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Spatiotemporal evolution of ecosystem service value in mountain-
oasis-desert system of typical arid regions

—A case study at Manas River basin
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Abstract: [Objective] The spatiotemporal evolution characteristics of mountain-oasis-desert ecosystem service
value (ESV) in the Manas River basin from 2000 to 2023, as well as the differences across various landforms

were analyzed in order to provide a scientific basis for optimizing land use planning and ecological protection in the
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river basin, and for formulating regional zoning management and development strategies. [ Methods] Land use
change information was extracted from remote sensing data spanning from 2000 to 2023. The equivalent factor
method was used to assess the ESV across the river basin. Subsequently, correlation analysis was conducted to
examine the spatiotemporal evolution characteristics of ESV and its relationships with land use changes. [ Results ]
D Land use dynamics were characterized by significant cropland expansion (net increase of 3 267.19 km?, total
transfer-in of 3 621.11 km?) and grassland contraction (net loss of 3 493.61 km®). Cropland expansion was
predominant in the oasis zone, while the mountainous zone exhibited degradation of natural ecological land.
@ The total ESV of the river basin exhibited an overall downward trend, with a cumulative loss of 2.74 > 10" yuan
over 23 years. A particularly sharp decline (33.90%) was observed from 2005 to 2010. @ Among ESs categories,
hydrological regulation value experienced the greatest reduction (1.93X 10" yuan) , while the values of food
production, raw material supply, and nutrient cycling increased. @ Spatially, high-ESV zones were concentrated
in the southern mountainous glacier region and the Manas Lake region, while desert zones were identified as low-
ESV zones. The ESV across the three geomorphic zones ranked as follows: oasis zone > mountainous zone >
desert zone. [Conclusion] Agricultural expansion-driven land use transition is identified as the primary factor
exacerbating the degradation of ecosystem service functions in the Manas River basin. It is recommended to
establish geomorphology-based zonal regulation mechanisms. Emphasis should be placed on mitigating the trade-
off between food production and other ecological functions in the oasis zone, ensuring the rational allocation and
efficient utilization of scarce water resources, and promoting the orderly management of ecosystem services and
the coordinated development of ecology and economy in this arid region.

Keywords: land use change; ecosystem service value; spatiotemporal evolution; composite geomorphic

system ; Manas River basin
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Fig.1 Geographical location of Manas River basin
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Table 2 Areas and its proportions of different land use types in Manas River basin (2000—2023)
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Fig.2 Spatial distribution of land use types in Manas River basin (2000—2023)
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Table 3 Land use dynamics in Manas River basin (2000—2023)
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Table 5 Ecosystem service values of land use types in Manas River basin (2000—2023)
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Fig.8 Distribution of ESV changes across different geomorphic zones in Manas River basin

32 AEMHEKX ESV KK =S REHE

I 40 i) i B ES VI 28 0 5 % FAR B S N3
15 2l XU B ), 52 0 35 X 22 e, S L A A R
SRR PR TR AL X ESV 32 SR P 1 bk b R
K S 5 AR Z e D RE . RIS, k)1 T
FRAR 985 BOK SCIE Y IR 55 4 (B R R R B, 5 ek
W 5 5% T v ¥ B vk T Rl 5 — 2o RV S 00 i
B R 3 T 7 S0 B R R A8 52, (L Ak o v R 4TS 4R 2 B
AT 2) o Rk N X N 28T 3l f 5k 2

DI, DA W A 7 R0 D A R E 25 iR 55 38 K O R R
fiE AEL B AR A 25 T i 0 457 25 1 10 Al 2 BBk SO
AL I 55 5 IR 55 O (8 SRR AR Y . ZEAS ] b, SR
o X ESV 2B IR 7 43 A, 30 S 2ok 8 ol A -+ Wi 4R
AR AR ESV I B 1, 2005—2010 4F 4% 0 B 1
DT AR HE 68.74 % C(IE1 8) o b Ak, £ Y X A3 1] R
ESV(331.34 7¢/hm®) i 2 ik T 111 #1.(583.21 5& /hm?) ,
a0 QS RA B3 B A SV 3/ @ VAP 1 1
FH T AN [ b 35 0] A 25 3R 40 IR 55 47 6 2% W ik 3, D]



%2 3

ARF U 25« SR T 5 DXLy 3t - 5 U - AR 2 AR BRI 55 M (LAY I s R 143

AR 23 A FL S B Tk L il Hi AR SR K R TR 3R A O
DX, Jia) 8 Y X3 30 A9 K 9 T T 7R 28R 4 A S M (R T
A 3K AR RE AR A Ll b 1) S B A 25 BTk L oK BE A
A3 VR B M-SR R G RN - H-OK TR AR A G R,
Je B AL WE 5 J7 12k LA e B 220 13X il 31X ) AR
SRS AL s R IR X K A S R SR A5 L —
ESV DMIRAE Ry 3=, 32 AR B 5 b 1) 7 XU 1 70 0 4
FeFR o G IIRE . 2010 4F J5 , 3 40 307 Jo] Yt B A= 25 b K
TR R H K ESV BIFF (0 2554 83.21% X
BEAK (R 8, Ak, 2 RO 20 1 A [6] 1 55 (X
ESV 1} 25 43 S5 HREAE , BB 65 B8 10 78 43 H AR 1 RS R0
XF 25 Hu S X ESV Pl 25 5 00 52 i) A I R
JEF, S IX 5 4 X i ESV 32 B AT fE T R i
=L IR ST S5 A R R 23 ) RO JRAF 9T, L RS
Y M T8 R[] 30 XA A S AR SR B
LEOORE AN AT ) b B o S S ELESV I
Al 25 5, L R AR SRR GEFRE X, R T 5 X
TR T8 3 K 9T R AL 2 4 B A S T BR s sk U R AR
PR S AU X, R % XL 4 A AR R AR
TG VI HE 5 T W I 55 AR A B 7 X, W A A S AU K
IR R 11 235 ) S o P B SR I O s 7 DG E X Sk 2
il , L3t 17 0 = oK ] RN AR B R R RE kO AR 7S
LI2% ., A% (UK 3 500 m LA SR A4, 2 S ok I
Rl -2 AR A W ZR GE , S LI K )1 Bh S s SR X
SR AL B 1 24 1 5 A A AT B b - S T
7 I T S it 4 T R Y K U R R A TR X
D e 22 7 AT 0 TR R O A7 G BT 7 AT B 1)
Ll A Tk A5 Ty 2 — A0 B T R e R X
W 68 1, B A SR BEAR R o [RIEE X 34~ M 55 X 2 [ i)
I A HEAT AT B L AR OE Ll M-SR -SRI — A
B RGN A H R AU S R RS T R G Z IR
5 R R EAC I W — T RGN ML RGN
ARG, LIE A RGPS R R

O

(1) b A 45 48 18 3% 228 . 2000—2023 45,
o 29 3y Je] g BB b 5K 3 267.19 km®, B OHE 50 0
1736.62 km®, M2 5% 5% 52 BBE M Fn 2 i 1 b i 5%
A BRCHE R M R K I B )RR AR 1 4R v e Sk
X, Ja & B2 A Tl

(2) ESV & 52 Wi X REY, £F M
45 R 9K (B R R TR ESV A et g
WIS 2 18 R A 1 B A R B, 2005—2010 4F 2y 56
et Rl 3 (P 33.90%4) , 23 a ] B3k 4> 273.8912
JGo K SCHE AR 4 A ESV i b e ok Hsi b i £,

A R GRS 1 58 B R 2 AR E UK SCIR Ay A
PE T N AR B RRAE . FEASIE] 1 ESV R HL TR
A A2 2R KT 50T e L™ 7 B o A R

(3) AR MR 2 ESV S IELE 2 . K
1 25 45 % ESV 17 1m] TR B oK, 38 —7.87 427G 5 B
P8k OF [ BTk i K, 41542498, & ¥ITE 2005—
2010 4F 35 3| ot BRI, o4 M 2SS ma 45/ .

(D AN H S ESV A8 b 22 5 1 25 0 3/ M IX
ESV 23 A - £ Y X > 111 M ™ 5 355 X, BF 58 0 P 24 LU
Wk o A o SR X R T R XD 5 1l
Hu VK NTIX Cirg ESV M 284 o XD S ESV o Bl ) 5 A
X 5 .

% 2% 3Lk (References)

(1] A-me, #8438, 74, 55 V0 & Hl X A 0K A0 A8 fb e A= 25
RGUIR S5 U5 I [T AR, 2022, 77(1) : 182-195.
Niu Linan, Shao Quanqin, Ning Jia, et al. Ecological
changes and the tradeoff and synergy of ecosystem ser-
vices in western China [J]. Acta Geographica Sinica,
2022,77(1):182-195.

(2] UM, TR 3 B, Bl A 1< = £ 11X+ i A R e A8 fh

ARG M EMZLT] RSB, 2014,34(12)
3311-3319.
Liu Guilin, Zhang Luocheng, Zhang Qian. Spatial and
temporal dynamics of land use and its influence on ecosys-
tem service value in Yangtze River delta [J]. Acta Eco-
logica Sinica, 2014,34(12):3311-3319.

[3] A, skonf . L A AR S AR S R G S5 A&
ik St RELT] B R A R, 2014, 33(4) 1 441-446.
Fu Bojie, Zhang Liwei. Land-use change and ecosystem
services: Concepts, methods and progress [J]. Progress
in Geography, 2014,33(4) :441-446.

[4] Xiao Hui, McDonald-Madden E, Sabbadin R, et al.
The value of understanding feedbacks from ecosystem
functions to species for managing ecosystems [J]. Nature
Communications, 2019,10:3901.

[5] Xu Xibao, Yang Guishan, Tan Yan, et al. Ecosystem
services trade-offs and determinants in China’s Yangtze
River economic belt from 2000 to 2015 [J]. Science of
the Total Environment, 2018,634:1601-1614.

[6] Assessment M E. Ecosystems and human well-being:
Synthesis [ M ]. Washington, DC: Island Press, 2005.

(7] #oess, BB, 20 R TA% 00 N2 Y g 15 117 b 1 A2

o B 1 25 B G I 55 AN (B I 28 AR G e A [T ]. b 1 L 3t
Fh4,2022,36(8):121-130.
Yang Guangzong, Lii Kai, Li Feng. Spatial and temporal
correlation analysis of land use change and ecosystem ser-
vice value in Nanchang City based on grid scale [J].
China Land Science, 2022,36(8):121-130.



144 pi s U E SR

46 %

[8] Westman W E. How much are nature’s services worth? : [17]
Measuring the social benefits of ecosystem functioning is
both controversial and illuminating [J]. Science, 1977,
197(4307):960-964.
[9] Daily E B G C. Nature’s services: Societal dependence
on natural ecosystems [M]. Washington Dc: Island
Press, 1997. [18]
[10] Costanza R, d’ Arge R, de Groot R, et al. The value of
the world” s ecosystem services and natural capital [J].
Ecological Economics, 1998,25(1):3-15.
[11] BREAZEZ, Eaws, B At AR S RGN %5 Drhg M A2
VMR [T ] B A2 25241, 1999, 1005 : 635-640.
Ouyang Zhiyun, Wang Rusong, Zhao Jingzhu. Ecosys-
tem services and their economic valuation [J]. Chinese
Journal of Applied Ecology, 1999,10(5) :635-640. [19]
(12] hm i, SRR EL, IR W], 4% B S i AR {824 4k (X
TSRS My ket (], B AR BT
#2,2015,3008):1243-1254.
Xie Gaodi, Zhang Caixia, Zhang Leiming, et al.
Improvement of the evaluation method for ecosystem
service value based on per unit area [J]. Journal of Natural
Resources, 2015,30(8):1243-1254. [20]
[13] Tian Yichao, Wang Shijie, Bai Xiaoyong, et al. Trade-
offs among ecosystem services in a typical Karst water-
shed, SW China [J]. Science of the Total Environ-
ment, 2016,566/567:1297-1308.
[14] EBRRE  REH , Rk, .2000—2015 4F 25 £ & L
B RGUK ISR | LR A NPP IR 55 (4 1 25 50 A 5
B /Py A 2% & [T]. 0k £ AR5 27 i, 2021, 35 (4) » (21]
114-121.
Wang Xiaozhen, Wu Jianzhao, Wu Puxia, et al. Spatial
and temporal distribution and trade-off of water conser-
vation, soil conservation and NPP services in the eco- [22]
systems of the Loess Plateau from 2000 to 2015 [J].
Journal of Soil and Water Conservation, 2021, 35(4) .
114-121.
[15]  BRAHER, T 3CoR . A ARG TR 5 XA S R G e 55 ik &3
TS R U DR R O R [T ] K AR FFIF ST, 2023, 30(2)
285-293.
Chen Xiangbiao, Ding Wenrong. Spatial-temporal evo-
lution and trade-off synergy relationships of ecosystem [23]
services in Karst area of Shilin [ J]. Research of Soil and
Water Conservation, 2023,30(2):285-293.
[16] 242, dah, KB e, % R ESRGIRS i
FEOESE : AV VG 4 T M0 N AR B [T]. %8 R 24,
2010,32(5):831-837.
Li Shimei, Xie Gaodi, Zhang Caixia, et al. Flow pro-
cesses of forest ecosystem services: A case study on
gianyanzhou plantation, Jiangxi Province [J]. Resources [24]
Science, 2010,32(5):831-837.

JEL U, JH A6 M, 4 AR , 56 g 0 VT A A A AR 9 TR 5 A3
i A A PEECARAE LT ). T 5 IX LT, 2023 ,46(3) : 471-480.
Zhou Fan, Zhou Dongmei, Jin Yinli, et al. Spatial
matching characteristics of supply and demand of ecosy-
stem services in the Shule River basin [J]. Arid Land
Geography, 2023,46(3) :471-480.

ZRIRE BT AT, A5 B T K KOS A R I e
AR S5 BT OC R M 2 ST (1) AR SR,
2023,43(5):2088-2100.

Li Zhaobi, Tao Yu, Ou Weixin, et al. Supply and
demand relationship and multi-scenario assessment of
water ecological services related water quantity and
quality in Taihu Lake basin [J]. Acta Ecologica Sinica,
2023,43(5):2088-2100.

AL, B TR 2R A TR L R T B AR S R S
IR 55 A e 3 A8 B s mi PR3 (7). K R ARFEBT 5T, 2024, 31
(5):410-420.

Zhao Zulun, Luo Junhua, Li Wei, et al. Evolution of
ecosystem service value and influencing factors in Karst
mountainous urban agglomeration [J]. Research of Soil
and Water Conservation, 2024 ,31(5):410-420.
FESE B, 5K IE B AL, A R T A b R T A A 1 3 44 S
AL 3R A A KRS B A [T AR AR 5 Al 2020, 40
(18):6472-6485.

Kang Ziwei, Zhang Zhengyong, Wei Hong, et al. Land-
scape ecological risk assessment in Manas River basin
based on land use change [J]. Acta Ecologica Sinica,
2020,40(18) :6472-6485.

Du Yongjun, He Xinlin, Li Xiaolong, et al. Changes in
landscape pattern and ecological service value as land
use evolves in the Manas River basin [J]. Open Geosci-
ences, 2022,14(1):1092-1112.

B T AR Ge e, WO A T A U A A A R S IR
% Be HORUAE 06 2R B IRl PR R (] A0l 96 R 5 3R 05 2%
#2,2024,41(5):1157-1170.

Yin Lixue, Xu Xiaolong, Hu Baoan, et al. The driving
factors of ecosystem services and their tradeoffs in the
Manas River basin of Xinjiang, China [J]. Journal of
Agricultural Resources and Environment, 2024,41(5) .
1157-1170.

AP0, S A, KPR A5 T 4 30T 3L Sk NPP I 25 AR Ak
N H A W) 22 B PR B D AT AN [T]. AR AR,
2023,43(11):4664-4673.

He Ying, Ma Songmei, Zhang Lin, et al. Spatio-temporal
change of net primary productivity and the evaluatation
of the importance of biodiversity maintenance functions
in Manas River basin [J]. Acta Ecologica Sinica, 2023,
43(11) :4664-4673.

Li Xiaolong, He Xinlin, Yang Guang, et al. Land use/

cover and landscape pattern changes in Manas River



%2 3

ARF U 25« SR T 5 DXLy 3t - 5 U - AR 2 AR BRI 55 M (LAY I s R 145

[25]

[26]

basin based on remote sensing [ J]. International Journal
of Agricultural and Biological Engineering, 2020, 13
(5):141-152.

SRS B A B AF L L v AR K IRl 2000—2019
EAB R GRS MR AR IT] K &R R,
2021,41(6):310-317.

Shan Yongjie, Yuan Weili, Miao Yuan, et al. Spatio-
temporal variation of ecosystem service value in Datong
City of Shanxi Province during 2000—2019 [J]. Bulletin
of Soil and Water Conservation, 2021,41(6):310-317.
LA bl R A5 TP E AR A% AR I 3K St
TR A 1 ) AR A B g 2 [T ] ok £, 2024,
46(3):967-979.

Xia Honghua, Yang Linshan, Feng Qi, et al. Response
of hydrological processes in Zamu River basin, Hexi
Corridor to climate and land use changes [J]. Journal of
Glaciology and Geocryology, 2024,46(3):967-979.
WAL AL Tkt B 2L A -SRI - B S RS
b M TS A B A 2 2R G IR A5 AL 5 P ) A < R
i Rl [T]. A %4, 2022, 42(20) : 8138-8151.

Yao Litang, Zhang Xuebin, Zhou Liang, et al. Ecosys-
tem service tradeoffs and synergies effects of land use
change in mountain-oasis-desert complex system: A

case study of Zhangye City [J]. Acta Ecologica Sinica,

[28]

[29]

[30]

2022,42(20):8138-8151.

RO TR U FE R P B A A R SR S5 0
Xt -y ) A £ R e R [T 8 Ol B 27, 2021, 58
(4):766-7717.

Zhang Shuai, Wang Yang, An Shazhou. Analysis on
the characteristics of temporal and response of ecosy-
stem service value of typical inland basin to land use
change [J]. Xinjiang Agricultural Sciences, 2021, 58
(4):766-777.

BRI ol 58, R, K S AR A S R SR S5
Dy i if 78 8 ROL IR B LI (7). 3R BE B+, 2025, 46
(6):3681-3692.

Liao Zhongqi, Fan Yeting, Wang Junxiao, et al. Spa-
tiotemporal evolution of cultivated land ecosystem
service functions in the Yangtze River delta and its
driving mechanism [J]. Environmental Science, 2025,
46(6):3681-3692.

W &5 R, B B 05 BT Meta 23 BT 14 5K 40 38 7T 32
BRGNS WA [T RS 5 R B 24,
2023,39(1):60-68.

Yang Xin, Hai Xinquan, Yang Yuting. Meta-analysis-
based assessment of ecosystem service value of Heihe
wetland in Zhangye [J]. Journal of Ecology and Rural
Environment, 2023,39(1):60-68.

Velvavalvavalvavalveavalvevalvevalvavalvavelvavelvavalvavealvavalvavalvavalvevalvevalvevelvavelvavealvavalvavalvavalvavalve valvevalvevalvavelvavelvavalvavalvavalvavalve valvel

[23]

[24]

[25]

[27]

(E#% 120 70)

Bassett T J, Grman E, Brudvig L. A. Seed sowing
shifts native-exotic richness relationships in favor of
natives during restoration [J]. Ecosphere, 2024,15(3) :
e4783.

S R BRSO ECROT 2N B B 8 5
X e € B b AR P BV Y SZ R [T ] RO A 4R L 2022, 30
(7):1819-1828.

Zhou Rui, Song Meiling, Wang Yugqin, et al. Effects of
Ligularia virgaurea control on plant community of
grassland under different grazing modes [J]. Acta
Agrestia Sinica, 2022,30(7):1819-1828.

TR B X AR L A AR B 0 g 28 X
RUEY & HEN S RG AW RE - Iy LT] AHY
¥, 2022,46(2):162-175.

Yuan Yuan, Mu Yanmei, Deng Yujie, et al. Effects of
land cover and phenology changes on the gross primary
productivity in an Artemisia ordosica shrubland [J]. Chi-
nese Journal of Plant Ecology, 2022,46(2):162-175.
Sigcha F, Pallavicini Y, Camino M J, et al. Effects of
short-term grazing exclusion on vegetation and soil in
early succession of a subhumid Mediterranean reclaimed
coal mine [J]. Plant and Soil, 2018,426(1):197-209.
Loydi A. Effects of grazing exclusion on vegetation and

seed bank composition in a mesic mountain grassland in

[28]

[29]

[30]

Argentina [J]. Plant Ecology &. Diversity, 2019, 12
(2):127-138.

IREE L, AR SE AR I DA T 3t S [ AR UK A B
B SRR & Mg SR AE [T ] 79 dL A 2 4, 2018, 38
(1):150-157.

Su Liang, Du Hu, Wang Hua, et al. Root architecture
of the dominant species in various vegetation restoration
processes in karst peak-cluster depression [J]. Acta
Botanica Boreali-Occidentalia Sinica, 2018, 38 (1) :
150-157.

B, RH T, f TV, 5 AR L 5K e T
TIRERE Z R L 5 25 7 T A58 LT ). Bl 27 4i , 2025, 34
(6):14-26.

Luo Shunhua, Liu Xinyu, Meng Baoping, et al. A
study of functional group diversity and productivity of
alpine grassland in Qilian Mountain National Park [J].
Acta Prataculturae Sinica, 2025,34(6):14-26.
JARE T TN BB DK, 2 A [ 1R Al A vy 5 ) A
W Fh Z SRS R R L IR R R B
#%,2022,30012) :3410-3422.

Zhou Chenyu, Yang Xiaoyuan, Shao Xinqing, et al.
Relationship between plant species diversity and ecosys-
tem multifunctionality in alpine meadow with different
degradation degrees [J]. Acta Agrestia Sinica, 2022, 30
(12):3410-3422.



