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Abstract: The establishment of nature reserves and ecological function areas is crucial for preserving
the natural environment and the invaluable services provided by ecosystems. In our study, we
conducted a comprehensive analysis using the 2011–2020 Chinese land cover dataset to examine the
impact of ecological function areas on regional land use and cover change. This analysis allowed
us to quantify and visualize the intensity, aggregation effects, and transformation paths of land
cover change while considering China’s ecological function areas. Our findings highlight notable
disparities in land cover types between the ecological function area and its surroundings. Within the
ecological function area, forest and grassland dominate, constituting 67% of the total land cover. In
contrast, outside the ecological function area, there is a greater presence of wasteland, in addition
to forest and grassland. Moreover, the abundance of impervious surfaces, which are closely linked
to human activities, is significantly higher outside the ecological function area, almost double the
amount found inside. By examining specific land cover types, we observed that forests exhibit the
least change within the ecological function area, whereas croplands experience the least change
outside. Throughout the study period, approximately 8.1% of land cover pixels underwent changes,
with some areas displaying a frequency of change reaching up to 2. Interestingly, the number of
high-frequency land use and cover change pixels inside the ecological function area is only half of
the outside. Notably, a higher percentage of impervious surfaces within the ecological function area
(0.13%) were converted into cropland compared to the outside (0.07%). Understanding the dynamics
of land cover change within China’s ecological function areas provides valuable insights for effective
land resource management and planning. It enables us to make informed decisions to ensure the
sustainable development and conservation of these areas.

Keywords: land use/cover change; ecological function areas; change frequency; agglomeration
effect; China

1. Introduction

Human activities are intricately intertwined with both the alteration of land use and
the changes in land cover, exerting a profound influence on ecological and environmental
transformations [1,2]. Comprehending and analyzing the patterns and regulations of land
use and land cover change not only constitute a central focus in land science research but
also emerge as an imperative necessity for achieving sustainable economic and societal
development [3,4]. As the social economy, urbanization, and industrialization rapidly
progress, human land use practices are undergoing consequential evolution [5,6]. How-
ever, the overexploitation and wastage of land resources are prevalent in today’s world,
exacerbating conflicts between humans and land and giving rise to severe ecological and en-
vironmental issues, such as vegetation destruction [5], soil erosion [7], land desertification,
and soil pollution [8]. Numerous studies have demonstrated that land use and cover change
play a crucial role in influencing ecological and environmental transformations [9–11]. By
affecting material energy and biochemical cycles on the Earth’s surface, land use and cover
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change significantly impact ecosystems [12]. For instance, they can lead to ecological
problems such as alterations in water cycles [13,14], biodiversity decline [15], carbon emis-
sion increase [16], and habitat fragmentation [17]. Land use and cover change also have
implications for global climate change through their influence on the carbon cycle [18].
Since 1850, approximately 35% of CO2 emissions have directly resulted from land use, and
addressing the reduction in these carbon sources and sinks remains a substantial challenge
for global environmental protection [19]. Furthermore, land use and cover change affect
the magnitude of ecosystem service value by influencing changes in ecosystem area, type,
and landscape patterns [20,21]. On one hand, land use changes have an impact on the
regional ecological environment [22]. On the other hand, they are also influenced by human
policies, such as the establishment of ecological function areas. Therefore, it is crucial to
investigate the impact of ecological function areas on land use and cover changes and
assess the effectiveness of ecological function area development [23,24].

The establishment of nature reserves and ecological function areas assumes a piv-
otal role in safeguarding the natural environment and preserving the invaluable services
provided by ecosystems [25]. Research has demonstrated that nature reserves effectively
protect local natural environments through the promotion of biodiversity [26], conser-
vation of soil and water resources [27], and preservation of habitats [28]. However, the
efficacy of protected areas is currently under scrutiny. Relevant studies indicate that
50–80% of protected areas worldwide lack effective management, impeding their intended
functions [29,30]. A study focusing on nature reserves in the United States reveals that
the majority of endangered plant and animal habitats are situated in privately owned,
low-elevation territories, posing challenges to existing reserves and other public lands in
adequately safeguarding species diversity [15]. The foundation for plant growth and energy
cycling within protected areas relies on land resources, and any changes to these resources
can significantly impact the surrounding environment [31]. Furthermore, land use and land
cover changes in the vicinity of protected areas can also influence their ecological functions
and biodiversity [32]. Hence, it is crucial to comprehend and analyze the characteristics of
land use and land cover changes both inside and outside protected areas [33]. Currently,
research on land use and land cover change has reached a mature stage, progressing from
theoretical understanding to practical application and multidisciplinary integration [34–36].
Many studies have focused on urban development, national land resource management,
ecological environments, and natural resource protection [37–39]. However, there is a
dearth of research concerning land use and land cover changes within and outside eco-
logical function protection zones, as well as a lack of comparative studies on the types
and intensities of these changes. This knowledge gap hampers our exploration of the
effectiveness of ecological function areas in conservation efforts.

China has established key ecological function areas such as one protection area that
was established to guide regional ecological protection, development, resource utilization,
and economic and social planning in 2008. It aimed to achieve coordinated progress in
socio-economic and ecological domains [40]. Over a decade has passed since the delineation
of these ecological function areas, highlighting the need for research on the effectiveness
of conservation efforts within these zones [41,42]. Therefore, exploring the study of land
use and land cover change based on ecological function areas serves as the foundation for
assessing the effectiveness of conservation measures [43]. In this study, our investigation
focuses on land use and land cover changes within and outside ecological function areas,
analyzing the characteristics of these changes and specifically examining alterations in land
cover types such as forest land, cropland, grassland, and impervious surfaces. It is the first
attempt to compare the changes inside and outside ecological function areas based on land
use and cover change, which is important for further management and policy decisions
for ecological function areas. Ultimately, we summarize the conservation effectiveness of
ecological function areas by (1) calculating the frequency of land use and land cover change
from 2011 to 2020, (2) analyzing the characteristics of land cover type changes both inside



Land 2023, 12, 1447 3 of 14

and outside ecological function areas, and (3) examining the impact of ecological function
areas on land use and land cover changes.

2. Materials and Methods
2.1. Data Source

The land use data utilized in this paper were extracted from the annual China Land
Cover Dataset (CLCD), developed by Wuhan University. The dataset was created by analyz-
ing Landsat images on Google Earth Engine, achieving an overall interpretation accuracy
of 80% [44]. For this study, we specifically employed the 2011–2020 Chinese land cover
data (available at https://doi.org/10.5281/zenodo.5816591, accessed on 1 February 2023).
The land cover classification utilized in the dataset consists of nine categories, namely
cropland, forests, grasslands, shrubs, water, impervious surfaces, snow/ice, barren land,
and wetlands, and aligns with the classification employed in this study.

2.2. Ecological Function Areas in China

With the worsening of the ecological environment and the increasing conflict between
humans and land, there is an urgent need to strengthen environmental protection efforts.
In response to this, China has initiated national ecological function assessments and status
surveys since the early 21st century and introduced the concept of national ecological
function zoning in 2008. The zoning process involves delineating function areas covering
a total of 2,336,700 km2, which accounts for 24.34% of China’s total land area [45]. These
key ecological function zones are further classified into six distinct groups based on their
dominant functions (Figure 1). Ecological function zoning entails dividing a region into
areas with varying ecological functions, taking into account regional ecosystem patterns,
ecological sensitivity, and the spatial differentiation of ecosystem service functions. For the
purpose of this paper, which specifically focuses on land use and land cover change, marine
protected areas within the ecological function areas are excluded from our analysis. The
boundary data and classification principles of ecological function areas are sourced from
the National Ecological Function Area Zoning published by the Chinese environmental
protection department. It should be noted that compared with protected areas, ecological
function areas pay more attention to the path of land use and cover change.
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2.3. Methods
2.3.1. Research Framework

To examine the impact of ecological function zoning on regional land use and cover
change, we utilized the 2011–2020 Chinese land cover dataset (30 m) to analyze the spatial
and temporal characteristics of such changes within ecological function areas (Figure 2).
Our analysis encompassed two main aspects. Firstly, we quantified the extent of land use
and cover change by calculating the cumulative rate of change and the frequency of change
for each land cover type based on ArcGIS. Secondly, employing a land use transfer matrix,
we conducted a comprehensive analysis of land cover type transformations based on pixel
scale. Ultimately, we summarized the overall influence of ecological function zoning on
land use and cover change.
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2.3.2. Quantification of Land Use and Cover Change

The quantification of land use and cover change is essential for understanding the
current state and assessing the impact of ecological function areas on these changes. To
achieve this objective, we performed the following calculations and assessments:

1. Annual Change Rate Calculation: We calculated the annual change rate for each
land cover type based on individual pixels. This involved comparing the land cover
types between two consecutive time periods and determining the rate of change for
each pixel.

2. Cumulative Change Rate Calculation: To obtain an overall measure of change, we
took the absolute value of each annual change rate and summed them. This resulted
in the cumulative change rate, which represents the total extent of change for each
land cover type.

3. Frequency Assessment of Land Cover Type Changes: We assessed the frequency of
land cover type changes by recording occurrences of changes for individual pixels.
Whenever land cover type was different between two consecutive time periods, it was
considered a single instance of land use and cover change. For example, for pixel A,
the land use type is the same in 2000 and 2001 but different in 2001 and 2002, and the
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land use change frequency is counted as 1. If there was no change in the subsequent
period, the land use change frequency in the entire research period is counted as 1. If
the land use type was also found to be different in 2010 and 2011, the frequency of
change is counted as 2. This allowed us to quantify the frequency of changes for each
land cover type. This allowed us to quantify the frequency of changes for each land
cover type.

4. Examination of Changes within and Outside Ecological Function Areas: We specif-
ically examined the frequency of land cover type changes within and outside the
ecological function area from 2011 to 2020. By comparing the rates of change in
these two areas, we could analyze the influence of ecological function areas on land
cover changes.

By performing these calculations and assessments, we aimed to gain a comprehensive
understanding of the extent and frequency of land use and cover changes within and
outside ecological function areas and evaluate the impact of these areas on such changes.

2.3.3. Cluster/Outlier Analysis of Land Use and Cover Change

Spatial hotspot analysis is a valuable statistical tool that enables the identification
of significant hotspots and coldspots, revealing the spatial clustering patterns of various
distributions. In our study, we employed spatial hotspot analysis to identify areas with high
frequency of land cover type change (hotspots) and areas with low frequency (coldspots).
This analysis allowed us to determine whether regions experiencing frequent land use and
cover changes exhibited spatial aggregation. By identifying these hotspot and coldspot
areas, we gained insights into the spatial patterns and clustering tendencies of land use
and cover change frequency.

2.3.4. Identification of Mutual Land Use and Cover Change Transfer

The identification of land use and cover change is mainly based on the land use
transfer matrix, which plays a crucial role in identifying and understanding land use cover
changes to obtain the mutual transfer amount of different land use and cover change and
then combine the transfer amounts with the spatial location. Specifically, we can analyze the
characteristics of land cover type transfers both inside and outside the ecological function
area. This analysis enables us to deduce the impact of ecological function areas on land
cover. Through this research, we can gain insights into the dynamics of land use and cover
changes within and outside the ecological function area and draw conclusions about the
influence of establishing ecological function areas on land cover patterns.

3. Results
3.1. Land Use and Cover Change Characteristics Based on Ecological Function Area

We have conducted a comprehensive analysis of the land cover type structure on an
annual basis and calculated the average values from 2011 to 2020. The statistical findings
of the average land cover types within and outside the ecological function area unveil
distinctive differences in their characteristics (Figure 3). Within the ecological function
area, forest land and grassland collectively account for approximately 67% of the total
area, establishing them as the dominant land cover types. Cropland and barren land
closely follow, constituting roughly 30% of the area within the zone. The remaining land
types, including shrubs, water, snow and ice, impervious surfaces, and wetlands, comprise
approximately 3% of the area within the zone.

In contrast, outside the ecological function area, grasslands encompass the largest
proportion, representing 28.9% of the overall study area. Barren land, forest land, and
cropland exhibit comparable proportions, collectively comprising approximately 65% of the
area. The remaining land types account for approximately 5% of the area outside the zone.

The cumulative rate of land use and cover change is determined by aggregating the
annual rates of change. Consequently, generating a cumulative change map of land use
areas serves as an effective approach to visually depict the intensity of land use and cover
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change within the study area (Figure 4). The intensity of land use and cover change exhibits
variations between the ecological function area and areas outside it.
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the figure.

Land 2023, 12, x FOR PEER REVIEW 7 of 15 

Figure 4. Cumulative changes of land cover inside and outside the ecological function area. (a,b) 

Are the cumulative number of change pixels inside and outside ecological function areas, respec-

tively, and (c,d) is the rate of the cumulative change inside and outside ecological function areas, 

respectively. 

3.2. Land Volatility Based on Ecological Function Area 

The assessment of land volatility involved calculating the frequency of changes for 

each pixel (30 m). The frequency of change ranges from 0 to 2. It becomes apparent that 

the majority of pixels did not undergo a change in land type during the study period, with 

only 8.1% of the total pixels experiencing changes (Table 1). Among these changed pixels, 

the highest frequency observed was two times, indicating that these image elements un-

derwent two land cover type changes, demonstrating strong land volatility. 

Table 1. Frequency of land pixel changes based on ecological function areas. 

Frequency 
Amount of Pixels (Rate) in 

Ecological Function Areas 

Amount of Pixels (Rate) Outside 

the Ecological Function Area 

0 21,622,619 (91.5%) 74,897,149 (92.1%) 

1 1,647,978 (7.0%) 5,301,413 (6.5%) 

2 354,038 (1.5%) 1,152,697 (1.4%) 

Figure 4. Cumulative changes of land cover inside and outside the ecological function area. (a,b) Are
the cumulative number of change pixels inside and outside ecological function areas, respectively, and
(c,d) is the rate of the cumulative change inside and outside ecological function areas, respectively.



Land 2023, 12, 1447 7 of 14

Within the ecological function area, the most notable relative cumulative change is
observed in wetlands due to the small area, followed by ice, snow, and shrubs. Impervious
surfaces show a strong cumulative rate of change with a larger cumulative number of
change pixels. Barren land, forest, grassland, and cropland, on the other hand, demonstrate
a low cumulative change rate, indicating a relatively stable condition due to their large
proportion in the whole land use type.

In contrast, outside the ecological function area, the most substantial relative change
is witnessed in ice and snow, followed by impervious surfaces, highlighting the prominent
role and influence of human activities on land cover types, and the next are shrubs, wetlands.
Barren land, forest, grassland, and cropland also have a low cumulative change rate which
is due to a similar reason as the land cover types in the ecological function areas.

3.2. Land Volatility Based on Ecological Function Area

The assessment of land volatility involved calculating the frequency of changes for
each pixel (30 m). The frequency of change ranges from 0 to 2. It becomes apparent that
the majority of pixels did not undergo a change in land type during the study period,
with only 8.1% of the total pixels experiencing changes (Table 1). Among these changed
pixels, the highest frequency observed was two times, indicating that these image elements
underwent two land cover type changes, demonstrating strong land volatility.

Table 1. Frequency of land pixel changes based on ecological function areas.

Frequency Amount of Pixels (Rate) in Ecological
Function Areas

Amount of Pixels (Rate) Outside the
Ecological Function Area

0 21,622,619 (91.5%) 74,897,149 (92.1%)
1 1,647,978 (7.0%) 5,301,413 (6.5%)
2 354,038 (1.5%) 1,152,697 (1.4%)

Overall, significant land fluctuations are observed in central, northern, northwestern
(excluding desert areas), and northeastern China (Figure 5). Additionally, notable differ-
ences exist in the frequency of land use and cover changes based on ecological function
areas. Specifically, land use and cover change pixels within the ecological function areas
account for 8.5% of the total pixels in those zones, with the majority of changed pixels
concentrated in the ecological function areas in central and northeastern China, as well
as some southeastern regions. In contrast, land use and cover change pixels outside the
ecological function areas only account for 7.9% of the total pixels.

3.3. Cluster/Outlier Analysis of Frequency

The frequency of land cover type change in the study area displays distinct characteris-
tics of spatial aggregation. To further analyze the spatial distribution, coldspot and hotspot
analysis was conducted to assess land cover volatility in China (Figure 6). In general, the
hotspot areas, with 99% confidence intervals for land use and cover change, are primarily
concentrated in the northeastern, southwestern, and central regions of China. Conversely,
the coldspot areas, also with 99% confidence intervals, are mainly found in the western
and certain northeastern regions of China. Most of the hotspot areas are located outside
the ecological function areas, but there are some hotspot areas that demonstrate a high
spatial overlap with the ecological function areas. Notably, there is a significant spatial
aggregation of land use fluctuations within the ecological function reserves for wind and
sand control in the northeast and soil and water conservation in the central and southwest
regions. Hotspots and coldspots with 90–95% confidence intervals are distributed around
the hotspots and coldspots with 99% confidence intervals, and these areas also exhibit some
degree of spatial aggregation, albeit to a lesser extent.
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3.4. Changes of Land Cover Types Based on Ecological Function Areas

The study area demonstrates diverse inter-conversions among land cover types, ac-
companied by spatial variations from 2011 to 2020 (Figure 7). Specifically, conversions to
forest, shrub, and grassland are predominantly observed in the northeastern, central, and
southwestern regions of China. Conversions to barren land are mainly concentrated in the
northwestern and Qinghai–Tibet Plateau regions, while conversions to impervious surfaces
are primarily found in the eastern regions of China. These spatial patterns align with the
observed conditions on the ground. Taking a comprehensive perspective, a noticeable
east–west divergence in land cover type changes is evident. In the eastern and southern
parts of China, land cover types tend to transition toward forest, grassland, shrub, cropland,
and impervious surfaces. In contrast, in the western and northern regions, the predominant
transitions occur toward barren land and grassland.
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Figure 7. Transformation distribution of different land cover types based on ecological function areas.
Specifically, cropland means that other land use types are converted to cropland, and forest means
that other types are converted to forest, and so on.

The area of land cover type change within the ecological function area was 153,200.52 km2,
accounting for 7.20% of the total area (Figure 8). Throughout the study period, various
inter-conversions were observed among all land cover types. Among them, the largest
transformation area within the ecological function area occurred in grassland, accounting
for 34.08% of the changes, and it primarily transformed into cropland, barren land, and
forest. Within the ecological function area, the area of wetland experienced the most
significant increase, with a growth rate of 36.28%. In contrast, outside the ecological function
area, the increase in wetland area was only 8.23%, further demonstrating the effectiveness of
ecological function area construction in wetland protection. Within the ecological function
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area, 34.2 km2 of impervious surface was transformed into cropland, representing 0.13% of
the total impervious surface area. Comparatively, outside the ecological function area, only
132.39 km2 of impervious surface was transformed into cropland, accounting for just 0.07%
of the area outside the zone. Cropland exhibited the highest increase in land area both
inside and outside the ecological function area, with respective increments of 47,522.16 km2

and 134,952.84 km2. Within the ecological function area, forest land experienced a higher
increase, reaching 29,400.21 km2, while outside the ecological function area, the area of
barren land increased by 89,324.55 km2, ranking third in terms of land type expansion.
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4. Discussion and Conclusions
4.1. Discussion

Land use cover change is undeniably influenced by anthropogenic activities, and the
magnitude of its changes often correlates with the level of human activity [46]. The inves-
tigation of land use and cover change is of paramount importance for land conservation
and sustainable land utilization, as it unveils the impact of human activities on the natural
environment. The establishment of ecological function areas aims to safeguard and restore
global biodiversity, and evaluating their effectiveness and feasibility necessitates an exami-
nation of the disparities in land use and cover changes inside and outside these designated
zones. Therefore, the principal objective of this study is to generate a comprehensive map
illustrating the land use and cover changes in China from 2011 to 2020 and analyze the
influence of ecological function areas on such changes. This analysis aims to ensure and
enhance the efficacy and reliability of establishing ecological function areas.

Significant disparities exist in the land cover structure between ecological function
areas and non-ecological function areas. Within the ecological function area, forest and
grassland dominate the land cover types, collectively accounting for 67% of the total cov-
erage. In contrast, outside the ecological function area, barren land is more prevalent
alongside forest and grassland. Notably, the presence of impervious surfaces, closely
associated with human activities, is significantly higher outside the ecological function
area compared to within, with nearly double the amount observed. This divergence can
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be attributed to the ecological functions fulfilled by the designated ecological function
areas. The cumulative land use and cover change rates, as well as the count of changed
pixels, obtained by aggregating the annual land use and cover change rates and pixel
counts, effectively elucidate the characteristics of land use and cover change both within
and outside the ecological function areas. Forest land experiences the least change within
the ecological function area, remaining in a highly stable state. Conversely, outside the eco-
logical function area, cropland exhibits the least change, likely due to the implementation
of China’s cultivated land protection policy.

Further analysis entailed the calculation of the frequency of land use and cover change
at the pixel level, which revealed that only approximately 8.1% of land cover pixels un-
derwent changes during the study period. Certain regions exhibited a frequency of land
use and cover change reaching 2, indicating spatial clustering tendencies. The central and
western regions of China possess a considerable proportion of grassland and barren land,
and these two land types are prone to mutual conversions, leading to frequent fluctuations
in land use. In the eastern regions, land use patterns are influenced by farmland protection
policies, resulting in a relatively stable quantity of cultivated land. Meanwhile, there is an
increasing trend in construction land use instead of extensive fluctuations. The number of
high-frequency land use and cover change pixels within the ecological function area was
half that of the non-ecological function area, underscoring significant disparities in land
use and cover change dynamics.

The research findings reveal noteworthy spatial variations in the transformations
between different land cover types. The conversions of pixels to forest land, shrubs, and
grassland were predominantly concentrated in the northeast, central, and southwest regions
of China. In contrast, conversions to barren land were mainly observed in the northwest
and Qinghai–Tibet Plateau region. Furthermore, the transformations into impervious
surfaces were predominantly observed in the eastern part of the country, aligning with the
anticipated outcomes. The northeast, central, and southwestern regions have emerged as
vital areas for ecological function protection in China, serving as crucial barriers. On the
other hand, the northwest and Qinghai–Tibet Plateau regions, influenced by local natural
and geographical conditions, are susceptible to desertification. The eastern part of the
country, being at the forefront of economic development, has witnessed substantial human
activities and witnessed significant transformations into impervious surfaces. Taking into
consideration the role of ecological function areas, the conversion of grassland areas is the
most prominent both inside and outside these designated zones. Within the ecological
function area, grassland primarily converts into cropland and forest, while outside the
area, it predominantly transforms into barren land and cropland. This can be attributed
to the accessibility and comparatively lower restrictions associated with grassland, which
plays a dominant role in overall land use and cover change. Conversely, cropland, being a
vital protected land type, bears a significant portion of land use and cover change. Over
the course of the study period, the largest increase was observed in cropland, with an
expansion of 47,522.16 km2 within the ecological function area and 134,952.84 km2 outside
it. Moreover, the expansion of impervious surfaces within the ecological function area
amounted to 7447.32 km2, while outside the zone, it reached 43,066.26 km2. Notably, within
the ecological function area, only 0.13% of impermeable surfaces underwent conversion
into cropland, in contrast to a mere 0.07% observed outside the zone. This indicates that
China has effectively restricted construction activities within the ecological reserves, thereby
reinforcing their preservation.

4.2. Conclusions

Our study further corroborates the influence of establishing ecological function areas
on land fluctuations and land use and cover changes, in line with previous research
findings [45]. Both land fluctuations and land use and cover changes are fundamentally
driven by human activities and naturally exhibit spatial aggregation effects. As a human-
driven framework guiding land use, ecological function areas inevitably impact land use
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and cover changes. Our research confirms that the establishment of ecological function
areas effectively reduces the rate and intensity of land use and cover change, diminishes the
frequency of such changes, and preserves and ensures ecosystem stability. Additionally, it
significantly influences the types of land conversions, promoting a shift toward ecologically
function land cover types within the ecological function area while reducing ecologically
destructive land cover types.

Furthermore, our study identifies spatial variations in land use and cover change,
particularly in the eastern, central, and western regions of China, including variations in
the conversion processes. Future studies can expand upon these findings by considering
the specific types of different ecological function areas, enabling a more comprehensive
examination of land use and cover changes in various regions. This would contribute to
further advancements in the research and development of ecological function areas.

4.3. Limitations and Uncertainties

We conducted an examination of land use and cover changes within and outside
China’s ecological function areas at the pixel scale to shed light on the role of these ecological
function areas in the land use and cover change process. Distinguishing itself from previous
research, this paper quantifies and visualizes the overall changes and intensities of land
cover in China, as well as the year-by-year intensity of land use and cover change at
the pixel level. We analyze the aggregation effect and transfer paths of land use and
cover change while incorporating China’s ecological function areas, aiming to explore the
differences in intensity and pathways of land use and cover change within and outside
these ecological function areas. It is worth noting that the final results of this study may be
influenced to some extent by the accuracy of remote sensing image interpretation. However,
given the large scale of the study, any minor errors would not significantly impact the
overall trends revealed by the research findings. Therefore, the analysis avoids relying on
specific numerical changes and instead focuses on highlighting the typical characteristics
of land use and cover change.

While the majority of the discussion in this paper is based on theoretical conditions,
emphasizing the differences in intensity and land cover conversion between land use and
cover changes inside and outside the function areas, it is important to acknowledge the
impact mechanisms of natural conditions, economic conditions, and local policies on land
use and cover change. These factors play a crucial role in supporting the research conclu-
sions. For instance, the variations in economic development levels and land development
maturity between the eastern and western regions of China naturally give rise to different
paths and frequencies of land use and cover change. Future research should consider the
similarities and differences in land use and cover changes influenced by policies, produc-
tion methods, economic development levels, natural conditions, and even different types of
function areas. This approach will make the research results more realistic, reasonable, and
applicable for managing ecological function areas. Although the conditions of this study
may not be universally applicable, they hold practical significance in understanding the
intensity of land use and cover change in China’s ecological function areas and the factors
that differentiate land use and cover changes inside and outside these areas. Therefore, this
study is expected to complement existing knowledge and provide recommendations for
land use management.
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