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Predicted future range of the fall webworm in China
based on different climate scenarios
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2. Department of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract [Objectives] To predict the future range of the Fall Webworm (Hyphantria cunea) in China in order to improve
the prevention and control of this pest. [Methods] Records of the Fall Webworm collected in China from 2003 to 2020 were
obtained and organized, and 19 bioclimatic variables for that period were calculated based on the monthly maximum and
minimum temperatures and monthly precipitation. DEM data were obtained and future climate variables under different
climate scenarios were calculated. The nine most important environmental variables were identified by VIF and Spearman’s
rank correlation. Suitable current, and future, habitat for the Fall Webworm were then predicted based on an integrated
Biomod2 model. [Results] Suitable habitat for the Fall Webworm is currently concentrated in Liaoning, Shandong, Hebei,
Anhui and other provinces. The range of the Fall Webworm is predicted to increase under different climate scenarios, with the
overall trend being an expansion of the species' range into northeastern and southern China. [Conclusion] The results
provide early warning of areas likely to be colonized by the Fall Webworm, allowing appropriate control measures to be
implemented beforehand to prevent its spread.
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KE 1418 (AR, BHEET ), 611 4B%fT
BIX A KA, FEEPZE 49 £ 108 J& 300 £
Pl (BELTMGSE, 2022), FELIARECERIYIH

, RMREYI AR, KA B
MR BEZG, SHERMYITET . EE HIRAYEEE
J1ARGR, Gy Hnl DURATIE 500 m, AS[E LA ]
BEA RGBS . P . Sl T E . WAEE %
IR HEATIE IR B AEHE , R AEAE BN TR 4
T, —WAl ki 70m (2=, 2021), —40]
Pk 35-50 km, HARILE 40 Z4E%, FEFKRE
W T A e X R R P R, I AR
RETE SRR S 1) R R RO (BRME A
45 2022),

26 B AR TR B AR AR
Tl 2z — 7 5 [ AR A4 2 ) 40 A1 B ) oA 1%
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RAA A VA S3A1 , R Iz T A
AW S A T W RIS A 3 A XA B e G R
A B GO R B S A W R A R R A
&, 12 WA AR AL AL LA,
Maxent. Bioclim. GARP. Domain 1 ENFA %,
Wk ER0AF (2022) ffi ] Maxent BERU hng K
— A% #4E Solidago decurrens 7 Fk [ %38 A= [X
77 W, #3545 (2021) {4 H] Bioclim A5 %t
A ERANFR [F 10 2[5 Bk L Sminthurus viridisi#EfT T
WEAE XTI, {H Thuiller 2 (2003 ) 2 & 5F55IA
Shy B — AR ) T B B 2 i A BB Y 3 2
T REAG, DR AE R A A o A R R X A= 4 53
A7 DX A T A AN A A B — S 7R 1% i I AR R
FEREE, BLAh, VP el FF S b AE X
BB FH R 9 b 2 e e S o B R e

A (E] R EORBEEATULEL, ity TER4E (2021)
il FH 72 ] B ASE A0 3 1] 56 1] 1 g i) 4 BEOXURS:
25 [ A% Jmy #EAT 1 B, TR AR B
2011-2016 4§ 2 209 >3 [E (1 i 4> 6] £ FHAG AL
AT A4 B35 A 5Kt 1970-2000 4F A9 A= )<
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DX AT B TN 5 [ R A7 AR 3K ]

H A ¢ 32 [ kS A= X 9T 2 R
— B (BEEEAE, 2016; Z0MEIRSE, 2019; ML
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Pt B RO e ) ANFRE I, AR SO T T A 3R T
I RiEF 1) Biomod2 #2741, T 9 FiisiAl.
I AR (Generalized linear model, GLM ).,
O B R Il )9 B R ( Generalized  boosted
regression models, GBM ). J~ LA i A AU
( Generalized additive model, GAM ), 4325 5]
JTkAR Y ( Classification tree analysis, CTA ).
N Tz P28 ( Artificia neural network,
ANN ). ZEH:H1 5153 A5 ( Flexible discriminant
analysis, FDA ), i/ X sy =t ( Surface
range envelope, SRE ). £ G H idi i 7] I 45 7Y
( Multivariate adaptive regression splines, MARS )
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AR SCAH Y 4 E AR5 (DEM ), DL
2003-2020 4F4x [ A B AR . 2 A E s
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SRR (Peng et al., 2019), 73 3E%N 1km,
ST BIRFIR RSB E, AT YR ALk
AR . BRORZE A YME . BRiRZE
LIRS 19 MEYR AR & (R 1), KKK
g% B Worldclim R ( http://worldclim.org/
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£ 223 A% ssp245 il ssp370°1% 5 F Y 2021-2040
AEFN 2041-2060 AFRYAEYIRMEAR R, RN
30s. H TS £ i) o R W) 2 3 30
i raster LAY stack PRECTCEEXS HE T E 0N,
A I A S f8 FH Arcmap10.8 1 ArcToolbox T H.4f
{14 B R AL DI RE X A A B A T 5 A, 23 1)
IPERG—N 1 km, KA, HIERNARNEZE
LML TG E (Wenetal., 2022), &
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KA (Variance inflation factor, VIF) XJATA
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H RIEF T HTEN “cor” PREGHITHIE
IREFOC R B |5, 2R B |r|<0.7 178 &
4, 2) A RIES T usdm FEFFALN - “vifcor”
PREICH R DT R e RAR i, DART A A AR
O AR RWEM TR, MR A BRI VIF
(B 45 7 A VIF S KA R T 7 W R 2o K AE
XoF IO 18 A 35 A I AR R 2 1) PR AR o R A
AV REL FREAE, AR ER VIF &K
BH/NT 7, 3) BRI L WA e 25 5 v (R 4H R 25
B A T i AR R A

1.3 HEMHBESITER

Biomod2 iz 171 F i) R-Studio K V5 T https://
www.rstudio.com/products/rstudio/ 3, R 155
(JAS 4.2.1 VR T https://mirrors.tuna.tsinghua.
edu.cn/CRAN/, Biomod2 7E & I, T84
YIREEAE S S B P B , R T2k KA

R1 OMEYSIRTE
Table1l 19 bioclimatic variables

4= 1D f#i& Description

2D #iiA Description

biol ARl
Annual mean temperature
bio2 BRIz A ¥
Mean diurnal range
bio3 B2 SR ZELL
| sothermality
bio4 AR A T 2
Temperature seasonality

bio5 I By fe e Ul
Max temperature of the warmest month
bio6 V8 A B AR

Min temperature of the coldest month
bio7 AR AR AL

Temperature annual range
biod  EETHSR

Mean temperature of the wettest quarter
biod i TV 44U

Mean temperature of the driest quarter

biol0 TR
Mean temperature of the warmest quarter

bioll  EabZTHUR

Mean temperature of the coldest quarter
biol2  4Epgskik

Annual precipitation
biol3 AR Dy PR

Precipitation of the wettest month
biol4 A K

Precipitation of the driest month
biol5 W I 25 Ay 2

Precipitation seasonality
biol6 AR K

Precipitation of the wettest quarter
biol7  EFFEMKE

Precipitation of the driest quarter
biol8 IRFATERE K B

Precipitation of the warmest quarter
biold A FEHKE

Precipitation of the coldest quarter
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AR, HE ] Biomod2 FAFY “random” ff
AREALA K 10 41 1 000 AP A, I BELEE
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VERIRAR o B8 AR A5 Dh B AR 2 A AL
FAAA], PR SRS N BIAME, B
RALT 10 ¥k, 3774 900 A YINZRE R (9 Al
A1 10 <A x10 YGasE ), FFRTRRIZE S T
—ARAbBE, 323 TAERHIE 22 ( Receiver operating
characteristic curve, ROC) Ml EZH T4 iTH
(True skill statistics, TSS) H R #) 12  H
FHH M b (Baldwin and Kain, 2006;
Landgrebe and Duin, 2008 ), ROC il £k figf Jx ik
POULEE i UM AR S v, O T LM R R
BRI ROCR, TER A ROC 4k T Ry
1 (Area under curve, AUC), AUC {HiEH N
0.5-1, AUC fE#EIT 1 BT RCR M. i
TSS {H AE 838 i3 U E FIRR S S B A B
PR PR 2 R A 2208, FL2E (AR 1 16
HH S0 S8R R o AR SR FH 3 W A 7 vk R A T AR A
PP R

2 GRE5SW

21 ®WEFEEMN RSB TNEEITMA

278 B X TP oy A B RS ) F MR DA DL
P 1, Aot S ] P A DX T 52 i) g K 1) 2
AR R AR Rk (biold), HARIHEEAR
Y 2 e EUIRHET 23 o R ( Digital
elevation model, DEM )., fii i 2 F- 443 i ( bio8 ),
BERERZEZESFRZL (bio3), RMFEREKE
(bio18). ¥ ZEfE/KE (biol9d), HTZ=RFK
i (biol7), FEMEA L2 (biols), & TH
yREsK i (biold ), HRHETRE H w2 E ki 7
A% GUAE Arcmap HAR HUR: A= A5 IR R DG AR AR
HA, BRIR KA SR ERRAE T E 350 m LU
T, TR, ARIL D R KT TR, i
A K SR AE 120-310 mm, fRiR 21
SIRAE 25 °Chiti

Hy BA— AR T Y AUC {1 TSS (B LKL 2
FIFE 2, W — R A 5 ] 1 s AR X

0.6

0 bio3 bio7 bio8 biol3 biol4 biol5 biol8 biol9 DEM
#3575 B Environment variables
EH1l1 BRRETEEEH
Fig. 1 Importance of environment variables

bio3: % 542 L Isothermality; bio7: 4FiAR
k35 Bl Temperature annual range; bio8: 2 V- 41516
Mean temperature of the wettest quarter; biol3: & H 15
[%7K 12 Precipitation of the wettest month; biol4: £+ H
53 F7K i Precipitation of the driest month; biol5: [
54k, )7 2% Precipitation seasonality ; biol8: f#ZE[sK &
Precipitation of the warmest quarter ); biol9: & Z=[%/K
= Precipitation of the coldest quarter; DEM: =53
Digital Elevation model.

0.90-
ir— - ANN
0.85- M - CcTA
1 - FDA
" - GAM
v 0.80- - GBM
= - GLM
- MARS
0.75- « RF
- SRE
0.70- —

086 090 094
AUC

B2 9FIEEIM TSS K AUC MR E
Fig. 2 TSSand AUC distribution by 9 models

AUC: 3Zi# TAEFHEINZ T T Areaunder curve;
TSS: EASHIGSEHA True skill statistics; ANN: AT
AR Artificial neural network; CTA: 43255 EIHH
#i%l Classificationtreeanalysis; FDA: Z2:3) Bl 40 7
# Flexible discriminant analysis; GAM : J™ SCAR A% 1
Generalized additive model; GBM : 3 I/ i [A] 9 455 1
Generalized boosted regression models; GLM: |~ X £kk
#i% Generalized linear model ; MARS: 7T [ 3& 7 7] 15
I Multivariate adaptive regression splines; RF: BfiHL 7k

MAFE! Random forest; SRE: 143 [X 43 2 FH Al

Surface range envelope, 3 2 [i], The same astable 2.
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R ZBEALAR MR (RF), TR
25 SRE MEAY N T4 AL A AL Y TR
JE, 7E 900 A4 R T, R AUC=0.9,
TSS=0.85 (K45 Bt 842 4>, M AUC E1E
HAE , (S HINMACE- B pg gl At 2l
I AR 45 A E] ) AUC=0.988, TSS=
0.897, & HHZH A ALY {10 0 5 SR A - FL38 48 F
B IR,

2.2 YHEnEERX#D

A o A A AR LY i B A 5 A e N S
PR AE TR A8 2 X, 455 D ase M S il
{81 1] Arcmap10.8 ' ArcToolbox T EL4f 1Y 432
Tite, LA H SR B0 Fm gl SRt 17 XK, B4R
TR 3 A AR Y 25 7 A 1 A ( CUT-OFF ) 119

XA A2 B, BIEEE A X & T UL (R
T LA AE HR B0 M AIE A= X e AR DXORT
maa A X, XA E YOS A X T ARG T Y
7RSI R ) 5 ] p e i A X 4k 72.45%10% km?,
Hr, BEEAIX 47.55x10% km?, FEAEHLEL
TdE, REE, dbat, AR TR . ERORINL
TEES (T ); hid@ZE X 12.60x10%km?, HidEs:
DX AR Bl 6 v ol A X AE 2 0 A7 78 ) R - T8
JeA T NSl - AR 7 A A B R T
BIIREER s ARE A Xt 12.30%x10% km?, 24
TR SATA & R IR e T, T, L
Vi L msE (% 3),

5 YRR E 2R E e 2 AT, K
B 409 A Az A T T 45 SR i s AR X, 48
AR EMTHEARK, 21 kS A TRE

®2 BEARNTHITNER

Table2 Average evaluation index of single models

GLM GBM GAM CTA ANN SRE FDA MARS RF
AUC 0.939 8 0.957 0 0.948 6 0.9216 0.952 6 0.8516 0.950 8 0.952 6 0.956 2
TSS 0.858 0 0.867 6 0.8700 0.8312 0.859 6 0.703 2 0.857 4 0.859 8 0.869 8

®3 HAMHATEREEXERBREERER

Table3 Current suitable area of Hyphantria cunea

HIX B A X (km?) HaE I (km?) &KX (km?)
Region Highly suitable area(km?  Moderately suitable area (km?)  Lowly suitable area (km?)

1t 5% Beijing 17.03x10° 93.72x10" 11.65x10?
Kt Tianjin 10.18x10° 98.44x10" 10.34x10°
]t Hebel 76.09x10° 95.21x10? 13.97x10°
52T Inner Mongoria 0 20.48x10" 20.14x10°
il Liaoning 41.44x10° 24.35x10° 17.62x10°
AR Jdilin 0 53.59x10° 15.78x10°
VL5 Jiangsu 62.54x10° 14.94x10° 16.29x10°
Wi Zhejiang 0 0 7.63

% Anhui 58.574x10° 19.67x10° 19.33x10°
7LVE Jiangxi 0 0 7.36

LI Shandong 15.20x10" 16.91x10° 14.21x10°
[ Henan 57.59x10° 29.02x10° 13.89x10°
Wt Hubei 0 41.44x10° 12.53x10°
Wi Hunan 0 0 23.41

H3t Total 47.55x10* 12.60x10* 12.30x10*
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A X A 21 AR A AL TR A X, H 10
ATt i IR R AR R Bl i - 2

23 REFERTN

i A S A% BCC-CSM2-MR S fiehi =,
TEAE 2 2050 B A% ssp245 Fi1 ssp370 15 F A Ak
AR A S R = ARG T T 2021-2040 4
I 2041-2060 4 ( f&jFK 2040s Bt 3] F1 2060s A 1 )
149 55 ] P 3 A DX T o P > i 30 ) o) 45
SR TP BREL, oA ke Bof 1 %) TN 45 SR 05 R AR 1]
Wik AT EH 2RI G A (K 4), 7F ssp245

TE 5T, 2040s B [ ¢ [F s A X AR A
| 134.26x10" km?, 2060s Hsf 1 T [ 26 [ 1 ki 2
X AN 134.36x10% km?, AHAE T 24 B A43E AF IX
TRk 85.31%F11 85.45%., 1 ssp370 f & 1,
2040s B FR B 36 B H ok A X7 R S
138.53x10" km?, 2060s B 11 3d& 4 X [ FH S
132.75x10" km?, AR T 24 Fiad A X R 43 501 1
& 91.219%711 83.33% (% 5).

WAL, FEARRIREE R, K EZEE MRS
A XYk FEAE R AR BV NS R
8 LA K o BV I M DX, I HL P RR A [ SR X

R4 sp45ERTARMBEEEABEEXER
Table4 Suitable area of Hyphantria cuneain different period based on the ssp245

2040s 2060s
WX A KR )i 1 (km? ) G Bk ) 538 A B kme ) i (k?) {IGE DS (km? )
Region Highly suitable ~ Moderately Lowly suitable Highly suitable Moderately Lowly suitable
area(km?  suitable area (km?)  area (km?) area(km?)  suitablearea(km?®  area (km?)
Jt Beijing 38.35x10° 49.87x10? 25.20x10" 20.17x10° 69.56x10? 11.94x10"
K Tianjin 86.52x10" 10.37x10° 44,51x10 26.21x10° 90.48x10° 20.13x10"
A4t Hebei 58.34x10° 32.00x10° 39.61x10° 58.26x10° 34.90x10° 11.99x10?
174 Shanxi 0 1.38 43.05 0 2.08 14.58
F‘]niﬁ:ﬂ ongoria 35.01x10° 34.48x10° 30.60x10° 66.20x10° 33.62x10° 28.35x10°
L7 Liaoning 49.70x10° 36.57x10° 15.32x10° 37.32x10° 52.00x10° 36.35x10°
K Jilin 21.14x10° 79.70x10° 35.97x10° 40.64x10° 61.59x10° 24.76x10°
He‘ j‘F c:igjiang 10.50x10* 15.75x10* 32.55%x10° 38.82x10° 12.98x10* 65.51x10°
|- Shanghai 34.72x10* 31.72x10 24.23x10° 35.34x10° 87.15x10" 15.36x10?
YT.75 Jiangsu 11.45x10° 13.13x10° 71.27x10° 15.60x10° 25.72x10° 54.66x10°
WriT. Zhejiang 77.08 59.90%10? 20.76x10° 10.46x10? 25.19x10? 45.06x10°
228 Anhui 39.79x10° 18.84x10° 34.61x10° 36.68x10° 16.91x10° 32.52x10°
FE# Fujian 11.72x10° 17.91x10° 11.44x10° 47.98x10" 16.34x10? 12.79x10°
VLY Jiangxi 0 0 0 0 32.43x10"
% Shandong  91.21x10° 59.92x10° 18.61x10° 63.36x10° 81.28x10° 13.45x10?
A Rg Henan 61.28x10° 32.42x10° 20.47x10° 57.06x10° 29.88x10° 25.08x10°
Wit Hubei 17.23x10° 99.58x10? 51.51x10° 16.17x10° 11.43x10° 54.24x10°
5155 Hunan 0 0 20.59x10° 0 59.72 29.94x10°
™ % Guangdong 0 0 24.16x10? 0 0 33.00x10°
74 Guangxi 0 2.77 88.77x10° 0 80.55 10.57x10°
7R Hainan 0 18.06x10? 81.71x10° 0 21.80x10" 17.36x10°
X Chongging 0 1.38 16.57x10? 0 8.33 12.17x10?
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£E3R 4 (Table 4 continued)
2040s 2060s
P e k) B A K (k) IS K km? ) B3 I (km? ) s e X (km?) A& ZE X (km?)
Region Highly suitable ~ Moderately Lowly suitable Highly suitable Moderately Lowly suitable
area(km?) suitablearea (km®  area (km? area(km?)  suitablearea(km®  area(km?)
p4)1| Sichuan 0 0 77.77 0 0 0
ZFg Yunnan 0 0 51.38 0 0 62.5
P Tibet 0 0 42.43x10" 0 0 59.23x10"
Bk 7 Shanxi 0 0 22.22 0 3.47 20.13
$¥8 Xinjiang 0 0 11.11x10° 0 0 20.00x10?
£ 7% Taiwan 18.75 47.22x10" 69.71x10° 0 19.61x10? 59.97x10°
7k Hong Kong 0 0 50.62x10" 0 0 52.43x10"
] Macao 0 0 14.58 0 0 16.66
M3t Total 46.51x10" 50.31x10* 37.44x10" 38.02x10" 50.06x10" 46.29x10*
x5 sp30ERTARRBEEABEEXER
Table5 Suitable area of Hyphantria cunea in different period based on the ssp370
2040s 2060s
s X AR X Ckm? ) FPs@E A X (km?) RIE 2R X (km? ) 53 2k K (km? ) i@ A X (km?) @A X (km?)
Region Highly suitable ~ Moderately ~ Lowly suitable Highly suitable ~ Moderately Lowly suitable
area(km?  suitable area (km?)  area (km?) area(km?)  suitablearea(km?®  area (km?)
Jt5T Beijing 40.10x10? 49.90x10? 84.72x10? 48.85x10? 42.03x10° 26.87x10"
K Tianjin 27.59x10? 89.18x10? 12.50 23.00x10° 93.89x10° 43.75
ATt Hebei 31.76x10° 31.94x10° 64.16x10" 35.82x10° 28.50x10° 16.72x10
174 Shanxi 0 15.97 56.25 0 11.80 29.86
T 61.92x107 34.10x10° 58.29x10° 27.67x10° 20.54x10° 21.76x10°
Inner Mongoria
il 7 Liaoning 34.23x10° 37.16x10° 30.23x10° 63.45x10° 23.36x10° 90.88x10?
A Jilin 20.51x10° 60.28x10° 33.49x10° 58.21x10° 16.32x10° 14.10x10°
fgigjiang 59.89x10° 13.25x10* 99.56x10° 50.36x10° 72.90x10° 95.00x10°
b ¥ Shanghai 19.09x10* 13.29x10? 44.22x10? 43.47x10° 15.95x10? 0
YI.75 Jiangsu 36.64x10° 35.38x10° 24.05x10° 30.04x10° 35.78x10° 27.01x10"
WriT Zhejiang 91.38x10" 10.36x10° 22.13x10° 31.82x10° 16.58x10° 20.99x10°
L Anhui 33.69x10° 11.03x10° 27.33x10° 59.87x10° 81.61x10° 17.84x10°
FREE Fujian 38.75x10" 11.08x10° 12.16x10° 18.16x10? 99.27x10? 56.51x10?
YLV Jiangxi 0 0 24.15x10° 0 0 37.94x10°
1% Shandong ~ 50.47x10° 94.63x10° 50.89x10° 51.41x10° 54.54x10° 33.39x10°
[ Henan 40.41x10° 29.15x10° 14.75x10° 50.95x10° 57.59x10° 11.16x10°
#iJt Hubei 16.82x10° 15.03x10° 56.33x10° 14.00x10° 35.27x10° 25.77x10°
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4£3% 5 (Table 5 continued)

2040s 2060s
WX e (k) TEER KM e i Ckme) g i kme) THEERS CRME) et 56 k)
Region  ighly suitable  MOUETAEY 1y iy sitable  Highly suitable MO9S iy suitable
area (km?) su't?frlﬁz?r ea area (km?) area (km?) wlt?ﬂ?zfr €a area (km?)
P8 Guangxi 0 63.88 73.00x10? 0 60.27x10" 33.04x10°
] %< Guangdong 0 0 26.52x10° 0 10.56x10? 64.96x10°
W Hunan 0 36.11 29.02x10° 0 11.03x10° 69.03x10°
37 Hainan 0 12.55x10? 89.39x10° 2.08 37.34x10° 16.06x10°
# X Chongging 0 40.97 16.49x10? 0 27.91x10" 17.61x10?
Pl Sichuan 0 0 0 0 71.38x10"
St Guizhou 0 0 0 0 22.91
ZF§ Yunnan 0 0 17.29x10" 0 10.62x10" 24.72x10"
PU T Tibet 0 0 68.61x10" 0 41.66x10" 14.82x10?
B4 Shanxi 0 9.02 0 21.52 21.87x10"
Frim Xinjiang 0 0 15.74x10 0 49.09x10" 74.46x10°
B Taiwan 31.25 10.38x10° 57.00x10° 40.27 66.03x10° 20.61x10°
7 Hs Hong Kong 0 0 50.13x10" 0 37.70x10" 27.15x10"
1] Macao 0 0 0 0 16.66
M3t Total 33.90x10* 52.73x10* 51.90x10* 38.02x10* 50.06x10* 46.29x10*

(7] —Fsf 0 7 000 45 SR A5 B A ), T /e 2040s i
ssp245 Fil ssp370 PHAMIE 5 T BTN A5 SRR
A—HE, Hig K2 5 SRRV I0 FIL L
A, TE ssp370 1f 5 iy e AR XA AR IX AR
sSp245 15 s i N R B ARE AL IX . PR LR LA
FEMAA IR oK, 7E ssp245 1§ 5t ol s
X, TAE ssp370 fEsth R MG EIX . 1E
2060s B, ssp245 1 & NAET R . ZHRAE .
W1 A8 S M X Yl AR X AR 2 T
ssp370 fE 5, 1M ssp370 15 5 F Al i KU X 4 vp
IR ARTBLL K = MAHbIX

3 H#HitHitit

ARG 4 AR R P PR [E) 2003-2020 436 [H
W kA BLIX R AR B, RN FE 4 20 4
WA et 9 MENIERAL R, KT
Biomod HE iR =42 1 000 MBI ST T
5 [ P 07 T A A X HOM A AT 9T, I A
Arcmap HHEZBIE A ER Koo AT AR

W38 A DX TN (A S5, ASHIFFE T fif FH i <A
7 F R A B AT b 5 M R A B A e R RUBE I
VERC, I H R Z s m b g 2 AR Ay 12,
A 5 A e T B — A TR A BRI
RERRACAY IR, 25 SRR B, 2 A A i) T RS
JERH AL T B —45 A, 2 Spearman il VIF #;46
J i O b PSR AR A X0 AT,
Hh R T 3 R K R R R R A IR AR i T R
M) S ] 1 08k A A X o LSRRl 1 X6 24 i D R
30 T 5 ) P 0 A X HE A o], g SRR
S ARAS R () A S T 52 A AN ] X
AR TS, HR 36 ] A TR s A X
TR E— 215K, 1R T AR TR e [
W B 7 ARSI i B AR .
LEABARTECOA 40 R, E£&LE
M4 R T E A BRI T R R H
WA . MRIEAGF AL AR ) 25 Rk
2 P I S 1) 1 ol A IX AR e |l db
a0 REE. IR, RS . EZEL AR, WIS
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(1), WTEARN 20-40 4E, 5[ P A X8
TEFRE AL . Rl igey B, AT A3
] 5 [ 1 08 A= X S5 YT R4S (2021) X3k E €
] 1 ™ A 478 DXL IX K] v F8 0 v XU e (X
HEER, By 807 mdsEAR—8. (AR
T A 5 T 5 AR X ARG I T T AR
(12021 ) FIr S0 4 XU DX ds, ] B DAL A AT T A
FH 7S (B A TR T DRG FEAAIG . R % p R AR
WRTE AR, EIREEH AR s T
S EE WG, DOYHTRT LI ssp245

2040s IS B TINS5 5 R 191 (36 6), PIALAR A
TN 25 v AR 1, FEEREE R AR B R

DEM HicHafst, 32 i i AR X B0 O =l
A XAEARAHI AP 9k £ BT e R . 3L
LR A = A AU AR i, Rk
AR X BB IR R AR T NS AR T
AR (BAIRIX ). BRA TR REE I, i
X—IE R EEA e T AR ESA TR
FE] 2R b i X 5 R YT TR i X R K R T (R
., 2022) DIKE SRR (IR g,
2011) FIrE, SHdl A A 5 B2 R )
Ay Rk E N PR3, R4 DEM %
Y FIIN 45 AR 5 B s A (2021) X R E Y FT I
1192 [ R HIOR I A3 BT (4 25 SR AR A

% 6 7t DEM HIEMIFML R
Table6 The prediction results without DEM data

Al Now S S
HTN 2040 2060:
FEAX EAEX KEAX mEAX PEAX REAX EEAEX PEEX REEX
HIX Region  (km?)  (km?)  (km?) (km?)  (km?)  (km?) (km?)  (km?)  (km?)
Highly Moderately Lowly Highly Moderately Lowly Highly Moderately Lowly
suitable suitable suitable suitable suitable suitable suitable suitable suitable
area(km?) area(km?) area(km?) area(km? area(km?) area(km? area(km? area(km?) area(km?)
Jt5t Beijing  89.06x10% 21.22x10% 10.50x10% 76.25x10° 89.68x10% 58.26x10" 29.63x10* 42.03x10* 59.73x10°
R Tianjin - 11.32x10° 30.41x10°  34.02  76.34x10° 41.79x10° 2569  14.34x10° 93.89x10° 71.94x10
T4t Hebel 74.01x10° 18.08x10° 69.17x10° 39.64x10° 76.14x10° 27.55x10° 21.80x10° 28.50x10° 46.79x10°
11175 Shanxi 0 1736 22.29x10' 3472 58.61x10° 28.11x10°  76.38 11.80  38.34x10°
Sfﬁgﬁoﬁ';‘r‘a 0 40.97x10" 52.26x10% 26.57x10° 73.36x10° 31.19x10° 42.00x10° 20.54x10° 36.60x10°
I Lisoning  31.92x10° 21.29x10° 18.25x10° 12.84x10* 19.72x10° 26.56x10° 13.07x10* 23.36x10° 67.06x10°
A Jilin 2.77 56.25  16.20x10° 43.52x10° 93.87x10° 19.12x10° 68.23x10° 16.32x10° 18.96x10°
R
ﬁg:':c:nlgjiang 0 0 0 13.72x10° 97.52x10° 16.64x10* 11.02x10° 72.90x10° 11.52x10*
VL5 Jiangsu  57.47x10° 92.47x10° 27.10x10° 84.41x10° 27.52x10° 43.64x10° 27.36x10° 15.95x10° 11.37x10°
221 Anhui 55.01x10% 17.73x10° 15.77x10° 2291  20.25x10° 30.85x10° 0 35.78x10° 38.27x10°
VAT Fg Henan 63.24x10° 33.03x10° 17.98x10° 0 79.23x10* 14.52x10° 0 99.27x10° 46.15%10?
L7 Jiangxi 0 0 0 84.20x10° 52.69x10° 16.57x10° 47.56x10° 16.58x10° 37.22x10°
1175 Shandong  13.03x10% 15.89x10° 26.69x10° 10.13x10? 28.32x10° 65.91x10° 1041  81.61x10° 42.29x10°
Wit Hubei 67.36x10" 20.03x10° 22.47x10° 0 0 0 0 0 0
T K Chongging 0 0 0 0 0 10.89%x10? 0 0 16.18x10?
PaJ1| Sichuan 0 0 52.08 0 26.38  60.49x10? 0 54.54x10° 51.49x10?
P Shanxi 0 0 14.37x10* 0 44.93x10t 14.22x10° 0 57.59x10° 14.21x10°
H 7 Gansu 0 0 0 0 0 12.79x10? 0 35.27x10° 27.91x10°
M3t Total 4330x10" 13.82x10* 9.51x10* 36.09x10* 50.44x10* 40.53x10* 32.86x10° 59.55x10* 39.24x10*
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WG LE R A, W A = iR
A, AT 5 [ 0 A X T UK 2 AR AR e T
135x10% km? Ze 475 S okt i 3 4R JL A Re
T XA, AR B VAR R MR A R
AR X S AT (R HE B AR R
Pk T RS A, A ] L i X
Wodss, AMCGT B M e A s ) R & A iR 1) S s
W, s AFR TR PME, EHER T (£ E
HLLE, 2021; dKAEAE, 2021), JeA ARSI
BUE, A R B IRH G, W0 55 1 gk
AR EE , 7838 B Y R A X R
FEEATAT X R A T, SR R E )N e 1F
FEAWIBG , 0 MRS A A B A 5 B P I 1)
WA Bl IR T AR

SCBR b, s S [ R A AR R I R b
HIRZ , (i T — SRR BRI, ABF5E (O]
FA AR T 1 58 [ AR R aE AR X
U235 5 o 5 7 SR IR R R A T IOIE o S5 SR 5T
B MR DX e S 46, 458 T 22 O BR80T
N R BRI AT 000 43T, LA $RE e A 75 ) f o
P,k 5 R AR ) T T B AR 2 AR
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