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ABSTRACT

This review analyzes the driving factors behind vegetation cover change, focusing on the impacts of
climate variability and human activities. Climatic factors such as temperature and precipitation
change significantly influence vegetation dynamics, particularly in ecologically sensitive regions.
Concurrently, human activities like urbanization, deforestation, and agricultural expansion
exacerbate these impacts, leading to vegetation degradation. The integrated effects of climate
change and anthropogenic actions are complex, requiring advanced methodologies for
comprehensive understanding. This review underscores the need for multi-scale studies and
sustainable management strategies to mitigate negative impacts on vegetation cover.
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1. INTRODUCTION

Vegetation cover is a fundamental component of terrestrial ecosystems, serving as a critical indicator
of ecosystem health and resilience. It plays a multifaceted role in regulating climate, maintaining
biodiversity, and supporting various ecological processes such as carbon sequestration, nutrient
cycling, and soil stabilization. Vegetation cover also provides habitat and food for numerous species,
making it indispensable for biodiversity conservation. Given its integral role, changes in vegetation
cover can significantly impact regional climates, hydrological cycles, and biodiversity, making it a
critical area of study in the context of global environmental change. Understanding the driving factors
behind vegetation cover change is essential for sustainable ecological management and conservation
efforts. This review aims to systematically analyze the existing literature on the factors influencing
vegetation cover changes, focusing on climatic factors, human activities, and their combined effects.

2. CLIMATIC FACTORS INFLUENCING VEGETATION COVER CHANGE

Climate change is one of the most significant factors affecting vegetation cover globally. Changes in
temperature, precipitation patterns, and the frequency and intensity of extreme weather events directly
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impact vegetation growth, phenology, distribution, and overall ecosystem dynamics. As the climate
warms, many regions experience shifts in vegetation types, with some areas becoming more suitable
for different species and others becoming less hospitable.

In arid and semi-arid regions, such as northwest China, vegetation changes are highly responsive to
climatic variations, particularly temperature and precipitation. These regions are characterized by
fragile ecosystems where even minor climatic fluctuations can lead to substantial changes in
vegetation cover. Studies utilizing satellite data, such as the Moderate Resolution Imaging
Spectroradiometer (MODIS) Normalized Difference Vegetation Index (NDVI), have provided
valuable insights into these dynamics. For example, in the inland river basins of northwest China,
including the Shiyang, Heihe, and Shule River Basins, vegetation cover exhibits significant seasonal
and spatial variability. These variations are primarily driven by changes in climatic conditions. Over
recent decades, these areas have generally experienced trends toward warmer and more humid
conditions, which have, in turn, influenced vegetation growth patterns.

However, the rate of temperature and precipitation changes has slowed in recent years, leading to
complex vegetation responses. In some cases, warmer temperatures have extended the growing
season, leading to an increase in vegetation productivity. In other cases, especially where water
availability is limited, increased temperatures can lead to higher evapotranspiration rates, reducing
soil moisture and negatively impacting vegetation. Precipitation patterns, particularly changes in the
timing, intensity, and duration of rainfall events, also play a critical role. For instance, prolonged
droughts or shifts in monsoon patterns can lead to reduced vegetation cover, while increased rainfall
in short periods can cause soil erosion, further affecting vegetation stability.

Moreover, the interactions between temperature and precipitation are crucial. In some areas, increased
temperatures combined with sufficient rainfall can promote vegetation growth, while in others, the
same temperature increases coupled with reduced rainfall can exacerbate drought conditions, leading
to vegetation stress and degradation. Thus, understanding the specific climatic drivers and their
interactions is essential for predicting future vegetation changes and managing ecosystems under
changing climate conditions.

3. HUMAN ACTIVITIES AS A DRIVING FACTOR

While climatic factors play a significant role in shaping vegetation cover, human activities are equally,
if not more, influential in driving vegetation changes, particularly in regions with high population
densities or intensive land use practices. Human activities such as deforestation, urbanization,
agricultural expansion, mining, and infrastructure development can lead to significant modifications
in land cover, often resulting in the degradation or complete loss of natural vegetation.

In China, rapid urbanization and economic development over the past few decades have led to
significant land cover changes, with natural vegetation being replaced by urban areas and agricultural
fields. This transformation has reduced natural habitats, increased impervious surfaces, and altered
local hydrological regimes. For instance, in the Loess Plateau, one of the most ecologically fragile
regions in China, urban expansion has been linked to reduced vegetation cover and increased soil
erosion. The conversion of land for agriculture, especially in areas not suitable for intensive farming,
has further exacerbated soil erosion and reduced the capacity of the land to support natural vegetation.

Deforestation, another significant human-driven factor, has had profound effects on vegetation cover
in many parts of the world, including China. The conversion of forested areas into agricultural land
or for timber extraction disrupts local ecosystems, leading to habitat loss, reduced biodiversity, and
altered microclimates. In some regions, deforestation also leads to increased carbon emissions,
contributing to global climate change, which in turn further impacts vegetation.

Additionally, agricultural practices, such as monoculture farming, overgrazing, and the use of
chemical fertilizers and pesticides, have also contributed to vegetation changes. These practices can
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lead to soil degradation, reduced soil fertility, and loss of native vegetation species. Overgrazing by
livestock, for instance, has been identified as a major cause of desertification in many arid and semi-
arid regions. The replacement of diverse natural vegetation with monoculture crops or degraded lands
reduces the resilience of ecosystems to environmental changes and makes them more susceptible to
the impacts of climate change.

Urbanization is another significant human activity affecting vegetation cover. The expansion of cities
and infrastructure often leads to the destruction of natural habitats and fragmentation of ecosystems.
Urban areas with extensive impervious surfaces, such as concrete and asphalt, disrupt natural water
infiltration, reduce groundwater recharge, and increase surface runoff, leading to altered hydrological
regimes that can negatively impact surrounding vegetation. Furthermore, urban heat island effects,
where urban areas experience higher temperatures than their rural surroundings, can create
microclimates that are less suitable for certain vegetation types, further influencing vegetation
dynamics.

4. INTEGRATED EFFECTS OF CLIMATE AND HUMAN ACTIVITIES

The interaction between climatic factors and human activities often exacerbates the impact on
vegetation cover, leading to more pronounced changes than would occur due to either factor alone.
In many regions, particularly those experiencing significant climate variability, intense human
pressure further complicates ecological dynamics and vegetation responses.

For instance, in the northwest inland river basins of China, both climate change and human
interventions have been found to contribute to the degradation of vegetation cover. In these areas,
water extraction for irrigation, deforestation for agriculture, and other human activities, combined
with increasing temperatures and variable precipitation, create a challenging environment for
vegetation to thrive. The combined effects of these factors often lead to complex vegetation responses
that vary spatially and temporally. In some cases, areas that might otherwise benefit from increased
precipitation experience reduced vegetation cover due to human activities that disrupt natural water
cycles or degrade soil quality.

To better understand these complex interactions, advanced statistical methods such as linear
regression, wavelet analysis, and correlation analysis have been employed. These methods allow
researchers to disentangle the relative contributions of climate and human factors to vegetation
changes, providing a more nuanced understanding of the drivers of vegetation dynamics. For example,
studies using these methods have shown that in some regions, the impact of climate variability on
vegetation is amplified by human activities, such as land use changes and resource extraction, which
alter the natural resilience of ecosystems.

Furthermore, the integrated effects of climate and human activities can lead to feedback loops that
exacerbate vegetation degradation. For example, deforestation can lead to reduced transpiration and
evapotranspiration, altering local and regional climate patterns, which in turn can further impact
vegetation cover. Similarly, changes in vegetation cover can influence local climate conditions, such
as temperature and humidity, creating a feedback loop that can accelerate vegetation loss and
ecosystem degradation.

5. ADDITIONAL FACTORS INFLUENCING VEGETATION COVER

While climate and human activities are major drivers of vegetation cover change, other factors such
as topography, soil properties, and biotic interactions also play significant roles. Topography,
including elevation, slope, and aspect, influences microclimates, soil moisture, and nutrient
availability, all of which affect vegetation growth and distribution. For instance, vegetation on north-
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facing slopes in the Northern Hemisphere typically receives less sunlight and retains more moisture
than south-facing slopes, leading to differences in vegetation types and cover.

Soil properties, including texture, structure, fertility, and organic matter content, also significantly
influence vegetation cover. Soils with high organic matter content and good structure support more
robust vegetation growth, while soils that are compacted, eroded, or low in nutrients can limit
vegetation development. Human activities such as deforestation, agriculture, and urbanization can
alter soil properties, further impacting vegetation.

Biotic interactions, including competition, herbivory, and mutualism, also affect vegetation dynamics.
Invasive species, for example, can outcompete native vegetation, leading to changes in species
composition and overall vegetation cover. Herbivory by large herbivores, such as deer or livestock,
can reduce vegetation cover and alter species composition, particularly if grazing pressure is high.

6. CONCLUSION

The review of literature reveals that both climatic changes and human activities significantly
influence vegetation cover, often in an interconnected manner. Climate change impacts vegetation
dynamics through changes in temperature and precipitation, while human activities further alter these
effects, often leading to vegetation degradation. However, the influence of these factors is not uniform
across regions or ecosystems, and the interactions between them can lead to complex and variable
vegetation responses.

There is still a need for more comprehensive studies that integrate multiple factors, including
topography, soil properties, and biotic interactions, to fully understand the drivers of vegetation cover
change. Future research should focus on multi-scale analyses and employ advanced modeling
techniques to predict vegetation responses under various climate and land use scenarios. Additionally,
there is a need for policy interventions that address both climate adaptation and sustainable land
management to mitigate the adverse effects on vegetation cover. Implementing sustainable land
management practices, such as reforestation, soil conservation, and sustainable agriculture, can help
maintain and restore vegetation cover, supporting ecosystem resilience in the face of global
environmental change.
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