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Abstract:【Objective】Vegetation restoration is the prerequisite for ecological restoration. Only when vegetation is successfully 

restored can the goals of ecological policy be achieved. Evaluating the effects of ecological policy and past work experience facilitates 

more prompt adjustments of ecological policy measures. Previous research primarily explored the implementation effects of ecological 

policies from the perspective of vegetation coverage level. However, improvements in vegetation coverage are driven by both resource 

endowment conditions and policy behaviors, and it is difficult to accurately assess the implementation effects of policy alone.【Method】

This study build upon the theory of similar habitats and uses a local sliding window model to construct similar habitat units on the 

Loess Plateau. It proposes the index of potential realization degree as a means to evaluate the implementation effects of ecological 

policy. 【Result】The results show that: (1) the green territory of the Loess Plateau gradually expanded to the northwest over the study 

period (2000-2020), and the overall level of vegetation coverage has been effectively improved; (2) the level of vegetation coverage in 

the Loess Plateau has room for further improvement, especially in the central and northwest areas. Establishing future vegetation will 

be key for restoration in these areas; (3) compared with the use of the enhancd vegetation index, the potential realization degree can 

more effectively separate the influence of resource endowment conditions and accurately evaluate the vegetation restoration effect 

driven by ecological policies.【Conclusion】This study is expected to provide a theoretical reference for future adjustments to ecological 

policy and offer new options for methods of ecological policy evaluation. 
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1  Introduction 

After the reform and opening up, with the rapid development of China's economy and urbanization level (Wang 

et al., 2019), ecological protection issues were once ignored, resulting in a series of environmental problems, 

including soil degradation, soil erosion, resource shortages, and ecological damage (Lyu et al., 2018; Xing et al., 

2019). To protect the environment and counter the present situation of fragile ecosystems in many parts of the 

country, the Chinese government has implemented some ecological restoration and governance policies. The Grain 

for Green Program (GFGP) is an important one of such ecological policies (He et al., 2020). 

To evaluate the implementation of ecological policies, many scholars are increasingly focused on the 

improvement of vegetation coverage as an important area of research (Xu & Zhang, 2021; Feng et al., 2023). This 

is because vegetation restoration is a prerequisite for ecological restoration; only when an ecosystem’s vegetation 

is restored can ecological engineering goals such as soil and water conservation, carbon sequestration, and 

biodiversity protection be achieved (Bennett et al., 2022; Ramos et al., 2023). Academics generally recognize three 

methods for evaluating the degree of vegetation restoration and its effects. The first is to use site observations to 

obtain indicators such as vegetation coverage, biomass, and species richness (Mohseni et al., 2017). The second is 

to use remote sensing technology to obtain data with a high spatial and temporal resolution, and analysis of the data 
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to generate indicators like vegetation coverage and biomass (Almalki et al., 2022). The third method is to use a 

combination of site observations and remote sensing (Lawley et al., 2016). Compared with site observation, the use 

of remote sensing to obtain relevant characteristics of vegetation restoration is more rapid, efficient, objective, and 

reliable (Yin et al., 2018). Remote sensing data is thus widely used to evaluate vegetation restoration. The remote 

sensing vegetation index is a simple, effective, and empirical metric of surface vegetation that can directly reflect 

the degree of vegetation coverage in a region. Two vegetation indices commonly used include normalized difference 

vegetation index (NDVI) and enhanced vegetation index (EVI) (Chen et al., 2020). Building on these foundations, 

an international group of scholars have jointly proposed a new vegetation index called the kernel normalized 

difference vegetation index (kNDVI) (Camps-Valls et al., 2021). 

Although the purpose of implementing ecological policies is to restore vegetation and protect ecological 

systems, factors influencing vegetation coverage can include natural conditions and global climate change, as well 

as man-made policies. (Miyasaka et al., 2014; Chen et al., 2022). Following the first and third laws of geography 

(Tobler, 1970; Zhu et al., 2018), vegetation under the same habitat conditions are likely to have a similar degree of 

vegetation coverage. The difference between actual vegetation coverage and the average coverage for similar 

habitats indicates the potential for improvement of vegetation coverage, which we define as vegetation restoration 

potential (VRP) (Xu et al., 2020). Thus, differences in natural resource endowments are an important factor affecting 

efforts to improve vegetation coverage (Xiu et al., 2018). Only by eliminating the effects of natural differences can 

we accurately evaluate ecological policies and their effect on vegetation restoration. This requires consideration of 

local geographical features such as terrain and soil. Spatial sliding window technology is an important tool used to 

overcome spatial differentiation, and is often used to build local statistical models that solve the shortcomings of 

missing variables in global models by processing spatially heterogeneous data (Zhang et al., 2018).  

The Loess Plateau is the cradle of ancient Chinese culture. However, population growth and economic 

development in the region since the 1970s have driven large-scale deforestation and land reclamation and led to 

serious ecological and environmental problems (Liu et al., 2013). To promote vegetation restoration and ecological 

improvement, the Chinese government has included the region in the first set of pilot areas in which to implement 

the GFGP (Zhou et al., 2012). At time of writing, the GFGP has been implemented for more than 20 years. Research 

on the program often assesses the vegetation restoration effect over large scales such as counties, provinces, or river 

basins (Liu et al., 2019; Yu et al., 2020; Li et al., 2022). However, such studies do not consider the influence of 

different geographical characteristics under the law of spatial differentiation. This omission makes it challenging to 

accurately evaluate the effects of the program implementation. 

Due to NDVI’s vegetation oversaturation effect, its ability to distinguish vegetation coverage decreases with 

dense vegetation (Qiu et al., 2013). To address this shortcoming, this study uses the EVI data set, spatial sliding 

window technology, and the vegetation restoration potential realization model to assess local VRP and restoration 

effect in the Loess Plateau from 2000 to 2020 (Xu et al., 2020). The main contributions of this study are its use of 

local sliding window technology to overcome the influence of existing resource conditions and its use of the 

vegetation restoration potential realization degree (VRPRD) indicator to more accurately evaluate the 

implementation effect of the GFGP in the Loess Plateau. It provides theoretical guidance for future ecological policy 

adjustments and offers new methods of evaluation for ecological policy implementation areas. 

2  Study area 

The Loess Plateau is located at the junction of northern China and northwest China in the geograph

ical range of 33°43'~41°16'N and 100°54'~114°33'E (Fig. 1). It is the largest area of loess accumul

ation in the world (Zhu et al., 2019). The Loess Plateau includes seven provincial-level administrative re

gions including Shanxi, Shaanxi, Gansu, Qinghai, Ningxia, Henan, and Inner Mongolia. It comprises a to

tal of 341 county-level units, a total area of approximately 640,000 km2, and a total population of more 

than 82 million. The Loess Plateau has a typical temperate continental monsoon climate, with hot and ra
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iny summers and cold and dry winters. The average annual temperature ranges from 3.6~14.3℃, and the 

average annual precipitation is 150~750 mm, with decreasing precipitation from the southeast to the nort

hwest. The average altitude is between 1,000~2,000 m. 

Since the 1970s, pressure from population growth and economic development has caused large-scale 

deforestation in the Loess Plateau, leading to serious ecological and environmental problems. To promote 

more ecologically-minded development, the Chinese government began implementing the GFGP in the Lo

ess Plateau in 1999. After more than 20 years of development, the vegetation coverage has greatly impr

oved, and the construction of ecological civilization has yielded many positive outcomes including enhanc

ed biodiversity, improved soil conservation, and a more sustainable environment. 

 

Fig. 1 Study area location 

3  Data and methods 

3.1  Data sources 

3.1.1  Elevation and soil data  

The DEM elevation data used in this study (SRTM DEM V4.1) was obtained from the Geospatial 

Data Cloud Platform of the Chinese Academy of Sciences (https://www.gscloud.cn). The data was in rast

er format with 90 m spatial resolution. The DEM was clipped to fit the study area (Fig. 1). The Raster 

Surface tool from ArcToolBox on the Arcgis10.8 platform was then used to extract the slope (Fig. 2(a)) 

and aspect (Fig. 2(b)) data required for this study. 

The soil type data was obtained from the Resource and Environmental Science and Data Center (htt

ps://www.resdc.cn). The data was in raster format with spatial resolution of 1 km. Arcgis10.8 was used t

o resample the soil type data to 90*90 m and clip the raster data to the study area (Fig. 2(c)). 

3.1.2  Meteorological data  

The meteorological data used in this study comes from the 30-year average monthly/1-km climate v

ariable dataset of China (Cheng et al., 2022). After merging and clipping to the study area, three raster 
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layers were obtained representing annual average temperature, annual average precipitation, and annual su

nshine percentage within the study area. Finally, the spatial resolution of the meteorological grid data wa

s unified to 90 m through resampling, as shown in Fig. 2(d)-(f). 

 

Fig. 2 Distribution of terrain, soil, and climate data on the Loess Plateau. (a) slope, unit °; (b) as

pect; (c) soil type, where: Ⅰ represents leached soil, Ⅱ represents semi-leached soil, Ⅲ represents calcareo

us soil, Ⅳ represents dry soil, Ⅴ represents desert soil, Ⅵ represents primary soil, Ⅶ represents semi-h

ydromorphic soil, Ⅷ represents hydromorphic soil, Ⅸ represents saline-alkali soil, Ⅹ represents anthroso

ls soil, ⅩⅠ represents alpine soil, ⅩⅡ represents urban area, ⅩⅢ represents lake and reservoir, ⅩⅣ repre

sents river, ⅩⅤ represents breeding farm; (d) annual average temperature, unit ℃; (e) annual average pre

cipitation, unit mm; (f) annual sunshine percentage, unit %. 

3.1.3  Socioeconomic data  

The road network data was obtained from the 1:1 million vector map data shared by the National 

Geomatics Center of China (https://www.webmap.cn), and the layer was clipped to fit the study area. Ro

ad density is one of the important factors driving policy effects. This study defines road density as the r

atio of the length of roads in each county to the total area of the county (Bi et al., 2011). 

The land use data in this study comes from the China land cover data set produced by Yang & Hu

ang (2021) of Wuhan University. The layer was resampled and clipped to ensure consistency with the ot

her layers’ 90 m spatial resolution and scope of the study area. Using the land use data, this study calc

ulated the intensity of the GFGP in each county as the area of cultivated land converted into forest land. 

3.1.4  Vegetation coverage data  

Due to the vegetation oversaturation effect associated with NDVI, dense vegetation decreases the ind

ex’s ability to distinguish vegetation coverage. Therefore, this study used Google Earth Engine to obtain

 the annual average EVI dataset from MODIS13Q1 for 21 periods between 2000 to 2020. The temporal 

resolution is a 16-day synthetic product and the spatial resolution is 250 m. The data was resampled to 

90 m spatial resolution to align with the other layers used in the study. To truly reflect the vegetation r

estoration effect after the implementation of the GFGP, this study masked out areas with terrain slopes b

elow 6°. 

3.2  Methods 
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3.2.1  Local-sliding-window-based similar habitat potential model  

The first law of geography states that any geographical feature has a spatial correlation (Tobler, 197

0). The third law of geography states that the more similar the geographical environment is, the more si

milar the geographical features will be (Zhu et al., 2018). Following this logic, the EVI of a given locat

ion should be equivalent to that of surrounding areas under similar growing conditions. Therefore, this st

udy uses classification layers to construct similar habitats, with the difference between the maximum and 

actual EVI for a specific location defined as VRP. 

The local window is a theoretically smaller spatial unit. Some macro-environmental variables, such a

s meteorological variables, exhibit less change across a local window, have negligible impacts on vegetati

on recovery, and can be regarded as having the same or similar values across geographic space (Bisson 

et al., 2008). Therefore, in constructing similar habitat units, this study only considered variables that cha

nge at the local window scale such as elevation, slope, aspect, and soil type, and classified and coded e

ach control variable. To ensure the robustness of statistics, the classification of each control variable sho

uld be minimized. The specific coding mode for this study is as follows: 

                   abcdd*c*b*aCode =+++= 123 101010                    (1) 

With a, b, c, and d as the number of categories associated with each of the four variables used to 

construct similar habitat units, respectively. By encoding all rasters in the study area, the calculation can 

be reduced to one dimension, which is beneficial to the construction of similar habitat layers. Within the

 window radius R, we used a sliding window to find the same habitat unit as abcd, obtained the maxim

um EVI under similar habitat conditions, and calculated the VRP. The formula for the local-sliding-windo

w-based similar habitat potential model is as follows: 

   

n  1                                                                 
m1                                                                 

)()(( N321N321N321




−=

l
k

V,...,V,V,VEVIV,...,V,V,VEVIR,uMAXV,...,V,V,VVRP ijklt_ijij ）（）

    

(2)   

In the formula, VN represents the Nth similar habitat control variable; uij_t represents the actual EVI 

value of the raster located in the ith row and jth column in t years; t represents the time period from 20

20 to 2020; MAX（uij_t, R）EVIkl（V1, V2, V3,..., VN） refers to taking the ith row and jth column raster a

s the benchmark and R as the window radius to find the theoretical maximum EVI with similar habitat 

conditions during the study period; and k and l are the row and column of the maximum EVI raster, re

spectively. Assuming m rows and n columns within the window radius R, 1≤k≤m, 1≤l≤n. VRPij（V1, 

V2, V3,..., VN） is the maximum VRP of the ith row and jth column of the raster, which is expressed as 

the difference between the theoretical maximum EVI and the actual EVI of the ith row and jth column o

f the raster. 

3.2.2  Potential realization degree model  

At the regional scale, scholars generally regard the EVI growth rate as the vegetation restoration eff

ect (He et al., 2018; Qu et al., 2020). Based on the VRP calculated in Section 3.2.1, this study defines 

VRPRD as the ratio of the actual EVI to the theoretical maximum EVI of the raster, which is used to i

ndicate the extent to which vegetation has been restored. To avoid data errors, this study used the 99% 

maximum quantile value when calculating the theoretical maximum EVI. As such, VRPRD may be great

er than 1, thus it is mandatory to be defined as 1. The formula for VRPRD is as follows: 
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In the formula, EVIij_t represents the actual EVI of the raster’s ith row and jth column in tth year; M

EVIij represents the theoretical maximum EVI of the raster’s ith row and jth column under similar habitat 

conditions; VRPADij_t represents the VRPRD of the raster’s ith row and jth column in the tth year. 

3.2.3  Ordinary least squares method  

Analysis based on VRP shows that conditions of resource endowment such as elevation, slope, aspe

ct, and soil are the primary factors influencing vegetation restoration. However, improvements in the veg

etation restoration effect are caused by multiple interacting factors. VRPAD can effectively overcome the 

influence of endowed resource conditions. Therefore, this study uses the ordinary least squares method, 

with the growth rate of VRPAD between 2000 and 2020 as the dependent variable, to examine the impa

ct of other factors such as GFGP on vegetation restoration. 

                          

 ++= 
k

ikki xY

                                (4) 

In the formula, xk represents factors in addition to resource endowment conditions that affect vegetat

ion restoration; Y represents the growth rate of VRPAD; i represents the ith county in the Loess Plateau;

 α and β represent the coefficients to be estimated; and ℇ represents the error. 

4  Data and methods 

4.1  Spatio-temporal changes in vegetation coverage 

To assess the changes in vegetation coverage on the Loess Plateau during the study period, this stud

y produced maps of EVI distribution on the Loess Plateau for the years 2000 and 2020. Fig. 3(a) illustr

ates that vegetation growth was poor in the central and northwest parts of the Loess Plateau in 2000. T

his is especially true in northern Shaanxi, the junction of Shaanxi and Shanxi, and the junction of Shaan

xi, Gansu, and Ningxia. The annual average EVI for these areas was less than 0.25. This is likely the c

ase because residents had minimal awareness of efforts to protect the ecological environment before the 

GFGP was implemented. Due to resource pressure from population growth and economic development du

ring the study period, a large amount of vegetation was cut down for production materials and domestic 

fuel, and a large amount of sloped land was reclaimed for farming. This resulted in serious damage to v

egetation and low EVI (Liu et al., 2013). The conditions of vegetation growth are better in the southeast

ern parts of the Loess Plateau, and the EVI is higher. This is mainly because the Taihang and Qinling 

Mountains are located in the east and south of the Loess Plateau. The complex terrain of the mountains 

limits human activity, so the vegetation growth in this region is greater. As shown in Fig. 3(b), the EVI 

of the Loess Plateau increased significantly from 2000 to 2020. This shows that decision makers in the 

area are gradually prioritizing ecological protection; regional vegetation has been effectively restored and 

the green area has expanded toward the northwest. Specifically, the southeastern parts of the Loess Plate

au are maintaining their advantage in vegetation growth. The EVI in the central Loess Plateau increased 

significantly to about 0.35, and only a few areas of in northwest have an EVI lower than 0.25. This is 

a key area for subsequent work in vegetation restoration. Although the GFGP was implemented in the L

oess Plateau region in 2000, the current results are insufficient to conclude that the increase in EVI is at

tributable solely to human policy factors. Therefore, it is necessary to isolate the influence of resource e
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ndowment conditions to accurately evaluate the GFGP’s effect on vegetation restoration. 

 

Fig. 3 Changes in enhanced vegetation index (EVI) on the Loess Plateau. (a) EVI distribution on th

e Loess Plateau in 2000; (b) EVI distribution on the Loess Plateau in 2020. 

4.2  Vegetation restoration potential based on similar habitat units 

The degree of VRP in the Loess Plateau can be better understood by constructing similar habitat units for 

vegetation growth in the region. This study merged the EVI layers from 2000 and 2020 using the formula (2) to 

calculate the VRP of each raster, and retained the maximum value to represent optimal vegetation growth. The 

purpose of constructing similar habitat units is to isolate the contribution of resource endowment conditions to 

improved vegetation coverage and to facilitate a more accurate assessment of the effects of GFGP by calculating 

the growth rate of VRPRD. Fig. 4 illustrates that the VRP of the Loess Plateau generally decreases from southeast 

to northwest. The maximum value of VRP in the southeast ranges from 0.65-1, and the number of rasters accounts 

for 26.7%. The minimum value of VRP in the northwest ranges from 0-0.25, and the number of rasters accounts for 

only 1.4%. This pattern is consistent with the water and heat distribution in the Loess Plateau. Similar habitat units 

were constructed using four natural conditions including elevation, slope, aspect, and soil type, which show that the 

resource endowment conditions in the southeast are more suitable than those in the northwest for vegetation growth. 

The proportion of different potential values shows the number of rasters with VRP exceeding 0.45 to account for 

more than 77% of the entire study area, indicating that vegetation on the Loess Plateau has high growth potential. 

The VRP of the Loess Plateau is also higher than the EVI in 2020 (fig. 3(b)), indicating the capacity for further 

improvement in vegetation restoration in the region. 
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Fig. 4 Distribution of vegetation restoration potential (VRP) on the Loess Plateau. 

4.3  Assessment of vegetation restoration potential realization degree 

To better understand the VRPAD in the Loess Plateau at different periods, this study used formula (3) to 

calculate the ratio of EVI to VRP in 2000 and 2020. Fig. 5 shows that the distribution of VRPRD is consistent 

between the two periods and decreases from southeast to northwest. Specifically, the overall VRPRD of the Loess 

Plateau was low in 2000, with more than half of the rasters having a VRPRD value lower than 0.65. That is, the 

proportion of EVI to VRP in 2000 was less than 65% (Fig. 5(a)). This shows a capacity for improvement in EVI of 

at least 35%, especially in eastern Qinghai where VRPRD is lower than 0.45, indicating even greater capacity for 

improved vegetation coverage. The VRPRD of the region increased significantly in 2020 compared to 2000. The 

vast majority of the GFGP implementation area within the Loess Plateau shows VRPRD values of 0.75 and above. 

This is especially the case in the central part of the study area where VRRPRD increased by at least 10%, exhibiting 

the largest improvement (Fig. 5(b)). Although the water and heat conditions in this region are relatively harsh, the 

central area is the epicenter of loess distribution and experiences severe soil erosion. Consequently, the GFGP was 

implemented here early in the program’s history, which led to a substantial area under afforestation. Indeed, Wuqi 

County in northern Shaanxi is known as "the first county of GFGP in the country", illustrating that the vegetation 

restoration effect is most significant in the central Loess Plateau. In comparison, VRPRD has not changed 

significantly in parts of eastern Qinghai, which shows that manual management may have been neglected after the 

implementation of GFGP, which resulted in ineffective vegetation restoration. Comparing the VRPRD layers of the 

two periods, this study demonstrates that growth of VRPRD is an effective indicator of GFGP implementation, 

while EVI is impacted by resource endowment conditions and cannot accurately assess the effects of GFGP alone. 



九届中国林业学术大会                                        S22 中国退耕还林还草二十五年学术交流会 

741 

 

 

 

Fig. 5 Changes in vegetation restoration potential realization degree (VRPRD) of the Loess Plateau. 

(a) VRPRD distribution on the Loess Plateau in 2000; (b) VRPRD distribution on the Loess Plateau in 

2020. 

4.4  Attribution analysis of the vegetation restoration effect 

The increase in vegetation coverage is the result of a combination of factors. As illustrated in Section 4.3, 

VRPRD is an effective metric for the vegetation restoration effect as it can effectively overcome the influence of 

resource endowment conditions and more accurately measure the effects of GFGP implementation. To further 

support the above research conclusion, this study uses formula (4) to conduct a quantitative analysis. Taking counties 

as sample units, we discuss the relationship between EVI growth rate and policy intensity, and other resource 

endowment conditions in the Loess Plateau from 2000 to 2020. Table 1 shows the magnitude and significance of 

the resulting correlation coefficient. 

Regarding meteorological variables, there is a positive correlation between annual average temperature and 

EVI growth rate, with a correlation coefficient of 0.206 and significance at the 1% level. This indicates that a higher 

annual average temperature is more beneficial for improving vegetation restoration. The annual average temperature 

in the Loess Plateau decreases from southeast to northwest (Fig. 2(d)), but the EVI growth rate increases from 

southeast to northwest (Fig. 6(a)), which runs counter to the regression results. This is primarily because the Qinling 

Mountains are located in the southeast, and this area is less affected by human activities. The vegetation coverage 

in this region did not change much over the study period, and the EVI growth rate was low throughout. However, 

the central parts of the Loess Plateau are greatly affected by human activities and have significantly degraded 

vegetation. Moreover, this region is an important implementation area for the GFGP (Xu et al., 2020; Zhang & 

Zhang, 2021), and the policy response to vegetation restoration is strong, yielding a high EVI growth rate. There is 

a negative correlation between annual average precipitation and EVI growth rate with correlation coefficient of -

0.141 and significance at the 5% level. That is, higher average annual precipitation is associated with poorer 

vegetation recovery, a finding which aligns with the actual situation of the Loess Plateau. Because the conditions 

for vegetation growth in the southeast are better and the level of vegetation coverage has been high for a long time, 

it is unlikely that increased precipitation will promote further improvement in the level of vegetation coverage here. 

There is a positive correlation between annual sunshine percentage and EVI growth rate, with a correlation 

coefficient of 0.061. In other words, the longer the sunshine time, the better the vegetation recovery effect. However, 

the correlation coefficient is not significant. 

From the perspective of socioeconomic variables, there is a negative correlation between road density and EVI 

growth rate, with a correlation coefficient of -0.026. This is because increased road density leads to the 

fragmentation of regional vegetation growth plots and is not conducive to vegetation recovery. There is a positive 

correlation between policy intensity and EVI growth rate, with a correlation coefficient of 0.088. This shows that 

the implementation of GFGP is conducive to improving vegetation restoration, but the correlation coefficient is not 
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significant.  

Overall, the positive and negative correlations between each variable and the VRPRD growth rate are 

consistent with those between each variable and the EVI growth rate. Except for the policy intensity variable, the 

absolute values of the correlation coefficients for VRPRD growth rate are smaller than those for the EVI growth 

rate. However, the absolute value of the correlation coefficient between policy intensity and VRPRD growth rate is 

greater than the absolute values of the correlation coefficients with the EVI growth rate, and it is significant at the 

10% level. These results show that the EVI growth rate is more dependent on regional resource endowment 

conditions, while the VRPRD growth rate is less dependent on resource endowment conditions and responds more 

strongly to GFGP intensity. This aligns with the study’s previous research hypothesis. Therefore, one can conclude 

that the VRPRD growth rate index effectively separates the impact of resource endowment from the vegetation 

restoration effect, and more accurately evaluates the effect of GFGP on vegetation restoration. Fig. 6(b) shows that 

the implementation of GFGP had the greatest effect in the central parts of the Loess Plateau. 

 

Fig. 6 Comparison of enhanced vegetation index (EVI) growth rate and vegetation restoration potenti

al realization degree (VRPRD) growth rate in the Loess Plateau. (a) EVI growth rate distribution in the 

Loess Plateau; (b) VRPRD growth rate distribution in the Loess Plateau. 

Table. 1 Correlation between each variable and EVI growth rate, VRPRD growth rate. 

Note: * indicates significance at the 10% level, ** indicates significance at the 5% level, and *** i

ndicates significance at the 1% level. Policy intensity refers to GFGP intensity, which represents the prop

ortion of the area converted from farmland to forest to the total forest land area at the end of the study. 

5  Discussion 

5.1  The effect of the Grain for Green Program in the Loess Plateau may be overestimated 

The improvement of the vegetation restoration effect is influenced jointly by human activities and re

Variable type Variable 
EVI growth ra

te 
VRPRD growth rate 

Meteorological variables 

Annual average temperature 0.206*** 0.130*** 

Average annual precipitation -0.141** -0.091** 

Annual sunshine percentage 0.061 0.047 

Socioeconomic variables 
Road density -0.026 -0.015 

Policy intensity 0.088 0.099* 
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source endowment conditions, and the essence of ecological policy is the participation of human actors. 

This study showed that, in the central parts of the Loess Plateau, where the GFGP has been implemente

d with the greatest intensity and with the largest area of grain converted to green, the average VRPRD 

growth rate between 2000 and 2020 was lower than the average EVI growth rate (Fig. 6). Moreover, Ta

ble 1 illustrates that EVI growth rate is more affected by natural resource endowment compared to the 

VRPRD growth rate. This finding is reflected in the larger absolute values of the correlation coefficients 

between the EVI growth rate and meteorological variables. Thus, the EVI indicator is only a simple repr

esentation of the vegetation coverage level, and includes both the impact of resource endowment conditio

ns and the role of policy measures on vegetation restoration. Therefore, it cannot accurately represent the

 effect of GFGP implementation, and will likely overestimate the effect of GFGP implementation.  

This study merges the first and third laws of geography, considers spatial location proximity and si

milar environmental variables, constructs a "potential-realization" theoretical framework for vegetation rest

oration, and proposes a new method of ecological policy evaluation. With this theoretical framework, the 

study introduces a local sliding window model to ensure that resource endowment conditions are generall

y consistent between similar habitat units. Given the presence of unknown variables, these are likely to 

be similar within a smaller window range, and thus the theoretical maximum VRP under similar habitat 

conditions can be estimated. The VRPRD index can reflect the effect of vegetation restoration, while the

 VRPRD growth rate index can overcome the impacts of resource endowment and more accurately evalu

ate the vegetation restoration effect brought about by GFGP. This study is expected to provide methodolo

gical support for more accurate ecological policy benefit evaluation and provide an important theoretical 

reference for adjusting the GFGP to local conditions in each region. 

5.2  Policy implications for the Grain for Green Program in the Loess Plateau 

Overall, the vegetation restoration effect across the Loess Plateau has been improved, but there rema

in a few areas where the vegetation restoration is poor. The VRP in some counties in southern Qinghai 

Province exceeds 0.45, a relatively high value. However, the VRPRD of these areas in 2020 was less th

an 45%, which is a low level. By considering the areas of grain for green in the previous sections, we 

believe that the low levels of local vegetation restoration are due to insufficient implementation intensity 

of GFGP. Therefore, increasing the intensity of GFGP implementation is a useful step for vegetation rest

oration in these parts. In the narrow northwest edge zone of the Loess Plateau consisting of northern Qi

nghai, northern Gansu, northern Ningxia, and western Inner Mongolia, the VRPRD maintained a low lev

el between 2000 to 2020. However, because the VRP in these areas is also low, we believe that their re

source endowment conditions are not suitable for the growth of vegetation, which results in a poor veget

ation restoration effect. In future stages of the program, efforts at vegetation restoration in these parts sh

ould focus on improving the resource endowment status, adhering to the principle of suitable trees for th

e right site, and planting dominant tree species that are suitable for local growth conditions.  

5.3  Existing inadequacies and outlook 

This study uses a local-sliding-window-based similar habitat potential model, overcoming the impact 

of resource endowment conditions on vegetation restoration. This approach can more accurately assess th

e effects of ecological policies, and has great significance for vegetation restoration in arid and semi-arid

 areas. However, some shortcomings in our study require further exploration and research. First, this stud

y does not incorporate information on tree species, which is crucial for improving the outcomes of ecolo

gical policies in areas with poor VRPRD. In the future, it will be important to synthesize the experience

 and knowledge of relevant scholars to provide policy guidance in the selection of suitable trees and rea

sonable species for areas with similar characteristics. In addition, water resources carrying capacity was n

ot considered in this study’s attribution analysis of the vegetation restoration effect due to limitations o

n data availability. Water resource carrying capacity dictates the maximum number of individuals that a u



九届中国林业学术大会                                        S22 中国退耕还林还草二十五年学术交流会 

744 

 

 

nit area of land can carry and is an important limiting factor for vegetation restoration (Zhang et al., 20

14). Therefore, future research should consider representing the variable of water resource carrying capaci

ty with relevant data to improve the reliability of regression results.  

6  Conclusions 

This study analyzes EVI of the Loess Plateau between 2000 to 2020 and adopts a similar habitat th

eory and local sliding window model to explore the VRP of vegetation growth. The VRPRD index is ca

lculated to evaluate the implementation effect of the Grain for Green Program (GFGP). Finally, empirical

 analysis is used to test the accuracy of the VRPRD index. The study draws the following conclusions: 

(1) the green territory of the Loess Plateau gradually expanded to the northwest between 2000 to 2020, 

and the central parts of the region experienced the greatest increase. In northern Shaanxi, the junction of

 Shaanxi and Shanxi, and the junction of Shaanxi, Gansu, and Ningxia, EVI increased by more than 40%

 from 0.25 to ~0.35; (2) there is room for further improvement in the vegetation restoration effect on th

e Loess Plateau. Both VRP and VRPRD for the region decrease from southeast to northwest. This is ma

inly because there are better resource endowment conditions in the southeastern parts of the study area t

han in the northwest which makes them more suitable for vegetation growth. Future areas of VRP growt

h will be concentrated in the central and northwest regions; (3) the local-sliding-window-based similar ha

bitat potential model can effectively filter out the influence of resource endowment conditions and thus 

more accurately evaluate the vegetation restoration improvement effect driven by GFGP. This provides str

ong theoretical and methodical support for future ecological policy evaluation.  
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