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Abstract: The inherent contradiction between grain production service and soil conservation service poses a substantial
impediment to the sustainable development of the Nu River Basin. Grain production service has a direct impact on the
livelihoods of local farmers, serving as the primary source of income for farming households. Meanwhie, soil conservation,
as a vital regulatory service, plays a crucial role in preventing regional land degradation. However, there is currently a
scarcity of case studies investigating the relationship between grain production service and soil conservation service in the Nu
River Basin. Taking Shidian County at the center of the basin as an example, this study used the Mean Square Error
(RMSE) method to assess the spatial characteristics of the trade-off intensity between grain production and soil conservation
services from 2000 to 2020. Taking the year 2020 as a pivotal baseline and slope farmland ecological restoration as the

decision variable, a sophisticated multi-objective linear programming approach was subsequently applied to identify priority
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restoration areas. This comprehensive analysis revealed the spatial variations of trade-off intensity and ecological restoration
potential. The results showed that; 1) There were significant spatial differentiation in the trade-off of ecosystem services,
with an increasing trend of trade-off intensity over the study period. The average RMSE exhibited an increase from 0.466 to
0.499 during 2000—2020, signaling the imperative for strategic interventions. High trade-off intensity areas were mainly
concentrated in the low-altitude regions, while low trade-off intensity areas were scattered. Both high and low trade-off
intensity areas exhibited clustering features in spatial distribution. 2) Moreover, according to the efficiency frontier curve
derived from linear programming, to achieve soil conservation service benefit of 13.35x10° t hm™ a™", 3388.51 hm” of slope
farmland needed to be converted. This conversion, however, resulted in the loss of 9.59x10° kg grain production services.
Further improvement in soil conservation service would incur significantly higher costs, highlighting the delicate balance
required for effective land management. 3) The ecological restoration potential of slope farmland varied among trade-off
intensity levels, with medium trade-off intensity > low trade-off intensity > high trade-off intensity. Specifically, slope
farmland with trade-off intensity range of 0.4—0.5 emerged as the most suitable for ecological restoration efforts. For slope
farmland with other trade-off intensity levels, it is advisable to implement soil conservation measures to regulate. These
research findings offer valuable insights into the utilization of slope farmland in mountainous regions, providing scientific
guidance for sustainable land management practices, thereby contributing to the achievement of sustainable development

goals.

Key Words: sustainable development; ecosystem service trade-off; slope farmland; Multi-objective linear programming
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Table 1 Data type and sources
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Fig.2 Spatial and temporal distribution of ecosystem services trade-offs in Shidian County
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Fig.3 Cold and hot spots spatial analysis of (RMSE) of ecosystem services in Shidian county during 2000—2020
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Table 2 Area expression of ecosystem services trade-offs intensity in Shidian county during 2000—2020

KAy RMSE
Year 0—0.2 0.2—0.3 0.3—0.4 0.4—0.5 >0.5

2000 198.81 775.44 3339.18 8857.08 8275.32
2005 206.73 719.28 2573.46 7440.57 10553.94
2010 162.36 641.61 2629.35 8467.47 10947.51
2015 223.83 1071.90 3180.87 7621.92 10516.86
2020 191.61 910.71 2225.97 5622.75 13385.52

RMSE : #7722 Root mean square error
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Fig.4 The efficient frontier curve between soil conservation service and grain production service
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Table 3 The values of soil conservation and grain production services and ecological restoration area on the efficiency frontier
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C 13.35 9.59 3388.51
D 20.25 18.58 6528.79
E 26.69 37.98 13535.01
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Table 4 Distribution characteristics of slope farmland trade-off intensity in high-priority ecological restoration areas

PSR EIT RMSE

Decision unit 0—0.2 0.2—0.3 0.3—0.4 0.4—0.5 >0.5
LA 1 X J8 High-priority optimization area/hm? 25.11 102.96 418.95 1177.38 887.67
TEAEEALIX I Potential optimization area/hm? 81.34 356.45 1140.50 3691.20 8594.65
LB Percentage/ % 30.87 28.88 36.73 31.89 10.32
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4.2 25
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MRHBAE R S AR 38 A 2 H AR MR Tk, 0 TR AR 7 5 R4 P 0 A 28 3R G0 IR 55 ZE R R v i
2 b BRI DG R BORE N 3 Ak b TR, O HL SR 8 BE 123 28 T a3, AR T AR AR AR v 0 A DX R
HEARRGMRS B R FEAEZS 0] B2 5k, BB ¢ (1)2000—2020 47t fa) E AR & A4 7= 5 - IR R IR
F5AEAsIa] LA R A i B Sy 32 S SO oif FE R AR TE AN W T (2) 008 i A R T B FH3opk i 1 4%
PREEIR S B AR, 2 4 PR AR 55 $2 T 2 BEIE f RAE Y 50% J5 23 B 35 W Ak 4S5 (3) & AU fr i
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