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Supplementary Information S1. Functional zoning of the Xilingol Grassland 

National Nature Reserve 

 

Figure S1. Functional zoning of the Xilingol Grassland National Nature Reserve 



 

 

Supplementary Information S2. Quantification of 4 ecosystem services 

1. Net Primary Production (NPP) 

Carbon sequestration was estimated by Carnegie-Ames-Stanford Approach (CASA) based on the 

vegetation productivity (biomass production), which can be reflected by NPP. The formula is as follows: 

 ���(�, �) = ����(�, �) × ����(�, �) × � × ↋(�, �) (S1) 

Where, NPP(x, t) is the net primary productivity at the pixel x in the month t (gCm-2); TSOL(x, t) is 

total solar radiation (MJm-2); FPAR(x, t) is the fraction of total incoming photo synthetically active radiation 

absorbed by vegetation canopy (MJm-2); r is the ratio of the effective solar radiation against the total solar 

radiation (wave length ranges 0.4–0.7 μm), the value of this study was 0.5; ↋(x, t) is light use efficiency of 

FPAR(x, t) into organic dry matter (gCMJ-1);  

 ↋(�, �) = ���(�, �) × ���(�, �) × ��(�, �) × ���� (S2) 

Where, T↋1(x, t) and T↋2(x, t) are temperature stress coefficients; W↋(x, t) is a moisture stress coefficient; 

↋max is the maximal light use efficiency of the specific biome under an ideal condition, which was based on 

the study of Zhu et al. [1]. 



 

 

2. Ecosystem Carbon Sequestration (EC) 

The improved Terrestrial Ecosystem Regional (TECO-R) model was adopted for carbon stock 

simulations in this study. TECO-R is often employed in carbon stock simulations of forest ecosystems [2,3], 

and, therefore, needs to be adjusted to grassland ecosystems in order to perform accurate analyses [4]. The 

adjusted structure of TECO-R model and the main parameters meanings, please refer to the study of Lyu et 

al. [5]. 

 

 



 

 

3. Soil Conservation (SC) 

Soil retention was estimated by the Revised Universal Soil Loss Equation (RUSLE) based on potential 

soil retention during the process soil water erosion [6,7]. The formula is as follows: 

 �� = �� − �� (S3) 

Where, SR is the annual potential soil conservation (t·ha-1); Ap is the amount of potential soil erosion 

(t·ha-1); Ar is the amount of actual soil erosion (t·ha-1). 

 �� = � × � × �� (S4) 

Where, R is rainfall-runoff erosivity (MJ·mm·ha−2·h-1), which is calculated using the empirical 

equations for arid and semiarid lands proposed by Wischmeier and Smith [8]; K is the soil erodibility factor 

(t·h·MJ−1·mm−1), which is determined using the erosion-productivity impact calculator (EPIC) model and 

was corrected according to the study of Zhang et al. [9,10]; LS is the slope length and steepness factor 

calculated according to Mccool et al. and Liu et al. using the Digital Elevation Model (DEM) in ArcGIS 

[11,12]. 

 �� = � × � × �� × C × P (S5) 

Where, C is a dimensionless factor for vegetation cover calculated by vegetation coverage fraction [13]; 

and P is also a dimensionless factor referring to the support practice of soil conservation using Wener’s slope-

based method [14]. The ranges of the above two factors are both between 0 and 1. 

4. Soil Loss by Wind (SL) 

Soil Loss by Wind was estimated by the Revised Wind Erosion Equation (RWEQ) [15–17]. The formula 

is as follows:  

 �� =
�×�

�� × ���� × ��(�/�)�
 (S6) 

Where, Qx is the amount of sand transported by the wind at a point x downwind (kg·m-2); Qmax is the 

maximum amount of sand that can be transported downwind (kg·m-2); and S is the critical field length (m). 

 ���� = 109.8 × (�� × �� × ��� × �� × �) (S7) 

Where, WF is the weather factor (kg·m-1); EF is the soil erodibility factor; SCF is the soil crust factor; 

K′ is the soil roughness factor; and C is the vegetation cover factor based on the study of Gong [18]. 

 � = 105.71 × (�� × �� × ��� × �� × �)��.���� (S8) 

 In particular, the instruction manual for the RWEQ model specifies that the wind speed input 

parameter should be an average of wind speed data collected every 1 to 2 min which is difficult to achieve 

[19]. In this study, we converted daily mean wind speed data into minute wind speed data using a formula 

based on the study Guo et al. [20]. 
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Supplementary Information S3. Spatial simulation of grazing pressure 

The study calculated grazing pressure by moving window method based on 

fractional vegetation cover, and characterized the grazing pressure of each pixel by 

grazing pressure index, which is calculated in Equation (S9): 

 
���� =

������� − �����

������
 

(S9) 

where ����  is grazing pressure index of pixel i, ������  is the average fractional 

vegetation cover of the reference pixel, and ���� is the average fractional vegetation 

cover of pixel i. 

Plants in the Xilingol typical steppe generally return to green in early April and 

stop growing in September. Local herders cut grass from mid-to-late August to early 

September each year to stock fodder for winter. Therefore, normalized difference 

vegetation index (NDVI) of the Moderate Resolution Imaging Spectroradiometer 

(MODIS) images from early August were selected to calculate vegetation cover by 

pixel dichotomy. Since fractional vegetation cover monitored by remote sensing means 

is the result of a combination of climate, soil, topography, and grazing factors, the key 

to identifying grazing pressure using fractional vegetation cover is to minimize the 

differences in natural conditions between pixels. In order to minimize the influence of 

topography, all the pixels except the focal pixel in the 90–95% fractional vegetation 

cover range were selected as the reference pixels. When calculating the grazing pressure 

index by the moving window method, the size of the moving window was chosen by 

considering the differences in the distribution of grassland types.



 

 

Supplementary Information S4. Spatial distribution of ecosystem services in the 

study area from 2000 to 2019 

 

Figure S2. Spatial distribution of net primary production in the study area from 2000 to 2019

 

Figure S3. Spatial distribution of ecosystem carbon pool in the study area from 2000 to 2019 



 

 

 

Figure S4. Spatial distribution of soil conservation in the study area from 2000 to 2019 

 

Figure S5. Spatial distribution of soil loss by wind in the study area from 2000 to 2019



 

 

Supplementary Information S5. Temporal and spatial distribution of temperature, 

precipitation and grazing intensity in the study area from 2000 to 2019 

 

Figure S6. Spatial distribution of temperature, precipitation and grazing intensity in the study area 

from 2000 to 2019 

 

Figure S7. Temporal distribution of temperature, precipitation and grazing intensity in the study 

area from 2000 to 2019 


