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Trade-offs and synergies between ecosystem services and livelihood capital in
Loess Plateau agro-pastoral ecotone and their driving mechanisms
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(1.College of Geomatics, Xi'an University of Science and Technology, Xi'an 710054, China;
2.College of Geology and Environment, Xi’ an University of Science and Technology, Xi'an 710054, China)

Abstract: [Objective] This study reveals the coupling relationship between the supply-demand patterns of
ecosystem services (ESs) and livelihood capital in the Loess Plateau agro-pastoral ecotone (LPAPE) , and
identifies its driving mechanisms, aiming to alleviate regional ecological vulnerability and human-land conflicts and
provide a scientific basis for the coordinated agro-pastoral development and ecological conservation. [ Methods] A
multi-model approach was used to quantify the supply-demand patterns of food, fodder, livestock production,
water yield, and carbon sequestration services in the LPAPE from 2000 to 2020. Geographically weighted
regression (GWR) and redundancy analysis (RDA) were then applied to identify the characteristics of the spatial
coupling between ESs and livelihood capital and their dominant factors. [ Results] (1) The area of high food
supply decreased by 7.8% and contracted toward the north-central region. The high-supply areas of fodder, water
yield, and carbon sequestration services expanded to the northwest, and livestock supply showed a spatial pattern

of “high in the northwest and low in the southeast”. (2) The demand for ESs continued to increase, leading to
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more pronounced supply-demand mismatches in densely populated and urbanized areas (ESDR<C1). (3) Food,
fodder, and livestock production services were strongly synergistic with natural and physical capital, while water
yield and carbon sequestration services exhibited a trade-offs between ecological synergy and lagging economic
development in ecological protection zones. (4) Natural factors such as annual precipitation, mean annual
temperature, and elevation were the dominant driving factors of the relationship between ESs and livelihood
capital, while socioeconomic factors intensified supply-demand imbalances and spatial trade-offs. [ Conclusion] ESs
and livelihood capital are strongly coupled in the LPAPE. The driving mechanisms are dominated by natural
factors and exacerbated by socioeconomic factors, and exhibit spatial heterogeneity under the influence of climate
and ecological vulnerability. This study clarifies their relationship and the driving mechanisms, which can
contribute to improving regional sustainability.

Keywords: ecosystem services; human well-being; trade-offs and synergies; driving factors; Loess Plateau agro-

pastoral ecotone (LPAPE)
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Table 1 Data sources and descriptions
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Table 3 Assessment methods for ecosystem service demand
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Table 4 Assessment framework for livelihood capital
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Fig.1 Supply patterns of five ecosystem services in LPAPE (2000—2020)
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Fig. 5 Trade-offs and synergies between ESDR and livelihood capital in LPAPE in 2020
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Table 6 Explanatory power of driving factors on ESDR

K% PRE PD AC EVP FVC BC DEM ED TEM GC LD
R/ % 51.600 21.600 6.600 5.500 5.100 2.700 1.700 1.500 1.400 0.800 1.600
P 0.002 0.002 0.002 0.002 0.002 0.002 0.012 0.020 0.026 0.204 0.008
1 PRE WAEFE/K i s TEM 4R BR B FVC AR BT 35 s EVP AR 28 & B s EMUORTE I PD O A 95 S ED S & 35 %5 % s BC ol dl B JH 3l oy
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Fig. 6 RDA biplot of relationship between ESDR and livelihood capital in LPAPE in 2020
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Table 7 Explanatory power of driving factors on trade-offs and synergies

Tl A 7 - A T A PEF A AT RA PR IR SS -A i BEA

R LE 77 - AT BEA I IR 55 - A B A

W®E mER/% WR R/ 0 SES fRRER/ 0 SES R/ 0 BES R/ 0
TEM 3357 PRE 14.17 TEM 40.9" TEM 14.8° TEM 30.7"
EM 39.37 GC 12.7 EM 34.27 EM 38.3" EM 52.1"
EVP 9.2" EVP 15.6” LD 7.9" PRE 16.5° PRE 5.4
PRE 12.17 EM 15.0” ED 3.6" GC 8.9" AC 4.9"
AC 1.8" TEM 18.2" AC 2.3 BC 7.1 EVP 1.1
ED 0.9" AC 11.7° EVP 2.0° EVP 2.1 BC 1.9
LD 1.1° PD 1.9 PRE 3.1 FVC 1.7 PD 0.3
BC 0.6 ED 4.4 FVC 2.9” AC 1.2 ED 2.3
GC 0.6 FVC 2.0 GC 2.0° ED 1.5 LD 0.7
FVC 0.8 BC 2.7 PD 0.8 LD 4.7 GC 0.5
PD <0.1 LD 1.7 BC 0.3 PD 3.2 FVC <0.1

ORI 3 (p<T0. 05) 5 FRR IR .35 (p=<<0.01),
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