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Topographic gradient characteristics and driving factors of
ecosystem service value in Taohe River basin
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Abstract: [Objective] The spatial differentiation and driving factors of ecosystem service value under the
topographic gradient characteristics of Taohe River basin were explored in order to provide scientific support for
promoting ecological protection and sustainable social and economic development in the basin. [ Methods] Based
on six phases of land-use remote sensing data (1993—2023) and integrated an ecosystem service value (ESV)
assessment model, terrain distribution index, and geographical detector method to systematically explore the
spatial and temporal evolution laws, topographic gradient characteristics, and driving mechanisms of ESV over the
past 30 years. [Results] @ The Taohe River basin features a typical stepped topographic gradient distribution,
with 84.99% of its area concentrated in gradients of 2 to 7. The dominant land-use types across gradients 1—9
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unused land-unused land. @ The total ESV of Taohe River basin during the research period increased by 6.39 X
107 yuan (a 2.36% rise). Its spatial distribution is characterized by a gradient differentiation involving initial
increases and then decreases along the terrain gradient from low to high. High ESV values were predominantly
distributed in gradients 5 and 7 (adjacent to the Qinghai-Xizang Plateau) , whereas low values were clustered in
gradient 1 and gradient 9 regions within the southwestern Loess Plateau. 3 ESV gradient differentiation emerged
from the synergistic interaction of natural geographic and socioeconomic factors, with elevation (DEM) serving as
the dominant explanatory factor (¢=0.491). Its interactions with slope and land-use intensity demonstrate two-
factor enhancement effects. [ Conclusion] The ESV in the Taohe River basin initially increased and then decreased
with rising terrain gradients. From 1993 to 2023, the low-gradient zone exhibited negative ESV growth, whereas
the medium-and high-gradient zones featured sustained growth and stabilization. The spatial differentiation of ESV
was primarily driven by natural factors. On the basis of these findings, we recommend strictly controlling
construction land expansion and enhancing aquatic ecology restoration in low-gradient zones, promoting ecological
agriculture and cultivated land protection in medium-gradient zones, and reducing human disturbance while
strengthening unused land management in high-gradient zones.
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Fig.1 DEM and land use status in Taohe River basin
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Table 2 Topographical gradient classification standard and area proportion of Taohe River basin
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Fig.2 Distribution index of different land types in Taohe River basin from 1993 to 2023
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Fig.5 Spatial distribution of ecosystem service value (ESV) in different periods in Taohe River basin
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Fig.6 Gradient change of single ecosystem service value in Taohe River basin from 1993 to 2023
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value (ESV) spatial differentiation driving factors
in Taohe River basin in 2023

3 0w
TEE 25 RGN 4 (18, 4 i TR 4

fEAE I BRI ah X FAF SR 45 Rl 5 A HE
Wi o AR 9 S0 Ak T B 1A A o S R R A T
{E A 1 647.94 70/ hm”, 45 5 5 51 M8 7 55 30 A B 3y
T LA BRI 2 B E (1 895.51 7T /hm™) 3%
ok S e = S il o 1 2 A e I N 72
SRS e W 0 S e 7 el N U S 2
FECEWE AR E T T AR iR KRR
55 16 AR W 45 ¥ T A7 KRB A A 6 28 T AN (B RY S )
K FH PR I 18 1993—2023 4F - X4 k£ g W A0 4% A
FEAE o A AR SCTE VT AR HE 2 P S HILAR H f
W FH R F A% G205 08 O, 2 35 FH M A 28 R S IR 55
[ 26 G 0 (B A 0 T 57 75 18, 2 25 s e B 45 R Y1 Tl
ANTRVIE 5 B AR S R G A5 I (BN 25 2R FE ST
KT SR, HE B M R S R B AR o 2 R
TRENOSFHESREMS ME T 0 LR ER
P (B JC i 8 40 R B0 o AN 5, A WF 58 X8 Wk JoT 37 B
Az 35 3 G0 IR 5 A {8 1 b TR A6 B R AIE L 25 8] 40 A A
G35t A5 ) 4 5 DA KR B KON B Bl IR R 54T T 5
SR SE AR U el PR3 A ST A2 Tl XS B
R AL S B TREIT S % A ARG R B Z X T 4%
AR B2 R AEAT A B A AR R — D ek
AR PRI ER ESV e s I B B I R LA S
AV 7 R6 R e AEMCRS BE b #0IE 4 S B B JT 4R 2
PR R R B MO o A, H AR AN R G IR 55 Bl
ZERZHEAMR . HIRMNESV & kRE,
1993—2023 4E Pk il i B ESV S A K 6.39 X 1077,
KR Ry 2.36 %0 o W AT I S A A R G MR 55 M (6 VS R
ARACAR , [ s % 3 75 780 e i 9 7Y e 3 DA K SCA

B RS AN W Lk, S BOR B AR 7 AR 1S i, 4 75 1R
Fofr R 25 0 /L, 8 o A B TR 448 3 0 25 5 I 0 2D
R RE T B SR AN R SRR B . e BF R
FR AL B G2 11 5 S b, 2 5 00X Sl R £ 4% v AL 2D
WRE R FEAEREFE, R MNRTA R RS
IR 45 A 0 A0 06 38 0 S R A SR A5 O 3 B b X A
BRGNS W (B 721, o HOR 76 4k 8 5% F oK
SCYE AT 7, X A AR AL S 2018 4E LASK 5 Pk AE S TR
ORI H MRS G, N —mkE b E
Hb T B R 38 R Wk I AR S R G R 55 (R Y
T S R R A X RP R A SRR A T B
A MY B B I B, H Y 2 2% M R A A8 3 R i
Bl S BONETG B iR B TR P R BN, H
TN 3 B b, 3% X I AR S R SR 55 Th fig &=
LA SRR 6= Z R0 I &R E Bl 0l
A2 R G R S5 (8 19 SRR SRR AR X B — o IR
R PR IT S W ESV 23 6] 43 53 1Y SR Bl R & B, H AR
K2 % T ESV /9 25 [0] 43 A 52 e b 3%, [ B o — 44 25
2ok R 5 R BAE F I, 52 i R T O
ESV 75 [0] 43 5 AR AL 1 5% W), 1% 4500 5 1 # 45Y  F
845 L AR AL, 7E Wk R, AR S R GRS B o A
554 T B B L A R R O 28 VAR G, £ R
Y 3 AT R A A R G S5 I (CES VD Y 43 A7 i 4 2
FEPEAE R o SR, Wk AR A R G R 55 AE R B
LB T 0k R B X SR R T O A O RV R
S 3T o DA 43, B A TR B Y B v AR N
b 43 A R B B R A DX 3R Y R 55 R
By FEI SR XF G R R IX AR
Hb I R AE A M8 3 AR S R GRS (8 4 A O T LA
SR AR 2 2T R X ESV YR i A XA
R T ik — 20 Bl T O S A A A S - A T T R
SER B AT IE B DU E 0 OO v A A A
O AR Iy B, e R B AR 0 A R
S e D — ) ) o L) R ) g N 2R b KU T T



53]

DR INS 25 « Pl o A 25 AR T IR A5 0 (L W) 3t TR Ao R R B L TR  [R 3% 407

S, BRI B (3% e <<0.5 2 B0 /hm™) , FE g 3K
AL 3 000 m b X, 58 A VK 1] -V 4% 0 PR X, K]
FE TGN X R A 38 A 25 M 0 sl 09, 258 1 AT fo] AR
Yoo @bt sh I AR A AR A 3 AL L A X i
1800 m LAF , FE i o - iy JE B 26 1, 2 BB BE T 5, 7
W B <1571 G2 Bl 1 b DX ) T R - e 7 - O i
HEAERAEIR R T, 157~ 25 Bk M 3 S < = 4R IR
B PAERIRE " 1 B2 RBIE I 9 b 55 6 B A8 AL 35 B
WELEEAASEP N ER W, O =4tz
)45 5 67, 42 R DEM B0 %) %2 1 & 25 PR IX - bk i
=>25° X IR H Bl il & R AR A MR >3 000 m il AN
ARG 7= 5 K R B AF 2 VA -39 B - A DG i A
R, [ 8 A B R BR BE S5 AR A O 5, S BN T
O3 DX SLAREEH TH

4 5w

(1D P i Bl 4 b 1) FH 28 780 25 A 52 00 B e
HIE 43 S RAE , 78 1993—2023 48 i 48 4 1—9 46 B %of
I B4 A 345 43 A 2 0 i Sy - o 1 b — K R — )k
— T Ml — R b — bR H — AR — R A A b — oK I
M AE IR B DX A R 00 Bk T A SR B0 0 i %
A2 ), F A K w R A S R B A,
G BT & F K GEUR 5 v B R X o R AR AR Rl
HeT™ 7 B8 Wl DA B A 2548 0, PR AP B b AR S R 5
o A R DXl T i A AR A L R M 9 R A B RN A S B
P AR = Bk AR Ak [ A s b R R
HAE B 1R A A T R

(2) 7£ 1993—2023 4%, Pkl 3 38k 09 24E & R 48 ik
55 I AE CES V) B M T 36 B 1 v 52 B0 2 B THIE T R%
FIRRAE 55 6 BRI N 6T . RS £ &
TICHE B X8, AR S R GRS (B 1 K,
WD A B S M K AR B IR 5 AR L
LGSR, AR X AR A A B sk R
A& 258, SR FAE AILAE RERN A 9 B 36 15 e, DA 4 T BF
W) A TR AR S . 5 LRI, 58 7
JE P Rl XIS, G Y Al 45 RN SRR R 45 ol R R
B ARG S M E L1 K, B gk 2 B R5 AR AL 5 ok
W, 5o Ak Xt BT AR PR LT A B R A AR P T AE IR
$50 G T A R R XL, IR S N B RS RS
iR 55t i ka1 F B2, S AT Rl ok e 80 Bl XA A
ARG, DR R E .

(3) JiLdk ESV %5 6] 73 A 5 MU 6 B 1 (% £ Hh F)
FH IS RUIR 22 %, 1M 45 1) 43 5 00 32 3] 1R IR R R AE
SaFHRMILFRER, ARRNZERE IR E.
AR B W e NDVIE ESV 55 0] 43 19 £ 5 A
T HAT B 1 58 B 4 0 3 0 HL s e) o S L AT

— AR T 54t U7 [N 1 58 14 2 W A0 5 s
] 73 5 o B ICAE R AT X &l B, e A 58
Oy 75 8 AR B BRI O AR B 2 i S B
700, DRt ) b T R O A R R B

% 2% ik (References)

(1] SRUL, 0, S | 5T 22 80 b i AR A 1 ) S B 12
BN L] AR TE P BEIR-5 3R5E, 2016, 25(2) : 239-248.
Wu Jian, Wang Shuaishuai, Tan Jing. Analysis on ter-
rain gradient effect based on land use change in Anhui
Province [J]. Resources and Environment in the Yangtze
Basin, 2016,25(2):239-248.

(2] WRBAN, DA, 25 4%, 45 R T M TR 85 B 1 1l 1 R VLR

B R AR R R GRS A RRAE [T]. AR 35244, 2020, 40
(13):4291-4301.
Xu Caixian, Gong Jie, Li Yan, et al. Spatial distribution
characteristics of typical ecosystem services based on ter-
rain gradients of Bailongjiang watershed in Gansu [J].
Acta Ecologica Sinica, 2020,40(13):4291-4301.

[3] 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.

[4] Sutton, P C, Costanza R. Global change and the ecosys-
tem service value of salt marshes [J]. Ecological Eco-
nomics, 2002, 41(2),249-266.

[5] Millennium Ecosystem Assessment Board. Ecosystems
and Human Well-being: Current State and Trends [M].
Washington D C: Island Press, 2005.

[6] Millennium Ecosystem Assessment Board. Ecosystems
and human well-being: A framework for assessment [J].
Choice Reviews Online, 2004,41(8):41-4645.

(7] ol 20eBt, sk, 45 RVE i B AR 25 R 48 IR 55 A fE I
23 AR T [T ] A A, 2023,43(15) :6203-6211.
Gao Wei, LiXinyue, Zhang Yuan, etal. Evolution and pre-
diction of ecosystem service values of the Yangtze River
basin [J]. Acta Ecologica Sinica, 2023,43(15):6203-6211.

(8] RWIES, BRALFK, E Il RE, & . 20 A A 25 R S R 55

(B 23 S B K 3R 8l PR 2R A A L] b Mol 2= 24 4,
2024,46(6):70-81.
Zhang Churui, Chen Lixin, Wang Liqun, et al. Spatio-
temporal heterogeneity and driving factors of ecosystem
service value in the Yellow River basin [J]. Journal of
Beijing Forestry University, 2024,46(6):70-81.

(9] RWERE, bk, B2 52, 45 . 75 e i 0t ) T A2 AL 0 AR 3

RO M E L2 S T] RS,
2021,40(3):887-898.
Zhang Xiaoyao, Lu Lin, Yu Hu, et al. Multi-scenario
simulation of the impacts of land-use change on ecosys-
tem service value on the Qinghai-Tibet Plateau [J]. Chi-
nese Journal of Ecology, 2021,40(3):887-898.

[10] ®KAR, Ak B2 R K T AT RIS MH



408 JK A PR 3 41 9 45 %
B I 25 AR R AIE  DLBR VL -PE VL2 el S il [T, A AR % o FC b 6 BRI LIRS B LT]. B 4R B R 2
PR ,2022,37(7):1782-1798. #,2019,34(7):1391-1404.

Zhao Yongchun, Su Fanglin. Spatio-temporal dynamic Zang Yuzhu, Liu Yansui, Yang Yuanyuan. Land use
characteristics of the ecosystem service values under dif- pattern change and its topographic gradient effect in the
ferential economic growth: A case study of the Pearl mountainous areas: A case study of Jinggangshan City
River-West River economic belt [J]. Journal of Natural [J]. Journal of Natural Resources, 2019,34(7):1391-1404.
Resources, 2022,37(7):1782-1798. (18] JAZEUK, EiE%, EEA, 4 AR LR AR S R4
(11] Wi, sk BT, ik B, 45 3 T B T R A 1 Y o A JR 55 H (L b 2 A 5w Rz < DL B BH T A 38 DX B [T ]
THAEBSREM S MEA I ERHFT] BARF R KA PRFEFSE, 2021, 28(6) : 337-347.
#2,2015,3008):1243-1254. Zhou Hanbing, Wang Zhitai, Wang Zhijie, et al.
Xie Gaodi, Zhang Caixia, Zhang Leiming, et al. Response of ecosystem service value of karst mountain-
Improvement of the evaluation method for ecosystem ous city to terrain gradient: A case study of downtown
service value based on per unit area [J]. Journal of Natural of Guiyang City [J]. Research of Soil and Water Con-
Resources, 2015,30(8):1243-1254. servation, 2021,28(6):337-347.
[12] AT, 0, 00K 2 T e B0 B2 0 B 5 e e Ll s A [19] Pan Ting, Jin Gui, Zeng Shibo, et al. Spatial-temporal
A F G0 MR 55 A (8 6 3 T Ak 19 253 D o) < LB b XKy divergence characteristics and driving factors of green
B[ T]. A 2s2F 4k ,2021,41(18) : 7238-7248. economic efficiency in the Yangtze River economic belt
Shi Yu, Han Rui, Guo Luo. Ecosystem service value of China [J]. Chinese Geographical Science, 2024, 34
and its spatial response to urbanization based on terrain (6):1158-1174.
gradient in southern hilly and mountainous region: A [20]  E¥ . AR 1980—20184F4R )1 A= 25 R e e 55 th (H 1F
case study in northern Guangdong, China [J]. Acta W KB I3 508 [J]. TR IX B, 2021,44(2) :552-564.
Ecologica Sinica, 2021,41(18):7238-7248. Wang Bo, Yang Taibao. Value evaluation and driving
[13] ZEAaM, TBRE W KD, & KILAFHE ARG shmE force analysis of ecosystem services in Yinchuan City
HHEBRG MG M AR 28 SCHRRAE 4301 [T ] 4 VL3 B from 1980 to 2018 [J]. Arid Land Geography, 2021, 44
YR 5 B BT, 2024, 33(9) :1992-2003. (2):552-564.
Li Jiulin, Lei Qiuhui, Hu Dawei, et al. Characterization (21] SRM&F  HOCSE B h, A5 BT T i i DX 4 b ) A 2
of spatial and temporal correlation between human activ- BEREGRES M EB B2 8@ AR [T R0 TR 2] , 2020,
ity intensity and ecosystem service value in the Yangtze 36(11):277-288.
River economic zone [J]. Resources and Environment Zhang Pengyan, Geng Wenliang, Yang Dan, et al.
in the Yangtze Basin, 2024,33(9):1992-2003. Spatial-temporal evolution of land use and ecosystem
[14] JEIdAH, RAE VF3E, 55 . VR 2T ik A4 5 RS ik 55 service value in the lower reaches of the Yellow River
M (8 LTV B B2 43 v B R gl (R 3R (7). K AR F7 BF 5T region [J]. Transactions of the Chinese Society of Agri-
2025,32(2):396-406. cultural Engineering, 2020,36(11):277-288.
Zhou Jianwei, Wu Hua, Xu Tong, et al. Terrain gradient [22] SRERRE,SKHE, L4055 T LA AL A S A
differentiation and driving factors of ecosystem service ¢ I 55 U 5 W) 1 22 155 SR A0« LRI Dy ) [T A
value of the Yalong River basin in Tibet [J]. Research of A2, 2022,42(6):2086-2097.
Soil and Water Conservation, 2025,32(2):396-406. Zhang Xiaoyao, Zhang Xiao, Li Donghua, et al. Multi-
[15] ZREH X, b, % T2EP IEAESRERS N E scenario simulation of the impact of urban land use
B BT RN [T ] 0 A 24241k, 2024,35(12) : 3267-3274. change on ecosystem service value in Shenzhen [J].
Zhu Qingqing, Liu Chao, Shen Yan, et al. Terrain Acta Ecologica Sinica, 2022,42(6):2086-2097.
effects on the value of grassland ecosystem services in (23] g . 8 b v SRR BE S MOW B A 7 152 i [ D )L B Y
Luoshan, Ningxia, China [J]. Chinese Journal of W AL MA R, 2021
Applied Ecology, 2024,35(12):3267-3274. Gao Qing. Effects of “grain for green” project on grain
[16] #ae, v % akes ) 45 8T /K TR 3 XA o K A2 A 1 production in the Loess Plateau [D]. Yangling,

[17]

FIbs B A Hemg [ 1] A 252441, 2024, 44(18) :8219-8233.
Cao Ying, Zeng Biao, Zhang Fuguang, et al. Reason-
able target and restoration strategies of vegetation resto-
ration in a water conservation area of the upper Yellow
River basin [J]. Acta Ecologica Sinica, 2024, 44(18) :
8219-8233.

Pl L X B L A el B ol XL 3 R P A% R S £k

[24]

Shaanxi: Northwest A & F University, 2021.

R, BB T B D A XA A R G R 0 B S T
A B HRE F1 [ ] K ZARFFITSE, 2021, 28(2) : 382-389.
Cheng Jing, Huang Yue. Spatiotemporal evolution of
ecosystem services value and its driving forces in
Ningxia Hui Autonomous Region [J]. Research of Soil
and Water Conservation, 2021,28(2) :382-389.



