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Predicting potential distributions of three locust trees in China under different

climate scenarios
HAN Shunxin, YU Ting, JIN Zheng, DENG Rui, YANG Ruican, TAO Jianping, LUO Weixue *

Key laboratory of Eco-environments in Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongqing 400715, China

Abstract; The Fabaceae locust plants are significant ecological tree species which play a crucial role in windbreaks, sand
fixation, soil improvement, and prevention of soil erosion. Global climate change has been profoundly affecting the growth
status and geographical distribution of plants, and predicting the potential suitable habitat of locust plants is helpful to
understand the impact of climate change on the geographical distribution pattern of locust plants, and is very important for
formulating scientific conservation strategies for locust plants. In order to identify the dominant environmental factors
affecting the geographical distribution of three locust trees, and to map the spatial distribution of three locust trees with high
precision using ArcGIS, the optimized MaxEnt model was used to predict the effects of Robinia pseudoacacia, Sophora
velutina , and Styphnolobium japonicum under current and future climate scenarios ( SSP1_2.6; SSP2_4.5, SSP3_7.0, SSP5
_8.5) for the 2070s in China. The results indicated that; (1) temperature and precipitation were the dominant factors
influencing the geographical distribution of the three locusts, with S. velutina and S. japonicum being the most sensitive to
the mean temperature of driest quarter, while isothermality being the most important variable in determining the potential

distribution of R. pseudoacacia. (2) Under current climate conditions, S. japonicum had the widest range of potential
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suitable areas, with a total area of 346.49 x10* km’, R. pseudoacacia had the second largest potential distribution area of
252.4 x10* km®, while S. velutina had the narrowest range of potential suitable areas, with a total area of 77.71 X10* km”;
(3) Under different future climate scenarios, the potential suitable zones of all three species exhibited different degrees of
expansion, and mainly toward higher latitudes. In comparison to the current climate, the potential distribution area of R.
pseudoacacia in future climate scenarios exhibited a trend of expansion to northeast China and North China. The S. velutina
also showed an expansion trend to North China, west Southwest China and a north part of Northeast China. Furthermore, the
S. japonicum expanded to Northeast China, North China and Northwest China. This study was the first to map the potential
suitable distribution of three locusts in China under current and future climate scenarios, revealing the habitat differences in

China, which is of great significance for the germplasm management and habitat protection of locust plants.

Key Words: locust tree; MaxEnt model ; model optimization; climate change; suitable distribution

B RIS A & 1125 23 (IPCC) SRS IR PP A4 Hh,2011—2020 4FE BRI L 1850—1900 4
51190, e rb sl s BORLEE (1.59°C) B THEVE(0.88°C) 1 kAN AR AR Y BT ERHEROKE R, 21 k4R
BRI 5 2.1—3.5°C , 3k AT g S5 S 40 b 25 4 305 ol R T 40 77 46 % A 0 S AR AR i BRI
UE AR RBE AL A PRk 43 A 0 DI AR Al R A A 2 e B A I KRB B AIE SR
IR EDF R EERNEZ - BRI, ME SRR R AR, R CO, R B | [ 25 N 58
T H AR ) 4 56 A VR P RE IR A T, DT o A 40 B9 A A A s ok, R R A K 3k, +
oA ek 3955 o AR AR T eSS IRAR ) B A K AN ) A, M IR 3R i 9 s K PR B R
A TR B FEATBC , 0] LA B A A A AP A SR A s (B] a0 AR T R, SR IS M R R R S AR LR
TR AR X AR AL S LG IR sh 7 AR R R P R A S R HE8 R RS T BA EXEHR
YEM .

AR A SRR L )32 F T 98 2 BR S AR AL X P Fh 2 A A5 ) , o MaxEnt 281 AT 8 45 1
Fasg s Rt e BRYER S A B AN B Gy Sy iR MaxEnt 45550 T A A8 Ab ) ShAE 9 78 15
A3 X BRI, INECE g A 0 A2 IR DL R AR RS T R, XS sl A B T
P T A DG A A AR M, AR AR AR 5 1 T TR s U AR R 5K, DL S H WS P Rl A S
PRI AE Ty R A AR

JIFE ( Robinia pseudoacacia) , WHFRIFERL , SRR B ALY , AR Z 7R A& ik, 8 N P 200 R A% [ VA 4
PO FERE PSRRI — , SR T TR AR Y K SR RS Y B, R X AR
1B AR AEINE S BA — @ BPUE, DB T T 0 X505 Ye s ol T2 A X AR R, SRR
AMUAESGE AR AR IR EE | B 1k K 02k 5 05 1 R ¥ EEAE A, e AT RAFI S UM (B, 55 208 ( Sophora
velutina) | JE G FRHLEALY) , R A8 S @AY EAR , FEAERK T E = 50X A LA I8 AR
M ¥R 1000—2000m' ™ B8 ( Styphnolobium japonicum) , XFRHERT  EMSE SR ERY, 5 TR, M
PRS2, BAT B3R AP0 AL e 7 RS e vk AR B2 38 1 8 0, etz i P Ak a7, e
A A I S — P B A 25 A , AE TN 2R S8 FIAE T 2 A 0 B 83, ok il B e AR, O BLARE h & A
TR A 2l 25 A A E 2 )

H AT, TR 2 HE 4 o] i 1 S A AR AU I BIFGEATE SR 3l 2, %k LA v [ %) b B 0 A % HL S i B o [
TAIANERE , ST HEENESMEMZTME , AW T S ORI JE 90 A — PP 7 i 58 % 42, 1
ALY MaxEnt AR BRI AR T = FAR 76 VAR A3 AR s, AR LA D LU B2 R, (1) £
TR SR, SRR LE ] VRIS B A R E AR (2) M R IR PR R R AR VS A
RO AR AR A 25577 (3) 5 A0S oA L, AR A 56T = P 78 v (] 9 78 76 o B 43 A
A7 ATIFFE AT LA LR AR AR P 1 P B2 08 A S A ) R R B bR 22 4R
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1 #RlAE

L1 Bk 5 40 1
L1.1 YR oA Bl
AT IR (R. pseudoacacia) JELEA(S. velutina) M (S. japonicum) W 4347 r B , EE# L —=A4-F
HUEE, BRI T8 2 2R AE Y 2 M5 B 7 & (GBIF 48 1%, hups ://www. ghif. org ) | 71 [l 505 4 0 b5 A 1
( CVH, https : //www.cvh.ac.cn) LS EECEAL I BRAS TR N I BUF AR A BT IR 22 % (hitps ://mnh.scu.edu.cn) .
TEM AL ZR 1950 4F 224 = MR 7 b B 58 N i 20 A s 800 PP HERR 1 SRR M R A L
FEAHBAARAME B AR R ORARE SN | 5 e A AR (0 TR B W SR A TR AL B R AE
B> SkmxSkm R4S AUOR B — ARG S (8 1) B 5, 75 BRIBR 21 5 444 A JEGURE 01 55 92 1,
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Fig.1 Distribution points of three kinds of locust trees under the current climate in China

1.1.2 M E AR HE

by PR A A v IR 45 22 52 (http ://bzdt.ch.mnr.gov.cn ) F R 2§ 1:1400 J7 4 v AT BUX R 2% 2 VR
TR HH ES 2 GS(2020)4619

IR ARG S HIE | 3 =263 28 AR AR B (3R 1), Horb 19 AR IR R 3 AR Rk
[ HH SRR P2 (https -/ www. worldelim. org ) o S RS0 445 L BT 42 J0E S B UL 20 3 4 A% O
(1970—2000 4F) B3k (2070s) 1Y 4 P ARG SHEA TR, RN S5 6 5 7S K E PR A B a1t
K] (CMIP6) RYFLTELL T A . P HFE R R A% (SSP1_2.6) W E & I BE AR (SSP2_4.5) | IX 38 35 4 [ 4% ( SSP3_
7.0) FLIALAT AR R T2 00 5 B R e PR AR (SSP5_8.5) 121 IR TR B T & EAR AR 41 41 (FAO) Fl4t4)
I FH 2R G5 (TTASA ) fire) 2 i1 1 5+ 3885005 )4 ( Harmonized World Soil Database version 1.2, HWSD)
1.2 BRI B A

ARBFFERIH R 15T A« sdmtune” 43 71 MaxEnt #5 51X6 = Flosf b 78 3 [ A9 15 78 1028 43 A [X 08 47 455 41 73
T, R g R SRR Cloglog” RS 3, SCFZSRIBE R« Ase” ™ L R T 3RS FURS B | K5 FE AR KL BE AL 53 A
TIRAEAR AR (20% ) AU ZRERAE (80% ) ' ARHE =AM B Fh S PR oA B AN ] I B AR A i S
B, BRI 5258 2000, BETE 5% 50 1800, FE IR TS 5t sl 700, [RIE, 48 5 758 LI UE VL R B[R] <,
SR =AM DRI AP AE S A1 DX, B DI B AR VTR 5 1, o0 R 4 Iy T4 RN | (i 14, R
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BT 5 W, IR ECH 300,600 A1 900, BRI EEF: . W H JI1: (Jackknife ) X B35 K 1 10 8 B E R T
HEF b, HABSECH R G BAME .,

%* 1 MaxEnt R {28 MINETE

Table 1 The 28 environmental variables in the MaxEnt model

AR Variable ik Description A Unit
biol ARSI Annual mean temperature C
bio2 SR IR 25 H #{H Monthly mean diumal temperature range C
bio3 VR Isothermality —
bio4 W EZEAT AR B FRUEZ Standard deviation of seasonal variation of temperature —
bio5 e H e = ¥R Maximum temperature of the warmest month C
bio6 12 H 5o/ Minimum temperature of the coldest month C
bio7 AE YR B AE K0 Fl Temperature annual range C
bio8 I ZE4 . Mean temperature of the wettest quarter C
bio9 fe T 72341 Mean temperature of the driest quarter C
biol0 T ZE I Mean temperature of the warmest quarter C
bioll /2 ZE i Mean temperature of the coldest quarter C
biol2 AEHIREK R Annual mean precipitation mm
biol3 i 7 B /K & Precipitation of the wettest month mm
biol4 fe T A BE/K & Precipitation of the driest month mm
biol5 [ oK w227 1 AE 1L Precipitation seasonality ( Coefficient of variation) —
biol6 IR ZERE /K & Precipitation of the wettest quarter mm
biol7 I T2 E [ 7K i Precipitation of the driest quarter mm
biol8 e INZERE K & Precipitation of the warmest quarter mm
biol9 > Z=JE R 7K i Precipitation of the coldest quarter mm
topo-aspect YiIn] Aspect —
topo-elev 4K Elevation m
topo-slope i Slope °
soil-bhod 3% Soil bulk density ¢/cm’
soil-ocd T EEA WL EE Soil organic carbon density kg C
soil-pH T IERRGAE Soil pH —
soil-sand 35V Soil sand fraction g/m3
soil-soc FHEE P F & Soil organic carbon o/kg
soil-TN + 345 Soil total nitrogen e/kg

MaxEnt #5580 ({FFHEALHE 2R 45AE ( Linear features, L) | X BUARAE ( Quadratic features, Q) i BEALHFAF
(Hinge features, H) FEBAIFFAE (Product features , P') 1 {H £ FF1E ( Threshold features, T) ™' | A 5% Fi] it
75 AR S : (1) LQ.(2)LH, (3)LP (4) LQP (5) LQPH; KL & 6 D IEMAL R KK 0.5.1,1.5.2,
2.5 35 4453 3 MRRRI RIS B AN [F] 0938 A XA ) R 5
1.3 AR oA
131 J& A ARG oy

F4 A1 MaxEnt ARI75 21 (4 24 Fi AR R 09 =R BRI A 25 R S0 A AreGIS 10,8, ffi I H 4326
(reclassify) T H- 4 SO 6 460 S A A B OF 3F 47 38 A= IXAF 9 i 3l 43 R F 8K T) 7 4 43 9035 ((Jenks’
naturalbreaks ) #3542 X 730 4 DG ARG AR X (0—0.2) RiEAE X (0.2—0.4) A 1X (0.4—0.6) (midE
X (0.6—1) ™" 5, FIH ArcGIS HA I FA R S5 968 A X T b7 BBl L R i
1.3.2 FREEH 7 H SR EAL

MR =R R BT IR0 MO |+ =283k 1 28 IR AR f AR A I #5 E

N

. AT DIk
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I 5 4% AR AR AR b A 1) B MR AN SR, AT B> 19 AR 2 [AIAR e R B < 20.8 bRl i B
A2 CH AR AR AT v STRR R A R BRI A 2 SRS WP ERIR AR A 22 T LM (Multicollinearity ) A6
5, MK T (VIF) =10 B, A8 5 2 [a) 4 ™ i () 2 Bk PE T S maml, Rk, AU VIF<10 B
MERSEAE B, RS DL bR oE, =SB AR B 10 AN AS [R) A0 045 745 o A A R 0 (3% 2) ., T
MaxEnt A5 £ 3] 5 4% PR AR o 14 B P o B 40 o v R AL DI R s ) S R T AT AR R 40U
SERAFRN B AUC (R B vl (R 3 WS ooy B ARl i A 1 Y

®2 BRHMEREBAUBNNTIEESE

Table 2 Environmental variables reserved by various species for prediction

Fh TR BB

Species Reserved environmental variables

HRE R. pseudoacacia bio3 \bio4 \biol12 biol5 soil_bhod soil_pH soil_sand topo_aspect ,topo_elev  topo_slope
MR S. velutina bio3 bio9 . biol12 biol5 soil_TN  soil_pH soil_sand topo_aspect topo_elev topo_slope
# S. Japonicum bio3 . bio9 biol12 biol5  soil_bhod soil_pH soil_sand topo_aspect ,topo_elev  topo_slope

1.3.3  FREERIEPEM

ARG R 28 TAE B HRE (ROC, receiver operating characteristic ) [H 28 437 72 X AR JUL T30 25 SR R 74 P
G L ROC IR AT FUE (AUC, area under curve ) 1 AR RY S5 (1) 5 B brafl . AUC (4 HUE VL
0—1, U A 2R T 25 SRR v 15 . — B R, AUC<0.70 FoRBERURE 424K ,0.70 < AUC<0.80 Aif A] 2R
FHTINZESE ,0.80 < AUC<0.90 /R W25 54 b, AUC =0.90 F7m T 25 AR F fienfy

2 ZER5H5W

2.1 RERITRS B PR

BT o = Fh A BEBCAY AR S RO B AR M FC=LQPH , reg=2.5; 5024 # FC=LQPH,reg=2.5;#
FC=1.Q,reg=3, TEASECT , FIMLAE I E A D0 Y 1 48 AUC SF-X{E R 0.87 ; 48 4 il ik 48 AUC
FAE A 0.86; BRINIRALE AUC “FHI{EN 0.88 (£ 3) . —FiRA BIr Ay e 175 B P00 AL 8 g i 4 AUC {2
>0.80, FUINACRACHT . i R B N 45 R 005 R A v, 25 SR ml R, vl T LR 78 v ) 1 78 76 o
A3 X T

F3 =FEMEIRM MaxEnt BB GHRE

Table 3 Characteristic of optimal MaxEnt models for the three locust trees

i FE A it ek A
Species Feature combination Regularization multiplier AUC
HIME R. pseudoacacia LQPH 2.5 0.87
JHYIML S. velutina LQPH 2.5 0.86
# S. japonicum LQ 3 0.88

AUC: i T I Area under the curve; LQ: ZMEFFE+ K FI4FIE Linear features+Quadratic features; LQPH ; 8 PEAFAE + YR BUARAE + e FA Y

HHAE+ i BYABAFAE Linear features+Quadratic features+Product features+Hinge features

2.2 S =R oA B SCEEER S IR T

TE BT RAEAE T S0 =R 730 B SCBE PR N T AP A 22 5 (R 2) o BAOSR UL, UM K 74 = Pl
B oA DR RO T R S - S B A, IR A 3 B 23 32 B | K B AR AL A RS2 R,
Hhl L 2 AR (biod ) S 52 M A Y S BRSO IR 1, T 24k 38.1% UM A9 3 B 20 A 52 21 L
JEE AR AR A AL BRI, Ferh fie T 2R (bio9) B B2 R 51.69% , 25 i J SR ‘FLIX 73 A 119 5
R T AR KR (bio12) BYELEE R 20.9% , 134K (topo_elve ) Y EL ZLVER/IN, O 13.8% , LAY IS FLIE 7Y
A 32 313l TR K B8 A LA e SR TR ) 52 ), v e+ 2 13 (bio9 ) B EE 2RI 40.1% , 184K (topo_elve)
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R 7 2 RN A5 R

S R T A R A N B (18] 2) o

TE = TR B SO FT £ i

SRR A = AR AOE AR AR AR, R R O T A ME AR BE R SR (bio3 ) RN T A A
SR U S RO, AR T RIMLAEAT . AR RS T 5 Tl
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Fig.2 Response curve of environmental factors and probability of existence of the top 4 substitution importance
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AL )85 A M 23 52 i 347 S22 00 RO i 7 T 28 B T 2R B4 RAE — 10°C & 10°C 1978 BBl I B, Jo i -5 ML 1 3 2B R
Bl LT o I3 K A 349 g K X = o A A 3 A AR 3 114 5 i 2 B Y 28, AR 4 R K 08 800mm & 1200mm i
SRR P 3 A M S U (B B, 1000mm A J G5 A P35 A E 3R TR B0, 1500mm FF AR A9 A AR K B0 (i,
TRRHR 5 AR R P A AR 22 1A S 34, 17T 5 6 IR 1 3 A MR At BRI R B R VAR 1800m &b ik 31 1
., AN, Bl T3SV (soil _sand ) A 3N, J5 Z0RE 1038 A2 R 20 s/, MR 8 AE MR B IR
(soil_bhod ) F TH 5 S8 A el N , 75 HHEA TN 1.1—1.2g/cm® 22 [ 3 S {2
2.3 CYFTRMESAE T =R RAE e FE B VEAE o A
2t MaxEnt #RGE AL (] 3) MR A0S A X8 B i o 1 I (2 3346 5 km?) |, 0 20080 1938 A= DX BBl 45 Ky
B/N(Z) T8 T1 km®) o FIRRAYIE AL X B A fE A rh AR AR M X, LR VG g b DX Al b X g o X, AR
294 252 J7 km® (£ 4) , Hopsadm AR X2 s AR XY 41.3% , i A X2 7 s 2 X 27.0% , (R3S AE X 24
b EGE AR XY 31.7% (F 4)

HIBE R. pseudoacacia FEMR S. velutina

0 500 km

AR

- A X
R A X
= g A X
- EE X

B3 HASETZMHRNNEERSHE

Fig.3 Distribution map of suitable area of three kinds of locust trees under the current climate

F4 HEKET=HRMHNEEXER
Table 4 The suitable area of the three locust trees under the current climate
& A2 4% Suitable level/ (x10*km?)

YyFp il A X IS AR X P A X fRaE A X B A X R T AR

Species Unsuitable Low suitable Medium suitable High suitable Total area of
area area area area suitable area

FIME R. pseudoacacia 707.54 79.97 68.12 104.31 252.4

JEHME S. velutina 882.24 32.06 16.93 28.72 77.71

# S. japonicum 613.45 76.28 114.76 155.45 346.49

FEAR A IE A T AR /N, R TRV R Hb X, R By A AR AR R AR DL PR L IX, ST AR 2
77.7 J3 km® , HrpE i A X 2 5 RGE A X 40.0% , o AR X 2y s A XY 21.8% R A X 24 RO A= X
141.2% (& 3)
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RRIRGE A X FEZ AR AR7R SRR HLIX, DLV R M X 38 43 X S A = /g L S M J PR A% AR L B X
B 43 X3 L PG AT AS BT RR 2R 346 J7 km? , Hoib =l AR X 2 RO AR XY 44.9% , s AR X2 R
A XY 33.1% ARG AR X 2 5 i AR XY 22.0% (K1 3)
2.4 RRAEFA T PR 7R TR [ (498 E 53 A X

2% MaxEnt FRLZ B 00 T HIBE A S0 BLAZE 2070 4 SSP1_2.6 ,SSP2_4.5 SSP3_7.0,SSP5_8.5 I
FhAR ARG 50T BVSTEHIR A5 (B 4) o FIRL R B = FITE 2070 4F 4 FioRR SIS ST 4 HBY
TEAE S A DX Z ] S AR AR, A0 42z 5l

HIBE R. pseudoacacia JYME S. velutina M S. japonicum

SSP1 2.6

SSP2 4.5

SSP3 7.0

SSP5 8.5

0 500 km
| I—
A REAEX O REAX g s A X

B4 =R 2070 ERARSBKRBETHEBESHEX

Fig.4 Potential distribution areas of three locust trees under different climatic conditions in 2070

RIBRAE 2070 AF A 70 A X ITARER ), 2 p el KL e ARAMIX, A e Py AL | Ph R
DX, Herh i A X AR R, AR BRI YT AR AT NS AR (T U AR ), AR A X A3 A
BONW . RYMAE 2070 4ERYLE MG AR B/, BAEAS A T B oA BN T BT A X F2 2 AR AR
Jess X LA R PHAL P4 R b X SR IX I, = A L, BRAE 2070 4F 199 7E 43 A DX AR, BR3P AL 74 R
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M DX LA, Ho At i DX 4 HGE A X0 oA, EL IR 0 ISR e i A DX, A R A DX AR o TR/, AT 4
AR ASCAE DY R I LA SCH A BT A oA DX i AR D
2.5 ARSRAUGRNG T — RN IE A= X 23 [E] S SR A2 1k

55 URAR L, 2070 AFEAN RSG5 T JLRRRRAR S B0 AN [R) A7 7 B0 A X2 A 3 i ) ArcGIS
10.8 2zl A F P (18] 5) | JF 50 AR XU sl sk AR (R 5) .

BIBE R. pseudoacacia BEEME S. velutina LS. japonicum

SSP1 2.6

SSP2 4.5

SSP3 7.0

SSP5 8.5

0 50 km
[

kR X o REK Pk

B5 ZM@ERMERRSEEGHTEENTREELES

Fig.5 Change trend of potential distribution areas of three kinds of locust trees under future climatic conditions

55 FAUGAR L, BB AE AR AU T RTETE A1 X T B ) AR b AR DX 5K i 3 s A /D
3 D AR I 2R DX KA R TGE AR X, SRS SR IR 4 BBl 5T B ik AR B 210 5 km? . B
A D AR AR X, SSP3_7.0 1 5 T AR T AR, 2978 30 7 km® AT ARZR M DO PR B X, 450
SRR TEAE A 14 F2 2L X

55 RT3 A1 DR L, JE G R R UA  AOUEAE 3 A DX IX I/, S R S B sk i a3, 22 1) 4
JeHh X P R M X PSS AR AL X AL 5k, o SSP5_8.5 I St B BV AE 43 A IX I AR AR K, Ry 229 U7 km® 7Y
L DX S ) 2 T 4 Ay T S DX, R B DX U8 2
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BRAEAR AT AP0 DX TR] 25 B UARAH LU, 7598 S IR sk i, BRBTRAE 701 X 1 AL ARk v
JEH XY 5K, BAY SRR K 4 iUl SR B KR I 261 75 km®, b SSP5_8.5 15 T 975K
HFRER K, 1% 267 J7 km® . WOARIXEL/IN, 4 Bl AU 5 T iU AR AT 3 77 km?, A AR AERIHEIX
LA Bz B8 3 74 e 4t DXCATS P B AL 2 DX

£5 2070 EREASEHR T ZMRMEEXEREL

Table 5 Changes in the suitable area of three species of locust trees under different climate scenarios in 2070

A AL 3 Change trend/ (X 10*km?)

Yyt A
Spocics Climate scenario e IX e T TEE X
Contraction area Reserved area Expansion area Unsuitable area
R SSP1_2.6 13.70 238.72 228.71 478.70
R. pseudoacacia SSP2_4.5 26.27 226.14 215.84 491.57
SSP3_7.0 29.75 222.66 224.39 483.03
SSP5_8.5 22.57 229.84 231.81 475.60
FEAM SSP1_2.6 38.45 39.26 161.40 720.72
S. velutina SSP2_4.5 37.57 40.14 164.58 717.54
SSP3_7.0 37.24 40.47 170.07 712.05
SSP5_8.5 38.69 39.03 189.65 692.46
e SSP1_2.6 2.77 343.73 261.84 351.48
S. japonicum SSP2_4.5 2.22 344.27 264.04 349.29
SSP3_7.0 2.23 344.27 265.58 347.75
SSP5_8.5 1.54 344.95 267.22 346.11
3 g

3.1 T EREE TR RN I A= XA A

A T AE I3 A DR AR UM M 55 DR LRIV T A0 45 2R, oS AR 0 BRI 0 18 R P B, 7 Wi A % 7K
A0 Ry ) YA A3 A XTI A B 5 o, i 5 ) i R PR D SR AR B R K B, 3 S AR 4 R —
B, BIAE R Rk 0 R G B st B AR A Ry B HAT 2 AR AT O B = LR I A S % B B g
A% ) o K HE— 2L e ] e K i v e AU 2 AR R AR A0 1 35 A SRR AR, A e R A5 X R 5 v
i B R AL 2T ARG 20 A 7 AR ST R, SR DR O R K B 22 2l BRI AL TR DR, S U A 2 AT
SRR IT I, A E SRR ED S SIAh Bk R AR, x5 K 45 e, 2 fAE YOG A 1R FIREAR, AT
MR AR A o A AT R BRI O = PR 103 A o0 A DR 5058 (9 IR PV T X ] B T35
TE DGR JRLE AR SR [ R — R A A I g T DX O IR iR B vy (/K A/ | AR A3t DX ' it J3E
I (ERE KB 2T R, =R 7E 3 >2000m B, B 4K T 3 A R B REATR

BEAN  ABITE b T 2R O A G M B R A A Je ke 2 A X SR K A5 TS 2 ] A A i B
52 EAR ], 2R SRS R A K S 0 A 2 B, e T AT A AR e | Ol E i v
SR 3 AT | A R o ZE M A R Sk R oK 0 PR AR ROR B 2 80 m IR IR
FEAEYIE 2R H I URE ER AT . AR TR T RO S T A e B E R, 1 R A R
DX Rk A5 22 L RE S BT AR B9 A 1

BRICZ AN, R oA M Jeyads 52 B AR AR X IRLE JE Bl A Sy, A R A o A A% Jo 32 1) 35 Vb 1Y
SR R AR e 52 3 A R I RE R 33k 3 IR B A A G SRR Y A K A A R e, I 1
AR AR B ST b 0 A A AR R NG TR 2 A A P SR TR T 4 2R
3.2 —RBRRAORIE A X Y22 A

TEAR NG SR, R A9 70 A R L2 B 25 4 sk 3, O ELY 160 i 43 B X K, 3 45 BT AR5
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GER—BT ) KRBT R IR AT BE R A A R L BRI R A0 A SRR B Y BRI X E
W PR B0 T A BRI A A0 A (0 0 o O 25 5 32 B AR AR AR A 5 M) 1T A 245007 76 5 0 0 o 1) %
TR AR P o i e B R X i A A 358 5 N RE FT = AR R B 1Y T 0, T SE TR X RS R EROR
i, BV AE A e BRYE LA R b il - A RERS 1w A KT i B I A 77 LA T BR A A B A
F T = FRRARS 1] e 25 B2 M XA 5K, Horp ST A 5T AR AR 04 V8 A 43 A X AR RN, HLAE R ok O Ah S A 1
SR B R ARdE AR FE AL X Pk . FET £ CMIP6 S B %o r [l A i 8 S TR IS 23 A8 Ak 1 40 B
HH St v )l DORF SR AR g | T AR b DX R 7 b DX R R 58T 3R R 7K A A 1 e AR AR T A
Wi A T A SRR AR A 2 X sk T S AR B L A, 7R AR SRR TR W K T A D 1
DR, A TR ST 0 TS BB RS, T AR &2 B R 4R P Bk 32k
P, SRR T N S BORE AR TR A b DXOE LA RE i, DRI I RT3 S50 A A TR I A A R R R
feetd 5T BRI AR a3 . SRR AN R] , 26 AR MG 5 T 0 28U 1) 08 30 A 5 A i 9 e S b DX BT
ik, X T e SR E R ) B BRI PT R RE A O O T A B AR [ A k2 2 R R R S R AR
AR 2Z 1] £ A DG M, CMIP6 JE T 55 5 30 7K 7 F1 5 15 09 [ R R B% , 48 1 7 U A ok 52 g 4 25 22 05 B AR
(SSPs) , )\ SSP1_2.6 % SSP5_8.5 FRUIAMARLAY & 2216 DU R, (H ST &, =P R 7E AR 4 s
S N TR AR X G 35 22 57, 3k 5 R X A A A T 4 A T A 2 1 1) A A 90 b T 5 SRR AR e Xt
YRS i T Raa e A L S T

3.3 AR AR T R AR

MR o R WA EE B A A BRI XU VD ok R AT A ol AR AR EAEE B kK K O T A
FEE BB, JUH R AR EAT F0m i A BEE N AR ), BRAS 7 2 RIS b IE s A K anA K R
DA KA AR A - R4 | S0 o SR XK R S R Y e AR RICE, < K F Bk R 4 iR I
MR B 4 R AR, & RSB A T ah i b st e AR AR S SCIAT S R X AR AR A O
HE M AESRF A TS R =,

Xof = Ao 4 (4 R A T IR AR R A 1 R A A RIS ey A8 fh Y 22 S R BOAR TR 5t AT 7
B8 DX T A A R 40 IO 6ot A A 1 < 3B T, s OB BE DX 81 R A S A4 X3k R B X R 5
IR RSO, DR AP A AR AR I, R A O B X N RS AR NI CR AP A P B U5, WAc &4 DX T Tl
WIREETE 2 0 XU | I 32 IS WO AR DX 3k R RS U AT, A, 7 B 05 40 B A 40 o A DX %) S R RO T
AHOCHIEGE , LAk B DU AR H . 375K DXn] DAVE AR 04 5 Lk DX, 2 N 23 2 4 s i 5 1 A 35
WA, (R A R & A e AR SR AR A B . e, I AN (] b DX o] =P i 9 U i) 5 B 4
SERVH AR T2 ARSI, o SR R 1 55, B A TR IR S A 2R b X RIS 43 Y
TR DX HEA TR 5 | R B s X T RGPS TE 2= w48 HEA TR O B U AE | 263 43 i e b b X P4 R b X
MNSEE AR X AT R RS
34 JRR5EH

AR MaxEnt BRI LT 12 32 FH T Y0R8 76 20 A XA BRLH0N . MaxEnt (9 BRIASHOR RITF & A 5
MR 6 AN [v) HFHL X 38k ) 266 AP R BRI 5 8 e A S8 B H ] MaxEnt 45281 ) BRIA S L0
TR B VAR A3 AR X, AT R 2 R AR ad 0L A, A AR TR T 245 SRR vty > DRI, 7 A ) B R 58 v 7 AR B
PIFR A RE ARG BT MaxEnt SEAIVEAT S H00REE AW SR 3 — FhAA B P R4 A s B e B8 TR RN 3 5 0
VEBE T AN (0 PR BE AR A TS TR A READL TR0, H T BRIAS BN T 25 5 . RIS, 26 AR 5% v ml D28 R
FHZ APy o3 A SRV 7 Y5000, 5 an ) SCERAERREARY BEDL AR A A5 | i 18 11 SR U A T i, b, BRAR
S IR R R AR R oA v R G VR (0 R FH AR T A= WA B VR A B HRR s A A 2 B
SRR WM R R SR, T BOR SRR, B FT e BN RENE T AR g A — AR A T ol
T ELA A XN ok 227 i 5 | ASERY AT BB 2% 5 BU™ 5 A Ik ), DA AR AL A LA R T R, AR
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WFSE BT FARARAE T SCHEPRIE A 1368 = Bl bR P A0 B A1 IS |, X0 T AR AT 5 =R 14
EHARE RARESBME, AT SRS A7 — L85 22 , (AT R ] MaxEnt AR 4 /i =
TR RS ) PR A 3 AT DX T 45 SR AEAC IR T 1 LS P B A, ELARBIESE R AUC [HR T 0.8, R W3]
S B2 R LA e (8 T S | BRSNS RO U IR A T = BB 1) TR A 305 L A A 3 v 0

4 g

ABFFEUETE T AL JE L M =P A SR A0 AT B AR B 22 52 . A AU RIS AR X
A e E YA AR X Je IO 0 A DX TR AR D, 0 i ) 78 e X T )0 2 X 3R B A
TErpEp e ARZR AER LI, TEARIORN U 55 T, AR 59 0 A5 X AR 52 BRI L 07 7 sk a3, Hovh
RSP A1 DX TR AR K, 3R A T 1 A DX TR AR R /D U IR 7o = R MR 1140 265 A2 A1 S B AR T, G
HRAFY- 2473t B 7 ] AR P R R R A Y T BRI 1 e TR | IS U R R R G A 1
BTN T 5 de TR | A F R A A A B EREE I 1 A, ARSI K R RSO0 = AR B9 A
KM S A AWFFESE AT AR 2800 B A ol B B DR 3 AR bR 8 4 B AR R AR i BEE
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