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Abstract: Clarifying the driving factors of trade-offs in ecosystem services ( ESs) is crucial for promoting effective
ecosystem management. However, it is unclear whether the trade-offs of ESs are spatially static in different climate zones
and whether their driving mechanisms are consistent. In this study, taking the Sichuan-Yunnan-Loess Plateau Ecological
Barrier Zone (SYPEBZ) as an example, the InVEST model and CASA model were used to evaluate ESs including water
yield (WY), soil conservation (SC) , and net primary productivity (NPP). RMSE was used to quantify ESs trade-offs and

geographic detectors were used to analyze the trade-offs of different climatic zones and their driving factors. In order to
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provide a reference for ecosystem management. The results are as follows; (1) Different ESs differed significantly in
different climate zones. The WY decreased from northeast to southwest, and the NPP and SC decreased from north to south
of the study area. (2) The highest value of the trade-off between WY and NPP was 0.317 in the temperate zone and the
lowest value was 0.181 in the plateau climate zone. The RMSE of WY and SC in different climatic regions changed slightly,
showing a decreasing trend from south to north. The trade-off between WY and SC was the highest (0.295) in the mid-
subtropical climate zone, and the lowest in the southern temperate zone (0.229). The RMSE difference between NPP and
SC was the smallest with only 0.064, and the trade-off degree of plateau climate zone was slightly lower than that of
temperate and subtropical zones. (3) In different climatic zones, natural factors generally drive trade-offs more than social
factors, But in densely populated areas human activities could partially break through the constraints of natural factors and
increase their impact on trade-offs. Therefore, when formulating targeted measures for ESs management in different climate

zones, the spatial characteristics of ESs trade-offs and the differences in driving factors should be considered.

Key Words: ecosystem services; trade-offs; Sichuan-Yunnan-Loess Plateau Ecological Barrier Zone; driving factors
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Table 1 Main date sources in this study

eS| SrHEER Bl K
Date type Resolution Date source Date usage

- A R knx 1km BRI R 553155
Land use/Land cover (http://www.resdc.cn/) KRR BT
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Table 2 Expression of ESs in different climate zones

EIX PR/ (mm/a) T AR (Vkm?) PR/ (g Cm™2a™h)
Climatic zones Average water yield Average soil conservation Average net primary productivity
T #HF Moderate temperate zone 50.58 280.72 118.93

B A7 Southern temperate zone 37.55 578.22 135.14

AU #4AHF Northern subtropical 62.45 1239.01 1.82

R %IX Plateau climate zone 13.54 6876.86 16.12

HITE 34T Central subtropical 62.33 841.21 4.90
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m = :0.662572
K{[£:0.000114421
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J—

WYNSC
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', NPPNSC
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S 0.00132423

B2 EFFERSVENHZESHE
Fig.2 Spatial distribution of ESs trade-offs
WY ;=K & water yield; SC: ZHELREF soil conservation; NPP: [Ef net primary productivity

%3 FAEAKBERESFRLE RMSE
Table 3 RMSE of ESs trade-offs in different climatic zones

SAIX Climatic zones WYNSC WYNNPP NPPNSC || SAEIX Climatic zones WYNSC WYNNPP  NPPNSC
HHiEH Moderate temperate zone 0.24 0.31 0.32 =5 A IX. Plateau climate zone 0.28 0.18 0.30
B IR Southern temperate zone 0.22 0.30 0.33 HE T Central subtropical 0.29 0.22 0.36
JEIE#4AHF Northern subtropical 0.25 0.20 0.31

WY . =/K# water yield;SC: H3ELREF soil conservation; NPP; [EH)k net primary productivity
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x4 2015 FESRERSZTATUNEHIENE R
Table 4 Driving factors for spatial change of ESs trade-offs in 2015

SR S Sk 25 NDVI WepE 13 Al P
Climate zones Trade-off Temperature  Precipitation Slope DEM Population
NS X WYNSC 0.065** 0.035 0.015** 0.146 " 0.081** 0.025** 0.009 **
Sichuan-Yunnan climate zone WY NNPP 0.187** 0.195** 0.090 ** 0.082** 0.138** 0.024** 0.017**
SCNNPP 0.057** 0.061** 0.008 ** 0.033 0.034 " 0.002 0.006 *
R WYNSC 0.546** 0.502** 0.538 ** 0.374** 0.553 0.274** 0.309**
Middle temperate zone WY NNPP 0.626 ** 0.481 " 0.595 0.244 0.518** 0.184 " 0.339
SCNNPP 0.589 ** 0.505 ** 0.550 0.337** 0.524** 0.324** 0.443**
H R wYNsc 0.032** 0.126** 0.232%* 0.134** 0.079 ** 0.008 0.026
Southern temperate zone WY NNPP 0.138** 0.221** 0.312* 0.146** 0.221* 0.002 0.027
SCNNPP 0.070** 0.080 0.130 0.064 0.065** 0.069 ** 0.007
Jb i WYNSC 0.110** 0.037** 0.004 * 0.098 ** 0.127** 0.047** 0.034 "
North subtropical WY NNPP 0.371** 0.098 ** 0.047 0.069 ** 0.355 0.301** 0.116**
SCNNPP 0.010** 0.024** 0.019 ** 0.027 0.038 ** 0.035** 0.027
R AR WY NSC 0.024 0.064 0.053** 0.097 ** 0.092 0.062 ** 0.058 **
Plateau climate zone WY N NPP 0.368 ** 0.230 0.267** 0.022** 0.322* 0.071** 0.097**
SCNNPP 0.064 ** 0.068 ** 0.013** 0.099 ** 0.061 0.012 0.021
Hly i WYNSC 0.148 * 0.165 0.041** 0.112** 0.117 0.147 * 0.026 "
Central subtropical WY NNPP 0.112* 0.174** 0.034 " 0.015** 0.036 ** 0.105** 0.011**
SCNNPP 0.021** 0.097** 0.056 0.048 ** 0.042%* 0.001 0.001
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