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Abstract: In the context of climate change and urban expansion, it is of great significance to conduct in-
depth research on the spatiotemporal evolution and influencing factors of ecosystem services. Since the key
parameters of the InNVEST model are highly subjective and cannot be dynamically changed across different
regions, making it difficult to reflect the spatiotemporal heterogeneity of real ecological processes. This study takes
five major urban clusters in the Yangtze River Basin as the research object, utilizing the ecological significance
and frequency distribution of remote sensing ecological indices, the habitat quality parameters of the InVEST
model are dynamically optimized. Soil conservation, water conservation, and habitat quality in the Yangtze River

Basin urban clusters from 2000 to 2020 are calculated, and the ecosystem service impact factors over the past two
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decades are analyzed using random forest and SHAP algorithms. The results show that: (1) The ecosystem services
of the urban clusters in the Yangtze River Basin show significant upstream and downstream gradient
characteristics. The upstream has better ecological maintenance, the midstream fluctuates significantly and is more
sensitive to human activities, and the downstream shows obvious ecological vulnerability. (2) Hydrology, climate
and vegetation cover are the core foundation for the improvement of the three types of ecosystem services, playing
a positive role in water conservation, soil conservation and habitat quality; pollutants and human activities are the
main negative driving factors, especially in the middle and lower reaches, which seriously lead to ecological
degradation. (3) The spatiotemporal evolution of ecosystem services is jointly determined by the coupling
relationships of various factors. Climate alone has a weak impact, but pollution, land use intensity, and human
disturbance brought about by urban expansion directly affect hydrothermal conditions and vegetation distribution.
Studies have found that, under the background of urbanization, the urban clusters in the upper reaches of the
Yangtze River Basin are ecologically stable and dominated by natural processes, while the urban clusters in the
middle and lower reaches are severely affected by human activities. The overall ecological difference pattern of the
basin is jointly shaped by ecological processes and human disturbance.

Keywords: Ecosystem Services; Remote sensing dynamic monitoring; Yangtze River Basin urban clusters;
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Table 1 Data Sources

ITAREEVAF R R Tkm 22FF%, HARBEREH

eyt B BB A IrHEE HARIR 5| F
Landsat-5 EIN A A 30m  https://www.usgs.gov/products/data
TG
Landsat-8 EIRS, AR 30m  https://www.usgs.gov/products/data
AR STRM-DEM [ 30m https://earthengine.google.com
SR A EEEEEE RHERA. GRS E 1km (Jonmes et al., 2015)
MOD44B.061 B 36 250m https://earthengine.google.com
T
MOD13Q1 NDVI 250m https://earthengine.google.com
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CLCD R 2T 30m (Yang and Huang, 2021)
i
CNLUCC o LSl i) 30m (Zhu et al., 2022)
NEIENES AN
AN B B
LB 5 A
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Table 2 RSEI Ecological Components
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Figure 2 Parameter calculation process:(a) Threat source identification; (b) Attenuation distance calculation
FEAS AR A 3558 B AN R, S A R e R . (B 22) o RS, #
W46 A 58 i B AN A B BEAT 0 — 4k, 15 3 B & 1 AR Bl B EE AU B, e rh R U




VR A B B N T . ARSI S, 2047 & X 38 RSEL B AR Ak S 5 ek 28 (&
2b) o FEEUE R IREE R S, R0 H N R T RSELE &AL U5 A A I AU
.
2.2 EERGRE VG

ASLIGFET InVEST HEAUFE T I8 H37 L U7 (RUSLE) 5 = KRAET RS
%,

(1) HHEEERRFE. AC#EE RUSLE AR HHE ISR E .

A, =RKLS, —~UKLE, =R, xK xL xS x(1-C,xP) (13)

X, RKLS, NSAZTCHFEE LI ME; UKLE, NS CFESEr LI R MhE; AN
TIEREFE (thm™) 5 RONBEWARM I KON HIERT BV 5 L A1 Se 2 5l A3 s
MK 75 G NP E G POy TIRORRR T

Hrp B REFEE AT LIRRFR S8R 3 r, S8cka 225
(2025).

£ 3 THRRESECR

Table 3 Soil Conservation Parameters

R A PR & T R Kk H R
K H 0.2 0.2 0.4 0.35
Fih 0.2 0.45 0.4 0.35
A b 1 1 0.2 1
AR 1 1 0.2 1
B Ak 0.7 1 0.2 0.85
HoAth bt 0.7 0.15 0.2 0.85

1 A 1 1 0.2 0.8

Hh7 o5 R 0.7 1 0.2 0.7

A 0.5 0.8 0.2 0.6
EESS 0 0 0.001 0
SipE| 0 0 0.001 0
K 0 0 0.001 0
Wb 0 1 0.001 0
i 0.3 0 0.01 0.1
A 0.3 0 0.01 0.15
Tl A 0.3 0 0.01 0.15
R 1 1 0.2 1
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Table 4 Water Conservation Parameters

eyl XA S EE R KpRE REW)'S M

WK K fE#E WK Koo Mg RE Koo g IR Koo
7K H 300 0.8 0 1500  0.65 1 2100 0.7 0 300 0.7 0
i 400 0.8 1 1500 04 1 2100 0.7 1 300 0.7 1
HHH 3000 1 1 6000  0.99 1 7000 1 1 5000 0.8 1
HEAR 2000 1 1 2000 0.4 1 7000 1 1 5000 0.8 1
Ak 1500 1 1 6000 0.6 1 7000 1 1 5000 0.8 1
HoAth Ak

" 1500 1 1 3000  0.45 1 7000 1 1 5000 0.8 1

s

500  0.65 1 800 0.4 1 2600  0.65 1 500 0.6 1
B
e

500  0.65 1 800 0.4 1 2600  0.65 1 500 0.6 1
B
REE

500  0.65 1 500 0.3 1 2600  0.65 1 500 0.6 1
B
b B 1 0.9 0 500  0.99 0 1000 0.99 0 1 0.99 0
A 1 0.9 0 500  0.99 0 1000 0.99 0 1 0.99 0
K E 1 0.9 0 1000 0.99 0 1000 0.99 0 1 0.99 0
M 1 1.1 0 1000 0.99 0 1000 0.99 0 300 05 0
A 1 0.1 0 500 0.3 0 550 0.4 0 1 0.3 0
A ht 1 0.1 0 500 0.3 0 550 0.4 0 1 0.4 0
Tk 1 0.1 0 500 0.3 0 550 0.4 0 1 0.3 0
Ty 1 0.5 0 200 0.2 0 500 03 0 1 0.3 0
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Figure 3 Parameter optimization results: (a) Habitat suitability; (b) Threat weight; (c) Decay distance and
sensitivity
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Figure 4 Comparison of habitat quality before and after optimization: (a) Frequency distribution histogram; (b)
Moran scatter plot
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Figure 5. Ecosystem services (upper 2000, lower 2020): (a) water conservation; (b) soil conservation; (c)
habitat quality
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Table 5 Ecosystem Service Statistics

B RGMS A JRH EVS KR B P 3t
USTSEEE 2000 13.17 21.949 80.018 21.129 23.197
(mm) 2005 20.462 25.075 84.118 26.249 28.884
2010 23.588 24.87 119.29 46.816 35.97
2015 26.449 33.499 90.934 42.475 47.216

2020 26.229 32.193 82.882 40.276 46.452




LB RGNS Fr JRHR HR KHRE X 2B

T ORRE 2000 493.42 429.45 259.2 234.08 161.39
(t-hm™) 2005 650.03 453.67 551.67 296.61 200.57
2010 845.49 532.78 555.92 618.83 302.33
2015 753.45 565.51 346.92 431.28 281.87

2020 898.14 717.39 360.51 234.08 526.48

B 2000 0.359 0.597 0.662 0.378 0.301
0-1) 2005 0.292 0.444 0.655 0.430 0.346
2010 0.295 0.497 0.576 0.429 0.303

2015 0.401 0.518 0.534 0.416 0.277

2020 0.428 0.476 0.643 0.432 0.312

£ 5ERT 2000-2020 F TR EIAES RAMS IR ER . SAETE, ZRAES
RGBT 2 W27 RE, HENHBIERIRHE. KFERFREERIN TG
oo KMREIRA R Z e T HABX I (80-120mm) , 2010 FFiAF|IEME 119.29mm, %1 AHS
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# 2000-2020 FIGIEHEIT 100%. 5 FE O ASRFAEAREL, 2000-2015 SF4F4E EFF, 25
WA o]V AH AR AE R K o ORI AE I T Bl 1) 22 e W S o GBI Kl R, 2020
1A F] 898.14t-hm™2, #2000 FHET+ 82%. FERAEI IS £FaD FFH#a%s, HHEK 2020 4F
N 2000 1) 1.67 f5. AHELZ R, KARES R RO, HAKHRE 2010 4F )5 8 &
B, TRGE 2020 FEE BT, SEIEBE 200%. A B R AR AR 0.27-0.66 2 6], [X
WEFRRKTREARL . KERERER KT (0.53-0.66) , ERIRZ (0.44-0.6) ; HH-
RS e BRI, ZEEFEMMET 045, WERAES R & 2218 s, Ml EmEa
TEBRI SN B W o 3T R A 8 o AR YRR AE 0.27-0.66 YU, SR I IX e A 22 S R T I [A]
AAHRRE. Hod, KARERER AR E (0.53-0.66) , FHH 2000 £EF1 2020 4455
5] 0.662 1 0.643,
3.3 FENLFHMEER

ZEA NBT MBI R HGE, ] RE-SHAP A% = KA S R GRS TR
Mot AGZ5HENRTEES S 500508, EKIRRIRE T 2 BRI K R ZE§UR
¥, 7ELIBREER LEBRIEKE T . SIS SEO EIE LRI 5, DL R2VE AR R
VM, RRREFRIRERE, SRR 6 Fin.

F 6 AL BT
Table 6. Accuracy Evaluation of the Fitting Model

EEEAY

I T BRGNS
R2 RMSE RMSE%
FCHR AR E 0.9575 0.0497 11.23%
TR IR 75 0.9011 3.2537 21.52%
TR LRER 0.9330 319.4835 11.07%
ES A 85 5 0.9003 0.0631 12.89%
TR IR 75 0.7981 3.9976 18.19%
TR LRER 0.8456 455.8536 22.31%
KPR A 85 5 0.9103 0.0694 10.39%
TR IR 75 0.7189 9.2628 11.42%
LR LRER 0.9596 455.7460 26.89%

E A 0.9214 0.0848 19.45%
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Bk el LB RGNS

R2 RMSE RMSE%

IR TR 0.8260 7.1105 11.93%

T IRAREF 0.9280 283.3839 22.95%

B B A 0.9375 0.0696 23.42%
IR TR 0.9026 52171 21.37%

T IRAREF 0.9578 173.1837 19.47%

BEHL AR AL AE 2 B T Bl 0 R 20 1 0.8, Rk H N IK T REW A 3Ui R A S &
G55 B A 1A AR HFAE s A RMSE A1 RMSE% ¥4 b T AR K -, AR RURE R ik 2 4 1 R
EAER RSV R. Hd, ERREMIUEHR &S, R Y- 090, M
(0.9575) HEE (0.9375) RIINRH, RMSE%EFTIE 10%-23%, wikA BA 5550
()75 (B TR RE 77 o KUK TR NGRS BERS AR, (FOR 2 4l Pl R> PR FFAE 0.80 LA B (il
F# 0.9011. 5L 0.9026) , H RMSE%ZAKT 23%, REMSHLLT 2 M H A A AR R E . £
AR EFIORNE RS B PR, AT e R? 2 BAM A AE 0.84-0.96 2 18] (CAIKARIE 0.9596.
F# 0.9330) , RMSEY%IIRT 30%, IR0 X ek e 047 22t AT R I I iR e
7o
3.4 EXRGRZSEMETF

LA TG BN 45 5 SHAP 595, WHKITHR R M = MES R GRS
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Figure 6. SHAP results for water conservation: (a) Scatter distribution of single-factor SHAP (arranged from most
important to least important); (b) SHAP interaction values of all factors; (c) Factor pairs with high interaction
values.
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Figure 7. SHAP results for Soil conservation: (a) Scatter distribution of single-factor SHAP (arranged from most
important to least important); (b) SHAP interaction values of all factors; (c) Factor pairs with high interaction
values.
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Figure 8. SHAP results for Habitat quality: (a) Scatter distribution of single-factor SHAP (arranged from most
important to least important); (b) SHAP interaction values of all factors; (c) Factor pairs with high interaction
values.
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