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T ERRFELE, ARTFRSENASRPRELBRIE, [ Fik ] ARE 200 MEFRADF E/ 20 AL E, A
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Prediction of the potential distribution pattern of Pinus sylvestris var.
mongolica in China under climate change

ZHANG Shilin', GAO Runhong', GAO Minglong', HAN Shumin', ZHANG Wenying®, ZHAO Jing'

(1. School of Forestry, Inner Mongolia Agricultural University, Hohhot 010019, Inner Mongolia, China; 2. Baotou
Forestry and Grassland Work Station, Baotou 014030, Inner Mongolia, China)

Abstract: [Objective] This study aims to predict the potential distribution and migration of Pinus sylvestris
var. mongolica under different climate conditions in China and to determine the main environmental variables
affecting its distribution, so as to provide theoretical basis for rational introduction and protection of P.
sylvestris var. mongolica. [Method] Based on 200 distribution points and 20 environmental variables, the
potential distribution of P. sylvestris var. mongolica under current climate conditions was simulated by using
ENMeval packet optimization maximum entropy model (MaxEnt) in R language and ArcGIS spatial analysis
technology. Through Pearson correlation analysis and variance inflation factor analysis combined with the
screening of environmental factors based on pre-modeling results, Jackknife test and correlation coefficient
were integrated to analyze the dominant limiting factors of P. sylvestris var. mongolica, and predict the change
trend of suitable habitat under three climate scenarios (SSP126, SSP245 and SSP585) from the current to the
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future (2050s and 2100s). [Result] The area under ROC curve of the MaxEnt model was greater than 0.94,
indicating that the model had high accuracy and could better predict the potential distribution of P. sylvestris
var. mongolica. The main factors affecting the distribution were the average temperature in the coldest quarter,
seasonal variation of precipitation, minimum temperature in the coldest month, seasonal variation coefficient of
temperature, average temperature in the driest quarter and maximum temperature in the hottest month, with a
cumulative contribution rate of 92.9%. Under the current climate conditions, the suitable distribution area of P.
sylvestris var. mongolica was mainly located in the Greater Hinggan Mountains of China, and the total suitable
area accounted for 6.72% of the total area of China. In the future, the potential distribution area of P. sylvestris
var. mongolica would decrease under different climatic conditions, and the centroid would migrate to the
northwest area at high latitude and southwest area with abundant precipitation. [Conclusion] The
annual temperature and precipitation are the main factors affecting the distribution of P. sylvestris var.
mongolica. At present, the suitable growing areas are mainly concentrated in the Greater Hinggan Mountains of
China, and its distribution will migrate to the northwest and southwest of the existing distribution area in the
future. [Ch, 1 fig. 7 tab. 29 ref.]

Key words: Pinus sylvestris var. mongolica; maximum entropy model; climate scenario; response; distribution
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RS E R 2 RECRM AN R R B RN HE T 2050 4R U2 AL 5, THOMAS 451 fff
TR AR ST, HahIRE I 20% AR XIS A 15%~37% PRI K4 . PrFh oA
BEAY (SDM) i HI KA HU ) T v 7 o3 A Bk oy A S5 A2 A0, BT, 2R o A AR LR ) S A Al
(Bioclim) 24 P 4Bk o A 2508 FLE XI5 B R S8 (GMPGIS) . Ufsh &3 (Climex) . M4
TN (14 35 A% SR (GARP) e RO A (MaxEnt)® 1, b g A 20 A HL At [ SRR 8 HLA 9000 2%
HEDPE R . RAGHR UL P, S IR — SR ) BV A o0 A XA TS b A T2 B, AR A2
Cathaya argyrophylla” . #3& [FIF Juniperus przewalskii®™ ., V025 Ammopiptanthus mongolicus™ % .

FaF# Pinus sylvestris var. mongolica V£ R KK IRAS P. sylvestris B— M BAZF, JRFAFL Pinaceae #13
J& Pinus, FIHBGRTHIE . W F . TR TR A 00 R AR 2 T =40 TRSE TR &R
AR BLTE 1955 4, R AME SN B RUE VAR OB S I R B B S . e ik, BT RE R
P E =40 TR KR 13404 (1. AIRX)590 KRB GRS, R0, 4 FHSAREL 7 C I, BP0
NTARICE AR R WEl & BRI H A ZE I M 2 R BRI, A AR 7 S KR
RAAEFEE IS . AR (=0 TR SHIELRI (2021—2035 4F)), A AT = db T8 v dee 5 B AY 85 2
AR R, S B AR T RA D RS ™ B R B R R MESE S 0L, AT SSRGS MaxEnt B AY 15
DA TR) ARG T R FAATETE 3 AT, AT R AR FFA5 | FioRI UG R AR BT G B LAE .

1 MESHR T *

1.1 EFREIRERIE

2018—2021 AFEPNSEH H ¥ KPRl A5 i s I A0 e 38 4o S bR Ay, 7R ST R X Bl AR AR 43
A DA ALARI 130 A dicdls s 456 EECA PR AL (CVH) . T EE R AP T (NSID), 28k
AW Z RS B W (GBIF) K Al AH 5 SCHR e 3 BOURE 7 48 43 A s 858l 115 4>, @RI S5 LR 3
245 Z5i0 5k K SCHRIC AR SRR IS A, BCA ArcGIS BUEXTRE S 44 IR T e Ak o hyslk f fo
TR AIRAIIS), LIGREE 2.5'%2.5" 7 1 DM IRIT, R-HICifie 1 4F ik, #E 2021 4F
AR R 200 MRS TR SEUA T .
1.2 WREEFETERIFIE

ARBFFEBEIZS [B] 53 BER IR 30709 19 A EW S T/ 1 A HIE TR AR R F (8 1), sk
PRV T H AR (https://www.worldclim.org), HbEIEdE A IEF FE KLt LB E B0 (http:/www.


https://www.worldclim.org
http://www.ngcc.cn/ngcc/

562 WroIL R R K A R 2023 4E 6 H 20 H

®1 ERSEHEENIMERF

Table 1 Environmental factors in the Global Climate Database
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Bio3 AR Biol3 o A Bk mm
Bio4 SRETHAR Biol4 T ARKE mm
Bio5 s H Fem AR C Biol5 Mk Z 1 ARk

Bio6 ¥ H ARSI C Biol6 el e RE R K mm
Bio7 SRR C Biol7 BT REROKE mm
Bio8 RN 2 B R o Biol8 W TR K b mm
Bio9 2R SR C Biol9 VR ZEREREK mm
Biol0 e 2 BE P SR C Elev T m

ngcce.cn/ngec/) [ EBREHLIA]

R AR e IBUER 6 W Bl A B X Rl (CMIIP6) 14 [ 58 A5 A v s v 45 0 S S R G X
(BCC-CSM2-MR)., IR b [F AR B e =X Sy B I 5 FRASEALL R SR I 8 (2050s 1 2100s) 544
WAE S A, TR 2% pEkE 25 28 P IR 2 B AR (SSP) R SR PR VR 2 6 12 (RCP), 1E#% SSP-RCP2.6 (SSP126).
SSP-RCP4.5 (SSP245) il SSP-RCP8.5 (SSP585) 45 3 A& S i A AR 4341 X #EATFIN . SSP126 1F S A
T Rpgk & Rk, RRIREEHE A TRAKT-; SSP245 i s ffi I Bk ik ie, RBRRER
IRHER AL T 4K SSPS8S IE Sl H LM A KL 10 & e g, AAFRIRZ SUARHE AL T 7K,

Ry kA 20 A AR WA AR S ] AR DL PR A T ORI AL O LA, A Ty 2 K IR (VIF) Al
Pearson FH S PEAE B, 45 A MaxEnt #5570 Fi 5256 A 44 A R 7 ST kR, BEEEMISCREUNT 0.8, VIF /N T
10 FLXF AR AN oA B B0 i stk R AR 8 W R 7o e B 8 NS P 1 N IB I b A4
B, AR . B SRR B RINRR . EROK R R FETEARR . RRETR
SRR TR . oK ZE AL AR
1.3 BT E
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9 NIREE T3 A MaxEnt 3.4.1 8, java 5 FiafT, BHHLIEEHL 25% RREARVE AR, 75% /Y
FEAAE RN GREEEED, LA Bootstrap £, FAE KL 10 Ik, EALLERLL Logistic JEAHi i .

MaxEnt #5551 iy B 1 18 i 5218 TARRRE 4k (ROC) #EATHGH . FHiZh4E T AR AR (AUC) 7% fir
BRI AR, AUC IBH R 0.5~1.0, HAEMK, RUIBRITINEAE M, i AUC 7E 0.5~0.6 ] 3R B
FUFHI 26 W, 0.6~0.7 Fif 2 WA RS A0 00 5 SR A 2, 0.7~0.8 Fisf 5 WA 50 F 30 285 SR — i, 0.8~0.9 Fif 55 W A% 741
TR R4, 0.9~1.0 i 2 B TN AR R AR A2, AT DA A v 0 b 2 A0 o 5 6 53 A o
1.4 HEERWL

ARIRR A AL T 8 Checkerboard 2 %, PR IR (SR (RM) FIFIEL4L & (FC) 2 DSk AR fi 7l
ERAL K. e s AR AR AR . AT A B RM B {l, ¥ MaxEnt BERI iy 5 RPERAE . 2R PR ARAE
(L), TWRIRAE (Q). FrBULARAE (H). FFURUERAE (P) Al (E HU4RAE (T), 5 16 1 RM{H (0.5~8.0, LA
0.5 A la] Fakh ) HEFN 4 & 148 R4 A 7. A R IES A9 ENMeval F2 5 a5t Hb A e fb ik, &%
R &A1 AAICC (H AT 109% a5 T 28I, Fom By FouRg o B i e 12,

1.5 HIEM S AL IE

12 FH ArcGIS $H A RUE 1T 5 1) B0 54738 B X R 43 R o] AL A B, AR R AR rh R AR 1 2 Fh 3 2K 0 vk
TN AR TP TE O A . AR P15 A5 X A B A R A A TR B X R B R, AR S AR
R TR E EAE B S BRI A 3 A5 10 X6 A0S 3 52 Ao B X R o3 P S5 0, R AR AR B R 43 M R TR LXK
BORIE FLIX . — el B XA B A IX Gl E AR £ 0~0.1, >0.1~0.2, >0.2~0.6. >0.6~1.0), X
FOARE TR [ B30 04038 B X0 A 22 5, ARASAR PSS RIS B X 28 (] 0 A [l s A ArcGIS 10.4.1 #
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SDMtoolbox 2.0 T HAL, TR T HATEAN [ I 30 Ay 3 A= DX o7 A B TAR 0 A X% D7 1), Ft
HHBLOT IR

2 HEXRG M

2.1 EEGU R EREST

HRAE 200 A4 T 20 A 5 F0 9 AR EE DX 7 1) MaxEnt AR 8 X348 0 5 T 78 20 A X Itk 4 7 B 4L 731
M. 7 MaxEnt & 2RI HO% B/, RM N 1.0, FC 4 LQHPT, AAICc 4 29.77. *4RM J 1.5, FC Ny
LQHPT B, AAICc M 0, BEBIBIAIRAL, 10% B9 kit s R PEAIC 4.63% (% 2). HILER RM 2 1.5,

FC i LQHPT WAL B IR A S8, Z S8 T 10K %2 AFESH MaxEnt HERIG LR

LIS AUC #{Em 0.964 (K] 1), 1L BH F 25 Table2 Environmental results of MaxEnt model under different

*% Eﬁ R parameter settings

22 A EEFRARE BRI FHMEALE AR AAICe  10%I145k05 T
T W 4 WA R E T A e R X S A AL LQHPT Lo 27 016975

53.559N DL, 1350998 LAPY, BUE/ERKERL (- fy ek tewT 15 0 01018

T AR DX TR 5 8 BE A 2 X TR Z ) 2 645 104.2 km?, 1.0

FEAN T RMZUHIK | NS s . BIpvLpE L 08l

B, AEWPE, W, EHAR, LT WA D E s mE,

Hor, i BERE AR XHIBUR 147 638.9 km®, — 36 2k = *]

X I FLH 497 465.3 k. R F-Hs 125 JEE3E o7 X 46 K3 ™ 0.4

IAENGEE ARICES, ey R E AR . 0.2

23 RERSEEBETEFRISHBHN d . _AUC {9 0.964
ARBHA R TG 5T, S AR X R 0 02 04 06 08 1.0

BOYRTBHHA R R AR > . 2050, AP BGE A o

[X. 7E SSP126. SSP245 I SSP585 < & 1% &t F [% A 1 MaxEnt 8% 4 ROC vh 5 i &,

35.7%. 52.5% F182.6%; 2100s 5 2050s A, 3% Figure 1 ROC response curve under MaxEnt model

A= X T FRFE SSP126. SSP245 Fil SSP585 1 5t 2 T BE M, FEIE 735 R 62.1% . 37.4% F1 100.0%.
SSP126-2050s 55t T, 845 i B 38 A X T AR B W R R, ALY Y HTIY 6.6%, (AFTE R 2%
SRR HLIX ;. SSP245-2100s S T, AR T4 i S A OKE SE T 2k

TE 3 PSS T REFAME A IX E AR T RE, SSP245 Fil SSP585 M it ™ A TP i A X XS A5 1Y
M) 13 5 K B B (32 3 FIFE 4). SSPI126 MBI 5 K, 2050s A8 T-FATE Ak X 1 ARAS AL IR B e/, 33 2 XTI AR
% 230 225.7 km?, FEIE A 35.7%, F AR AL X IR AT F IS DUR T P RS ER 5 2100s 3 A X AR R
487 968.8 km*, FFMR R 75.6%, F-BEAEILZE W TN PRI 8 2R A Z AL th B KT BRI 2 . SSP245 A
HN, 20508 B TR AR X T LR B 338 449.4 km?, [EIR R 52.5%, HAREXIEFEEN TR HIRX
P48 D1 7R T VG R 6 00 b DX R 2R 0 71 5 2100s HEAE AE XTI T B 453 211.8 km?, BEBR R 70.3%, W& H
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Table 3  Suitable growing area of P. sylvestris var. mongolica under different climates scenarios in China

SN 1o B A X km? — 58 A X km? BN AE X /km? AE A X /km? A AE X /km?
i 147 638.9 497 465.3 896 614.6 8058 281.8 645 104.2
SSP126-2050s 9.809.0 405 069.4 618 090.3 8567 031.4 414 878.5
SSP126-2100s 4219.8 152916.7 571 493.1 8 871371.6 157 135.4
SSP245-2050s 44332 302 221.6 848 215.5 8 445 129.9 306 654.8
SSP245-2100s 0 191 892.4 802 395.8 8605 711.9 191 892.4
SSP585-2050s 0 11222222 437517.4 9 050 260.5 11222222

SSP585-2100s 0 0 108 142.4 9491 857.8 0




564 WroIL R R K A R 2023 4E 6 H 20 H

167 DXAR ORI 8 e VA B R o il DX 1P A X 2K o SSPS85 el 5t T, A1 A X i AR A it
JERRK, 2050s 157 FAE AR DI R B 532 882.0 km?®,  FE I 82.6%, AXAEMFAE DL /R T Hh A 4o 1
FA3A 5 21008 15 FHAIE A DOREAE H 1 58 22T 2K

x4 FENBETFREERZEEEENL

Table 4 Dynamic changes in the suitable area for P. sylvestris var. mongolica under different combination of climates cenarios

T Ak’ AV E/%

RAE A

FERIX HEmix REIX ek YIRS PREAR
SSP126-2050s 300 586.5 782 87.1 337725.7 46.59 12.13 52.35
SSP126-2100s 277 630.1 173362 138 584.8 41.12 2.56 20.53
SSP245-2050s 378 636.3 446 69.6 258933.5 57.79 6.81 39.53
SSP245-2100s 1857353 706 42.3 118 506.6 27.11 10.31 17.30
SSP585-2050s 549974.5 200 00.8 889 97.1 82.69 3.00 13.38
SSP585-2100s 111 059.9 0 0 15.97 0 0

24 FULER

PSR A SR 7 T, AR AR S 5 TR ARG A KRR v B A2 5, (HAR E 2
W PGNP R RS (3R 5)o YT B AR RS A XA B0 7R N B 2% BT R I T (47.09°N,
120.25°E)., A% 50 SSP126-2100s B, 87 Hidi A X [al VG AL 7 il 8, A A 7 Pk A= X O F
WEEE AR ITAE DURTT SR TR IR HE (48.41°N, %5 FAESEEESFEFREERFOTW

120. 17OE) 5 ﬁ *Z EE % y‘j 161.47 km; % 1&‘ ,l.% /E‘J{ ﬁ\? Table 5 Core distributional  shifts under different climate

SSP585-2050s B}, AN PEde iy T, scenario/periods for P. sylvestris var. mongolica
\ Ny e S HARPR
BTGP RSN I ROIHE RTINS e —— ) st
JeJHE (47.88°N, 119.06°E), iT#EFEE] N 126.36 km; ALEBN)  ARZ(E)
SN Sl SSP245-2100s I, 457~ FA (] P4 g 77 ] 1 il 47090 12025°
B, ORGSR TG F RS R E gy T O T
BIRSIRBILI (456N, 117.39°F), TR SSP585 47.330 119.060 126‘36

) 7 M7 G IJZ)K ‘i% N > :[3 ’ ’ ’
?JO;S‘ka/H fﬂéﬁj\tﬁ)ﬂmmj&xw i 5‘4; BRI 2100s  SSP126 48.41°  120.17° 161.47
k348 Y A AR A 7 e I A XA SO AR ) P L cspas  aseer 117a0e 050

FIPIHIILES, SR CRIAE A POMAERIITRERR . 5 opses et e o0 B e FAa
25 INEETFHW

M ¥ Jackknife ¥ 43 Mr4s 5 (32 6), S THATEAE B0 A STHR ML 5% MOFRES N 143 ) e v B JiF
SRR (22.1%) . FEAKEZETTEARL (19.8%) . fid A i lRAE (18.1%) . KIBZE AN 2E (17.8%).
T EEFER (9.0%) . e i <l (6.1%) 0 31X 6 AFREE R F R 5THREGE 92.9% .

®6 SHEEENIMEREFRHMERERERE

Table 6 Percentage contribution and permutation importance of environment variables for P. sylvestris var. mongolica in the MaxEnt model

M ik TR/ EHEEE T Fliid TR/ EHREEE
Bioll B ZERE PSR 22.1 2.7 Bio5 B B AR 6.1 6.0
Biol5 5/ S = R Y 19.8 12.4 Biol2 AR 49 9.0
Bio6 e B ARSI 18.1 43 Elev (5273 1.7 48.2
Bio4 RIRFTE R 17.8 35 Biol AR R 0.5 9.4
Bio9 BT R 9.0 43

2.6 ERFHHXESEHE
FEF AT FE BT R F 50 X B R UNZE 7 Fran . SSP126 A fifE 5t T, 2050s 1 2100s fit
TR B B LY RTIRAK T 0.38 i1 0.54; SSP245 S lE 5t K, 2050s Fl1 2100s i FFA i BJE b Y R
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KT 0.46 F10.55; SSP585 S Ml 5 T, FaFHMESEE B 2R N, 2050s FFET 0.55, % T 2100s F
[% 0.67, FEIEN 91%.

RT EFREERIMEEFERSH

Table 7 Results analysis of major environmental variables in P. sylvestris var. mongolica suitable area

A T GRS RRA RS REHERE RTRETY R RET AEROK BOREFE B WS

gt

T Al/C IR ]G S/ i/ i/ H/mm Ak m I
1] 1.60 1 524.06 24.35 —29.18 —-18.79 —20.64 425.20 112.41 828.22 0.74
2050s SSP126  1.90 1483.54 26.94 -25.97 —16.44 —-17.75 430.87 113.05 828.22 0.36
SSP245  2.49 1511.33 27.97 —25.37 —16.05 —17.45 445.52 110.16 828.22 0.28
SSP585  3.20 1517.97 28.53 —25.13 —15.46 -17.14 469.78 114.43 828.22 0.19
2100s SSP126  2.20 1479.34 26.75 —26.44 —-16.12 -17.77 460.45 116.35 828.22 0.20
SSP245  3.68 1519.68 28.91 —23.84 —14.88 —16.47 463.79 115.97 828.22 0.19
SSP585  6.11 1 494.04 30.98 —21.86 —12.59 —13.42 515.40 121.54 828.22 0.07

200 A B 43 A R AP 3 AR 5 A B S B AR AL IE AP AR B2, 2050s, SSP126. SSP245 Fil
SSP585 1% 5t T 4 IR 43 WG 19.5% . 56.6% F1101.3%; 2100s 5 2050s #H 1., SSP126. SSP245
H1 SSP585 18 5t T AT A3 3G I 15.9% . 48.1% F1 90.7%

200 ME TN S B AERE K B 7E SSP126. SSP245 H1 SSP585 f &t N X i iash, HAEM /KRS
SRR AR AR, SRS B AR A R . 2050s, SSP126. SSP245 il SSP58S5 I 5t
AR K B> BN 5,67, 20.32 1 44.58 mm; 2100s 5 2050s A, SSP126. SSP245 Fl SSP585 15
AERA K> I N 29,58, 18.27 F1 45.62 mm.,

3 Wik54£1
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3.1 HRACB BRI ATAEF AN S AT iE A R AN AN FAEAMIE 5T, A ENMeval £ 1
H1 ) Checkerboard 2 AR AL HI . VR RA0 T EEE MM AN, B FAAEPmEPEI X, Bg
Fot. WFE. MR WA MBUREAE S A A KR E . 7R E A RS AGER, PR SRIE K . 4.
HOAT, AR BFAR . WIS DAACA L0 oA, e ra D BLIRT AR T . AT L BRTJR 1L A i 2 IR s HOiR 43
A1 3 B AR AR LA K 5 2425 MK Larix gmelinii ¥ BRI ASH, [ 1955 AF TR 8 2 5 | Fh 1150
THEHTERAZENGLOE, B 2IRRIDV . BEERTE D BRI EM . AR5 T
AU B KA R AR T 25 R s« YA RS A X T b X, g RS SR —a, &
B2 AR5 () MaxEnt A8 TP T AE XA Bl 45 SRS HE T &

3.1.2 IR E AT AN 5 A RA]  Jackknife IR AT R AFYAE . B REE. &R H
AR ERRKE . BRI RIRET SR & TREFWA R, KRR 2L
FEE AR SE S MR TP 0 A 9 B N . YR T IAEERER KT 0.6 BF, XN A9 EREE Rl 1 feids A A 4
Ak, ERWER PN RV SR F X FA 0 A6 5TRR A E] 98.3%, X HAr At v s
PEVEAT . 3% 5B P W9 TP A 38 AR FAR TR -3.7~-1.5 C . 4FFEKE 375 mm 458 HAT .
AT Z I AR A 09 R 35 BT AR 800 m Ay, 4k e AR WY ke IR TR KSR 43 A #E 300~900 m
8 B3 B ) BH 3 A 2530 — 30, KRR — e BB B e TR IATSE M o3 A, MR AE— e R bl s
PR BFIRIEAT AL, I, AR BEKCR I XRS5 o0 A s o B AR AR AR AN BE 2200

3.1.3 AAETALIAE T A eGHem 20508 Al 2100s AR " SEALBRHERCE ST, i e Al R
FATE A ORI D . 2100s F8F A A X i /b, IR A 5K F 20508, ASRANF ARG ST,
TR A DX 25 (8] 20 A7 AR AR B 2 A=A A8 B IR, R 1) P b o 05 5 R 1Y i 2 3 e AR K 5 1) b DXl
Ao SSP126 1, 2050s 3 Az X SO i RS HE B e, hd BH A0 /D I 725 19 o A DX A Y RS T R K
SSP245 5t T AT FATE AR DX 500 1 5% 25 15 P R K St R A B 4K [ P 1 [ Bk i el b IX A2 RS, 2100s 5
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2050s AH LG H B0 SRR IR B EOR . SSPS8S I 5t T il & AARHE G I, 20508 45— Fi i A= X500 48 W i
PGS A IX IERS, 21008 & A XA ETH 2 o gk H PRSP ffF 95 20 . RlE TR SR HE S A 85 0]
BUMEL, A4S 7 C AT EIAERAR, SRERmMBEA, RIFESEH WEERE.
FEF AN TARG R RAEFE SRR 7.1 C ME A aRE “F” g, SEMPUEER . A 5
T, REAEHR, RTHE R TG A X IR LA, EhES RS E SR, 45 LT
i, TGS CHENP BFFY Hh [ S TR ARARBR et 2R 53 A7 75 R R A R B2 T 18 8 20 B K o
FoI b XS A R AR A
32 g

AW 5 3 2 X MaxEnt #5580 (1) e Ak, & BURE T B 15 76 53 A0 S5 A R ) R AE 2 & o0 B AR RRAE
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