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Research on driving factors of ecosystem service supply and demand based on
partial correlation network and partial dependence analysis

—a case study of Sanchuan River Basin
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Abstract: [Objective] This study aims to reveal the driving mechanisms of ecosystem service (ES) supply and
demand from holistic and local perspectives, thereby providing support for ecological conservation and restoration
practices in territorial spatial planning. [Methods] The InVEST model was employed to evaluate carbon
sequestration, soil conservation, and water yield services in the Sanchuan River Basin in the years 2000, 2005,

2010, 2015, and 2020. By effectively integrating partial correlation networks and partial dependence analysis,

s B #8: 2025-08-21 f& B B #f:2025-09-21 ¥ HH:2025-09-29

FENTLE - 5 A ARFH# 34 (42401129 ; A A SCHE S BF = A 5 AL 97 H (22YTAZHO18)

E—EE B (1981—), o, P A LA, B, 14, WF5E 07 18] o IR PRS0 5 DX & . E-mail: sxnddbl@163.com

BEMEER GBI A981—), 55 I TR RIS A AT 5 ) o LR S54SR G55 . E-mail: fengqiang921@163.com
http://stbeyj.paperonce.org



1 B s # A0 - T A G 190 265 15 i MR 50 20 AT 19 2 25 R 0 IR 55 B 5 IR 2l TR 3 WF 5 —— LA = 1 A 431 249

both the overall correlation structure of supply-demand network and specific driving thresholds were revealed.
[Results ] (1) Over the past 20 years, the overall carbon sequestration supply showed an increasing trend, while
the demand grew more sharply, resulting in a consistently negative supply-demand ratio (SDR). The spatial
distribution of high-deficit areas overlapped with midstream and downstream industrial and urban areas. Over the
20-year period, soil conservation supply and demand fluctuated with an increasing trend, and the SDR exhibited a
spatial mismatch pattern characterized by high surplus in the east and high deficit in the west. Water yield supply
and demand both exhibited an increasing trend, with the SDR fluctuating between deficit and surplus. By 2020,
the entire river basin had returned to a surplus state, with the SDR increasing by 332% compared to the year 2000.
(2) The constructed ES supply-demand-influencing factor network exhibited moderate connectivity density.
Factors such as land use, annual precipitation, and population density were nodes with relatively high connection
strength and centrality within the network, acting as key factors influencing multiple ES supply-demand
relationships and maintaining the network’s structural stability. (3) The impact of population density on the
carbon sequestration SDR exhibited a three-stage non-linear driving characteristic, with its negative effect being
most sensitive in the range of <Z200 persons/km®. Cropland was the most important negative driving factor of the
soil conservation SDR, and its impact was particularly significant when cropland proportion ranged between 20 %
and 40%. The water yield SDR increased rapidly when grassland proportion was <<25% and SDR stabilized after
grassland proportion exceeded 25%. [ Conelusion] The effective integration of partial correlation network and
partial dependence analysis offers a novel approach for revealing the driving mechanisms of ES supply and
demand, providing richer perspectives and reference for ecological conservation and restoration.

Keywords: ecosystem service supply and demand; partial correlation network; partial dependence analysis;

driving mechanism; Sanchuan River Basin
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Fig. 2 Temporal evolution of ecosystem service supply and demand in different geomorphic zones
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Fig.7 Spatial differentiation of ecosystem service supply-demand ratio
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Fig. 10 Importance ranking of influencing factors of ecosystem service supply-demand ratio
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Fig. 11 Nonlinear effects of dominant factors on supply-demand ratio of carbon sequestration service
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Fig. 12 Nonlinear effects of dominant factors on supply-demand ratio of soil conservation service
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Fig. 13 Nonlinear effects of dominant factors on supply-demand ratio of water yield service
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