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Abstract: This paper reviews the changes in vegetation cover in the Loess Plateau, focusing on patterns, driving factors, and 

impacts. Over recent decades, significant improvements in vegetation cover have been observed, primarily due to large-scale 

ecological restoration projects and natural climate variability. Key drivers include precipitation, temperature, land use changes, 

and human activities such as reforestation. These changes have important ecological, socio-economic, and hydrological 

implications, including reduced soil erosion, improved biodiversity, and potential trade-offs with water availability. 

Understanding these dynamics is crucial for sustainable land management and ecological conservation in the region. 
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1. Introduction 

The Loess Plateau, located in northern China, is one of the 

most ecologically fragile regions in the world. Characterized 

by its unique loess soil, which is highly susceptible to erosion, 

the region has historically faced severe environmental 

degradation due to both natural factors and human activities. 

Vegetation cover, which plays a critical role in stabilizing soil, 

regulating hydrology, and supporting biodiversity, has been a 

focal point of ecological restoration efforts in the Loess 

Plateau. Over the past few decades, various initiatives, 

including large-scale reforestation and soil conservation 

projects, have been implemented to combat soil erosion and 

improve ecological quality. Understanding the patterns, 

driving factors, and impacts of vegetation cover change in this 

region is crucial for informing sustainable land management 

practices and ensuring ecological resilience. This paper 

reviews the current state of research on vegetation cover 

change in the Loess Plateau, examining the observed patterns, 

identifying key driving factors, and discussing the broader 

ecological and socio-economic impacts. 

2. Patterns of Vegetation Cover 
Change 

The Loess Plateau has experienced significant changes in 

vegetation cover over the past few decades, driven by both 

natural processes and human interventions. These changes are 

characterized by notable spatial and temporal variability. 

Research indicates that the overall vegetation cover in the 

Loess Plateau has improved significantly since the late 20th 

century, particularly in areas where large-scale ecological 

restoration projects have been implemented. 

Studies using remote sensing data, such as MODIS NDVI 

(Normalized Difference Vegetation Index), have shown that 

regions with higher ecological quality are primarily located in 

the midstream and downstream areas of the plateau, where 

vegetation cover has been most effectively restored. 

Conversely, upstream areas, which are often more arid and 

have harsher environmental conditions, tend to exhibit lower 

ecological quality and less improvement in vegetation cover. 

The general trend across the Loess Plateau is one of 

increasing vegetation cover, with a significant shift from low 

to moderate and high ecological quality areas over the past 

two decade. 

The temporal patterns of vegetation cover change in the 

Loess Plateau reveal a complex interplay of natural and 

anthropogenic factors. Seasonal variations in precipitation 

and temperature have a direct impact on vegetation growth 

cycles, with higher vegetation cover typically observed 

during the wetter months. Long-term trends indicate that 

while some areas have shown steady improvements in 

vegetation cover, others have experienced fluctuations, often 

corresponding to changes in land use practices and the 

intensity of ecological restoration efforts. 

3. Driving Factors of Vegetation Cover 
Change 

The changes in vegetation cover in the Loess Plateau are 

influenced by a combination of natural and human factors. 

Understanding these driving factors is essential for 

developing effective strategies for ecological restoration and 

sustainable land management. 

4. Natural Factors 

Climate variability, particularly changes in precipitation 

and temperature, plays a crucial role in determining 

vegetation dynamics in the Loess Plateau. Annual 

precipitation is a key determinant of vegetation cover, as it 

directly affects soil moisture availability, which in turn 

influences plant growth. Research has shown that variations 

in annual precipitation and temperature are closely correlated 

with changes in vegetation cover, with wetter and warmer 

conditions generally promoting vegetation growth. 

The Loess Plateau's unique topography and soil properties 

also contribute to the observed patterns of vegetation cover 

change. The region's loess soil is highly fertile but prone to 

erosion, especially in areas with steep slopes and limited 
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vegetation cover. Natural factors such as wind and water 

erosion can significantly impact vegetation cover, particularly 

in areas where the protective vegetation layer is sparse or 

degraded. 

5. Human Activities 

Human activities, particularly land use changes and 

ecological restoration efforts, are major drivers of vegetation 

cover change in the Loess Plateau. Historically, activities such 

as deforestation, overgrazing, and unsustainable agricultural 

practices have contributed to vegetation degradation and soil 

erosion in the region. However, in recent decades, there has 

been a significant shift towards ecological restoration, with a 

focus on reforestation and soil conservation. 

Large-scale ecological restoration projects, such as the 

Grain for Green Program, have been instrumental in reversing 

the trend of vegetation degradation in the Loess Plateau. 

These projects involve converting marginal farmland back to 

forest or grassland, with the dual goals of reducing soil 

erosion and improving ecological quality. Research indicates 

that these efforts have been largely successful, leading to 

significant increases in vegetation cover and reductions in soil 

erosion across the plateau. 

The effectiveness of ecological restoration efforts in the 

Loess Plateau is influenced by several factors, including the 

choice of plant species, the scale and intensity of restoration 

activities, and the socio-economic context. For example, the 

use of native species that are well-adapted to local conditions 

has been shown to be more effective in promoting long-term 

vegetation recovery than the use of non-native species. 

Additionally, community involvement and the provision of 

economic incentives for local farmers to participate in 

restoration efforts have been critical to the success of these 

projects. 

6. Integrated Effects of Climate and 
Human Activities 

The interaction between climate variability and human 

activities often results in complex patterns of vegetation cover 

change in the Loess Plateau. In many cases, regions that 

experience significant climate variability also face intense 

human pressure, which complicates the ecological dynamics. 

For example, in some areas, increased precipitation may 

promote vegetation growth, but this effect can be offset by 

human activities such as overgrazing or deforestation. 

Conversely, in regions where ecological restoration efforts are 

effectively implemented, even areas with relatively harsh 

climatic conditions can show significant improvements in 

vegetation cover. 

Advanced statistical methods, such as ridge regression 

models, have been used to disentangle the relative 

contributions of different factors to vegetation cover change 

in the Loess Plateau. These models indicate that vegetation 

cover and annual precipitation are the primary contributors to 

changes in ecological quality, explaining a significant 

proportion of the observed variance. Other factors, such as 

temperature, land use practices, and the implementation of 

ecological restoration projects, also play important roles but 

to a lesser exte. 

7. Impacts of Vegetation Cover Change 

The changes in vegetation cover in the Loess Plateau have 

significant ecological, socio-economic, and hydrological 

impacts. These impacts are interconnected and can have both 

positive and negative consequences for the region's 

sustainability. 

8. Ecological Impacts 

The restoration of vegetation cover in the Loess Plateau has 

had several positive ecological impacts, including reduced 

soil erosion, improved soil fertility, and enhanced biodiversity. 

Vegetation acts as a protective cover, reducing the impact of 

raindrops on the soil surface and decreasing the velocity of 

surface runoff, thereby minimizing soil erosion. The increase 

in vegetation cover has also been associated with 

improvements in soil organic matter and nutrient content, 

which are critical for sustaining plant growth and supporting 

diverse ecosystems. 

However, there are also potential ecological risks 

associated with changes in vegetation cover. For example, the 

introduction of non-native species or the over-planting of 

certain species in ecological restoration projects can lead to 

reduced biodiversity and ecosystem resilience. Additionally, 

while increased vegetation cover can reduce soil erosion, it 

can also increase evapotranspiration, potentially leading to 

reduced water availability in already water-scarce regions. 

This highlights the need for careful planning and management 

of ecological restoration efforts to balance the benefits and 

risks of vegetation cover change. 

9. Socio-Economic Impacts 

The socio-economic impacts of vegetation cover change in 

the Loess Plateau are closely linked to the region's 

agricultural productivity and the livelihoods of local 

communities. On the one hand, improved vegetation cover 

and reduced soil erosion can enhance agricultural 

productivity by improving soil quality and reducing the risk 

of crop failure. On the other hand, ecological restoration 

efforts that involve converting farmland to forest or grassland 

can reduce the amount of land available for cultivation, 

potentially impacting food security and livelihoods. 

To address these challenges, many ecological restoration 

projects in the Loess Plateau have incorporated socio-

economic considerations into their design and 

implementation. For example, the Grain for Green Program 

provides financial incentives to farmers who participate in 

reforestation efforts, helping to offset the economic costs of 

land conversion. Additionally, the promotion of sustainable 

agricultural practices, such as agroforestry and soil 

conservation, has helped to enhance the resilience of local 

farming systems and support the livelihoods of rural 

communities. 

10. Hydrological Impacts 

Changes in vegetation cover can have significant 

hydrological impacts in the Loess Plateau, affecting both 

surface and groundwater resources. Increased vegetation 

cover can enhance the region's water retention capacity by 

promoting infiltration and reducing surface runoff. This can 

help to stabilize local hydrological cycles and mitigate the 

impacts of extreme weather events, such as floods and 

droughts. 

However, there is also a potential trade-off between 

vegetation cover and water availability. Increased vegetation 

cover can lead to higher rates of evapotranspiration, which 
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can reduce the amount of water available for other uses, such 

as agriculture and domestic consumption. This trade-off is 

particularly important in the Loess Plateau, where water 

resources are already limited and unevenly distributed. 

Therefore, it is essential to carefully manage vegetation cover 

changes to ensure that they do not exacerbate water scarcity 

or negatively impact water quality. 

11. Conclusion 

The review of literature on vegetation cover change in the 

Loess Plateau highlights the complex interplay of natural and 

human factors that drive these changes and the significant 

ecological, socio-economic, and hydrological impacts that 

result. While substantial progress has been made in restoring 

degraded landscapes and improving ecological quality in the 

region, challenges remain in balancing the various trade-offs 

associated with vegetation cover change.  
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