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Abstract; Larix is one of the most important conifer species for afforestation in China. The distribution of its suitable areas
is largely affected by meteorological and other environmental factors. Studying on changes of the distribution of suitable areas
of Larix plantation under the background of climate change can provide technical guideline and scientific basis for the
forestry management strategy on coping with climate change. In this study, Larix principis-rupprechiii, Larix kaempferi, Larix
gmelinit, and Larix olgensis were selected. Based on 308 distribution records of Larix plantation and 22 environmental

factors, the maximum entropy ( MaxEnt) model was used to detect the main environmental factors restricting the distribution
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of Larix plantation, and to simulate and analyze the distribution of suitable areas of Larix plantation affected by climate
change since 1931. The results showed that: (1) the accuracy of MaxEnt model appeared to perform in the level of
“excellent” | and the area under curve ( AUC) values ranged from 0.92 to 0.977. The main environmental factors affecting
the distribution of Larix plantation were the precipitation of wettest month, altitude, the mean temperature of wettest
quarter, and the temperature seasonality. The cumulative contribution the main environmental factors was 73.8%. (2)
Under the current climate conditions (1991—2020) , the total suitable area of Larix plantation was 182.34x10*km”, with
an optimal area of 53.57x10*km’, which accounts for 29.38% of the total suitable area. The optimal area distributed in
Changbai Mountains, the Greater Khingan Mountains of northeast China, Yanshan Mountain, Xiaolong Mountains, Taihang
Mountains, and “Qinling—Daba Mountain”. (3) The areas of optimal area of Larix plantation were 28.33x10*km” during
1931—1960, 33.10x10*km” during 1961—1990, and optimal area increased to 53.57x10*km’ under the current climatic
conditions. The suitable area of Larix plantation showed a tendency to move northward in the past 90 years. The distribution
of Larix principis-rupprechtii generally moved about 3° to the north and the suitable area has significantly increased. The
suitable area of Larix kaempferi in eastern Liaoning moved northward, while the suitable area of Larix kaempferi in “ Qinling-
Daba Mountain” region did not shift significantly, but concentrated in the high-altitude area. The range of Larix olgensis
suitable area moved 5° to the north, the suitable area firstly decreased and then increased, with the main area increasing in
the northern part of Changbai Mountain. The potential distribution area of Larix gmelinii moved northward in general, and
some suitable areas moved out of the northern boundary of China, this explains why the suitable area of Larix gmelinii in

China decreased in recent years.

Key Words: climate change; Larix; suitable areas; plantation; MaxEnt model
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Table 1 Environmental factors used in MaxEnt

(N B B By || AR PRI A
Symbols Environment factors Units || Symbols Environment factors Units
biol AEIVEEE Annual mean temperature C biol2 AEREIK i Annual precipitation mm
bio2 SER A #52% Mean diurnal range C biol3 H 2 A BE/K & Precipitation of wettest month mm
bio3 SFIRAE Tsothermality ( bio2/bio7) x 100 C biol4 fix T H BE/K & Precipitation of driest month mm
bio4 TR =N Al )y 22 Temperature seasonality — biol5 [k 2= s S R AR Precipitation seasonality —
. TRl H o e il E . TRl = BE K
bio5 C biol6 L mm
Max temperature of warmest month Precipitation of wettest quarter
. R8T EE . T 2 REREK
bio6 . C biol7 L . mm
Min temperature of coldest month Precipitation of driest quarter
. AR . . I 2 BE K S
bio7 . . C biol8 T mm
Temperature annual range ( bio5-bio6) Precipitation of warmest quarter
. R R . . Tl 2o BE K
bio8 C biol9 L mm
Mean temperature of wettest quarter Precipitation of coldest quarter
B 75 i S A H EE . §
bio9 BTSEVIRE C || Altude ¥4 Aliitude m
Mean temperature of driest quarter
L 7 R P 499 i
biol0 RRPELT R C Slope i E Slope (°)
Mean temperature of warmest quarter
L YA T [ P 3L
biol 1 PRV IRE C Aspect 1] Aspect —
Mean temperature of coldest quarter

12 SR
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10.8 23 [ 44T T EL T 8 B s 1, SR 1991—2020 41 A A5 A 50 Bl A5 400 224 i A M 4% 1 1 3 A IX 1 4
A, LA 30 AF st ) 1A B 5 1961—1990 4F 1 1931—1960 4F 1 A< A5 it , Hiodis ) 2 ] 43 W R R AE N 307,
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Fig.1 Receiver operating characteristic curve (ROC) of MaxEnt
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2.1 FEMRPEMRA N TR A 0 B T
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S5 PR -2 et o7 i Sk FI W I A N TR AR AR 5 AR R Z R OC R  Y 7 S N TR K T
0.5 B, TAH Bkt 17 (4 R85 R F O (54 R T A L TR A 2

SRRT , 5275 RS N TR A3 1 =B R - Bl A Bk i YRR el 2 1 130 B A B 2t
KTy 2%, Ve RS N TR X FEBEFREE IR (038 BE FLAN T, SRl H B 7K S #E 100mm % 200mm Z [1], 14k
AT 200—2800m , Fe 8 2 B YR AE 11°C 2 20°C 2 [8), 18 A9 245 A8 4k 5 22 Ya il i 50—70 F1 100—250,
FIF DTk 73.8% (% 2, K 2) o Aty A N TSR 9 32 2R EE IR i 4K (1000—3000m
SRS EIEE, TR Bl A KR (90—140mm) I B 245 48 4k )7 2% (80—160 ) Fil T 2% 35 f /K it
(20—40mm) , BT BT STk R K 76.2% . 520 H S J5 A 1 32 22 30 858 IR 7 Ry S+ 25 B B K i (40—
120mm) #34K (300—2800m ) IR JEZE 1284k J7 22 (40—75) il i 2 B S B IR 3 (13—23C) , Bit sTik %Rk
59.6% . REMAC A AR N T ARG A 19 32 B BE DR 7O TR 251 AR b T 25 (147—208) | 4 B /K 2 (600—
900mm ) | Fe¥& 2 [ K i (20—60mm ) FIE B (1—6°) , BITTTHRR N 85.6% , 5 M 242V M N T4 A
(Y B IREE N il B 2 AR b Ty 25 A i ] B K | 3 R R A 1 2 B OV LB LB ZE T AR AR T 24 T
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Fig.2 Response curves of Larix plantation to main environmental factors
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Table 2 Percent contribution of main environmental factors

WFh B TUHRR SR BTHkR
Species Environment variables Percent contribution/% Cumulative contribution/%
AR () Bl WK i 29 71.8
Larix 308 %k R 18.3

Sl TR BT R 13

BT AR A Ty 2% 11.5
MALTEIAN TRy 2% 47.3 88.3
Larix gmelinii 52 % Il A Bk i 24.5

ez 13.4

T 2 P 3.1
SNEFAIRIN T ARy 2% 44.1 85.6
Larix olgensis 43 %% AERRK 26.7

eV 7R BE R K 8.5

W 6.3
R0 RN %7 32.7 76.2
Larix principis-rupprechtii 132 % el A Bk 19.8

LT Ty 2% 16.5

TR ek 7.2
H AT B TR K 31.6 59.6
Larix kaempferi 81 4% TR 9.9

TR Ty 22 9.4

7R T 8.7

2.2 PEMRA N TARLE 1921—2020 4 (1958 A X

TS N TARTE 1991—2020 4F 13 AR X 32 2850 A 72 3 [ 1y AL 5 H I, 46 v 2 A 784 L DK R %2208 |
FELL ANBE L RAT LK LA B Z8 0 - R EL L A X (18] 3) o ey R T I RA RIS 22 F WA 18 S A LU SRR AL, 6
JEE PR E AR IO, FEABE A TR AR, T AT AL, DS A N TR BEFE
T FE AR AT R oK B D 0y e A B AR A, E R P AE N S AR ALES R e VAL AR 35 ARAR A LA S AL T AR AL i
X, W AE SR X TR, 75.29% 10 km? , o s i AR TR 34.32x10%km* (3R 3,81 3) o K AT A E T /A
FEZRAGH DX P L — 7 R RS2 DXt AT 5 4338 A X T AR 39.52x 10 km?® | HHp i 3 AF X AR rf 43 7
ER AL X AU 19.05x10 km* (% 3,8 3) o AL 75 i b =20 A 76 38 [ i A b b X b 26 33951 45° 2
], FEEALFEWIACACHR | H A AR B BV R A L N 52 AR T S LA B L P S A3 b X AR DX R T AR 2
68.43x10%km* , HA@idE A X AR 18.08x10%km? , (3% A4E X BT AL 26.42% , F B eae il K47 ik
DI ZRIGSEMIX (32 3,81 3) . HASTE AR o0 A0 X3 e B i e, £ 220 AR AE b 26 28° 8] 37° 22 [a] LA M 10 A< Ml
X, Ve TS A X R T AR 75.52x 10 km® | e i AR X AN 26,5210 km? | B 0 A fEIL T 430 KA
BRFNZE AR L L b DX, TR A AR IS A IX TR 35.12% (R 3,1 3)

2.3 JEMERA MG DT s A R S AR X

TR N T AR IE A= X T AU 1931—2020 4 AW i, Ho 1961—1990 4[] 488 1931—1960 4F 8] {1 =5
A XHEINT 4.77x10%km? , YGRSl A X AR S — 2P 1 i $)] 53.57x10*km* (R 3) .

DL TE RS N TR RS AR XAE 1931—1960 AF B[R 4R rhfE K /NS ZE08 Je K 1 L L IX 336 A DX A A 456 T
AEAEES Ll PG b 0 R AL T P b X & A XA TR AR 75.17x10%km? . #] 1961—1990 4F ][] 1 & A= X 3 A ) b
ol , NS AR IR AR IR VTG A 422 0 M DX ply P I A DX AR Dy e 3 AR X, il A X AR i T 8.81
x10'km*( % 3,/ 4,8 5) ., 5 1961—1990 4FI B AHH Lb , 24 FiF 2428 75 A8 N TMGE A= 404 X0 3 Bl 4k 2 1y b
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BB AHATE A R T e LS, R /R K RS T 0.93x10%km? (33,161 3)
KB
AL H A FEemA%
A% A RX O REAK O PEAX Bl OEEAEK o SRR
B3 HaSBEEGTEMRAIRETENEBEEER
Fig.3 Potential distribution areas of Larix plantation under the current climatic conditions in China
£3 AEMYPEHMAIHEEXEREL/(x10km?)
Table 3 Change of suitable area of Larix plantation in different periods
) -
i?jfies sﬁiﬁy CjniL t 1961—1990 4f: 1931—1960 4
A N@ S G A X 81.08 68.34 60.58
Larix g A X 47.69 34.61 29.04
s A X 53.57 33.10 28.33
it 182.34 136.05 117.95
DL B A X 22.06 21.22 25.61
Larix gmelinii s Az X 20.91 19.49 23.02
A X 34.32 35.25 26.44
J=San 75.29 75.96 75.17
NSRRI RIS A X 11.23 10.62 8.42
Larix olgensis rpE A X 9.24 4.45 5.95
fRE A X 19.05 1.89 5.63
Bt 39.52 16.96 20
LSS (AL g N IS A IX 34.68 17.54 16.89
Larix principis-rupprechtii s A X 15.67 7.34 7.00
mm A X 18.08 7.47 4.75
Bl 68.43 32.35 28.64
H A g5 45 IRIE A X 32.99 22.35 17.25
Larix kaempferi P AR X 16.01 12.76 8.99
fRas AR X 26.52 19.47 11.91
Bt 75.52 54.58 38.15
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Fig.4 Potential distribution areas of Larix plantation under the period from 1961 to 1990 in China

1931—1960 4FK: [ 74 M- TE 21 IX AR 20x 10*km? | 35 ZE 40 A 784 1 1L X, JH A s 3l 2 X T AR R 5.63 %
10*km*, 7 28.15%, 1961—1990 4F i A X R A /D T 3.04x 10 km® | 3L 7 VG 304 X 59 136 A= XK 24 1) AL #% 3
10.8°, JF H i HOWARGE AR DGRAL A 13RI AR X, i 2F Do A T AR 350/ | aR AR Ay o 2 DX H S e
i (3,8 4,8 5) 5 1961—1990 4EHAMEIAH LG, 1AM T 4 1 E A TR Y & iE A X i Ak 53
A SR R R AL A3 A, HL TR AR 23 I, 38 1 %) b X 32 BEAE 75 MRAR BB 0 1 1L kR SRRV AR R 3R, AEAGE A= DX R
rhE A= XA ARG BT/ e AR DX 2 B R AR TR FE AL 4 40°—48.5° 2 ], K I A A i A XY
TR BTN , A0 A Y A AL R st 3, 5 1931—1960 AEWI) AR HE , 24 AT 45 T i Az XA Y8 [ ) Jb 7%
T 5°(’3),

5 1931—1960 4FAH tL , A2 A6 7% HHFATE 1961—1990 A1 [a]38 A DX A9 T AR in T 3.71x 10 km? , i R )
i DX RGP AR BB A R AT Ll Bk — a7, T aE A KB A A K (R 3, 4,8 5), 5 1961—
1990 AFJHTRIAH L, > Fi =M T ik AR DX A3 3 Fl i — 254 K PP U A A LU v IR 40 X A 3 A AR Ay I
Az DX T A A6 R AR 2R 3 B4 A A X G A S v 1 A X, el AR XA N T 10.61x10%km?®, 43 A b 5K
29N T 30 (1l 3) , 1R IE A X R NG 2R

H A% HA7E 1931—1960 45 1A ] 58 2B X 0 A1 38.15x 10% km?, /& i 42 IX AR A 11,91 x 10 km?, A
1931—1960 4FEF] 1961—1990 4, H A% i #1838 A DX 1 TR IS 0 T 43.07% , Horp il A= XAl 7.56 % 10°
kem? | FE B I IR ZR 08 R Ll —7 T 30 7 AR 0 328 A DX U ol N (36 3, 1 4,1/ 5) L, 58 1961—
1990 40, AT ok A X A E— A5 HUHE i T 20.94% 10% kem? , 53¢ 88 [X 3, 32 B2 2 HR /N LR X | 1 45
(A2 LU AT 52 1L X DL R 5 MR B AL T R BB Ll Ml o 35 2E IR I AR LU X2 S0l Je B i R A 26 Holy
2R R R /INBE LA DX 3, e PO R b b DX U e s R R g L T AR R R X
WACAS o 1 20, 7 TR PG a0 510 PR | 0 1] b R E DR M DX 3 A X U8 1 e 0 D A, (s v A X
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