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Abstract; Robinia pseudoacacia is a native tree species on the Loess Plateau, which has excellent functions of soil and
water conservation, and carbon sequestration. Large scale afforestation was carried out in the practice of ecological
restoration in the Loess Plateau, and the area of Robinia pseudoacacia forest accounted for more than 90% of artificial
afforestation in the gully and hilly areas. However, Robinia pseudoacacia forest degenerated in some areas because climate

suitability of Robinia pseudoacacia was not considered during afforestation. In this study, MaxEnt ( maximum entropy
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model) was used to simulate the climate suitability and sensitivity of Robinia pseudoacacia on the Loess Plateau in 1961—
1990, 1966—1995, 1971—2000, 1976—2005, 1981—2010, and 2100 (under the climate scenarios of Representative
concentration pathway RCP4.5 and RCP8.5, respectively) at the spatial resolution of 0.5 km X 0.5 km. The simulation
results showed that the distribution and dynamic changes of Robinia pseudoacacia on the Loess Plateau were mainly affected
by the coldest month temperature, extreme low temperature, annual precipitation, annual radiation and other climate
factors. Low temperature (the coldest month temperature, extreme low temperature) was the most important factor affecting
Robinia pseudoacacia. The natural environment was not suitable for Robinia pseudoacacia forest in the northwest and the
north of the Loess Plateau, but it was suitable in the southeast (the Guanzhong Plain and the south of Shanxi Province) of
the Loess Plateau. Compared with the period of 1961—1990, the geographical distribution pattern of Robinia pseudoacacia
forest was basically unchanged during 1961—2010, and its geographical distribution pattern was not significantly changed
under the climate scenarios of RCP4.5 and RCPS8.5. Overlay analysis showed that climate suitability ( namely exist
probability) of Robinia pseudoacacia changed significantly. The regions in the west and north of the Loess Plateau were not
suitable for Robinia pseudoacacia, where belonged to non —sensitive areas. The regions in the east and southeast were
suitable for Robinia pseudoacacia, where was very sensitive to climate change, especially in the south central of Shanxi
Province and the Guanzhong Plain in Shaanxi Province, showing significant climate vulnerability. This study has important
reference value for choosing suitable area for afforestation, optimizing the spatial distribution of plantation, coping with
climate change risk, maintaining the sustainable and healthy development of forest ecosystem on the Loess Plateau.
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vulnerability

B v R TR A AN 55 DR A S BURR X R A S R b A S 2 p SR s, 2 s By B
iy, M AR B R ARLRY LU ASRR B, A7 S dth s ~F RORA: B v D T T R Bl 1 e R, R e s o
S PTG 1572 9 = i B A 2 S A N O TETR 520 ey P e o =190 8 B R 31 B ) i | oy N €
RE A3 70 R 1) IX SBRATY SR A7 A — S 2% R M IR AR, 18 BG4 7 e dl L AR 380 1 J X B AR 2, AR 1 48 4
BN R w B T A SR B 1982—2018 4R R A H BRI A K B R R
JE 4 S IR TR a3 2000—2018 4F #5115 5 86.86% [X AT B v W A= 7 B A IS - EnRAE DS
PREE S 5 3R B St KA AR SR (= BB AR R BRI MOA B4 ) A R R . R L S AR IR
Tk HE T 4 g AT R AR S eSS X, X A AR o UER

— R, R A K R A2 TOE R RSN T DL 8 S A SN T B R IR R
e SR AR K SRR B R S M R AR K, S A5 550, 7R Bt L o A A s Mt R rp , AT 2T
MU A A AR DR T, Bl ot A 2 B S R RN A S8 B E R EE T AR i MRAEAEAR R B M
SEGH AR KR PRSI D AEAR R AR AR R R B — e X AT B MU , AR KR A £
FOK AP HERAN R BRI 13 TZ, BIETESHAN THERAR RIS /NER ™, s it B Mot
T, BER A E MR E . JUHUR AT HIME (Robinia pseudoacacia) #¥ I BRI AR K22 e J2= TR EE = B bk
FETZHIERGE i 240 24 i Af SR 0 ] e fa b i 0

SARASRHZ I XM B A S R G A o] ZRA R ) 1961 4F LISk, 8 4 5 R34 oK A R %, B
T smkdok e 2 SARLL 0.35 °C/10a BRI s AR T 50 T R5 R A TARSE T XU 38
It AR RS IR BN MRk A A SRR | VERAE AR AU BT T R T VR A e I AU SR T iR
BT AR AR A IR BN B A i JE 32 B M i A B R 55 | 3 T A AR A B X SR

5B 7 SRR G S SR Ab b | & R i A B YA AR XN ARG 909% LA B il B A R
(7K - ARRF D REFN [ D 8 , 2 8 - o IR A 2 B M R, et AR SR B Y ARHRSE DL+
1 JE—— TR A BT 5% % %2, SR FH B RO AR A (MaxEnt ) B 45 85835 ¥ 5 T 0 A 1% A< g o B M R AU M

http ; //www.ecologica.cn



3350 JAE = 43 4

MaxEnt J& 3 T e M FLIS (P Fp o> AR | 38 T b oo A SR BEE BvE . ARSE IR E 00 “ 7 AE ™,
I AR B S YR A Z PR TN 2 K U EE R AR AR A AR AR AR,
W2 A A PRI S B TRl 38 A X B e SR AR A S RS, RO R A R A K Y AR
+, A TEREZE A 1> 0.5kmx 0. 5km A& 5 A% R i B , $00U K SR 2100 4F ( RCP4.5 i1 RCP8.5 ik
50T ) R S B AR AR L X S Y R B 3l DX AT A AR AR, AN MRS [ AR R
R AR AR AU, R AR S R G T R R R RS, A RS H M,

1 #RERHE

1.1 BRI

B I TR A A AR AT LU DAY S LUK ZRI LIAE KA R X T AR 2T 62
10* km? , FAARIGFIKL 1000—2000 m, B+ m R A R R0 B 1 HERR X KK R0k i 4% 3 SIAE
BRCRAE , B2 BT RN A S LRI A B | S A D A 2 Xl iy M 2 XU e, A B Rk e/ R 7K
SEPTER KA i XA AR Y B K B 400—600 mm™  {H A K HE 2 8] 22 S AR K, AR T 1) PG ALK s
Yt SRR PR ST R, BT, A T, R M X AT E R 6—14 °C, A AR 1) P L
REAR

B JE PG G AL AR AR A 3 7E R AR R AR B 2 (0 b XA A — SE R B, SRR o e i
ARPAERE ) EE R, IR EA DR TSR SR A R R E AL FEE M R 2 — R KA IR 2
SIATTE B+ B AR R AR RN AR A I (1] 1) o A28 T = AUBi AR FR BRI RS AR IR TR 7R 8
JECRIRRA T2 R, RARTE AU S ARG ka3 2000 T IR 38 B T, — 2 X T AR
P LA, B RIE T RIS A A R G i K S A2 )™ B
1.2 MaxEnt #7

PEPE MaxEnt A0 HE - 25 J5ORIE ) SOE Bk . MaxEnt J2:356 T fe RO [ B A 2 10 A 25 7 A5 0 | 3 A5 41
FL ORISR 20 R W Rh oA 227 BCRUASAU AT LAR FH T A o8 i i) A fssd b2 i EL AT LA T A 5%
BAEBRGENAEE T, SHEAESAAIM L, MaxEnt SRS B EE ATFEE RN SH, AF
WA B 58 B A b A B (1 1) 590 RT LASEA T R A58 DR B B A BADMTT 5 DX PN B D B TT i B b A

z 104° 108° 112°E z z 104° 108° 112°E z
T T T = T T T —
S A X g S A 2 W
LEibh e |Wﬁ%%
s 12 &b %
=L e =L 1=
1 1 1 1 L Il
104° 108° 112°E 104° 108° 112°E

0 200 km
——

B il #E Robinia pseudoacacia o B Robinia pseudoacacia

E1 #ARMHEELSENSHEEX, URATEKXE(MaxEnt) ER RIS % =
Fig.1 Distribution region of Robinia pseudoacacia in the Loess Plateau, and the distribution sites of Robinia pseudoacacia used for MaxEnt

model

http ; //www.ecologica.cn



8 1 PR A5 ARSI S 8 v JRURI R AR A B0 g s 3351

TEMEARD
1.3 Hdlak iS5 b 3

MaxEnt fBUE AT 75 M , — R WFF8 X0 B A PR A8 s — R A0 ¢ (IR ) 170 b 380 A K0l
BET RROMRAE BEAR 25 5 BRI BRI P R 20, i eI 1 e IR B AT S T RE A 6 AU T, RIARE AR I i
PR EE |l M 3 T AT A K B AR A e A IRLEE (7 ) @ AR (1 H) FIARIIRE [k, B8R B+
o S T T T Xof AR AT AT B B TSR AR ) — D BRI A o

SRR (6 AR T) ok A FEIZAGE B0 1961—2010 4F [l 1 < 5 WLk (1 B s 4 . 2
ARGl AR A A, B TR THR 100 m R AR 0.6 C IFRMEXT IR IEST TITIE, HT 30 425
bR UE , 37 1961—1990 ,1966—1995  1971—2000 ,1976—2005 F1 1981—2010 4FF4 ( 0.5kmx0.5km ) 4% %%
PEEE . Ak 2100 4 (JLEIVRJE FK42 RCP4.5 Al RCPS.5 UM 5 ) Mg ok A B R A b Lk A B AR
RegCM4.0 215 A& £dls . RCP4.5 UM5AE SUETR AN SERI— R VG 747 00k, 72 1 i & AU R, RS
H CO, M REIRF] 0.538%0, RCP8.5 UMl 57 48 AN P il it 2 UM HR M, Tl AR BE AT B 7, R €O,
LRGN 2 0.936%o0,

SRR B T 90m 23 (8] 73 R B B A8y, FIH] AreGIS HRAE A2 10 (0.5kmx0.5km ) BIHA& £ 4fE

AR 3 AT B R DR T 2010 4R r R Bl P 3R B IR R B A o0 A6 18, 16 5, AU AreGIS B4 iy
Create Random Points FH M IAIRE S 524k 73 A [ BE LA o34 i (T 1) VR S R AR AS o, SRS 10
MM o5 B AR BB AT R MaxEnt ZER (B 20+ osv,
1.4 MaxEnt A5 3

F 2R TAERE(ROC) BT BT AL (AUC) 10
HORKT 30 MaxEnt 00K B2, LUVE 4 BOR B JRPE.  0F f’
ROC M2 —FI AR T B A PEAG 735, A ROC T 2 £ o7
LR R YT AUC 1 0F 4 MU BB 1 (0 M g b 52 oo
(F2). AUC ffi3 ROC MRS AR AR IOITRE, B2 [
WU 0—1, AUC A, FoRRBB R ST %5 o5 |
R LI AN A AR 2 A e R BB AR n2p ; WAEBURALC - 09%)
i, J 2 LR TR 2% L 5% i A b WL e oso
0. 9<AUC<1 FZ/R T AE S LT ;0. 7< AUC<0. 9 23R 0 01 0203 04 05 06 07 0.8 09 1.0
FURE AEC A5 0. 5 <AUC <0. 7 428 B i) — it Specine (Tactons] pediced rc

AUC< 0. 5 &R M A I AL AR 1
FORIT SO I AL T m mmamtmEs O REBERS (ROC M) MBS T

[29—30]
2 ° HEF(AUC 1)

Fig.2 Receive operating characteristic curve (ROC) curve and
2 ERG5S

area under curve (AUC) value for simulation of the geographical

21 ﬁ%ﬂ 2’{] %[J %ﬁ%ﬁ E/‘J i%ﬁ%{ﬁ % distribution of Robinia pseudoacacia

MaxEnt 45 7 1] D % 75 & JE 47 £ 5 B T 75 3k FET 75% R AT YNGR 7505 2119 MaxEnt BUURIBEAY AUC 164
Ko —IETTHR T 73 3 F0 & e B 2 — 2/ ) I
(Jackknife test) 75 B9 ZIRIE BRI 0 R AR LRI it R v 28 1 A9 25 A A PR - 0 RS20 19 ST iR, 5 48
P (E R R IR a5 A S I 7 B L 4S5 EA TR, 5 RS AUC (BB (B, D/ (B 2 3 IS 2 1y
WM T %A1, Jackknife /NTTIEMT R, 0 SRR TR A8 48 19 Tk 5 15 0 ) 25 (UL 8 X 4 o0 A
A TTRR 8 (2R R, Ud D2 A 2 (0 0 AP R BEAUR R IR B LA AN A T A7 28 5 ) TR, ¢
R U USRI S A TR A B RIS BB, & @R 5 W 00 4% AR 25 ORI, Wi Uik

http ; //www.ecologica.cn



3352 JAE = 43 4

PR T, 75 B8 0 A 45 B AN RERCHE & U PR3 e AR T 24 2 (8 2517 55 40 (0 49 I BE AT N 272 U IR 1 B
WERER, AT e U T AL (E 3) .

m RRRER U AR m AR

R

2
g 9
ws T
BE T

iR 5
h-g Tnin

IS
8 Tw
A Elev

08 10 12 14 16 18 20 22 24 26 28 30 32
FRUEI 525 Regularized training gain

3 /NTIiE Jackknife 5347 ER i B F X IR 43 45 B0 R Ak
Fig.3 Contribution of environment factors to the distribution of Robinia pseudoacacia by Jacknife test
R4 FF#/K i Annual precipitation; Q : 4 S48 4F Annual total radiation; T': 4E 3} Annual average temperature; T, : 3% J it J¥ The coldest month

temperature ; 7. : S-S de KR B Annual extreme minimum temperature ; T, : 5z J i & The warmest month temperature ; Elev : 4% &5 & Altitude

H1 Jackknife 1573 FTJ1, 2 CM5 PR30 SR M B8 53 A1 53 0 1) BTRRHE P8 < AF Fev® H PR3 BE (T,) >4RFEK
E(R) SR (Q) >HFMIR AR (T,,) >HFHRE(T) >Eb AR E (T,) >HHK (Elev)
(B 3) o AEF I3 TTakAR | 48 U DR 5 S0 S0 A8 3t B A3 X HE Y 2050 g < W o AL E (7, >AFAR AT (Q)
SRR (R) >Hcde AVEIREE (T,) >El AV (T,) IR (Elev) SAFMREE(T) (1), B#tHE
FPEE R 45 A T R MRS B BR A B HE RS 23501008, AFFEK B (R) ST (Elev) >HIE AP (T,)
SEI HAFERREE (T,) SAFARATE (Q) SAFIE (T) >Homf R (T,,) (£ 1),

x1 RNREEAFHESRHEMEREREN

Table 1 The percent contribution and permutation importance of the environment factors

A A 53 DTk E A b AT A
Variables Percent contribution Permutation importance || Variables Percent contribution Permutation importance
T i 31.8 0.5 T, 6.5 6.3

Q 29.3 3 Elev 1.6 10.9

R 22.9 74.2 T 0.1 0.9

T 7.8 4.2

T i AR IR TEE Annual extreme minimum temperature ; Q ; 47 i 4§ Annual total radiation ; R ; 4[4 /K 5 Annual precipitation; T, : F2% H 1R %

The coldest month temperature; T, : iz & H i The warmest month temperature ; Elev : 4% 5 & Altitude ; T: 4F-3J% Annual average temperature

L5575 1% Jackknife £553 | DUHK 43230 R B 0 SR A, 405 SR 3G B 5 ) 8 - v R ORI AR o AT 174 S Bl PR 2
B 7R AR R AR AR K R AR A S BIVERTRL | RA 7 TG G2 o 240 2 - v Do R A A A7 1 O Bt
AT,

2.2 IRRAY AR RIE B

MaxEnt A BIREHL T F SR IR 551 20 F 8 £ 5 F(1961—990 ,1966—1995 ,1971—2000 , 1976—2005 , 1981—
20102100 4F-(RCP4.5 F1 RCP8.5 et 5 ) BB A6 40 A X 38, 7F 0.5 kmx0.5 km 23 FPRGRE 14510 T 8+
T JE R B AR R (B FRE A A R) P, P AETE IR 0—1, (B KA FEBGE B HIBE B A 1F . 2% BUR ) S A%
AL T2 4y (IPCC) SEPUURITAL Hie s oot AT RETE " A 3R0R , FE7EMER P<0.05 ARG E X, P>0.05 Hid
PP ARYE A AE MRS F XA A0 N RIS H X (0.05<P < 0.2) JEATE F X (0.2<P<0.4) P EE A X
(0.4<P<0.6) Jfi HX (P>0.6) (Kl 4),

http ; //www.ecologica.cn



8 I W] A AUAR A RSN B g R R PAR CA *E  f o55 1 3353

0 200 km
[E—

TFAEMER
[ <0.05
7 0.05~0.20
9 0.20~0.40
B 0.40~0.60
= >0.60

B4 HITERBEESH
Fig.4 Potential distribution of Robinia pseudoacacia in the Loess Plateau

1961—990,1966—1995 ,1971—2000 ,1976—2005 , 1981—2010 , LA YR Ji [#4% RCP4.5 F1 RCP8.5 15

SERIR . HARIRBE AR IE B AR AR A7 04 DX S8 A0 98 4 w3 B DX AR S R AR R 8, R B A 7E 400 mm 25 F& 7K
TR MAEIIR 8 CARRL IR AR X, 28+ @ R A PE AL AnAb e K X, AR RS AR A=A, AExT
TR 1961—1990, 7 1961—2010 i (] JIREVEAE A9 M o3 A IXUR AR — S HIBRAEAERE R P>0.411)
TR 3 L DX R il L DX A T B v i e Y O PP S R L P R S A DX AR A AN B R A A AR
P>0.6 B EE HA G XA 4 /N H JUHE ILPE A e (1 4) o

http ; //www.ecologica.cn



3354 xR 43 4

FAXS T REEAE 1961—1990, KK 2100 4 (RCP4.5 UG 5T ) RIBLAFTEREAR P>0.4 (1 DX BT 52 45 /] ; 3
MAFEMER P>0.6 BHE B X AL BT 46/, U HR (L P R R4 /M T . KK 2100 4F (RCP8.5 St )
FURRAEAERERE P>0.4 Y rh B2 L DXORT o B DX A 4 /N s AR A ZEABE R P>0.6 B SRcid B X HAA W] W 45 /N
P IUHSE IV R4 /MR B, {HICIE RCP4.5 18 & RCPS.5 MG 52 T, M 22 WA A 16 Je e A B 7E
2.3 AR A Ao SR R B 55

SRR BT DX PR A, A 4000 T 228 255 b i B S A0 198 A0 i 55 Mk RT3 O (3 38 PR 5 A3
BESARTR, 35 B A SR FREE I 29T R AT B RAEAEME R | 3 MR AR 52 e B AR AR ZE R IR R AR
FE B R AN JE LATEGH B B 53 DX PR 30 A A a5 R0 2 300y s 559 2 3 el 7P o AL P i 5559 2 O 7
PR ILAE AR AAE T 1) — i3RI, A A 53 S0 ) R AR AR A A7 ZE AR AR AR s, W) 2 0o R 3
NP s BV AEAF AR R A, W SR BN SMENE 5 1 . A AEI o 0 (A7 A A 23R i AR I sl S 2 1, D e 3k <
fE AU

kTR R A S A B A G 559 A 3 O, DA 1961—1990 Ay FEHEAR  MaxEnt fii H il #5277 7E
HESM A% B2 S B A AR (1966—1995 ,1971—2000 ,1976—2005 . 1981—2010 .RCP4.5 F1 RCP8.5 1% &) il #4
FEAERER MRS U2 R ArcGIS #4412 (8] 50 B D REASLER Tl A1 A0 R A7 7 AR S A A% 11 J2 ek 2 v A A A [
J2 15 B RIME A AERE R 0 AR (LB (B2 . SR 2 TS 2 A AR 3 0 A8 AR (EDR i AU DX N 3 B4 A
6w R 2 B0 A I 5555 e R 3

FiE MAETEME A < 0.2 N B E W 5P -0.2—-0.05 W] W ME55PE . -0.05—0.05 KA A B 1k
0.05—0.2 A B 3% W > 0.2 Al N, 45 R R 1961—1990 4F % PF- 4 4F (1966—1995 | 1971—2000
1976—2005 ,1981—2010) , ¥ - =5 JE PG 3 AN A6 )™ A DX 3 A ofill B0 A7 7 ARE SR A8 Ak i B2 42 /1N, — 86— 0.05—0.05
(Bt B FARRURRIX ; 76 35 4 5 IR 0 R0 AR R 350 00 2% IX A7 7E MR AR AL IR B - 0.2—-0.05, J& T B 8 Jfe 55 IX.
(P 3 3+ 5 R AR R SR AEAEAE R AR AL R BE 0.05—0.2, J& T W 3 7 X (PR &k 10 ) A AEME R AL IR < -0.2
) J 25 a5 (£ 68 ) F> 0.2 19 B BTG Y (IRER 68 ) I ARAR ELB/IN(E 5) o A b 8 4 B v SR A G X 3 s
TANTE PRI A A7 B AR BBURR DX | 2R B FH AR T 100 A 1o ‘A0 A A ) DXl 2 e A A Uk X, JE 2 L P v R
ISR - e D R S 14 O r o SRR A AR A R

1961—1990 ZIFAL4: 2100 (RCP4.5 F1 RCP8.5 1/ 5t ) , ¥ - iy Ji R HK 43 by DX il R A7 76 AL 58 42 1 i 32
-0.05—0.05 (JK ) | J& FREAWAT AL, FELERERASAIR B 0.05—0.2 FYHA S 17 IX (R €5) Fl> 0.2 7Y ik
T X (RGR D, ) T2 A5 B A v SR R AR B 3 A A B e R S AR G RS D 1 P A e A
DX, FAERE AR AR EE -0.2—-0.05 A 15 DX (R ) AT <—0.2 A S5 X (Z0 60 ) 2200 A 1 v 4 5 it
A, JEHOR VG A r S T e 4 P A E (E S)

LA RCP4.5 165 5, AT R AH 4 G b~ SRk AR 45 4038 BRI 43 A, LU P 45 2R g B 0T e 48 P8 AL
IIAEE, HRE Jackknife 153 DTHK E 4350 R0 S 4 1 B, ) 29 A7 A2 HE SR AR A 1) SC B R - d5ci
SRR WO AR AR K 254k . A3 BEUEAE 1961—1990 ZE PEAL4E 2100 ( RCP4.5 155 548 H -1
T FE FNAR K i AR Ak, A G o JEAR R K K MR BE (> 100 mm) |, 5@ H IR EE [ AR RT3/ (0—
2 C) AR AT T B 32 DX IS A IR A . AR TG P D Ll v 48 AR e A R g P L BB AR R K
it ETHRBEA K (0—100 mm) |, 55ed® A EIHIE =5 (0—2 °C) (181 6) o ok 48 DXl A A7 7 A 3 [ AR AR T
SRR KGN O R AN T SR B 2 ok, 51 R T A,

3 it

o e JRUR A S E 55 DX AR A SURR X 3R ] A AR R fR 9 op B T R AOs HAE , AR GE A 3
LR LT R 32K G I3 R K SR TR 2R A A 0 R GBI R A A R B, WA A B R
TR JEE , IR AR A K 23R 2 3 A S 1 i A X300 5 G B K 5/ F At DR R bR s R e B 1 AR

http ; //www.ecologica.cn



8 I WE A AURAE LIRS B o SRR AR A F PG 353 1 3355

1961—19904E 5 1966—1995 1961—19904E321971—20004F

NGRS . <-02 B -02——0.05 [ -0.05—0.05 [ 0.05—0.2 Wl >02

B 5 1961—1990 4 = ik 4F ( 1966—1995 , 1971—2000 . 1976—2005 . 1981—2010 . RCP4.5 Hil RCP8.5 15 ) B+ B BRIk FEM RN
T
>

Fig.5 The change of the exist probability of Robinia pseudoacacia forest from 1960—1990 to assessment periods ( 1966—1995, 1971—
2000, 1976—2005, 1981—2010, RCP4.5 and RCP8.5 scenarios) in the Loess Plateau
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Fig.6 The change of annual precipitation and temperature on January from 1960—1990 to RCP4.5 scenarios in the Loess Plateau
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