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Scenario simulation of vertical distribution changes of vegetation ecosystem in the
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Abstract: How to simulate and reveal the spatiotemporal change scenarios of vertical distribution of vegetation ecosystem in
Qinghai-Tibet Plateau under the future global climate change is very beneficial for quantitatively explicating the response of
terrestrial ecosystem to climate change. In this study, the improved Holdridge Life Zone (iHLZ) ecosystem model was

developed by combing the HLZ model and Digital Elevation Model ( DEM) data. Based on the climate observation data in
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the TO (1981—2010) period, and the Intergovernmental Panel on Climate Change Coupled Model Intercomparison Project
(IPCC CMIP5) RCP2.6, RCP4.5, and RCP8.5 climate scenario data in the T1 (2011—2040) , T2 (2041—2070) , and
T3 (2071—2100) periods, the vertical scenarios of vegetation ecosystem distributed in Qinghai-Tibet Plateau were
simulated. The spatiotemporal shifting model of ecosystem mean center and ecological diversity index were introduced to
explicitly analyze the change of vegetation ecosystem in different vertical zones of Qinghai-Tibet Plateau. The results show
that there are 16 mountain vegetation ecosystem types in Qinghai-Tibet Plateau. The ice snow/ice, alpine moist tundra, and
subalpine moist forest are the major vegetation ecosystem types and covers 56.26% of the total area of Qinghai-Tibet Plateau.
—The sensitivity of alpine dry tundra, subalpine moist forest, mountain shrub, and desert to the climate change would be
generally more than other types in Qinghai-Tibet Plateau under the three scenarios of RCP2.6, RCP4.5, and RCP8.5. The
areas of alpine moist tundra, alpine dry tundra and desert show a decreasing trend, which will be decreased by 1.96 x 10*
km®, 0.15 x 10" km’ and 1.58 X 10* km® per decade between TO and T3, respectively. The areas of subalpine moist forest,
mountain moist forest and mountain shrub show an increasing trend , which will be increased by 3.42 x 10* km®, 2.98 x 10*
km® and 1.19 X 10" km® per decade between TO and T3, respectively. The mean center in the vegetation ecosystem has the
largest shift distance under the scenario RCP8.5, followed by the scenario RCP4.5, and that has the least shift distance
under the scenario RCP8.5. The ecological diversity of vegetation ecosystem will be reduced generally in Qinghai-Tibet
Plateau in the future. In general, the greater climate change will lead to the larger impacts of climate change on ecosystem

diversity, which shows an increasing trend from low altitude to high altitude in the Qinghai-Tibet Plateau.

Key Words: vegetation ecosystem; vertical distribution ; spatiotemporal change ; scenario simulation; Qinghai-Tibet plateau
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Fig.2 Spatiotemporal distribution of vegetation ecosystem in Qinghai-Tibet Plateau under scenario RCP2.6 during the three periods of
T1(2011—2040) , T2 (2041—2070) and T3 (2071—2100)
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Fig.3 Spatiotemporal distribution of vegetation ecosystem in Qinghai-Tibet Plateau under scenario RCP 4.5 during the three periods of
T1, T2 and T3
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Fig.4 Spatiotemporal distribution of vegetation ecosystem in Qinghai-Tibet Plateau under scenario RCP8.5 during the three periods of T1,
T2 and T3
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Table 1 Ecological diversity and patch connectivity index of vegetation ecosystem in Qinghai-Tibet Plateau
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RCP ( Representative Concentration Pathway) 2.6, RCP4.5 Fll RCP8.5 435l =l R[] (0 e Mk B & 48 TO T . T2 Fil T3 4333 1981—2010 |
2011—2040 ,2041—2070 F1 2071—2100 PY/~HBE

£ RCP2.6 5t F (% 2,1 5) MR ILFE BEE M3 Pl 78 TI—T2 B Bl ) AR w5 0.158 km, SR J5 7
T2—T3 B} B, HoP4 o % 1 A% 0.542 km, 5 Ll 35 B34 mpocs (4 0 A% i B B K, L AE TO—T1 BB
B RIS 4.974 km, 7E T1—T2 B B 0] VG pg I A% 2.199 km, 7F T2—T3 B Be 4k 2% 0] V5 g (i % 2.351
km,, LRI AR 3 Ul 7E TO—T3 B B PR RELE m VU B 7 A% . v/ vk e Ll &5 D s L i)
TR D ST e 1 T AR AACRITIE o L 0 T A A S e A 2 R e 2 ) - 2 O R TO—T3 B B P A 22 1)
MRS, MR RO P IR B HE B8 5 K, 78 TO—T3 B Bt F- 3948 10 445 1.33km,, fIKIL
DT AR SF- 2 b RS R B fe/ )N, 7E TO—T3 BB 34455 10 ARAUWAS 0.05km, 7E RCP 2.6 15 T, i
o B T R AR S R G A -2 U AE TO—T3 I B P34 45 10 4E BRI K 0.38km

®2 RCP.6 BETERRRERESRETHPONEBESR

Table 2 Shift trends of mean center in potential vegetation ecosystems under RCP 2.6 in Qinghai-Tibet Plateau

TO—T1 T1—T2 T1—T3
KA Type A% 2 TS J7 1) vﬁm@ﬁ ﬁﬁiﬁrﬁl ﬁizﬂif% W’ﬁzﬁ ]
. Shift Shift Shift Shift Shift Shift
distance/km direction distance/km direction distance/km direction
VK /KR Tce/ snow 1.071 7 0.28 53] 0.124 g
BT & Alpine dry tundra 4.974 Ak 2.199 [ 2.351 [
=5 LLIRE E B Alpine moist tundra 2.079 3] 0.782 iz 0.633 5]
i ILEE & R Alpine wet tundra 0.924 PR 0.38 2] 0.092 [l
WS Alpine rain tundra 1.694 53] 0.42 i) 0.098 Zt
5 1 F 54 A\ Subalpine arid shrub 1.162 [} 0.644 L] 0.343 [
W IR IEARAR Subalpine moist forest 1.795 i) 1.142 i) 0.255 7]
W75 LR AR AR Subalpine wet forest 1.395 i 0.767 i} 0.143 i
113 #E M Mountain shrub 0.669 At 0.139 (i) 0.127 %
1 #1505 Mountain grassland 2.808 il 0.732 i 2.038 Rt
L1 78 7 #R AR Mountain moist forest 0.4 PEEE 0.317 PiEE 0.291 Pirg
R ILFEEHE M Low mountain desert shrub 0.158 x 0.542 53]
&1L T2 25K Low mountain arid forest 0.927 ZRdt 2.182 it} 8.854 i}
K LU 123 ZF AR Low mountain moist forest 0.118 Zb 0.202 #dt 0.151 53]
LRI ZRAR Piedmont moist forest 0.55 [ 0.893 [iiile7) 0.193 #db
FE K Desert 5.604 fif)Ez) 0.58 ] 0.2 |4
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Fig.5 Shift trends of mean center in every vegetation ecosystem of Qinghai-Tibet Plateau under the three scenarios

RCP ( Representative Concentration Pathway) 2.6, RCP4.5 Fll RCP8.5 43 5| =i A ] (4 e Mk BE 14042 ; TO 40.2%  1981—2010 4E i B

75 RCP4.5 50N (35 3, 181 5) RIS H0E B B A 25 RGO BUAE T1—T3 Beth 3L, FoF 3y e 1) £5
Sl L35S 1.053 km F10.617 km g L5 I 55 L9810 2R AR LU L3t 5 i = R H 2R S R G
-2 O IR A BE B R TV E AR AR R G o LR 5 M o L R 25 L B 2 RO A TO—T3 1 BEts
FFE ) A% , 17 L T BRAR T 35 A 25 R G0 P44 U AE TO—T3 I BeRe R 25 1] 1Y R 7l A% . 7K E/
VRJEL ST 3 1L ORI L b Y AR 8- 2 v O #E TO—T3 B BEA 4 A i) P R 7 i (% A1 LR W AR AR 1)
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SR RO R RS RE B /N FE TO—T1 B P 1) P4 B i B2 0.329 km, 4k i 7E T1—T2 B BE 3% [m) 4 A6 7 1) i £%
0.286 km , 7F T2—T3 A B 4k4E a1 246 7 A 0.138km.,

£33 RCP4S5 BERTEHREZWHEHESRETHRONRBES

Table 3 Shift trends of mean center in potential vegetation ecosystems under RCP 4.5 in Qinghai-Tibet Plateau

TO—T1 T1—T2 T1—T3
HA Type %%EE% %%ﬁm ﬁ%‘ﬁﬁ% szrﬂ ﬂﬁ%ﬁéﬁﬁ%ﬂ {/ﬁﬁzﬁﬁ
Shift Shift Shift Shift Shift Shift
distance/km direction distance/km direction distance/km direction
UK/ VKI5 Tee/ snow 1.067 [ 0.678 i} 0.557 ™M
FLTFE R Alpine dry tundra 2.165 b 2.561 i 0.575 R
75 LR E 5 Alpine moist tundra 2.107 [EG] 1.592 [E2] 0.882 ]
EILIWREE R Alpine wet tundra 0.786 [ 0.741 7] 0.737 7]
LT & IR Alpine rain tundra 1.744 7] 0.903 7] 0.736 7]
75 LTS Subalpine arid shrub 1.27 3] 1.202 [} 1.251 [}
5 LR #R AR Subalpine moist forest 1.713 7] 2.007 7] 0.963 [T
W LB AR AR Subalpine wet forest 1.642 i) 1.189 [} 1.034 [ii)
113 #E M Mountain shrub 0.715 Rk 0.126 2] 0.43 [ilife)
1 HHEJFL Mountain grassland 4.141 A 1.668 7] 1.794 7]
1R IE FRAR Mountain moist forest 0.435 i) 0.588 il 0.483 7]
fRILFEBHEA Low mountain desert shrub 1.053 [iiii[ 0.617 1t
fRILIFREFM Low mountain arid forest 1.775 i) 1.528 7] 0.536 [N
IR ILPRIE B Low mountain moist forest 0.329 [iige] 0.286 ield 0.138 At
AR ZREAR Piedmont moist forest 0.695 [l 1.322 fii] 0.188 [
FE i Desert 6.47 [l 2.838 [l 0.295 [iiE2)

7E RCP8.5 155 F (£ 4, 5) MRINFEEEHEM T1 0BT BB, HAE o0 A8 T1I—T3 BBy S 1 7
ACFS 1.197 km SR 57 ) PG IS 0.713 km, 8 J5E i LM 108 25 L | Lt 260 Ji R 6 88 A 78 R R S AL T
B RS R T B T H B MU E S RS 288 78 T1—T3 BN F 4 10 4263 B2 1.012km . 1.361km
F1.724km LR BRI SE I A 28 R G A F 4 ot 78 T1—T3 B Be PR R 22 1) P g 5 i A% . oK
/KR R T8 R LB TR R L AR AR Ly 3 DA S B A S R SR G - g T B B A ) Y
R S o A0 LT R B 24 O I B 5 B e /DN, 16 T1—T3 BB 4 10 AU A8 0.105km
2.5 KRS RSO B R S R S

SR T B b A3 BT AN RV v L R R A AR S RGN R AR S T AR | 455 T R
JRAE B AR S RGN SIS A, LA 1000m YK = FE2E R [BIFE , 2351 X) RCP2.6 \RCP4.5 il RCP8.5 = Fif it
BT AR e SRS [V AR A A A R G A 0 AT 25 MV GE RN LA B (38 5) S . 76 75 98 JRL T A 1) i
W I RCP8.5 1 5 T AES: B RGN AR iR i K, 78 RCP4.5 13 FIRZ ,RCP2.6 1% 5t T A8 fb ik
FEfe/N, 7E RCP2.6 \RCP4.5 Al RCP8.5 =FiiE & T, ek /e I HE 4R K T 8000 m FAAH 4 A= 25 FR G A8 fb ik i
& b3 E TR R W LA AR R RS AR B 7E TO—T3 B Bt N = Al 5 5 10 F 1928k i
R B 7.41% 7.41% 1 18.52%, 5341, 1E RCP2.6 Fl RCP4.5 Wikl & 5t T 40 A0 T 7 i i I 1 4K
/NF 1000m AR AR 25 R G AR Mk e M B 18 7E TO—T3 I B =i 5 N 43 10 4R A48 Pk 1 A0 591 o 16 1
VAR 1.64%F1 5.08% , 7E RCP45 &5 T, 4341 T 7 9= I HE 4R 1000—2000m =2 [H] A AE B A= 28 R g2 A8 ik
RGNS A TO—T3 BB AR 10 4R A28 fh I AR b7 a2 B B TR 2.68% , B2 FE = Fh 50T, 7 9805 R Y
R 1 285 2R 0 748 Al it J3E I 44 380 v T X Sl A 2 T
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Table 4 Shift trends of mean center in potential vegetation ecosystems under RCP 8.5 in Qinghai-Tibet Plateau
TO—T1 T1—T2 T1—T3
HA Type ﬂﬁfgﬁﬁ% ﬁ%ﬁl"ﬂ fﬁ%ﬁﬁ%‘? ﬁ%ﬁlfz] ﬁ%ﬁﬁ%&” Wa%ﬁlﬂ
Shift Shift Shift Shift Shift Shift
distance/km direction distance/km direction distance/km direction
UK/ VKR Tee/snow 1.069 fid] 1.549 [E] 2.555 ™
ELTE R Alpine dry tundra 1.589 A4k 0.615 [l 6.908 Ak
5 INIE I & Alpine moist tundra 2.366 [E2) 2.121 [E2] 0.846 ]
IR E 5 Alpine wet tundra 0.857 ViR 1.575 3] 1.736 [l
LTI SR Alpine rain tundra 1.614 [ 2.007 i3] 1.914 7]
T LT 5\ Subalpine arid shrub 1.495 i3] 3.027 [ii} 2.2 &3]
75 L FR AR Subalpine moist forest 1.856 ] 2.818 [ 2.139 [
W5 LB AR Subalpine wet forest 1.666 ViR 2.284 3] 2.421 7]
1L H25#E A Mountain shrub 0.824 gl 0.758 [l 1.569 [
I FE 5 Mountain grassland 4.592 At 4.401 7] 3.252 [}
L HBIBIEZRAK Mountain moist forest 0.494 [z 0.878 gz 1.469 (]
fRILFEIAEM Low mountain desert shrub 1.197 [LiE[4 0.713 P
K1 F 2P Low mountain arid forest 1.14 fidge] 0.431 3] 2717 Ak
R IE PR Low mountain moist forest 0.311 [l 0.348 b 0.284 pi
IIATHEIEZRAK Piedmont moist forest 0.824 [z 1.412 gz 0.73 At
i Desert 7.117 fidge] 4.705 [l 3.697 ]
*5 BHEEARESELLMEHESRGTLES
Table 5 Change scenarios of vegetation distribution changes in different elevations of Qinghai-Tibet Plateau
RCP2.6 RCP4.5 RCP85
B g NyEis 75 | 75 r i |
Gosion et end AR B oI I UV
10*km? Ratio/ % 10%km? Ratio/ % 10%km? Ratio/ %
<1000 TO—T1 0.00 2.55 0.00 3.31 0.00 4.58
T1—T2 0.00 9.67 0.01 25.70 0.02 52.67
T2—T3 0.00 2.55 0.01 19.59 0.02 39.95
TO—T3 % 10 419454k 0.00 1.64 0.00 5.40 0.00 10.80
1000—2000 TO—T1 0.12 12.26 0.09 9.46 0.10 10.22
T1—T2 0.07 6.76 0.11 11.08 0.13 13.58
T2—T3 0.01 1.19 0.04 3.58 0.35 35.80
TO—T3 % 10 4EAYZE4L 0.02 2.24 0.03 2.68 0.06 6.62
2000—3000 TO—T1 4.36 22.46 4.51 23.24 5.58 28.73
T1—T2 0.75 3.89 3.11 16.03 4.99 25.71
T2—T3 1.64 8.43 1.96 10.09 2.07 10.64
TO—T3 & 10 4E 1781k 0.75 3.86 1.07 5.49 1.40 7.23
3000—4000 TO—T1 7.86 15.01 8.13 15.53 8.47 16.19
T1—T2 3.36 6.41 5.74 10.98 10.96 20.95
T2—T3 0.78 1.50 3.09 5.90 11.83 22.60
TO—T3 % 10 4FHIAL 1k 1.33 2.55 1.88 3.60 3.47 6.64
4000—5000 TO—T1 21.52 15.97 22.83 16.94 23.55 17.47
T1—T2 11.56 8.57 23.58 17.50 36.47 27.06
T2—T3 3.76 2.79 12.80 9.50 35.01 25.98
TO—T3 4 10 4£1945 4k 4.09 3.04 6.58 4.88 10.56 7.84
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s
RCP2.6 RCP4.5 RCP85
e R Py 2} AR anf i ol
Boion it o oL I oI P VR
10k Ratio/ % 10k Ratio/ % 10k Ratio/ %

5000—6000 TO—T1 12.58 19.82 13.48 21.24 13.71 21.61
T1—T2 4.47 7.04 9.66 15.23 16.71 26.33
T2—T3 2.62 4.13 5.60 8.83 19.38 30.54
TO—T3 % 10 4EM945 4k 2.19 3.44 3.19 5.03 5.53 8.72

6000—7000 TO—T1 0.11 10.43 0.12 11.28 0.11 10.78
T1—T2 0.05 4.29 0.12 11.51 0.20 18.68
T2—T3 0.05 4.39 0.07 6.51 0.24 22.97
TO—T3 4 10 4EA945 4k 0.02 2.12 0.03 3.26 0.06 5.83

7000—8000 TO—T1 0.00 20.21 0.00 24.47 0.00 21.28
T1—T2 0.00 2.13 0.00 6.38 0.00 10.64
T2—T3 0.00 5.32 0.00 10.64 0.00 13.83
TO—T3 4f 10 4EAY7A5 4k 0.00 3.07 0.00 4.61 0.00 5.08

>8000 TO—T1 0.00 66.67 0.00 66.67 0.00 66.67
T1—T2 0.00 0.00 0.00 0.00 0.00 0.00
T2—T3 0.00 0.00 0.00 0.00 0.00 100.00
TO—T3 4f 10 4EA975 4k 0.00 7.41 0.00 7.41 0.00 18.52

2.6 AN[FSAENG SORSN T T A B AR A R G AR A Bk s T

£ RCP2.6 \RCP4.5 Fil RCP8.5 — /S e 50k sl T B4 7 7 o IR A A2 25 R 0K 2 BRAL AN [] 1) 22 SRR A
BRIy, R e AR S R G AE RCPS.S 53K sl F T AR L SF X m e A 48 2 RE AR 1 K
AN TR R BE A A B AR A B LA | 35 T 7E RCP2.6 Fl1 RCP4.5 16 53k sl F 1 AR (b ig s, Ho, KT/ vk A
TIPS A 25 R G0 20 0 1 FRAE = Rh IS 5 R A TO—T3 I B N 24 S s b e #h , H RCPS.5 155 T 1
P R T RCP2.6 Fl RCP4.5 7 5t T s /b R s — i il 5 T 1 75 78 s JR A 1 21 78 R G i A 2 2 AR P RN B
AR AR R RCP2.6 155 T A3 548 T RCPS.S I 5t T Mo /b 3B fe R s —Fiss 5 T 19
UK/ UK S e L AR AR Ly 1 Y 3 R AR 09 -2 o0 #E TO—T3 B B 3205 1) V8 5 5 i % , FLYE RCP8.5S
5T AR A IR e K, RCP4.5 ik 22, RCP2.6 1% 5t T (4 I A% i 5 e/ I 5 D5 908K e i ) IR Vg 38 s VR4 X
B, A TN R R B R B A S R G 2 T ) AR Ak B R R TR T R

3 iiREs®

IZIESCER X B HLZ A2 RGR 2058 T e B M2 — 2 0 S BRI B s A S RS AR
) JUBE [ A AR AR 5571822300 e = AT L B ASE DA ol A 25 R 0 AR AR A B RS | 285 A S A L
B RGN SR MR AR 25 R G043 A T B s PR (9 ff B, SE B T RCP2.6 \RCP4.5 il RCP8.5 —Fp < fix
55 SR SN 107 G e A AR S R G AR I s AR A L, 25 SRR A AR L DEM BidE i el it
R HLZ 35 R GEAR, REAE A A5G AS [R) A e 5 SR 3l 10 75 K v DA Bk 2 25 2R 0 3 040 A iy O B 28 0 A
& SR ARl S AR NG St A TR

RIS TR B, 7 e I 16 PR g 38 R Ge 2R A, Horp i (Lo e 5 AL S0 vy L 2 T AR AR R K 5/ oK i
AT R e JR T AR AR S R G R A ) B ARAY 23.69% (17.79% F11 14.78% , £ TO—T3 HI[a], 7 ik =5
JE A v LR B R L T B R R B R AR R B A 10 AR 430 1.96x 10 km® (0.15%10* km?
F11.58%10* km? ; 37555 LB AR | LU I ZR AR AN 1L A S S b ka4, P44 10 48523 S 16 0 3.42x
10* km* 2.98x10* km® 1 1.19x10* km®; RCP8.5 1§ 5t I 7 i = JE A A Bl A4 25 R G0 7 ¥ bt i I S i B 4 K
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RCP4.5 15 F IR FS R B2, T RCP2.6 155t T B IR B e/, T3 50 e =M U A i St UKah T, 5 6t
o A S R G A S AR L s D RS 7R DX PR ) g L I R L AR AR L S E A 1
MBI BRAR AN B AR S R G R U AR A R BUBE = TH BB E S RS, B, Uil
JEERE RS e 75 R e SRR A A A R G R T AR 28 vt B AR S 2 RV Y I 23 AR AR IR R 78 TO—T3 I BLN
RCP8.5 1# 5 T AR B f K, M RCP2.6 15 5t T BASALIR B fie /I, R AR AT A AR 25 R e oA B
ZREE R BN 1 AR AL AR 5 T, 7 8 e SRR 2R 25 AR G A AN [R) 1) 3 BT 1 22 AR A TR Y
Pt o ARSI Th ey , 75 96 e SRR A 25 FR 00 2 1H) A7 114 0 25 28 S5 X A=A 2 Al Py o o7 54 32 58 4 K2
JEHIE AT T 9805 I g 4R 8000m LA AR A 25 28 G S TR X U A 2 A ey i 17 e A LR

DRI , 6 8 e i A 25 R SN 2 AR AR e RO SRAG S  Z2 5 DA, B R B AR U2 A 5 AN 2615 sl &
YRR WFFE B3 R v, AN B S AR B DX R T 151 DX I A 28 2R G R0 e W, i EL o 58 S A0 O i v
P IX I A 25 2R G R 23 T AL I AT, 330 X IR A 7 A 2 A 0] 75 TR i D A 285 2R 9 )5 W) 801 K K Bl L
LA ] 36 2 A DA 2 e g A MR R SR T R A S A A R SRS R A R
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