5539 A 14 1) *E &~ 2 Eild Vol.39,No.14
2019 4F 7 A ACTA ECOLOGICA SINICA Jul.,2019

DOI: 10.5846/stxb201809151999
P, R, BB, SRR SRR A 5 T T IR IR 0935 1 2 A2 A E A0 A8 SRR A 55741k, 2019,39(14)
Cao X P, Wang J R, Lu S S, Zhang X W.Simulation of the potential distribution patterns of Picea crassifolia in climate change scenarios based on the

maximum entropy ( Maxent) model.Acta Ecologica Sinica,2019,39(14) .

SEEUERTEFREAMBANE SELBEN T
e R 4

I 31 2 1 1, *
A RE R LRI SO S S
1 HR Al KRR, 220 730070
2 LM KA AR AR, 220 730000

R FM A2 (Picea crassifolia) 23 B W i IR ACG AT Rl 7528 2 3 6 74 103t XA 250l K B DR K ISR AR )
ZRENESE DT T ARG B, BT IR A B4 69 Al B AR 5, I BRI ( Maxent ) #6880 BRSIESUAR SR AF T 51 =
R RTEAE I AT B o AT 2T AR T HEAT 20, TR 255 3 FiOR SR I RO LS T A2 7E 3 Bl AL A 1 5t (T3 ek
AR ) R R K 20505 1 2080s ETE 3 XY AE AL, 45 R W] Maxent 5250 X 35 5 25 A2 5 404 DX B0 S0 5 A7 A5 o ) 4 A
JE WA BB -3 32180 TARRRAE M2 T AL (AUC IHRE ) 255 T 0.99 5 Jackknife 656 A1 DX -5 7 i 2 2 P 4 de {1
A BRI T 1 25 A2 0 A ) J2 S I 5 ST I = A2 IO T AE 0T X 2 24 b TR MR HOR AR o 7 R X P AR
T U P L X LA R e vy GRS A ST T MUK FERR 3 AR SR, S AZTE 20505 H1 2080s AT AL A S TR
S HAE PN 8 AELAN [ A= S5 A 9 A 20 Af T ARAZ AR, Herb i B A DRI BEE A IX 52 e g il 2 i 3%, v B2 3G
i T X LE DX IR 20808 FY I A S 39 A T oG B3 A DX (A% o3 Af ) WA T AT S S5t X S /v S TR 7Rk 3 R IR
TE5T  FIERAZTE 20505 1 2080s FOTEAE AT DXAT [ ALAS Bl 3, (H HEC 23 A DX (s B A2 X)) 475 98 LATS T AR A0 HO L
hE L TCU AT AR R A I AR AL A 57 T, 35 1 s A HRARTE PO Al ey L 3 X, 455 A S T
e A A TR B A AR 1L B 2 L A L R T 2 BN TR AR A IR S5 DI RE

SRERAA « 5 K (Maxent) BB T 9 5 AZ 5 T AR 0 A IX 5 A2 4k

Simulation of the potential distribution patterns of Picea crassifolia in climate

change scenarios based on the maximum entropy ( Maxent) model
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Abstract; Qinghai spruce ( Picea crassifolia) is the endemic tree species in the northeastern margin of the Qinghai-Tibet
Plateau (QTP) in China. It plays an important role in maintaining ecological balance, biodiversity, and soil and water
conservation in northwestern China. In this study, the current potential distribution of Qinghai spruce and its dominant
climatic factors were analyzed firstly based on 69 distributional records via the maximum entropy model ( Maxent). Then the
distribution patterns of Qinghai spruce under three climate change scenarios (i.e., the lowest, a moderate, and the highest
greenhouse gas emission scenarios; RCP2.6, RCP4.5, and RCP8.5) with three general atmospheric circulation models

were predicted by Maxent for two future decades: the 2050s and 2080s. The results showed that the accuracy of the Maxent
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model was pretty high for modeling potential distribution regions of Qinghai spruce, and the average values of the area under
the receiver operator characteristic curve ( AUC) were higher than 0.99. The results from the Jackknife test and climate
factor response curves revealed that the annual lowest precipitation is the key factor that limited the distribution of Qinghai
spruce; the current potential distribution regions of Qinghai spruce are mainly concentrated in eastern Qinghai, southeastern
Gansu, most of Ningxia, eastern Tibet, mountainous areas of western Sichuan, and parts of Shaanxi, Xinjiang, and Inner
Mongolia. The total potential distribution area of Qinghai spruce in the 2050s and 2080s was changed little compared to the
current distribution in all three scenarios, but its potential distribution area at different levels of fitness was changed a lot.
Among them, the regions with fitness of less than 0.1 and in the range of 0.1—0.3 were significantly affected by the climate
changes, and their area was largely increased in the medium emission scenario. In contrast, the regions with fitness in the
range of 0.5—0.8 were shrunk in all scenarios. At the same time, the distribution patterns of Qinghai spruce in the 2050s
and 2080s had a tendency to move northward in all scenarios, whereas its central distributional regions ( more suitable
regions) were still kept in eastern Qinghai and northern Gansu, with no obvious trend to change. From the perspective of
climatic factors, this study showed that Qinghai spruce would continue to have important economic values and ecological
service functions in the western mountains, especially in the Qilian Mountains and Helan Mountains, which are the

important ecological barriers in China.

Key Words: maximum entropy (Maxent) model; Picea crassifolia; the potential distribution; climate change
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Table 1 Geographic information of Qinghai spruce records

s CRAEHL 2/ (E, °) 4/ (N,°) £l SR Hh ZRE/(E, °) ZEE/(N,°)
Number Sites Longitude Latitude Number Sites Longitude Latitude
1 i RE R 103.69 37.47 36 FHigE B LAY 102.39 36.93
2 HMNBEER S 106.26 33.62 37 RN b N TIRTIES 102.41 37.02
3 HNSmes R 104.40 37.01 38 FHifF H e & 102.43 36.97
4 HAH RIS 98.12 39.83 39 T BN BRI 102.48 36.97
5 HHERELELL 103.77 34.95 40 e EX(IB SN 102.13 37.28
6 Hu LR L 101.24 38.45 41 FIFTBIRAR 101.91 37.16
7 CHWLFHEE WL 101.00 38.92 42 R IR LA ST 101.15 36.75
8  HlmNFREA L 98.57 39.37 43 iR =5 M7 101.96 36.43
9 I RRE KT XA ACHE 99.78 38.76 44 HiFE SR 101.69 36.28
10 HORRRIARIE L LAk 102.06 37.87 45 AL 101.82 36.09
1 HR T 99.64 38.71 46 HiE R E 102.67 36.6
12 HIRHEE 104.02 34.99 47 TR RER IS 102.31 36.35
13 HRE WL b ESF 102.52 35.20 48 HERAR LR B MY 102.25 36.29
14 HNEREKME 102.87 35.37 49 H RO ] 100.68 34.34
15 Hkk BARE L AL 101.41 38.1 50 HIGIILEY & 100.65 34.69
16 HIRAE EWARIX 102.75 36.69 51 I I PE A B 100.56 34.70
17 HA kRSB 1L 100.43 38.48 52 HiFNHEE S 101.74 37.37
18 HIR Sl R 104.21 33.92 53 FHIFTBHALK M 102.01 37.31
19 HRrhEK s 103.88 33.95 54 F TR SR 102.36 37.13
20 Hul s eRomer 102.92 34.96 55 FHiFR AP 102.6 36.17
21 NGERTRIE A RS B Bk i 105.91 38.87 56 FIAR /A 100.21 38.20
22 NERF LA 110.6 40.69 57 HHFAREAR L 98.98 38.64
23 NFERFILIHG 111.28 40.86 58 FEARERT LI 99.94 38.33
24 AEPTREER KB 105.92 38.96 59 AR R0 100.24 38.12
25 NSEBTHLE A K S 1 105.87 38.96 60 FiFRIR 98.74 37.69
26 TEBZLILSFEL B 105.98 38.71 61 T AL T3 100.58 35.00
27 TERBZIARREIX 106.29 37.31 62 FE A S 102.24 35.53
28 TEBRILY 105.92 38.74 63 FFRE LR K 101.91 35.62
29 TEBEHE NT 105.93 38.61 64 TR XUP AKX 102.2 35.56
30 THEEL 106.11 35.61 65 T 19 22 08 SR W 4 98.67 37.04
31 THEFERGEN 106.26 38.94 66 HGL A Y 98.53 36.78
32 HIFREARBES T 101.86 37.04 67 HUEDLG R A 100.06 35.79
33 HHEBZARAEE 101.27 36.91 68 W EE MY 101.95 35.35
34 HIFGEE RN 100.91 36.62 69 IR K & 102.87 33.95
35 R TR 101.33 34.56

1.2 YHT SRR I S A X T
121 ARECUREE

METREEZE T 28 WorldClim M3k (http : //www.worldclim.org/ ) , iZ R HEAE T 1970—2000 4F 30 [6] 5
R TR AR 2 19 19 NS A & AR (biol ) , A ¥R AR IR (bio2) , ZE i (bio3) , IR Z 1 M2 fk
(biod) , FxMz A fie = i (bioS) , e ¥% H KL (bio6) , i BE 4F A2 M (bio7 ) , Fx M Z= H I (bio8) , fie T 2= 1yl
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(bio9) , IHEZFHI (biol0) , & F= 1 (biol 1) , AR (biol2) , fieli H FEF (biol3) , i+ H &I (biol4) ,
BERZ= T AR (biol5) , fdB RN (biol6) , i TR (biol7) , eBZ RN (biol8) , fi?& FEFERN (biol9) .
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SAAHECAR N . RCP2.6 1 it 4 2 BRI {6 FH 3 AV T P A= 07 8 U5 AR A A A48y ik B A R 28 SR ik
1, B 2100 AR EEE RIS IRAR T 2°C (S ) ;RCP4.5 F1 RCP8.5 W 733l by v B8 G R vy B2 i 2
SARHERCE 5, PIRME ST, ) 2100 AF =P ER S BN 2.88°CF1 5.51C 2 DL EEE N2 R 2.
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characteristic curve, ROC) FEA7PEAL , FHHHZE T 11 A2 ( Area under the curve, AUC) #7~, AUC HA T 0—1.0, H:
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A3 DR S 2YHT19 25 5, AP AE A TR ALIE SR SR ] T4 10 S300 I 25 A7 7 [ 18 ( 10" percentile training
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Fig.2  Jackknife test for climate factor contributions in the
current potential distribution of Picea crassifolia

[l i All variable g 2= ¥ B 5% 48 £ 5 biol: 4F ¥ Annual mean
temperature ; bio2: J #J7EE A I Mean diurnal range; bio3: &5 M
Isothermality ; bio4: W& ZET7 425 fk Temperature seasonality; bioS:
T % ) B i i Max temperature of warmest month ; bio6; & H ik
i Min temperature of coldest month; bio7: & 4FZF i Temperature
annual range; bio8: fMEZEYIE Mean temperature of wettest quarter;
bio9: T Z=H47E Mean temperature of driest quarter; biol0: HEZ=
¥4 Mean temperature of warmest quarter; bioll: #¥®ZEHJiH Mean
temperature of coldest quarter; biol2; 4 M Annual precipitation;
biol3: 1% H K& Precipitation of wettest month; biol4: T H %
We T2 T MR

Precipitation seasonality; biol6: #iz{ Z=[% Ff Precipitation of wettest

T Precipitation of driest month; biol5:
quarter; biol7: fix T Z=[%N Precipitation of driest quarter; biol8: %

BEZEF% T Precipitation of warmest quarter; biol9: fi ¥ Z& [f [

Precipitation of coldest quarter

S 1 3

B TR B A i i iR AN A R AR O s g SR A B RT A S N A R RE ) 25 A e AE AR ST
o R S A2 TR S A B BN S T sk R i K TARE IR A 3R, 7516 = A2 0 S0 R - 1)
M 37 2 V4 DX 38 ) R 0, 2 2R AR L BR (TR 3300 m) R SR WA 759 A2 A8 1) AR A Y BN 26, AR FRAK R 46
(R 2770 m) HAZ AR K B2 MR AR T R, BT X 80K L, &= A2 050 16 Z 21
FER 2R, H RS A T3 58 32 BRF AR A R T

Maxent 58 T 25 5 B 7R, M AT T, T B IX EEED T HFEAT H R
TR M X PG AR DOV L X A R PG A PN S S X, e T A Y R K T I
TSR AT, JRF AT RESR A F 27 1) B A 3h AR5 3500 55 0 25 42 R O S o 11 2R A
AEBRGZ T PHE AR AL 1989 4FF] 1998 A7 1] 41 1 LI AR 47 X A AR MM B e bdi > T 33.5% 0, 5l
SERAE B A3 1960 4F-ZE 2000 A3 AR LR X 5 = R R Sh A 2L R B, 20 T4 60 AR R E

http ; //www.ecologica.cn



6 £ A ¥ W 39 &
0.7
07 0.6
0.6
0.5
0.5
04 04
03 03
02 02
0.1 0.1
0L, - ) —— 0
0 10 20 30 40 50 60 70 80 90 100 -60 =50 —40 =30 20 =10 0 10 20 30
bio3 bio6
0.7
0.6
0.6
0.5
0.5
0.4 04
g 03 03
5 02 02
g
S0l 0.1
=]
2 0
E -50 -40 =30 =20 =10 0 10 20 30 40 -50 -40 =30 =20 -10 0 10 20 30 40
£ bio9 bioll
g 0.7 07
& 06 0.6
th
£ s 05 |
04 04
03 03 |
0.2 02}
0.1 0.1
0 —“ ot
-50 0 50 100 150 200 250 300 400 450 500 0 50 100 150 200 250
biol4 biol5
0.7 0.60 |
0.6 050 |
0.5
0.40 |
04
0.30
03
02 0.20
0.1 0.10 |
ol —d ol —
-200 0 200 400 600 800 1000 1200 1400 1600 -200 200 600 1000 1400 1800
biol7 bio19

B3 FESEETHI0A L

Fig.3 Response curves of main climate factors
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x2 BEIUARABESRRREENHSLUEELLERELTS (%)
Table 2 The percentage change in potential environmental area for Picea crassifolia in the future when compared with the current at different

level of fitness

g RCP 2.6 RCP 4.5 RCP 8.5

Level of fitness 2050s 2080s 2050s 2080s 2050s 2080s
<0.1 -8.10 +26.62 -19.23 -9.46 -9.24 +43.56
0.1—0.3 +5.83 -13.81 +2.20 +10.19 -1.83 -22.50
0.3—0.5 +20.54 -32.14 +13.22 +20.76 474 -37.89
0.5—0.8 -9.48 -16.98 -21.73 -3.72 -12.80 -6.25
BHEFAEE Percentage change in total area -0.87 -0.71 -0.53 -0.77 -1.13 -0.34

T Sy R A BN RN gk

W HI /i Current distribution 2050 s 2080s

- AN = iy o -5 <4 50°N

o [ | [ "
ww\ww h\i,:\tj:\&:«/ S \“_*;X //\fvf 300
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Fig.4 The change of potential distribution for Picea crassifolia in the future when compared with the current at different fitness under three

greenhouse gas emission scenarios

it Maxent 265 10 7307 ZRAFAE B E A A — S0 58 TR, T 1 A S U= N R 30 2, 55 i B9 36 A Ji [
FAAE—E 225 . MEAFRNEAEAFG, BAR P R LR A3 A IXFE R R 3 b3S R A% 57 K P4~ 1] BZ (2050s il
2080s ) 14 T AR AN —E, {H e BE T A XA T AR 52 R [ 3, I R WA SR U IR AT AR R 1 i = A2 /Y
I3 o AR LI 24258 K0T 30 AFX A N A 96 & 0 A R B, 7 1 = A2 1 4 3R A8 ?E'?%TiﬁT
X E (Y S | S A U 5 DX A K A3 S B IR OG P R BT W s 2 S IREMEROCR ™Y,
AW ST W5 WG A2 10 53 A5 M AR G ) L TR AL SO I B 3 T AT (M 45 21, B 75 731‘/
R AR 2 T B 3, SRR M E X6 1] 21 {20 A U] Ao A A T A B, A AR oA Aok o 5 A I 17 St
(RCP8.5) T, v Bl [X 1) B e g R o Y 0 T ) S A R 17 AN v 758 s AZ T 8 T ARt 4 AR
(20805)T'#jlilEPEiBE‘Jéﬁﬁ?@@Eﬁﬁﬂﬁﬁﬁﬁ‘fi%&Hﬂ“l‘fﬂfﬁﬂ‘]f%%(I’§l4) LAk, Tﬂﬁli?ﬂ‘%iﬁT,Klﬁl
M A SR T A28 LR IXAE 2050s 1 20808 AR A X TR AL A 355 F A — 2, 1 n] BB 55 R R AR B

http ; //www.ecologica.cn



8 JAE = 39 %

(AL IR AR S
4 i

ARG T I R ARSI L W 1 AF i (R S 2 S 7 98 25 A2 20 A1 1) R B A IR 5 AR R U A 1 55
T WAL AT R SRAT /IS (E e R T A XA AR L B 22 I X 3 PRI R R DG 3 e L 3l
DX, A 0V D ¢ P o A A R A ARG L B 22 I X, 5 W S ACMKOR B B I 2 DE (B PR R 2 R A IR
%Ik,

5% 3Lk ( References) :

[1] FuLG, Li N, Robert R M. Pinaceae // Wu Z Y, Peter H R, Hong D Y eds. Flora of China. Beijing and St. Louis: Science Press and Missouri
Botanical Garden Press, 1999, 4. 11-52.

(2] SRR REFHE OGO, FRAMFEL, 2010, (2): 38-40.

[ 3] BoRst B M AR AL, T R4l AARBIAR, 2012, 30(3) : 74-79.

[ 4] MengLH, Yang R, Abbott R J, Miehe G, Hu T H, Liu J Q. Mitochondrial and chloroplast phylogeography of Picea crassifolia Kom. ( Pinaceae)
in the Qinghai-Tibetan Plateau and adjacent highlands. Molecular Ecology, 2007, 16(19) . 4128-4137.

(5] BREIZE, JEsrAe. i ILKIERRFRARAE S R GRS AL, Hol Aol BHE , 2003, 28(1) : 7-9.

[ 6] FAFA, NER, XS, YR, 48% I EE SRR S o ZRETEES. ESFTEM, 2011, 20(3) ; 435-440.

[ 7] XUERSR, PhEEE. ZRRWIBRIX T I = AS MR PP, B0 EHE, 2012, 29(4) : 624-628.

[ 8] ik, ML, SBICHR, (4. A5 L F RO X G S AL MRS AR 4. T2 X BEE 5558, 2013, 27(4) : 176-180.
[ 9] 33, WAZE, TURBE, sk, &in, FHE FiEZEMEEICHERRERE. RIMol RS2, 2001, 29(2) : 62-63.

(107 XUBE, BT, B ER. 8+ @R FIE AN AR 9K BRI, P AOl R, 2005, 34(3) : 25-29.

[11] E&rt, 3, HER AEILFE SRS, PHdebkeBe2#4i, 2000, 15(1) : 9-14.

[12] S5FEE, BUGHE, VRORAR, T, Wk A . B AR L X 75 2 A2 2 AR I B W AR o0 A (X BAREAEL. R ZE 25244, 2011, 35(6) .
605-614.

[13]  VRfhpk, WL, MIRAR. 4R34 LT 2 A2 AR F /3 A AR 5 45 AR SRR A 22 N R 2243l AAREBR#IR. 2011, 47(4) ; 55-63.

[14] FEWE, BREE, BBk, FIRIE AR WL PR ARE R 585 5 F RN o6 R A g, P EVME, 2001, 21(2) : 135-140.

[15] ZEHE, BREHE, . 59K AR ARG X T A2 4 KA R LRI ). mBR4, 2010, 29(2) : 349-358.

[16] XIbeZ, %30¥, BRI, TICE, BT, M5, FRW. MBiEILFBERE 8 C 4 Ak KA L. v+, 2010, 32
(4) : 666-676.

(17] &M, S, SHA, #AR, XBHE, Evans R, XA R #8345 G 2 AM % XS AR . b aobfoll K224, 2011,
33(5): 115-121.

[18] Gaston K J. The Structure and Dynamics of Geographic Ranges. Oxford: Oxford University Press, 2003.

[19] Lambers H, Chapin Il F S, Pons T L. Plant Physiology Ecology. 2nd ed. New York: Springer-Verlag, 2008; 1-9.

[20] 2%, sR4ERE, EREZ. hEIEARI IG5 S HEF R SCR. BYABFM, 2012, 36(5) . 372-381.

[21] Thuiller W, Aratjo M B, Lavorel S. Generalized models vs. classification tree analysis: predicting spatial distributions of plant species at different
scales. Journal of Vegetation Science, 2003, 14(5) ; 669-680.

[22] WRIGEEE, Mok, ERRS. ARSI BRI BB AEs 1 DAl T, A A8 241L, 2008, 32(5) : 1134-1145.

[23] sk, XIS, FMIEAR, ERIS2. 2T DOMAIN Hil NeuralEnsembles #E75 Fii o [ B AT HEE 40 A . MolbBla#, 2011, 47(7) ; 20-26.

[24] JESEER, AYA, PSR, (244 B LA TR A A1 4 S5 BT AE 70 A X Aol B, 2012, 48(2) @ 1-8.

[25] B, JHE, BEX4de, fars, 220, I ARMMIETE L A R R T T MolkRle#, 2013, 49(8) @ 10-14.

[26] F&stn, UG, dKEEH, 702, WKL R IRI SR R 2 A2 09 L A5 50 Ak B AR AE 53 A X L. MRl B2, 2018, 54(6) -

63-72.
[27] %, @i, ANEL 2T MaxEnt SR Y500 oh BEWEAEIE A= o0 A XTI, AR, 2015, 34(12) . 3354-3359.
(28] #£1>%, 3KEE, BHARM, BRIy, inis, BT, ximl, HScs, 2T MaxEnt B B 20 M5 A BRVEAEE A X 2040 B HAR AR i i 7. T

A K2F22 4R, 2018, 40(2) ; 241-247.
[29] 2=, XNBt2e, T8, 28508, BRADE, AIER. 3T MaxEnt 55 DU 4 20 G AZWEAE 53 A X 200 BO@E B TR Mol 825 BRI, 2018, 43
(1): 22-29.

http ; //www.ecologica.cn



14 14 WEPE AR F T BT RO ) T 1 2 A TR Ak SRR 9

[30]

[31]

[32]

[33]
[34]
[35]

[36]

[37]
[38]
[39]
[40]

[41]
[42]
[43]
[44]

[45]

TRRRE, TR, XA, THCEL, sKAEME, G, FRBKAE. FET Maxent A2 AN (AR (Y K B AE b E A A XTI A= AR 2018,
37(3) . 143-147.

Ren Z P, Wang D Q, Ma A M, Hwang J, Bennett A, Sturrock HJ W, Fan J F, Zhang W J, Yang D, Feng X Y, Xia Z G, Zhou X N, Wang J F.
Predicting malaria vector distribution under climate change scenarios in China: challenges for malaria elimination. Scientific Reports, 2016.
6: 20604.

Meinshausen M, Smith S J, Calvin K, Daniel J S, Kainuma M L T, Lamarque J F, Matsumoto K, Montzka S A, Raper S C B, Riahi K, Thomson
A, Velders G J M, Van Vuuren D P P. The RCP greenhouse gas concentrations and their extensions from 1765 to 2300. Climatic Change, 2011,
109(1): 213-241.

REME, FELEL. RCPs 155 F i IE 21 2L MATRE . PR 4R, 2016, 32(2) : 183-192.

McPherson M J, Jetz W. Effects of species’ ecology on the accuracy of distribution models. Ecography, 2007, 30(1): 135-151.

Slater H, Michael E. Predicting the current and future potential distributions of lymphatic filariasis in Africa using maximum entropy ecological
niche modelling. PLoS One, 2012, 7(2) . €32202.

Xu Z L, Zhao C Y, Feng Z D. A study of the impact of climate change on the potential distribution of Qinghai spruce ( Picea crassifolia) in Qilian
Mountains. Acta Ecologica Sinica, 2009, 29(5) : 278-285.

FEEMG. AR L AN [ R T s A2 AR A R XA L[ D] 22 22 MR, 2015,

XIER . ARIE LA DXOF 1 R AZFIRE A HE R IS, PEAEAR=BE 24, 2004, 19(2) : 152-155.

WAL, M35, FRET. PG DR BORMITTAR L A RS A fh, B AR 24, 2003, 14(6) : 700-707.

Boulangeat I, Gravel D, Thuiller W. Accounting for dispersal and biotic interactions to disentangle the drivers of species distributions and their
abundances. Ecology Letters, 2012, 15(6) ; 584-593.

M, %/ Mg, XS, AR S XIBREETE A BT T, AR SAARRR, 2017, 36(10) ; 2971-2978.

WAFEE. ARIE I DX A2 A K R S B B AE ST D). =20 =2JHR2%, 2015.

9Kﬂ<zr5$ AR L35 = AZXT 20 tHAD 50 ARARRIRSARAE MR BT [ D). JLaT. v ERk2E B 35 e 5T fr, 2009.

Xu Y, Xu C H. Preliminary assessment of simulations of climate changes over China by CMIP5 multi - models. Atmospheric and Oceanic Science
Letters, 2012, 5(6) ; 489-494.

Xu D Y, Yan H. A study of the impacts of climate change on the geographic distribution of Pinus koraiensis in China. Environment International ,

2001, 27(2/3) : 201-205.

http ; //www.ecologica.cn



