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Abstract; Terrestrial ecosystems play critical roles in regulating the carbon cycle and maintaining the carbon balance.
Against the backdrop of rapid wind power expansion, scientifically assessing the impacts of wind farm construction and
operation on ecosystem carbon sequestration capacity holds critical significance. Existing studies have analyzed the impacts
of wind farm construction on the carbon sequestration capacity of surface vegetation in different regions through field
investigations and remote sensing data analysis. However, the research conclusions remain uncertain. How the stable
operation of wind farms affects Net Primary Production ( NPP) compared to the pre-construction phase? How far horizontally
does this effect extend, and what factors drive the impact of wind farms on vegetation NPP? To address limitations of

existing research in revealing the impacts of large-scale wind power expansion on regional vegetation carbon sequestration,
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particularly regarding insufficient representativeness and systematicity of study areas, this study focused on 51 operational
wind farms in Xilingol, central Inner Mongolia. Utilizing MODIS NPP data products, we applied buffer analysis, time-series
analysis, correlation analysis, and random forest modeling to examine the spatiotemporal patterns and driving factors of
vegetation carbon sequestration impacts from wind farm construction and operation in the Xilingol region. The key findings
reveal that; (1) Wind power construction and operation affected vegetation NPP in adjacent areas, with impacts extending
up to 6—8 km; (2) Compared with pre-construction levels, Wind Farm Areas ( WF) exhibited a statistically significant 1.
8% increase in mean NPP, with 80.4% of wind farms experiencing NPP increases—particularly pronounced increases in
temperate desert steppe, temperate steppe and agro-pastoral ecotones. The adjacent affected areas showed no significant
NPP change; (3) Multidimensional statistics showed wider variation in mean NPP within WF compared to Near Wind Farm
Areas ( NNWF ), potentially implying that WF areas were more affected by human factors; (4) Near-surface air
temperature, relative humidity, and precipitation were identified as the dominant climatic drivers of NPP changes in wind
farm areas. Land surface temperature and relative humidity primarily drove changes within the wind farms, while land
surface temperature and precipitation were the main drivers in adjacent areas. Wind turbine density showed no statistically
significant effect on NPP changes within WF and NNWF. Post-construction microclimate modifications and vegetation
restoration measures demonstrated a positive effect on productivity recovery within wind farm boundaries. These findings
advanced the understanding of wind farm-ecosystem interactions and provided a scientific basis for reconciling ecological

conservation with wind power development.

Key Words: grassland wind farm; NPP; grassland of northern China; carbon sequestration effects
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Table 2 Mean value and trend of NPP in different regions

NN R WF [} NPP A% NNWF [ NNWEF ) NPP 4%
Hi R I WF 9 NPP 25t ) NPP 221 Vi INPP 2k
Vegetation Variation of BRI NPP 2 fd BRAE e
. © . NPP in WF Trend variation Variation of NPP Trend variation of
ype region " of NPP in WF in NNWF NPP in NNWF
TP X
fﬂﬁ?ﬁ?l: . 1.815"" 0.129 0.005 -0.040
Temperate steppe region
Tk A i X
i P ) 2 . 2.896 -0.500 -0.071 -0.018
Temperate meadow steppe region
TR B 5 .

R JERL b 4 1029 0.343 0.021 0.007
T'emperate desert steppe region

AR X
RBTHE 2.736 " -0.158 -0.115 -0.043

Farming-pastoral ecotone

#* FR P<0.05; * * E P<0.01; WF; XU, 3% [X Wind farm areas; NNWF: 5 Wi [X. Near wind farm areas; NPP: HeW 9 A 75 77 Net

primary production

%3 IEZNEF Person tHX R E

Table 3 Driving factor Person correlation coefficient

IR KT WF i) NPP 48 {b i NNWF # NPP 254k
Driving factor Variation of NPP in WF Variation of NPP in NNWF
MR SR Land surface temperature -0.302" -0.565""

[k Precipitation 0.041 0.402**
TRIEZEHLA Potential evapotranspiration 0.057 -0.001

FAXTIEE Relative humidity 0.281* ~0.045

KL% BE Wind turbine density -0.099 0.102

# Fon P<0.05; # = F7n P<0.01

x4 BHEFHEEZEHFTREEME I/ %

Table 4 Driving factor feature importance percentage Increase in Mean Squared Error

R T WF [y NPP A5 1k bt NNWF {4 NPP ZE{kfit
Driving factor Variation of NPP in WF Variation of NPP in NNWF
LML SIR Land surface temperature 9.82 13.34

[% 7K & Precipitation -0.73 12.65
TRIEZEHLAK Potential evapotranspiration -1.60 2.40

FHXHEEE Relative humidity 3.46 1.94

KAHL#E Wind turbine density -3.74 -1.65
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