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Ecosystem service function and security pattern of Tianshan Mountains in
Xinjiang from 1990 to 2050
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XING Liyuan®, WANG Ran*?, LUO Xinping*’, WANG Chao*’, ZHAO Honghui*”
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Center, China Geological Survey, Beijing 100055, China; 4. Hebei University of Geosciences, Shijiazhuang 050031, Hebei, China,
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Academy of Sciences, Fukang 831505, Xinjiang, China; 7. Institute of Geographic Sciences and Natural Resources Research, CAS,
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Abstract: This paper is the result of ecological geological survey engineering.

[Objective] Under the background of global climate change and the continuous expansion of human activities, natural ecosystems
and their service functions are facing increasingly serious threats and recessions.In order to address this challenge, it is critical to
identify and protect key sites that are of great value to ecological sustainability. Ecological security pattern refers to a comprehensive
strategy and method to ensure regional ecological sustainability. [Methods] Based on the In—VEST model, PLUS model and circuit
theory, this study evaluated the dynamic changes of ecosystem services and ecological security pattern (ESP) in the Tianshan
Mountains in the arid region of Northwest China. [Results] The spatial distribution of land use type (LUCC) was basically stable
from 1990 to 2050. In the past 30 years, the total conversion area was 32.52x10° km?, which was mainly the conversion between
wasteland and grassland. Compared with 2020, the total land conversion areas under the scenarios of Natural development scenario
(ND), Ecological protection scenario (EP) and Urban development scenario (UD) in 2050 are 21.43x10° km? 23.09x10° km® and
22.87x10° km?, respectively. Among them, the net increase of forest land area is the most, which is mainly transformed from
grassland. The area of forest land, grassland and water body increased under EP scenario. In the other two scenarios, the area of
construction land and cultivated land has expanded significantly. Compared with ND and UD scenarios, the ecosystem service
function of EP scenario is greater. There are obvious spatial differences in ESP in the Tianshan Mountains from 1990 to 2050. The
larger ecological sources and smaller resistance corridors are mainly distributed in the central and northern parts of the Tianshan
Mountains with higher ecosystem service functions. On the contrary, broken ecological sources and large resistance corridors are
mostly distributed in the western region blocked by sand, bare land or mountains. The southeast is a desert area, with no ecological
source and lack of ecological corridors. In the past 30 years, the area of ecological source area has decreased by 1.84x10° km?,
showing a trend of fragmentation, and the ecological network is more complex. Compared with 2020, the area of ecological source
and pinch point under EP scenario in 2050 will increase by 10.53x10° km? and 0.11x10° km? respectively, and the area of ecological
barrier zone will decrease by 0.38x10° km”. In addition to the EP scenario, the ecological source area of the other two scenarios also
increased, but lower than the EP scenario. [Conclusions] Ecological protection scenarios play a vital role in shaping LUCC and are

of great significance for maintaining ecological security and ecosystem integrity.

Key words: land use type simulation; ecosystem services; ecological geological survey engineering; ecological security pattern;
circuit theory

Highlights: (1) Constructing ecological sources and resistance surfaces by quantifying past and future ecosystem services.
(2) Simulating the future land use types and constructing the ecological security pattern under different scenarios in 2050. (3)
Revealing the dynamic change characteristics of ecological security pattern in different periods of Tianshan Mountains from 1990 to
2050.
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AR R AES RE R EREA S
AR SE A B SEAE b, o AR AE R R
GEARSS, I I AN SEARAETR oR ) —FeR S, 2K
FEoTT RS R SR A G 2 (14 2 145, 2002; Ke et
al., 2021; Wen and Hou, 2021) . F#&E AMTRFAE SR
BRI 2600 Rt 2 [l RHOR i A, 2 2820 4 2B
B EIPRAE S RGO I, R A2t &
A HF2E KR ) — A~ 1 EH 77 18] (Gerten et al., 2015;
FPF4ESE, 2022) . B LR (ESP ) LA
RGEEH 5 i R B R, A i A A e —
MR RS, DL XA A A, e
[i) DX 33 PR ST il A L 86 5 o X iR B Sk 2 4
T 2 | SEBR X kA A 4y | e A S mT Rk
R ) H B BE FIE A IR 72 (Kang et al., 2021), 4
WP S % e ARSI RGRME T EE N
)i A (5 V.4, 2023)

HRT, A AR Sk A g g iw $E U
1B RIS AE 2R © B 1 2 X B ESP i b 1 i =X

AR, 2017, 2018; #i SR AR AE, 2019; W6 3 R A1 2R
#,2021) . ESP @ AH — L RIUNAESE, %
W PP AR S B ARSI L AR A R
WHERIAT, TEXEEFH AR, BT AESRGEMSES W
A 25 T B PPAL JE B H UL A (Peng et al., 2018; Kang
et al., 2021; Li et al., 2023) ., A= A& Ik & Jé rh
ARG AT B /NES L, EW T kS
A SRR I ZE R, — e RN A S R R S5
fe e i XA ARSI . 7RV AR fb AR S R
SR 55 P REJ5 1, In—VEST BRI iy T 2 5k % R
6 VPN A R A R AT | REA R A R A £ B
PR SRR A, B 2 i GIRER PHRI 222 NI, 20235
TZHREE, 2024) o By T A AH A& 2 48 R By
P A oAb A R s (R RS ok 2 B B (A sy, M
IO P BEL 7 T A2 v A 12 DA 285 B ) T 4 (Kang et

al., 2021) . A IR R SE 202 2 T 14
FIFRZSH BB | e 5 AR A A B R 2L,
ARG L R RMAE (LR E 4, 2020) . SR, X Ff
IEAE— R 20 T 4 1 Ho I 2 A Py
122 5, AT 2 TR TR sl v AR 2B R A 5%
M PRI, 08 DE AR AR S B0 T 8 kAo AR 2
Pk A B B R i AR TS R B
P2 /N BAHBH 7 (MCR) B (B BE 45, 2020; T
MR, 2022) | /DA B AR (LCP) (7 5 45 5%,
2022; EHNASFYE SN ES, 2023) FTHL B PR (Huang et
al., 2022; 1 T V4%, 2023) . MCR BEAIE 4% )72 F
FAE LA AR, v AP 4 AR 3 0 A R
12, A28 T PyFh i BEALYE A, JCk BH o R i 2
RVE R SCHETY p . BB TP AR SRR
BLATBEMLIEE R, fEAERIL R . KRS
LCP #1454 n el 38 F &2 2% 5ol b it 32 sl
A b KB 4 B S R | R A S LB
SGERM . HAET, BEEIS T 2N H T A SR
#r (Proctor et al., 2015; Carroll et al., 2017), #E4L T
5 A S Wy 32 B A R, DA S AR A AR i
Wk,
AT ARAR 2 & e Fe i T AN S 1 A 2
PE, A 0 B A AR Y {5 BRI B 43 B 0 S Al bk
ESP #EATFIN A5 AL . A2 % 4 m] DL = A/
A8k (LUCC——Land Use and Cover Change)
S it >E (Li et al., 2020) o H TR F LUCC B
FAERZ 4, ISR LUCC BT
A A AT FF 4L ke B G 2 ( Zhang et al,,
2020) . BRI, DAFE RO 9E 2 Iy st AR 282 4
1) VF A F1AS Ry b, T 3k AR AR AL T R Ok
LUCC #% i) ESP A48l /b AR, —Sufiff oy 3
F LUCC FPl AT T AR 252 4 shZS T, anoc il
HalitL(CA) . CA—Markov, CLUE-S #i#I | A3k +
HiFI AR (FLUS ) A5 R R BE B A= ol - b 1] AR
(PLUS)#i%4 (Gong et al., 2009; Li et al., 2020; Zhang
et al., 2020; Liang et al., 2021) , PLUS AR T
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b A AT R AL T REMLBE AN 1Y CA AR
R, 5 ABEIAUR L, P DLRE R4 LR 22 A+ b
FIFHZE R B AR

TS TR 1L Ml DX A R AT T 5 DR Y L b A
DRGN) F ML AR, o) 4 BRAR 1k 1) U b A
RT3 ME55, A SRTTIRFREIRAR X & 48, 78
SV P S R XA 2 B Sy rh ELAT R b7
YRR, S50 i ) 22 v ] b g 3l X R S e
HEASIRR R T EE KR BERE (Youcun et al., 2017) . 9K
M, R IX A 52 T AR, 077 B IR L iR
W FF A S RPN 3, X LU X A= ) 2 REPE R 1 T —
FE BB BT, 2004) . ASCEERRFE KL
X A A2 S, R R I X A S R G
SERME, B AR B R GRS T, RFFE AR
[i) P A 285 37 3 e 0 B DX B ] R R R P AR} 2R AR
P FECSR B AT X IR A 2 g Ry L B 23
[ RRR 5 AR S R GUE B AR AR LB B2 | 2
PSSR B AT 5T 07, Rl ] Sy A ) PRI
I 5 AR RL AR . ASCEE AR
(1)FETF PLUS FHIXTF 1990—2050 45+ Hb 1| 2
A HEAT B SE ABLAL; (2) BT In—VEST B AU &
AR RGNS DIRE I 25 22 4k; (3) 3T LUCC,
BRGNS IRE A B ELE A2 ESP ishsAE k.

2 WS IX AR

o K M X (73980 28 "~96°38 '56 "N,
39°21 40 "~45°38 '8 "E) ftk ‘o B ik v AP, T AR Y
46.53x10* km?, & B G AL 28.01%, AL K i1l
ik LA Ko it 5 2 4 3 45 ( Xia et al., 2008) . KLl ik
SN A Bl TR Y — 253 4 LK, R R E R R
A7 AL & (B D), 7Er ESE N 44K 1852 km,
H L s %51, PSR e 8 AR L ARG IS LR A% L
RIS L, B4 20 Z45 1L IKFT 10 24 1L H]
Z S T2 R B4 B, 2004 ), BEEE T S ACETR
PR e AN ALK, BT g S X 4 11 b
HHT, LB LR R 4000 m, 7 5 IEFE A IR 16
& 7443 m(HHLHE, 2004)

K L& T A A R R e, L XA
SR ZEFRK, RILFEH TSR 2.5~5.0 °C, M
PRSI SR 7.5~10.0 °C, 1 X AR M AEFE K S
TN 810%10° m’, R ILPEE Ny “HloKEE”, 28K

] AE] | GRS AR 22 RO I Y A T, RS2
S AR A 5 ) B oA R Y b X 2 — (Chen et al.,
2016) o KILJEAEKME—H BRI B Y AL L
ik, LATAR S A i 0 0 B8R DA s Rl b 5 e
LT 7 ) %) M S5 A% Jmy o AR 22 B PKOTIRT I L RE AR 1Y
AP X R FE SRR ETE 2 H AR, U 25k
A 5 XK A 1 A 3 R S 0 e g AR R
(Groombridge and Jenkins, 2000) .

3 BiRSIE
3.1 #HEskiR

CLCD( China Land Cover Dataset) £ #f& £
3T K A W 280 4% A BA &% 1 (https://zenodo.org) .
% B 5 T Google Earth Engine | 335709 &%
Landsat 2408 £ 1M A, 6275 1985—2020 H [E B4R
T A SRR R, 2Ry 30 me FE T 5463 4
HLRPEREAS, CLCD Y ERER 1k 80%. WFFY
XBE A AR FRHD , BEH KR FAK, T, A
BRI JHE 8 FPAS [F] () - MR S A JRLEE | R
A e ok B E K R IR R R P
(https://data.tpdc.ac.cn/home) (FAO and IIASA, 2021;
Peng, 2024a, b) , [ TR 4= fil P4 DS 72 AR 40 e F A A%
BRI RIS M F AR RS | MR R A
JE DA R FET A AL 5T AR 8 e PR A DG SCRR AR AR (I
SCHE AF, 2016; Lu et al., 2022; 41 50 W -4 & = 45,
2022); ¥ AR (DEM) 6 5 T 1l 312 i) £ 3
= (https://www.gscloud.cn) , 3% BE | 3 [n] R b P AR
FEE R A4 DEM 11345 3 B A7 S E (GDP)
FIN I A% AL EdiE A (POP) e U v R 27 B ¢ U5
R Bl 22 B8 o0 (https://www.resde.cn) ; 18 5L
& F130] R £ 3 K U T OpenStreetMap Data extract
(https://www.openstreetmap.org) ; B {7 B 53 >k
P54 [ B 8 PR R H SR 55 R 4 (https:/www.
web-map.cn) . EAREHEE B ILE 1 F15k 2.
3.2 HRBH

i AN AR AR S R G R, A5
KLy Ml DXCHE A B 2 (] ) A A R A R R G
SEAEE, R L H X AR SR S A B A P S
o MEARL KRN RZEIE A & AR
U5 JRRTE | SCHETY AR — IR L 4 1) S AR Ry .
PO RS OCERAS 5y, 7T LAAR G i O e X 3l AR 28 R
Gl s MR FE . AR5 I A 3B % 28 RiR il
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Fig.1 Location diagram of the study area (Based on the standard map drawing of the standard map service website GS
(2019) 1823 of the Ministry of Natural Resources, the boundary of the base map is not modified, and the following diagram is the

same)

Table 1 Data sources and description

K]

;;?E?‘ 2000 2010, 20205 L HAFRE 2 6] 43 HE % 930 m https://zenodo.org
T/ C BHTREESE, SRS HE N km [ 5% 550 1 R 2 M b s
[ 7K /mm FEH RS RAE, FESPEE AN km https://data.tpdc.ac.cn/home
R Y AR I P R 7 S JTIE ST X. 114 e o i AN [ I R L SRS
e TSR TR K (PAWC) M-3R 0 [ 55550 m R 3 o

PERT https://data.tpdc.ac.cn/home
M F B FE/(/hm?) Hby L AR A 1 T
bR BB FE/(t/hm?) R A R EEBI MO (AR5, 20165 Luetal,
3R /(vhm?) IR B 2022; WIBEIE- P 845, 2022)
SR MU /(t/hm?) SET A WIS FE
K R R m AP, R, HBRR, SRR ﬂi’.@?lﬂ%ﬁlﬁx

30 m https://www.gscloud.cn

. — WA BT TR 1) B AT X H G M GDP &L THE
= ? e
AR BT 7Em ST kam o B AR R R o
) ) WA ST ETE M B GATEUX Be i N D 4iit{E,  https://www.resde.cn
N PR AR /(N km?) AT km
B HE VAR T8 6 10 ER OpenStreetMap Data extract
b e VA 3R] 1 ER (https://www.openstreetmap.org)
BRI HES RE

BB BB RS M AR H 08 A5

https://www.webmap.cn

530 3 AR B2 R XS Ak iR F S A
s 5 TR T AR S RGN 55 B AR E AR
KAV S AL L T =2 T B4R U
JERTEFISCHE Y 5 BARMESR AN 2 Fioi

http://geochina.cgs.gov.cn H1E LT, 2024, 51(5)

7

N

PN

e

3.3 £FRLEH/HIR5
3.3.1 A& ZRRREEN

R Ly b R AT EE A KOG TR R R R A ) 2 R
PEOR I TIRE, B EEENESL B, 2RI,


https://zenodo.org
https://data.tpdc.ac.cn/home
https://data.tpdc.ac.cn/home
https://www.gscloud.cn
https://www.resdc.cn
https://www.openstreetmap.org
https://www.webmap.cn
http://geochina.cgs.gov.cn

551 4 55 5

BRI 25 HTam R 1111990—20504FA4E 25 RS0 IIR 45 WhRE M2 48 )R 1649

F2 AR HFALXBHHRZE (thm®)
Table 2 Carbon density of different land use types (t/hm?)

R L o +4% BT MR
Bzt T i T i T AR
B 29 3.44 76.6 1.24
p S 30.89 9.12 107.82 2.48
i 0.49 429 75.54 0.22
TKAE 0.64 0.45 0 0
/K 0 0 0
S 0.45 0.87 38.55 0

ANiFEKTH 2.26 1.45 0 0
T 1.85 1.48 212.68 0

ZHLIX Y R AR, O B TR R AT
TR SMER AN TR, F I, T In-VEST
R IF 5T X1 4 Fb i 780 A 25 2R 45 B 55 (Ui it
L PKE . RIS ) T T
KR R BT AR S R G 3 A A RN BT LA PR K
fie J1(Lietal, 2021), i 3d % &+ M AL <
fie . IR, X HIEORFEEAT T i A (Guo et al.,
2023; Yuan et al., 2023) . Bififi i (G353 B
M N AR SEERSET A AL BERHE A9 AE Tk
VAL PRLF = ) P /7 i D\ — R 2 U 3] 5 — R 2 AU 1Y
%40 (Sharp et al., 2016) . A B EACE T R MH
W 2R, R G B AT s A 2R
75 11 (Peng et al., 2018) . KT IX EET 1A HY BT 240
0] LAFE In—VEST A 14 F] 7 45 74 4% 3 (Sharp
etal., 2016),
332 AKRME

AR A SRR GRS R G ek

s ZEE oA

° DM S5 [ vest
© bR w7

® K sy
® R BiS

© R

® GDP
® POP

TH P HE
MG e

AR v o i B R AR S R G IR S5 0 G A A
BEHL, PR, AT DL S AR A A AR G IR 55 R G
PEAEZSBEY T A, WFOT DR o
fes (H R T HOE R R, K L b dEw . Bk, i
B SR | BB i RN K i 3 R A R R SR
FIREHEATIIAN o 52T F ORI ALE, #3X 3 RS
ARG S5 INRERI 7N 5 %5 (Peng et al., 2018),
I EPE M AES RGM ST IREE My 4 GLF 5 2%
A S BESAE A 2R
333 A @bk

BEL 7 TEG 2 B T ) A e A 2 T ) % 2 17 R e
B, FF R TR AR A R B K- BH 7 (Adriaensen et
al., 2003; Beier et al., 2008; Spear et al., 2010), FHIE
MUEARRENEEA L, &5 T A G AN
THA K (Gao etal., 2021) . fFilhn, N2 PHAT
AN [F] S5 UL IRE B 22 18] 14 ) Jo A B4 1 RE 1 52 485 PRI,
REB T I L T L RAE R KBS LA
AR N BB o H T B Te s R W] —
HF SR N TR 22 5, DR RS SE A T A A IS,
BT ELVEAS o SR, BhZ G T3 Wis s AR A T4
oI A Y Y . R TR AR B T R
FAEYIZ R, BIXT R BT, PR AR
P A R B A ()30 LU T HiPE(E (Peng et al., 2018)

In—VEST #7425 [T A SR 5 AR B i i o |
AT R A e g G S, e XA ()l B %) A6 % e
£ (Sharp et al., 2016) . HWHLE VL, A 4
R B R R RE X 2B, A S S B g Ao

AR KBy TH

B2 A3 Ak ey U RE AR

Fig.2 Identification framework of ecological security patter
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A 180 REL T AR, A b 5 T 2 T A B
LKA B B SZ B A R AP IR B L TP A SR
M0 B 1, AR T AR B T At 25 B A R I
TEARRRTE h, SEUNBEE KR In-VEST H /45 Al
AH OG5, H v A 45 X6 4% i 2 R A O
F3PR. HARWE ISR HEHE L ARt | =
H L KA /UK o AN K R, R R R
ARG . ETIEFKTHE
3.3.4 A ARE R A4k R BRI

A S BRE R AR AN R A S REH A, AT
ATLUCAPIF Y SR AR R S R iR AR, 2
KA 2 mAE B R G P (Liu et al, 2021)
A= 25 e 5 R A8 AR SRR TE HP IR A X R, A e T
A 20 Sl UK B 23 [a], B AT 0T JBR 3 ) 378 38 1 R I
ER SIS A B 3187 N T e S
B B W4 sl DI RE T . A A B A oS R F8 X R A T
BB 2 R AR 0 X, e AT B R
1) B 7 (S BELAR 42, an SR w8 B sl e 3%, vl BB
JER 3 A 3% 3 M I E . 21 T 429, McRae et al.
(2008) 5| A 5] BRI AL A= P 1 L DR 3t 5 Fz B
k. BT, BEEESHT 2N T ArcGIS10.8 Al
Circuitscape4.0.5 7 (&5 2 B 5 2% T H AR5 4=
25 JER T RN
3.4 RFKEBREEFIRG
3.4.1 23 AR KA &G TR

(1)PLUS #%

PLUS #5281 2 FH T A £5 80 i) - b 1] 2 AR
U TCHE A ZhAL(CA), B T 2T Ly R4 #r
TR W 1 0 D 425 i A 40 3 T 2 2R R BE AL AP T 1
CA LAY, FH 1 T 4 H A B B 19 3 2 (Liang et
al., 2021), AT LR 47 M g2 9 45 285+ o ) FH AR fb 1 15
PR, LA B MRS i . PLUS BRI SS & R ML

3 EREMEMHERE TSR

Table 3 Sensitivity of habitats to various stress factors

WACHY 3 ESGEENE W Bk ETIE RTIE

1 b 0.3 0.5 02 0.2 0.2
2 e 1 1 0.7 0.6 0.5
3 T 0.9 0.7 06 0.6 0.3
4 KR 1 09 06 0.5 0.6
5 /K 0.1 02 02 0.2 0

6 Feh 0.1 0 0.1 0.1 0

7 AN K 0 0 0 0 0.2
8 bimga 0.4 0.6 03 0.4 0.6

s Jit 2024 4F
A R R AL, 7R R AR R T A A
S ST EANT .

(2) G stig

RS AEARAR S AF R LUCC (A0 5 i ) =5
B AT | Bk A GDP 4 F 8250, folh
AR AR A S B E PR A A B EL BT RIS 6 B
Bt (CMIP6 ) 15 76 3 3o 4 A L 22 0 4E & & 0k i 42
(SSPs) AU ek 1k B P42 (RCPs ), MAIFFT A B A3t
T RERA ALK 2 0 Rk K R 1E & (Cook et al.,
2020), SSP2-4.5 1 st RBHL 4L & K AL T rh %5
SEIE Y LA . SVATTE, A SSP2-4.5 TR T,
WFoE XAt 4 2 B Ml LUCC 15-4% 79 19 B R
B o LAY bR 28 A7 2 O - b A B
HITRZI5E MR, -+ HbIBOR A9 9K 30 R 2 %6 -+ b A1) B AR 1k
WA B F 0 (Wang et al., 2012) , X275 {2 [X
IR B | ST AL O RN A A A O 3 R 1
AL g, R P SR A = AUB AR TR . A4k
BFFAM TR B HHAAM TS IBHGA R T RS
FAEBBE TR, E TASIHE, KE TR
HEEZRG (Luetal, 2018) . R, 78R &
T, BT AR A S PR, AALURN T 2 A AR
- M FH ST S, AL Rk £ MR 287 1Y
ESP J8 AR FRAF, X £ B [ 5 X AR A 2 4 | -l
EBRPSAFERAAEEZ L, WitASCE#
ST ARG (ND) | A S AR Y (EP) 3k i & Je
(UD) 3 Fire 4= M FHAS fh 5 5, A T i s 5t
TRYES RGNS DrREAE (LA ESP AR,

(3) BRI G IE

T B E A Hb AR AL o R, B
Kappa ZHORFz 5 PLUS BB RE . Kappa 2%
AR R A (Zhang et al., 2022):

P,—P.
P,—P.

Her, PR IERRELAY L5 P, M BRI AY
W s P, BEARBERIE, — M o 1, Y
Kappa>0.8 i}, FRIABULE IR0 {5, BIRUKS B fE STt
AN

R T BE AR (1 ] SE P, A SCRER 15 N3 B
P 2% DL K 2000 4F F1 2010 4E Y - 3 8] FH 58 78 0
T AR F iy A PLUS #3130 1 i X 4%+ i R
FHZE RIS, e BLIERE 1, DL 2010 4F 1 1
FIHEEE IS5 1K, 247 PLUS £, 1531 2020

Kappa =
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Fig.3 Spatial distribution of normalized driving factors of land use simulation in Tianshan area
(The original data of driving factors are normalized to eliminate the dimensional influence between factors)
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Fig.4 Spatial distribution characteristics of land use types in Tianshan Mountains from 1990 to 2050
CD—Cultivated; FT-Forest; GD—Grassland; WR—Water; SE-Snow/Ice; BN—Barren; IP-Impervious; WD—Wetland

& 4 1990—2050 FHARX R ALXBEREL (10° km* )
Table 4 Changes in land use types in the study area from 1990 to 2050 ( 10° km’)

; 20504F AL (2020—2050)4F
LHAHIE 1990% 20204 ND EP UD ND EP UD
HhHb 12.83 17.57 21.91 15.23 21.92 434 -2.33 435
AR 6.84 12.52 17.83 19.97 17.79 531 7.46 5.27
B 180.02 165.06 154.96 168.25 154.87 -10.10 3.19 -10.19
KA 1.79 2.50 3.13 2.51 3.10 0.64 0.01 0.60
/K 13.66 12.37 12.33 13.07 12.61 -0.03 0.71 0.24
Hi 247.56 251.64 251.06 242,61 250.39 -0.58 -9.03 -1.25
AN KT 0.13 0.94 1.19 0.75 1.73 0.25 -0.18 0.79
1 0.23 0.48 0.66 0.67 0.66 0.18 0.18 0.18
Bt 463.07 463.07 463.07 463.07 463.07

VE: ND—HRKA, EP—AESRY R, UD—Imi &AL,

R 165.06%10° km?(35.65%) . #FHK 17.57x10°  (0.54%) . ANiB/KIE A 0.94%10° km?(0.20%) . {5 Hh
km*(3.79%) . M A 12.52x10° km*(2.7%) . F5/0K A 0.48x10° km*(0.11%) . [RIFs}, 4= oA HAT
A 12.37x10° km?( 2.67%) . KK K 2.5x10° km?  BIAYSSAIAP AR HERAE o B FI AR b 32 B4R vh AR AR
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KA 30 4F, KL X A bR A AR 7 SR 36 A
(ND) . &Ry #(EP) | 3T & e AL (UD) 3 #h
% 5 T % 5 10 AR 43 51 A 21.43x10° km®, 23.09%
10° km®, 22.87x10° km?, JH FFobfcl v -4 5 i ) i
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10° km*( 3% 4), EZ i b mk (K 5). 7
ND Hl UD &5 T, HE i R8> T 10.1%10° km?
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Fig.5 Land use conversion chord chart from 1990 to 2050
(The width of the arrow represents the interaction ratio of land area conversion)
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Fig.6 Spatial distribution of carbon storage from 1990 to 2050
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Fig.7 Spatial distribution of water yield from 1990 to 2050
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Fig.8 Spatial distribution of soil conservation from 1990 to 2050
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Fig.9 Spatial distribution of habitat quality from 1990 to 2050
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Fig.10 Temporal variation of ecosystem service function in Tianshan Mountains from 1990 to 2050
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5, ANIR] 3 MR FH S B Soxt ESP A 520, EP 1%
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J7 T AFAE— R Wi Je 1, 35 0 T AR B 43 11 2
ANHhENE . B O L DX T f 2 B AT
Uiy BT R A, XS DX A St A A
PRI ELAT F B S R, B ke I A ] K
A FR, I Btz 3T In-VEST A FE S R SR
5 VAR IR . FRATRT EER T 20 o B R A
FIVEHE Z2 (%) s OWL I 35645 51 AT S A9 45 2R (Dong et
al., 2021) . fJa, A ASER I8 S B 0T BRI ) A= A D) fig
A EER R (Gao et al,, 2021), Bl A2
) F1Z B RRAE A A AR A, T LAGE B 9 3 2 ESP &t
& H ) —/SMERS (Huang et al., 2021) . T A5
FRH, T B, Bt RARPEL T BI(E M 1 km B
F] 20 km, A=A JEE YE B K (Huang et al., 2021;
Gao et al., 2022), {HJBRIH 14925 [8] 434 Al A= 25 s 1 467
B JLF & A 2 4k (Peng et al., 2018; Huang et al.,
2021) . TEASKRAYAIFE, FATTFEE NS (A 7o )
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