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Responses of Cold-Temperate Coniferous Forest to Climate Change in Southwestern China
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Abstract: Based on the geographical distribution data of 20 main cold-temperate coniferous forest species
and environmental factors such as climate, topography and soil, the potential habitat under the future cli-
mate change (2070) was predicted by the maximum entropy model (MaxEnt) to study the responses of ge-
ographical distribution of cold-temperate coniferous forest to climate change in Southwestern China. And
environmental characteristics of potential distribution areas of the trees in the region were analyzed to pro-
vide theoretical references for the conservation and sustainable management of cold-temperate coniferous
forest resources under climate change. The results showed that 1) the AUC values of the geographical dis-
tribution models of 20 tree species were more than 0. 85,indicating high model prediction accuracy. 2) Un-
der the SSPs126 and SSPs245 climate scenarios of the 2070 BCC-CSM2-MR model, the suitable distribution
areas of 20 cold-temperate coniferous forests would show a trend of moving to higher latitudes and alti-
tudes. The potential suitable distribution areas of Abies delavayi,A. fabri,A. georgei,A. georgei var.
smithii ,A. squamata ,Larix potaninii var.australis,Picea asperata,P. likiangensis,P. likiangensis var.
rubescens ,P. spinulosa and P.wilsonii showed an expansion trend. The potential suitable distribution are-

as of A.densa,A. fargesii ,A. fargesii var. faxoniana , Juniperus przewalskii,]. tibetica ,P. brachyty-
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la ,P. crassifolia and P. purpurea would decrease. The potential suitable distribution areas of A. forrestii

would show the smallest change. 3) The 6 dominant environmental impact factors of the cold-temperate co-

niferous forest geographical distribution were as follows:altitude (1 283—4 800 m) >>precipitation (389 —
1 623 mm) >>temperature seasonality (446—1 073) >slope (2°—34°) >isothermality (30—52)>>minimum

temperature of the coldest month (—20—3 C).

Key words: cold-temperate coniferous forest; geographical distribution; climate change; maximum entropy

model; southwestern China
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Table 1  Species information and physiological and ecological characteristics
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Table 2 AUC values and MaxSS logic threshold of geographical distribution simulation of main cold-temperate

coniferous forest in Southwest China
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Table 3 Environmental factors
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Fig. 1 Auto-correlation test of environmental factors
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Table 4 Area change and centroid movement distance of cold-temperature coniferous forest suitable distribution
area under different climate scenarios
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P TS A b B 43 A1 22 S A K. Hev S o (B Y 3 AR
Wa il E S NS M S O S S (52 N 11 & 7 ]
P B G TG G 5 R SR (B A1 9 365 A= 43 A X3 B AR X
L3 BN o8 O TR R R N N e R P N (PN SN
K VO )1 VE &R G A M A D gy A, Y AR R K
HELTAZIE A 3 A XA TR T L DX (8T 4AD
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40

T b bk B 27 4l

38 %

0

W it
4R

1000 2000km

I
I EE X
[

0 1000 2000km o577
v

* 4o

0 7300 km

1_1_._:\

VW\EA* &

ZME

[

[ it
(IR

s
1000 2000km 5,
.

I fEE
[J4sstR

01000 200km s
| NI W— N

N

A

BHYL 2 K Picea likiangensis )

I S
I GEE K
Cakskx

0 1000 2000km
SN E— !

wiE

N

A

W i
CkEEK

0 1000 2000km i
[

1000 2000km 4
.

W K
[ 4kEkK

)
0 1000 2000km
| S E—

N

240 km

N

A

Vi 22 4% (Picea spinulosa

I fE

O kiakR CJakEER
0 1000 2000km s 0 1000 2000km iE,
. [ '
N 4T Picea witsonii)

1000 2000km
T

.
W
I mEkR

0 1000 2000 km ‘,,,"rt»/
[

8 i

[EE ke

1K

3 ARESHMANEFRANBEEERRERD

Fig. 3

Potential suitable regions and centroids of 8 Picea species



ol

W e A VG R A TR A I B T AR A A A Y W 41

N BB

A

T
B EE X B fGEE X R
[l ak@ex [ b !
0 1000 2000km e, 0 1000 2000km it
\ " ' .

HliE

| e
B fEE X
[ E 2

0 1000 2000km
IS E—

B GEEX B EER
R [
1000 2000km s G

0 1000 2000km 545, 0
' .

B EE X
(I3

0 1000 2000km
S E—

=R

(IR

0 1000 2000km
I T | !

[ aksx

0 1000 2000km
S E—

& 4

RHBEMEMREIMFANEEEEREERO

Fig. 4 Potential suitable regions and centroids of 3 species of Juniperus and Larix
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10.2%) W (SLOL,PC=9. 8%) ., i ¥ H it it il
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il A 30~52, i B2 2= 7 PR A8 Ak (BIO4) By ¥4 {8 15 4
446~1 074, 5 ¥ A e /KR (B1O6) 78 1L 11 Bl #4 {8 hy
—20~3 C,FREKE (BIO12) 178 135 Bl {5 N
387~1 623 mm, MK (AL T ZE L M 0 1 283
~4 800 m, 3 & (SLO) L5 [ I {EH A 2°~34°,
LEA A E R B T I R ST, FE TR A bR
F 51 VY Fi b DX AR B B T 5 i S R

K5 EARMREERREHMHKFAEISHRERFEUER

Table 5 Variation range of dominant environmental factors for the main cold-temperate coniferous forest in Southwest China

P8 R 3 A X IOE

Y h

BIO3 BIO4 BIO12 ALT SLO
EeqlIpEe 23~57 460~850 —19~38 360~2 200 850~5 400 1~39
BERK 31~50 520~850 —34~15 10~4 500 240~5 800 0~36
Bz 19~53 400~780 —13~4.5 610~1 600 600~4 300 2~36
WRITRES A 20~50 550~940 —17~4 480~1 800 100~4 800 1~36
W YTV A2 28~51 460~840 —19~3 550~1 100 1 300~4 700 3~36
JINE 12 35.5~53 366~712 —18.5~7 500~1 400 1 360~5 230 2~36
PN TREY 36~51.5 425~690 —16~2 530~1 270 1 850~4 760 2~36
BRKAER 36~53 336~703 17.5~2 520~1 430 1 570~4 830 1~36
i 12 ¥ 12 34~51 470~775 —19.5~3 495~1 155 1 300~4 860 1~33
=k 23.5~50 500~1 200 —20~1 300~1 330 990~4 430 1~36
EZmok 26~52 400~840 —16~2 500~1 765 1 050~4 510 0~32
HFili =2 28~45 690~1 250 —25~(—5) 125~740 1 100~4 460 0~36
WLz 42 37.5~53 410~735 —18.5~2 410~1 100 1 990~4 900 0~36
N8 =42 30~53 380~860 —23~4 540~1 290 1 640~5 120 3~35
LRAE 28~50 510~950 —23~1 385~1 150 1 620~4 540 1~35.5
V45 = 12 42.5~53 300~680 —17~1 175~1 380 2 010~5 030 6~34
HAHF 20.5~53 350~1 275 —20~3.5 325~4 100 0~4 100 1~36
AR i[5 A 31.5~47 550~1 060 —25~(—1) 145~930 2 220~4 040 1~32
KB 35.5~54 380~830 —24~2 200~1 220 1 900~5 480 2~15
KARLH 39~52 460~660 —17.5~1 575~1 000 1 970~4 760 3~36
¥ 30~52 446~1074 —20~3 387~1 623 1 283~4 800 2~34

3 #iwh5iti

3.1 &ig

AMWFFE R MaxEnt B8 Hl ArcGIS %5 [i] 5 #
AR L e T VG 5 L IX FE IR APEER T AR 20 B R TR KR
Fofr %) by 3253 A R A= ) 3 B8 DXL 1 ) 2 DG R L A3 BT Y
A b DX IR P B i bRCHE B A A B S B R LA
Az 3 AT X B S A AR AR e 7 L AR B LT 2598

(1) MaxEnt #5251 7% 7 75 g Hb (X F€ I 2 £ i
ARV T b B 43 A 0K BE B, AUC fH ¥ > 0. 85,
(2) 5% VG 5 b X FE I P B 4 b 1l 2 43 A 1 32 5
BT R F A R R O 4 (1 283~4 800 m) =>4
[ K B (389~1 623 mm) >R AY 215 Ml (446~
1.073) = 3 Ji 3 N (2~ 34°) = 45 1k 3 N
(30~52) > f ¥ H AR AR B9 38 Bl 2 (— 20 ~
3°C), BB E BE KERE. ARKEE

BB S KRAOE a2 WL s sk,
VG5 25 K2 R FT 00 08 A B8 AR A A K TE RO 2 AR
Bl T 2B ki, B8 1L 2 AR E A4 o
A5 DRI R S LT AZ 1) e 3 A 43 A X fE SSPs126 1 5t
TERG/NERB &R EILR A IRTLA 2 AD
R KRN EZ B FEaEMERDE
PITETEIS A KA AR oK 2 DMRRIE = N2 /D
B M NE R AZ VAR 18 A IKFE R SR AR 5t T
BEAR KA, (OFESBEZAFZE T, 7Y R H
X 3 B TR I T R T A A A XS R ) B
o B AN i AR GE B 1 R B, Hoh 7R SSPs126 1
R IR A2 R K O B AR TE B R R, maE X
B0 PE R A E R T 436 km; 1 76 SSPs245 1 5
T VU 2 A2 38 A X0 B AR TR B o, R 3 A X
L PEER T 440 km,
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TR 35 2 AR AR S R TR B AR X AR R A A TR
FE s Aotk . i i TR W PR A A A 2] VAR AE
—FE 22 5 B BT T X AS [ 4 b 7k A b B
43 A TN ) 5 0 AR AS SR [ AH B — A 9 b A R
HH AR K £ SRR N 7L E E S W
(A5 Ak L 0 Ff 1) V8 7E b 38 A T BUKE 2 B 22 A8 Ak
P B £ SN 74 B Te kA S o
s 47 i b B 43 A 22 () 19 96 FR L A A AR O R 1 [ R
FETFERIZHEMENE B AR 20 4
FERPEEF AR B O 2 Ay BT ERR L TR E 6
ANESFHEERN T P B2 RS E 752 P
- A 5 e A A R, 3 5 /N RUBE IX 3 P b O Rt
BRI Ry 2 R i — Sy Bl o A 14 L IR AE
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Tofv 4 3 A 4 Jey 7= A B R R L AR E B v A 2
PR~ XoF P4 g X I I bR TR T A 1 BRI Bk
R L IK 52, 35% . X 5 T HF 58 (i &5 SR AR
FE AR S, 98 3 M T ik B R 10 43 A 3 AR Ak
T FIRR R AN ROHT R i e ot 2L 4R L, B
Fofr 43 A 45 B AR Ak 14 7 1) R0 B — LR A7 AEAR K 4
W AR A R R W B A BRI AR R 5 A
B N L P g M X R B AR ) A XA 1
PSS 0 1] 75 4 B L i AR T gk #E SSPs126 1
s N PRI AE RS R SR /N T SSPs245 1 5, FE i
PEET AR Pl 10 2R SHe 35 A X0 A T e 26 B R
WA X SO ARG R -5, Hi,
Rl AN LRI RS AN R AN S 171 1§ I N Y
WM EZBEE HEBESENERZENEEEX5H
3 AR DB 4 I T g OGO
BT 56, FE A ER A A A A R P RS M X 1 RTR 2R
AR By Z 805 I Y R I 25 Y 3 KORE (A1
22 M X R BE R P58 B S 4 R 2EAE L EDE T — 2
FER P S MR Y A3 A M R 52 AR 25 T R T 8
K, BB E AE KEAE . ARKELRE.
3 REY AN AW Ny N [ ARy A | Wi ey AN}
T 2 K2 AT A 9 338 A DX R S 0 b 3 0 ] g 5
FLAE K B 2 A8 S R A5 AR A A R 1 3 DT
A& 147 56, R B K 1) 20 M AR 1k TT RE 2 oA A
A HL X 3R K AR 5 K R 2 T TR
B TE IR P B A R IR AL T AEAE LB, JERE AT

ARCHE A v 23 A1 T R LA 4 1 9 P AL AR R Y B
W il 2 5 Hy TR Y 25 (AR 2 A 1 AR 358, O € P
AR 1 o 6 B e AT R PRI TR AR i TR B
X7 S sSANTTIN &) | Pyl | ENR LR i Sl ci R
TR TR LA b b 3898 B T 3 ‘5 I T I AR A
7 R BREE

3.2.2 RARMEZIG@E ABFFTHET KB
Py Fof P85 A 3t HL 3 A BIF 5T, P B BRI R B AL A
T B2 T RE AR Al R KRR K A Al IR R 0 6 2K
AR AL F At — 6 X5ty o 23 A7 AT RE AT 52 I 114 (R 3= A
AR AN 7 T Y R L N 23 2l 45 5 T Y I
U RN oA 2 N B 5 o R AE R ok
KM o NN wAE 4 4 28 Oy 2XOR - H R
TR DR 2R A 2 52 0 38 0 T 52 ) 7 3R A2 A i AR
A BAE 2SR AR B 5 RIS, 55 A7 — BB 52 0 PR 2 AR A
Wik b, IR B R DG R AN AR 5
e A FE PR BE I AR 20 Foft 32 BT AR il 14 3 B
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Py b 64 52 B oy A A5 B A 5E B, AT RE 2 e A 1L 45
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