk ETE AR R

Coefficient of variation of precipitation seasonality
Biol6 I ZE[% K & Precipitation of wettest quarter/mm
Biol7 I T ZEP% K & Precipitation of driest quarter/mm

Primn  JH—fbJRIGEFRMR L Hh 52X Normalized non-forested primary land index
A — AL AL AR IR AR T R 3

Secdf Normalized potentially forested secondary land index
Seedn VA — AT AE AR AR IR A - M R 5L
Normalized potentially non-forested secondary land index
Pastr U5 — 152 5 R 14347630 Normalized managed pasture index
NRI I — 1436 %0 Normalized rangeland index
NULI JA— 13k T T Hb 45 4L Normalized urban land index
C3ann JA—14k C3 FAAEYIHEEL Normalized C3 annual crops index

C3per JA—1k C3 Z A VEVIHE4L Normalized C3 perennial crops index
C3nfx  J3—1k C3 [EEAEYHEEL Normalized C3 nitrogen-fixing crops index
Cdann JH—1k C4 FEAEAEYFa 3L Normalized C4 annual crops index
Cdper JH—14k C4 ZEEAVEYFEEL Normalized C4 perennial crops index
PigN F A %0 Number of domestic pigs

NDVI JA—AbZE 5 FE i F6 20 Normalized difference vegetation index

DR Y T G PRI DR 1 ] 7 B PR AH S A 52 e PN &8 SR )
HERAYE, XIS AT AL . oG, @A EET R
WS R car” BT 7 Z K A 7 (Variance Inflation
Factor, VIF) 73#r AWID B = BEAH G AR /. /£ VIF
Srirr, VIF KT 10 BRSO N AEAE 2 B IR 2R ]
R A G, WG, K@i VIF o4 E s
YN BART A, AR R4 b A & B B P dE AT
PR o BART B8 AR (4] 43 56 [ Y= 4% A0
BN —FERR BT SR s . AR Carlson B,
IH] ArcGIS 10.2 7EAT FTIX 380 A BEATL A 1% 55 ASF 1% £iAH
[7) B 0 D Bk Bl T A B A e, B
“embarcadero” R GLBEAT IR IE AR ERBLAL, U1 R

D G — A8 PrE AR A — AN IR A 52
A CERA m=10) , [ RE CERIA n=50)

2) BBRETE 50 RiaiT B EZAR E R AL &

3) P IRCE GBI AT R ALY By BRI R =
(n=50 % , WFINEE LRI HTRIZEZ (Root Mean
Square Error, RMSE) .

4) EELIR2) M3, HIIRF NREENEE.

5) BJa, P RMSE SR,

115 RMSE AR AR T PPl ASF KU X 35K,
XA B BV VRS 8 7E BART 84 is it o1 5 48
JE A% B E B (1) 5 % I B0 A8 2 b A b A8 B I BOR 1T &
CEALT BRTs FF R E EEVPAY) o AR R T2 2
TN BART A6 B A AR Y [ P S0l i A
FSCHT o 7% R B B P A v 22 RN AR B e B 2 1 T 4 X ]
JHIT K RMSE #2411 50 YR E &S 47 V510 52 81 -
1.4 THHEM DM ROC 4

THO &5 SR 1 95% nI {5 X [A] FH T AT ¥4k BART il
A e, 8 H 2 W TAERFE (Receiver

Operating Characteristic, ROC) Hi£k T (Area Under
Curve, AUC) HEMBBFIIMHERSE. — RIS, 4
AUC<0.6 I AR R T 45 AR 0.6 <AUC<0.7 It
TR TR 45 R 72, 0.7<<AUC<C0.8 I, A [ Fi) 45
—fb; 0.8<AUC=0.9 I, BRLFNSE R R 4F: 0.9<AUC
<1.0 I, BIARITIEE R .
1.5 ZUERE

R 4.0.5 A “car” A5 31 ANFREEAR R
1T VIF 5381, M “embarcadero” fLXTidd VIF 247K
PRI AR AT B IR IE A BART B4, JpP(lhi A &
M E SV, M RN, Z4EE 0 KB, ASF
PR 1 P DL R 3R AT AN 58 P 3 B S ROC 34T

2 SR504
2.1 TERVSTHE

VIF {5/ F 10 BT A A 4 H T8 BART #5248,
it 16 NS E LR 2.

*2 IMETEM VIFE
Table 2 Variance Inflation Factor (VIF) values for environment

variables
A5G Variable  VIF {H VIF value A5 & Variable  VIF {H VIF value
Biol 5.334 C4ann 2.669
Bio2 3.654 Primf 4.016
Bio8 3.652 Primn 2.520
Biol5 3.086 NRI 2.508
Biol9 4.135 Secdf 5.259
C3ann 2.572 NULI 1.253
C3nfx 1.964 PigN 1.394
C3per 1.966 NDVI 1.499

22 TENRERTEEENY
SRR A EBER (104 204 50, 100 150, 200)
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Wi BART #i84, ki 11 NMEREEHA RMSE
&% (Bl la) , w&HEH T ASF XS TP B 5
AR EEREW T 3 e B A i AR
B EEM RS, 0.213+0.026. HkSEIH AL ZE R
R4, 0.207+0.028; T, 0.199+0.025; KIEM
5341, 0.194 £0.025; FeAZE[E/KE, 0.187+0.026 (K] 1b) .
2.3 TEMRMNHZ

T Ik 22 ) IR B AR R S S 2, R DL EE 7 B O R
ASF RAEMAREME /NGB H R X R WK 2 FiR,
ASF RAERI AT ReE S 2 B V3 — A3 T Tt 38 50t i
Frimr, 18 B R KRS REBOFIE G, g RN
RU35 T A BT LA 2R Y B3k T A2 ASF XS B . it

B, FEMEENA S RAEHRKERA
2% ASF KA HEM:

—~

0.366}

m
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Note: The shaded area is 95% confidence interval.
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Fig.2 Response curve of environmental variables

T I AR P T DR A PR A R T A R 3R 2 T
IO & Wl 3 s, BASRE B 40 A 5 95173 0l
A 7R [ KR R A — A 3R Tl - M A Bl TR FR AR G R gk
TR, QEEFESIR KT 20 CRE, 48 R ECE A8 hn )
21800 ASF f & A2 T REYE 58 R B0 K T4 25 000 3k,
A ZEREKE R T2) 150 mm I, ASF iK% 4 0] fe it 248
X BEAR . I R K T2 0.06 B, % R AR
BRI x4 50 ASF f & A= i) REdE
2.4 ROC HhZ& K=/ HE

Kl 4a &7~ T BART B8 ROC ik, BIRIMZ T
A CAUC) 4 0.90, UFBABASRIANTS . Bl 4b FerR 1
W GREE IR AER R R ) FUNAE R /3 Aii o B 4c 2R T ASF
RN RIE, 455 0.45, MAMER E ASF
TR, @ T SRR I 2 AT 2,

25 LRI G s R 3 #07% T ASF 1R R AR AU X 35k
HE— BRI A R R, WL 4d.
2.5 ASF XU X899 f R A HE 2

P 5a FIE 5c o 1 E ASF XU X IR 04, A
Hn] LA A ASF (14X X 4 3 A o v [ AR A
PUEEES, EEMAREAIL=A (CERT. L. &5
b IR WIEE. v, PRV, B TR, ATk, RS
PP RS WL BN EER. DU BRI IX
. B 5b A e L E AR T ASF XU T Al (P
Sa) HAHEME . fEAE R, o E R X
BRI TR AS A s P v, U B O XA ) 0 &5 SR v g S A7 A
Bz . ST ASF ARRRIE AR RS, KK
T DX I (R EE A SV . T T b B PR R X
PEiRR, TR o X0 T 4 5 BT I e T
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Fig.3 Two-dimensional partial dependence plots of environmental variables
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o 1 |
1) e -,
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a. ASF risk map

b.
b. Uncertainty map

Receiver Operating Characteristic (ROC) curve and two-class threshold

[4/45 Legend
B XK [X SkRisk area

[ 4 AU X JNon-risk area
[}

. ASF 7p JE R %]

AN 1 ]
c. ASF binary risk map

e REERE, P ERITAE SVl TR IR R R, RO TN

Note: Chinese Hong Kong, Chinese Macao and Chinese Taiwan are not included in this study due to limited data sources.

B 'S ASF R [ o 7 o 52 0 )
Fig.5 African Swine Fever (ASF) risk map and uncertainty map

3 %W

F 2018 £ 8 A LA, ASF 7EH [E L AN ik I xt
Hh ] A A 0 T 3 R0 P B R 3 R T T EE A R P
ASFV TEAMRAIRET A7 iGN (B K, EIRIRGT 2 M2, v
MK s k. F RSt R 2 H 4R 2,
H A W AR A % AT T, XA B i
TR T AR AT o TSt I 92 9 A 3 L ) T A e At A
TH KA IR AU WAL 1812, RO IR I, AT

TR NT AT R RS VA A A2 T AN 4% i) ASF & 4 fi e %
FEM,

FEARWE T, N R A ASF RS AT BE MR s o
/INTRU I T P A SR A AR 2R 2 DA/ IR SR B AT O FR 5 N
F, FFREEMPEINE LA R RE ATRE R ASF KA
DR 5 v P iR IR 22— o 7 JE iy 2 S5 PR AT S o A AIE B T R
BEAL FRME P AE A e A e 0 TG LR 7 S AR, AE
W2 AT BN TEC . s Ak, i T 2018 4F 8 & 2021
58 H ASF He 1 i i W 52 th [R)R R B A 40 (1 P 156
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RAEAE S RPRIELEE . X /INEUIR T, s 2 Sl 1 2
PR RN T ASF MIpi# 2K EE . B P2 /EX P AL 2
EEENMIGEE ASF B8 7RI 35 B BT 1 GL T 5
W, B TR R G RN KR A EA
CNTA 7 B PR G B A B IX B 4% ASF %5 8RS
BE Sl iy ik, /NI T R N A% R A SR A
X} ASF [T F 4 il o

ASF 1EN—Fah Pt uim, HALREMRAT S5
WAFAER R IIBR R o — Lo WAH LK TT R T %F ASF %155
A BRI R R 2 AR R I L. B, Liang %5
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Abstract: African Swine Fever (ASF) has been one type of acute, febrile, and highly contagious infectious disease during pig
breeding. This infectious disease can be characterized by respiratory impairment and severe bleeding of the skin and internal
organs. Four levels can be classified for the severity of the ASF disease, including the most acute, acute, subacute, and chronic.
Once the infection by the strong strains can cause up to 100% morbidity and mortality in pigs. As such, the ASF has been
mandated as the reporting animal disease by the World Organization for Animal Health (OIE), where China has been classified
as a risk area for Class I animal disease. Given that there is no effective vaccine or treatment available so far, the prevention
and control of ASF rely mainly on some protective measures, such as strict monitoring and health management. Therefore, it is
a high demand for an effective risk assessment model to deal with the spread of ASF. This study aims to determine the risk
areas of ASF in China, particularly for the decision-making on the risk assessment of the epidemic. A Bayesian Additive
Regression Tree (BART) model was also constructed to assess the risk areas and influencing factors using the ASF outbreak
data and 33 environmental factors from August 2018 to August 2021. Some buffers were set at every 5 km for the collected
points of the ASF outbreak, in order to eliminate the possible bias from the clustering during modeling. One distribution point
of two intersecting buffers was removed using overlay analysis, where there was only one ASF outbreak point per 5 km x 5
km grid. A Variance Inflation Factor (VIF) analysis was performed to initially eliminate the highly correlated variables. The
high correlation among environmental factors was avoided for the high accuracy of prediction. Specifically, the factors with
the VIF values greater than 10 were considered as the multi-collinearity for the removal in the VIF analysis. Subsequently, the
environmental variables were verified, according to the importance level of the factors in the BART model. Finally, five
optimal environmental variables were identified to establish the BART model for the assessment of the ASF risk areas,
including the distribution of normalized urban land index, the normalized differential vegetation index, the mean annual
temperature, the distribution of domestic pigs, and the coldest season precipitation. The results showed that: 1) There was the
highest contribution of the normalized urban land index distribution (0.21340.026), followed by the normalized differential
vegetation index (0.207+0.028), the mean annual temperature (0.199+0.025), the distribution of domestic pigs (0.194+0.025),
and the coldest season precipitation (0.187+0.026). 2) There was a relatively higher ASF risk in the small cities, compared with
the other types of cities. The ASF risk also increased with the average annual temperature, the normalized difference
vegetation index, and the number of pigs. The high precipitation during the coldest season reduced the likelihood of ASF. 3)
The risk areas of ASF were concentrated in eastern and southwestern China, including the parts of three northeastern provinces
(Heilongjiang, Liaoning, and Jilin), Hebei, Shandong, Henan, Shanxi, Shaanxi, Anhui, Jiangsu, Hubei, Hunan, Guangxi,
Guangdong, Hainan, Guizhou, Sichuan, Yunnan, and Chongqing. 4) In the risk map, there was a higher uncertainty in
southeastern China. Therefore, much attention can be paid to this area in the future, due to various influencing factors for the
spread and occurrence of ASF. Additionally, the Area Under the Curve (AUC) was 0.90 in the accuracy assessment of the
model, indicating the high predictive accuracy of the risk map. The findings can provide a strong reference to determine the
risk areas and influencing factors for the occurrence of ASF in China, thus formulating the prevention and control plans.

Keywords: disease; model; african swine fever; risk assessment; bayesian additive regression trees; influencing factors



