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Abstract; Climate change is one of the biggest threats to global biodiversity, and it has a great impact on the geographic
distribution of species. Forest species richness in the Northeast China is relatively high, and there is still a lack of

comprehensive research based on major tree species and future climate patterns. Based on the distribution data of 12
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constructive tree species and 23 environmental variables ( 19 bioclimatic factors, land use type, altitude, slope, slope
aspect) data, this study applied the MaxEnt model to analyze the three climatic changes of arbor species in the Northeast
China. The potential abundance distribution patterns, dominant environmental variables, and tree species loss, gain, and
turnover under the scenarios ( SSP126 sustainable pathway, SSP245 intermediate pathway, and SSP585 fossil fuel-based
development pathway) were predicted. The results show that there are differences in the potential distribution changes of
various tree species in Northeast China under different future climate scenarios. The tree species with reduced area of
suitable habitats are Larix gmelinii, Populus davidiana, Ulmus davidiana var. japonica, Betula platyphylla, Fraxinus
mandshurica, Juglans mandshurica, Quercus mongolica, Alnus sibirica, with a decrease rate of 10%—30% ; the tree
species with little change in the suitable areas are: Picea koraiensis, Pinus sylvestris var. mongolica, and Phellodendron
amurense. In most cases, the changes in the areas of low, medium and high suitable areas are offset, resulting in little
change in the total of suitable areas; the tree species with increased suitable area are: Pinus koraiensis, with an increase of
about 20%. Environmental factors will affect the potential suitability distribution of arbor species in Northeast China. Among
them, precipitation plays a key role in the distribution pattern of tree species in Northeast China, especially the seasonal
variation of precipitation, which is the dominant environmental factor affecting about 50% of the tree species distribution
pattern in Northeast China. Tree species in Northeast China are relatively threatened under no migration and SSP585 climate
scenarios, but are mostly at low risk under SSP126 climate scenarios. The moderate migration of tree species can alleviate
the threatened situation of tree species. The prediction of species loss and turnover in grid cells shows that the high tree
species turnover rate in Northeast China is mainly caused by the high tree species loss rate. Predicting the impact of climate
change on tree distribution patterns in Northeast China will help us formulate more effective climate change adaptation

strategies to promote sustainable tree development in Northeast China.

Key Words; MaxEnt model ; future climatic scenarios; Northeast China; species loss rate; species turnover rate
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amurense) K MM ( Fraxinus mandshurica) SABEHK ( Juglans mandshurica) .5 15 ¥k ( Quercus mongolica) i1 ZRFg
A (Alnus sibirica) , BEFRE R B R IE T LT 3 N isAe . 1) BHE RN FE A T4 % i 5 5 1 H A
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Table 1 12 tree species and their ecophyisological characteristics in the studied area

W2 # & A AR TSR
species Family Genus Physiological and ecological characteristics
STHA Pinus horaiensi AR LN TG, X E K A BER A, AS B T R
=ik s Roratensts Pinaceae Pinus AT FE SR KRR A U
U1 1 Z4 Picea koraiensi AR =iz EA T NTE=S ¢ E T EN R P WISVEN
Zpen s Fucea koratensts Pinaceae Picea HEZK B AR v v o+ 358
SN 53 \
SV Laris gmelini il RRTLR SE RS, B P9 XK 3R TS
inaceae Larix
RS P sshearis L B Fo s EORPETR, T2 P B2 - 40— SOC MK, B
5 ¥A Pinus sylvestris var. mongolica Pinaceae Pinus H AR - HEK
L5 Populus davidiana FBIFL e BRI SV -
Salicaceae Populus
e Vs i o v i P B3R 2 05 3R, RT3 0 o
i[] mus aaviaiana var. japonica Ulmaceae Ulimus ﬂ\fA 4ETTT7J<YJ¢( ﬁETTﬂiﬂjiﬂ({’ﬂ:)
C1HE Betula platyphyil MEAR} HEA TR EO, AN B, it S X A e PR S AL
' betla platyphyta Betulaceae Betula T E R 4
=EFR HBE)R T PSR IR T 32 M K, B O, TS AR RE K
3 e e onse ’ B 5 s
BLSE Phellodendron amurense Rutaceae Phellodendron H# 400—800mm
. . PN FJR T R, BT E BT R IR R K T, SR
IKIIHI Fraxinus mandshurica Oleaceae Frainus K
BAMMK Juglans mandshurica DR R BB FHPER D i T
Juglandaceae Juglans
S Quercus mongolica se3bRE BRIE R VI R, L RE T — S R X
Rl € Fagaceae Quercus BERAT™ T 575, AN K0, R 3 N IZ B0,
TE A TR R Y FR BT, T FE VRS , AT T 55
R A s HEARH AR WU AT BUK BT, 4 A4 700—1500 m (9 113 b
Ae nus sivwed Betulaceae Alnus R B
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B =2 A 25 28 U A (SSPs) HY 3 Fvid i X, AT R 2 &k g (SSP1_2.6) (B & i (SSP2_4.5) FLAb A Akt
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Table 2 19 climatic parameters used in MaxEnt model

ABABEAT ik AT sy SEE TR
Bioclimate factors  Description Whether to use | e inate factors  Description Whether to use
for modelling for modelling
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bio10 IR 2Tl &

1.3 Wik
1.3.1 #4# MaxEnt F%!

R o A Bl (CSV A% 30) FIR A (ASC A% 20) A MaxEnt HF , BEHLEEHR 75% 1950 A5 Zd A A I
SRAE T B, 25% 1A 43 A B A SR 4 42 FH RS R 90 1E > 15 Ak e B30 0 ot 2 408y sk R RN
AL TIYIEE (Do jackknife ) W 5 2% P 458 4% 0 Xof 458 A1 b £ 119 07 ik 32, B 4 P 35 A% 2 0 17 11 2% ( Crreat response
curves ) LASZR I Fb 43 A BESR X 45 A5 A8 T i ma 4G DL . A 323808 TAERFIE 2k ROC (Receiver Operating
Characteristic ) XA U ARG PEFEATREMN 2 0 8 ROC i £k 588 9\ A b B ok 1 AR R f AUC ( Area Under
Curve ) VE A UK i BEPEM FR v, BUB TS B 0—1, AUC {H BT T 1, 2 WAL FRIAG 3 b . Ik s o
2 AUC {Eh 0.5—0.6 i, UG B AR, A ATHIE— 22507 s AUC {20 0.6—0.7 i, 45 R 822, ik nl T ; AUC
{H4 0.7—0.8 B, 55—, 7T il ; AUC {H 4 0.8—0.9 B, 45 R AF; AUC {5 0.9—1 B 45165 . T 1
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Hby DRI A DX A3 A TR0 5]
1.3.3 WMk gs ik KR 5B

1 MaxEnt BAUELL R 24 7 S AR U5 T AT IR 0 (BARAMEAS) —1 (f s 48 AR g 3 ]
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(Fmap) . R 1 XM AR A1 545 R OB Rh 3 A Y5 A 224k, A 2K Fmapx2+Cmap BB 3 A e
R A% 5 (SSP126 ,SSP245 I SSP585) I Y {45 B Fh 43413 i M Fil A2 AL B ( RCmap ) 5 Bk EARES Y # 5
A, 7% RCmap WHA8(E 0.1 .2 F1 3, AR 1 RS 5 T &R RS 28 Ak 3h 245 0 R ANiE J o
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(RCmap==3) , TETCIERS (& MW MABERAEE R KRR 2L & AR A AR ) MITESE 2l B (&1
R TR IR ER 58 R 2R e N R PR R B A8 AT 2B 3 BE B AR ) PRI T, 23 534 Nloss/ ( Nloss +Nstable ) |
(Ngain—Nloss )/ ( Nloss+Nstable ) 715 Fh i S A0 T 3 L (Pre) o 8 BAZ AL 19 SRR TE I AT R R T B
PSR 3 25, MR bR A R 15 50 IR 0% 3 30K B A0 b A K A D A 4 R 3 Sl K 4 (- 100% ) | % fE
(-100% <Prc<-80%) Wiifi( -80% <Prc<-50%) .5 & ( =50% <Pre<-30% ) FI TS (Pre>=-30%) . XFh ik
AR N BT AR AR A R B AR AL TS AR AR FI AT U ) 4 TR 2

75 R 155 I H] Raster 40, 8 F] L/SR THEA RN AR, Hor SR 2 M F U4 P R 5 )= L
PR AK A Z5A T AP N AR R 6 A, R G/SR 3R i i 1G0T IR AR 25/ 43 L, Horp
G RASR AU R AT T A A% BT N A RO AR . AT (L+G) / (SR+G) A5 1 83k i 4 45144 T X
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2 HRE5SH

2.1 BERITSIRS BE VR 5 S S T

WA MaxEnt #5278 FR AR A6 b DX EERERS T 43446 7y, FEAR B0 B2 AUC B L3R 3, 85 3 WOR VI ZRAEAR K g ik
FEZAR AUC {EAE 0.860 (1L ARAEAR ) —0.967 (K i EHBkHK) Z 1], ¥ KF 0.8, UL MaxEnt IR FUINAS B K 47,
SEINTEE  RENS R AP AL AR AR AL T AR b b DX B AR A 14 A S GE X

WFIASE]  SE ) F SRR T AR (R 4) o 2L TEMS T FA 0SB A 22 BB K R &R
AISENA , FK 2 1 AR (R 8 DG AR IR, DTRRE S 31K 36.4% (48.3% ., 41K LLE: =42 1
A IR EBE KD AR S AR A IS B oA W A2 IR R R K IR R p AR R S e, e 20 K
BARCBSZ AR SR 298K 5 1A% FARESZ B K i i AR AL IR B AR 22, L HUE: e, Bk a2 210 A Ak 1) o
BRR A 38.7% ; M | B B FU R A3 A1 52 e B 2 T K R R 20 K 38938 8] 35% e A . AL ZRFEAR 3 B S0 A
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®3 FiHX 2 EBMEERER AUCHE
Table 3 Sampling numbers for 12 dominant tree species and AUC ( Area under curve) values from ROC (receiver operating characteristic curve)

of the MaxEnt modeling

IR PER ST w6
Tl A AUC AUC i HA AUC AUC
species No. Training Test species No. Training Test
AUC AUC AUC AUC
AR i
Pinus horaiensis 361 0.942 0.922 Betula platyphylla 438 0.904 0.885
AN ThE
Picea koraiensis 161 0959 0913 Phellodendron amurense 153 0951 0.933
WP H-PA
z;j{fmt:fm 370 0.899 0.879 ;j:ffl mandshurica 163 0.967 0.918
2 #
ﬁjfl iylvestris var. mongolica. 129 0919 0834 ;ﬁZiﬁ}; mandshurica 123 0.967 0.939
| ELS
}’(])Zﬁlus davidiana n 091 0898 Ziffs mongolica 608 0912 0897
i IR
Ulmus davidiana var. japonica 206 0949 0898 Alnus sibirica 173 092 086
ROC,%@Q%T{’E%‘EW& Receiver Operating Characteristic; AUC,ROC £k 5 B AR AR B R T AR K {E Area Under Curve
F4 FiX 12 MHEFEIMERFRKE
Table 4 Environmental factor’s contribution for 12 tree species in MaxEnt modeling

iy ERAT R %
Species Driving factor Contribution ratio
AL/ bio_1 ; 4E - 243 )% 25
Pinus koraiensis bio_18 el 27 /K i 22.3

bio_4: it e 77 %2 18.3
ANy bio_18.: il 1K 1t 23.8
Picea koraiensis bio_15; Bk 2= AR 4k 23.6

bio_1: 4 i i 20.9
LA bio_15: F Kk i 2= i A2 Ak 36.4
Larix gmelinii bio_12 . 4ER& /K & 25.4
(ERRS bio_15: FE7K i Z= i AR Ak 48.3
Pinus sylvestris var. mongolica. bio_12 . - K 15
114 bio_15: /K B ARk 31.1
Populus davidiana bio_4 . i B A5k Jr 2 16.8

bio_12.; Ak it 13.6
EQUE S bio_12; Ak it 19.6
Quercus mongolica bio_1 : 4R 19.5

bio_15: Bk i Z AR fL 16.6

bio_d4 B A4 7 2% 14.7
A bio_18.: I 2= 1K fit 35.7
Ulmus davidiana var. japonica bio_1 . F- IR B 20.1

bio_15 : [k it =1 PR Ak 15.6
e bio_15: F/K 7= i P24k 38.7
Betula platyphylla bio_12: 4EF&/K & 14.6

bio_4: i BE2E 75 %2 12.5
B bio_18: fizlE 7= Tk bk 35.7
Phellodendron amurense bio_1: - -3 28.5

bio_15 ; [/ i =TT 4L 14.6
N bio_1 ; 4F - 243l BE 27.5
Fraxinus mandshurica bio_18 : FelE 25 [ K i 20.5

bio_4.: it e 77 %2 19.1
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RFh FRHF TR/ %
Species Driving factor Contribution ratio
1Bk bio_1 : 4F - 33 B 30.3
Juglans mandshurica bio_18 . Fx BB Z= 5 fa 7K & 18.7

bi0_12 ; 4FFK i 14.1
ILRREAR bio_12: 4R fE K Bt 36.6
Alnus sibirica LUCC: + oA s 16.7

bio_4 i FEARAL J5 25 16.3

%4i 1} Statistics

Weg I k2 1 kg AR

Precipitation control main tree species

i BE Py TR

Temperature control for main tree species

5 K b b A (5] 42 1 g

Temperature, precipitation and land use jointly control

tree species

PLEFEM AN BT

LIRS LU A2 L R ERE BEE K
HiAD A BEARK ST AR

ILARREAR

2.2 ZRAbH DX AR RS B S A

TIMSE A (2 5 8 1), 2470 12 MRFPIIFER I BN D422 08 R BT oA, FIRE S8t ik L LA 2%
GPEUHS FETFAS G AL AR SER PP AE RS LIS M XA A A . ARICHE DX BT AR 152 5 km® , 6P 0TH |
BT 1A% FIHE AR L AR RS ARGE A DX T FR BT BE o B M X 40% 25 A, BT RASE A X TE BUROR
A7 A ML XS TR 45% 5 K D SHBRARKGE A= DX AR /DN, o 88 AL X 1Y 15% A5 4

£5 FIHBEX 12 MHFHARIHSEER TRYMHEEREREL

Table 5  Suitable distribution area changes of 12 tree species under future three climatic scenarios with reference to current status
KR o 1 1&@%5/% A X/ % %E’JEIZ‘/% ‘é\iﬁig/%
Suitable area Species Seenarios Lowly suitable M(-)derately Highly suitable Total suitable

area suitable area area area
BEN Increase AN i 11.5 11.2 0.6 233
Pinus koraiensis SSP126 17.4/+5.9 10.2/-1 2.1/+1.5 29.7/+6.4
SSp245 19.0/+7.5 10.3/-0.9 6.7/+5.9 36.0/+12.7
SSP585 16.0/+4.5 13.1/+1.9 12.8/+12.2 41.9/+18.6
A A K Almost constant AR =K i 10.8 6.8 1.2 18.8
Picea koraiensis SSP126 10.1/-0.7 5.7/-1.1 3.2/+2 19/+0.2
SSp245 10.9/+0.1 5.1/-1.7 5.6/+4.4 21.6/+2.8
SSP585 8.5/-2.3 4.9/-1.9 5.2/+4 18.6/-0.2
IR il 234 211 0.9 454
Pinus sylvestris var. mongolica. SSP126 19.9/-3.5 18.9/-2.2 5.3/+4.4 44.1/-1
SSp245 20.4/-3 18.2/-2.9 11.1/+10.2 49.7/+4.3
SSP585 15.7/-1.1 12.7/-8.4 11.8/+10.9 40.3/-5.1
HEE Eij 11.9 9.2 1.0 2.0
Phellodendron amurense SSP126 13.3/+1.4 6.9/-2.3 1.5/+0.5 21.8/-0.2
SSp245 14.3/+2.4 6.3/-2.9 1.4/+0.4 21.9/-0.1
SSP585 14/+2.1 6.9/-2.3 1.1/+40.1 22.1/+0.1
/N Decrease 1% Egii) 20.9 18.5 1.6 41
Populus davidiana SSP126 18.4/-2.5 14.2/-4.3 1.9/40.3 34.5/-6.5
SSp245 16.0/-4.9 11.1/-7.4 1.4/-0.2 28.6/-12.4
SSP585 9.7/-11.2 6.8/-11.7 0.7/-0.9 17.3/-23.7
Al B} 13 5.9 0.9 19.8
Ulmus davidiana var. japonica SSP126 6.6/-6.4 3.1/-2.8 1.4/+0.5 11.1/-8.7
SSp245 4.0/-9 1.7/-42 0.9/0 6.6/-13.2
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KR - s R Z/% B X/ % %ﬁig/% ef_jilz/%
Suitable area Species Seenarios Lowly suitable M?derately Highly suitable Total suitable
area suitable area area area
SSP585 2.6/-10.4 0.9/-5 0.4/-0.5 3.8/-16
P E L] 19.7 234 0.8 43.9
Betula platyphylla SSP126 15.2/-4.5 12.7/-10.7 2.3/+1.5 30.2/-13.7
SSp245 13.8/-5.9 8.8/-14.6 2.0/+1.2 24.6/-19.3
SSP585 7.5/-12.2 5.4/-18 0.8/0 13.8/-30.1
PRI e 16 24 0.7 39.1
Larix gmelinii SSP126 14.3/-1.7 11.1/-11.3 0.1/-0.6 25.6/-13.5
SSP245 13/-3 8/-14.4 0.1/-0.6 21.1/-18
SSP585 8.8/-7.2 4.6/-17.8 0/-0.7 13.4/-25.7
NG A 9.3 4.6 1.0 14.9
Fraxinus mandshurica SSP126 7.0/-2.3 3.6/-1 1.3/+0.3 11.9/-3
SSP245 5.1/-4.2 2.0/-2.6 0.9/-0.1 8.1/-6.8
SSP585 0.4/-8.9 1.1/-3.5 0.4/0.6 4.7/-10.2
B i 8.2 55 0.7 14.4
Juglans mandshurica SSP126 5.6/-2.6 42/-13 1.5/+0.8 11.3/-3.1
SSp245 4.0/-4.2 2.4/-3.1 1.0/+0.3 7.4/-17
SSP585 2.4/-58 1.4/-4.1 0.4/-0.3 4.3/-10.1
T B 16.9 19.5 11 375
Quercus mongolica SSP126 16.3/+0.6 13.3/-6.2 0.9/-0.2 30.4/-7.1
SSP245 14.2/-2.7 9.3/-10.2 0.2/-0.9 23.7/-13.8
SSP585 7.3/-9.6 6.1/-13.4 0.2/-0.9 13.7/-23.8
LAREA E L] 23.0 13.8 2.1 38.9
Alnus sibirica SSP126 20.0/-3 9.2/-4.6 1.9/-0.2 31.1/-7.8
SSp245 22.4/-0.6 7.6/-6.2 2.0/-0.1 32.1/-6.8
SSP585 16.6/-6.4 6.1/-1.7 1.7/-0.4 24.3/-14.6

SSPs LA B P42 Shared Socio—economic Palhways;SSPI26:H%§Q7)?E€" Sustainable Development Pathway ; SSP245 . H1 15 % J Moderate development pathway ;
SSP585 ; LLAL A KL T4 H1 & Conventional development path dominated by fossil fuels ; 7 [ A A 515 5 13 A IX TR i o 2021—2040 ,2041—2060 ,2061—
2080 ,2081—2100 4E [ -3 {i

ZR Il b DX AR RS ol 90 8 A 35 B A A 252 B AR AR S M) AN ) A1 S5 X AN TRIAR 9 1) 55 Wi A7 A 22 5
(225 B 1), BRI  LTANIEAFE Az D0 RS Fh M 3 il /10 A8 T 17 5 5 18 ) 344 5 2 P S 4 5 %22 9%
FERS LA A AR KA AR | St BRI AR RS ARV A I A DX AR AR R i A A A S R Y 4
5 A B BIUD LT A A RS BB AR I AR DX BAR AR BN B sk T R R R TE 5% LADY

£ SSP126 Fl SSP245 ARG F T, &M FPIGE Az X AR /N, #E SSP585 M & F , Wi Ahid A= X & £ #]
SR LTS VER AR A XA RR AN IF T X I 1 RR Y 429% 20 A, Ferbrbs il AR X AR O TR AR B AT 26% ;5 1
TR A A DR T R A /IR T B AFL 3 A DX T AR R MR RN, th S A0 0.9% 34 #) 11.8%, 147,
FAME 52t R e A DX T AR A S s b R R I 209, ) 21 AR, M s by L e K
0 EARRARK | 5% v iR A XL R IR R
2.3 ZRdbHh DX AR AN A7 UBRIR 1L

AR AN AR A b DX O T AR Bt T JEUE (] 2) AN RSB SR BE T A2 U AR AN [
HAETCERB TS B AR T, SCHET A B0 I (1) 52 WU R B L Ar R 22 57

SSP126 St 5t T, SRR %) 52 SRR BE AR X/, TR RSB ™, REYA 37% HIMFIAL T 5 fE R34 58 4
TR T , 296 12% R T2 Gk A . 75 SSP245 il SSP585 WA A 1 5 T, B ol 1) 57l [ e i e {4k
T BEF O R MG s e #h, SSP245 St strh  ZE LB i T, 3 21 22 v 31 58% A ik
T o fasiifa i, 21 L AR AT 8% I PP I I A f& XU 5 76 58 BB R T, PR 2 )b B2 32 40, 3]
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Fig.1 The suitable distribution changes of 12 tree species in Northeast China under 3 climate scenarios in 2081—2100 period
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Fig.2 Threats to trees in three climatic scenarios under two extreme assumptions of full mitigation and no migration
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under three climate scenarios from 2021 to 2100
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