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Abstract: The natural ecological lands, such as forest land, grassland, wetland, etc., constitute the
most important factor for maintaining and preserving the earth’s ecosystem, which must be well
concerned in the regional function-oriented planning for the sustainability of human economic
development. We analyzed and evaluated the change of natural ecological land in the function-
oriented planning regions where we applied the major function-oriented zones introduced as a new
concept in China. Using the land-use data from 2009 to 2018 that were produced by the National Land
Use Survey, we re-classified natural ecological land types into the forest, grassland, wetland, and bare
land, and then addressed the changes of natural ecological land types from 2009 to 2018 in the major
function-oriented zones. As a result, the area of natural ecological lands generally tended to decrease
from 2009 to 2018, while the decreasing trend of natural ecological land areas was controlled after
2015 with the implementation of governmental policies for environment protection and eco-logical
projects. Especially, the decrease of forest land area significantly tended to be zero in 2018 in optimal
development zones. The decreased areas of natural ecological lands were mostly converted from
artificial land from 2008 to 2019. On the other side, the forest lands mostly changed from cropland
and grassland in key development zones, agricultural production zones, and key ecological function
zones, due to the fact that grassland conversed in afforestation during this period. The evaluation of
natural ecological land changes, which could be implemented by using the annual updates of national
land-use data in China, is significant to support the government’s spatial regulation design, to reshape
the planned regions, and make policies for environmental restoration and protection management.

Keywords: major function-oriented zones (MFOZs); LULC; spatiotemporal change

1. Introduction

The changes in land use, which is a major driving factor of global and regional eco-
logical changes, affect the ecosystem structure and process, either directly or indirectly, and
induce the capacity change of the ecosystem that could supply us services [1–5]. Generally,
land use could be identified into three types: (1) the natural ecological land (hereinafter re-
ferred to as ecological land) with natural attributions that coordinate the ecosystem, such as
forest, grassland, wetland, etc.; (2) semi-natural land use types which accommodate human
interaction with nature frequently, such as cropland, orchard, etc.; (3) land for human prod-
ucts, such as urban areas [6–10]. The concept of ecological land has been applied for the
classification of land ecological function, land changes, ecosystem functions, etc. in a set of
studies from the 1990s [11–23] and environmental management especially in China [2]. Ac-
cording to the researches above, the capacity and change of ecological land within a region

ISPRS Int. J. Geo-Inf. 2021, 10, 172. https://doi.org/10.3390/ijgi10030172 https://www.mdpi.com/journal/ijgi

https://www.mdpi.com/journal/ijgi
https://www.mdpi.com
https://orcid.org/0000-0001-8743-1820
https://doi.org/10.3390/ijgi10030172
https://doi.org/10.3390/ijgi10030172
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijgi10030172
https://www.mdpi.com/journal/ijgi
https://www.mdpi.com/article/10.3390/ijgi10030172?type=check_update&version=2


ISPRS Int. J. Geo-Inf. 2021, 10, 172 2 of 14

indicate the change of the natural environment, the intensity of human disturbance, and
the effects of spatial regulation implemented in the development planning.

The conflicts between human production and ecological spaces have been in-creasing
with the economic developments in China. The major function-oriented zones (MFOZs)
were conducted in 2010 [24] based on regional major functions of land that play in urban-
ization and industrialization, ecological constructions, grain pro-ductions, and protection
of natural and cultural heritages, with purposes to coordinate regional development and
shaping an orderly spatial structure of land use. The zoning of MFOZs integrates the
method of major function category, the regional equilibrium model and specification,
and the development intensity. A total of 10 indicators were selected to classify MFOZS
including 9 quantitative indicators (available land resources, available water resources,
environmental capacity, ecological vulnerability, ecological importance, natural disaster
hazard, degree of population agglomeration, economic development level, transport dom-
inance level) and one qualitative indicator of national strategy [25]. Each indicator is a
composition of multi-factors with several sets of variables. MFOZs demonstrate the pat-
terns of ecological environment and governmental development planning. Most studies
have focused on spatial development planning and ecological conservation [25–29] rather
than the quantity and quality of the ecological environment, especially the spatiotemporal
characteristics of ecological land in MFOZs. At present, there’s still a lack of knowledge
about the spatiotemporal changes of the ecological land in MFOZs.

In this paper, we evaluated the spatiotemporal changes of ecological land in MFOZs
using land-use data of 10 years from 2009 to 2018 by the approach quantifying change of
ecological land. This study presents a case study applying the multiple years of land-use
data to provide valuable information on regional ecological land for regional planning,
management, ecosystem conservation, and restoration.

2. Materials and Methods
2.1. Study Area and Data

The study area is located in China where we selected the major function-oriented
zones (MFOZs) (V1.0) shown in Figure 1 as the evaluating unit. MFOZs, as published by
the China State Council in 2011, address the issue of forming the regional development
pattern. The regions with massive urbanization and industrialization are schematized
as optimal development zones (ODZs) and key development zones (KDZs), the regions
with ecological constructing or grain producing as the development-restricted zones, the
regions with natural and cultural heritage protection as the prohibited development zones
(PDZs). The development-restricted zones are divided into agricultural production zones
(APZs) and key ecological function zones (KEFZs) further. Figure 1 demonstrates the
spatial location of re-dividing the MFOZs [30] after overlapping the county border. PDZs
in MFOZs were not discussed, since they spatially overlapped with ranges of ODZs, KDZs,
and RDZs, and its area was relatively small compared to the other zones.

The land-use data from 2009 to 2018 are collected from the 2nd National Land Use
Survey in China. These data are produced on the scale of 1:10,000 and updated annually
through the visual interpretation of satellite observing high spatial resolution data including
Gaofen, Worldview, Quickbird, and aerial photos, and verification and modification of field
investigations, which are sponsored by the Ministry of Natural Resources. The classification
scheme of ecological land use is defined in two-level, top-level include 8 classes. The sub-
level includes 38 classes [2] that are shown in Table 1 in the next section.



ISPRS Int. J. Geo-Inf. 2021, 10, 172 3 of 14
ISPRS Int. J. Geo-Inf. 2021, 10, x FOR PEER REVIEW 3 of 15 
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MFOZs divide into the national and provincial levels. 
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Land from 2009 to 2018 in MFOZs. The processing is conducted by the MATLAB program 
built by authors. 

Figure 1. Major Function-oriented Zones (MFOZs) of China (V1.0), where ODZs stand for optimal
development zones, KDZs stand for key development zones, APZs stand for agricultural production
zones, KEFZs stand for key ecological function zones. According to management, MFOZs divide
into the national and provincial levels.

Table 1. Classification of ecological land according to the 2nd National Land Use Survey Data.

Ecological Land Class The 2nd National Land Use Survey Class

Forest land Woodland, Shrubbery land, Sparsely forested woodland
Grassland Natural pasture land, Cultivated pasture land, Other grasslands

Wetland River, Lake, Reservoir, Pond, Beach and tidal flat, Inland mudflat,
Glaciers and permanent snow, Swamp and marsh

Bare land Desert, Barren land

2.2. Method

The approach of data processing and analysis is shown in Figure 2. We integrated the
land use data to ecological land and MFOZs and quantified the changes of ecological Land
from 2009 to 2018 in MFOZs. The processing is conducted by the MATLAB program built
by authors.

2.2.1. Integrating Data

Firstly, we integrated land use data at a 1:1000 scale into the area in the county
unit due to the huge volume of land use data in the whole of China. The ecological land
was reclassified into forest land, grassland, wetland, and bare land as shown in Table 1
according to natural and human attributions of land use. The transfer matrix table of
ecological land for yearly changes in each county is created from 2009 to 2018 and then
summarized by MFOZs.
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2.2.2. Change Indexes of Ecological Land

The changing indexes of ecological land are calculated using a transition matrix for
MFOZs. The matrices of ecological land transition were established every year, which
quantitatively demonstrate unchanged and changed ecological land types in the MFOZs.
The changing indexes, including the rate of change, disturbing rate, and transformed rate
are computed with expressions as follows.

The rate of change is defined as

Ri =
Ais−Aie

Ais
× 100 (1)

where Ri is the rate of change for i type, Ais, and Aie are the areas of i type at the start and
end of the computed year, respectively.

The disturbing rate is defined as

Ki =

(
n

∑
ij

|Diw|+ |Dwi|
Ai

)
× 1

t
× 100 (2)

where Ki is the degree of ecological land disturbing by the non-ecological land for i type,
Diw and Dwi are the areas of the ecological land transferred into and out from i type to j
non-ecological land class during the t years, respectively, Ai is the area of i type in MFOZs
in 2009. This index reveals the intensity of ecological land changed from non-ecological
land other lands within MFOZs during a period.

Transforming rate

Si =

(
n

∑
ij

∣∣Tij
∣∣+ ∣∣Tji

∣∣
Ai

)
× 1

t
× 100 (3)

where Si is the degree of ecological land transforming, Tij and Tji are the areas between the
ecological land types transferred in and out during t years, respectively (e.g., forest land
degraded into grassland), Ai is the area of i type in MFOZs in 2009. This index reveals the
intensity of internal changes in ecological land within MFOZs during a period.

3. Results
3.1. Spatiotemporal Characteristics of Ecological Land in MFOZ

We calculated the area and the change rates of ecological land in ODZs, KDZs, APZs,
and KEFZs shown in Figure 1. Using the land use data from the 2nd National Land Use
Survey from 2009 to 2018. The total area of ecological lands in ODZs, KDZs, APZs, and
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KEFZs was 5.49, 70.33, 160.35, and 495.02 (million ha), respectively in 2018 (Table 2). The
area of ecological land was the least in ODZs.

Table 2. The areas and changes of ecological land in MFOZs from 2009 to 2019.

Zone Forest Land Grassland Wetland Bare Land Total

ODZs

2009 (million ha) 2.80 0.36 2.45 0.11 5.72
2018 (million ha) 2.79 0.32 2.30 0.09 5.49

D-value (million ha) −0.01 −0.04 −0.15 −0.02 −0.23
change rate (%) −0.37 −12.46 −6.19 −18.80 −4.00

KDZs

2009 (million ha) 36.89 22.93 6.82 4.57 71.20
2018 (million ha) 36.55 22.66 6.65 4.48 70.33

D-value (million ha) −0.34 −0.27 −0.17 −0.09 −0.87
change rate (%) −0.91 −1.18 −2.44 −2.01 −1.22

APZs

2009 (million ha) 66.09 52.26 11.70 31.59 161.65
2018 (million ha) 65.59 51.80 11.49 31.48 160.35

D-value (million ha) −0.50 −0.46 −0.21 −0.11 −1.30
change rate (%) −0.76 −0.89 −1.83 −0.36 −0.80

KEFZs

2009 (million ha) 148.18 211.78 20.20 115.93 496.09
2018 (million ha) 147.76 211.26 20.17 115.83 495.02

D-value (million ha) −0.42 −0.52 −0.03 −0.10 −1.07
change rate (%) −0.28 −0.24 −0.13 −0.09 −0.22

Generally, the areas for all types of ecological land tend to decrease from the year 2009
to 2018 in all of MFOZs. The least decreasing rate was 0.22% in KEFZs, which implied that
the national policy for KEFZs in MFOZs was effective for ecological protection. However,
in ODZs, because of the rapid economic development, the decreasing rate of the ecological
land area was the highest, up to 4%. Especially the forest land, and wetland showed
a significant decrease in ODZs. This indicated the intense conflicts between economic
development and maintaining ecological land in ODZs. The loss of ecological land was
similar in KDZs and APZs, decreasing by 1.21% and 0.80%, respectively, while the decrease
of forest land was the greatest in KDZs comparing with the other zones. KEFZs showed
the smallest decrease in each ecological land.

The decrease of ecological land types was significant in KDZs, APZs, and KEFZs,
especially in APZs, where the decreased area for each ecological land type was the largest,
up to 1.30 million ha. The decreases of wetland were greater than the other types in ODZs,
KDZs, and APZs, especially in ODZs. The large population, relatively high development
intensity, and climate change were inducing the decrease of wet-land in ODZs where the
decrease area of wetland from 2009 to 2018 was almost equal to the area of wetland in KDZs,
but the original area of wetland in ODZs was much smaller than that in KDZs. The areas
of forest land, grassland, and bare land noticeably decreased from 2009 to 2018 in APZs.

Figure 3 demonstrated the fraction and the changing rate of ecological land area from
2009 to 2018. It could be seen from Figure 3 that the area of the ecological land area was
relatively large in the western and northwestern MFOZs as there was less human activity.
The ecological land area in the ODZ was relatively less, the smallest area is 2 million ha in
ODZs around Beijing, accounting for only 27% of the total area. As a whole, the ecological
land area in the APZs and KEFZs was also comparatively large, which were significant
ecological barriers in China. However, the fraction of ecological land was relatively less in
the central regions which are mainly KDZs and APZs, such as KDZs around Zhengzhou
and North of Shanghai, and APZs around Jinan and Zhengzhou. The fraction of ecological
land of KEFZs was relatively higher than others.

The regions in which the ecological land area reduced were mainly located in North
China, such as KDZs around Zhengzhou, and APZs around Jinan and Zhengzhou. In APZs
around Jinan and Zhengzhou, where ecological land covered only 0.2% of the total region
area, but the area had been reduced by nearly 0.1% since 2009; it was the largest proportion
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of all MFOZs. Ecological land in smaller patches of MFOZs always changed obviously,
which reflected the relatively intense conflict over resources and the environment. In
addition, it pre-sent-ed a pattern of distribution along the Hu Line. To the west of the Hu
Line, the ecological land change was relatively stable, with an increase in some areas, such
as KEFZs around Lhasa. On the contrary, the ecological land areas declined significantly in
the east of the Hu Line.
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3.2. Changing of Ecological Land types

We calculated the yearly area change of each ecological land type from 2009 to 2018 in
MFOZs by Equation (1) that is shown in Figure 4. It could be found from Figure 4 that the
changes of ecological land from 2009 to 2018 showed the phasic changes in two phases:
2009–2015 and 2015–2018. The areas of forest land, grassland, wetland, and bare land
decreased larger in the first phase of 2009–2015, whereas the declining area of these classes
slowed down in the second phase of 2015–2018 in Figure 4. This was mostly due to the
policy of nature ecology conservation and ecological restoration implemented greatly after
2015. In particular, the area of forest land in ODZs sharply in-creased in 2015 when a refor-
estation project was implemented. These results indicated that the development planning
has shifted towards improving the ecological environment for sustainable development.
Generally, the areas of forest land and grass-land decreased in each MFOZ, and the area of
wetland declined greatly in ODZs.

Figure 5 shows the spatial variation of the change rate for each ecological type. The
ecological land structure was different in each MFOZs mainly influenced by climatic
conditions. Comparing with Figure 1, it could be seen that the forest land de-creased by
6.53% and 6.37% from 2009 to 2018 KDZs around Zhengzhou and APZs around Jinan
and Zhengzhou, respectively. Interestingly, forest land area had significantly decreased in
KEFZs around Lhasa which was always ecologically fragile [31]. This was due to the fact
that the total area of the forest land was small, and a few changes would cause the overall
ratio to change. Forest land had high biodiversity and multiple ecosystem services, which
needed special protection in poor climatic conditions, especially in this area. Meanwhile,
forest land area increased by 0.27% and 0.16% in ODZs around Beijing, and KDZs around
the north of Nanjing (Figure 5a), which reflected relatively high efforts to protect the
eco-environment in this area.
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Figure 4. The changed area of ecological lands types from 2009 to 2018 in ODZs, KDZs, APZs and KEFZs.

The area of grassland decreased in most regions, and the reduction area was mainly
located in ODZs KDZs and APZs, such as ODZs around Shanghai and Guangzhou, KDZs
around Hangzhou, Nanjing, Wuhan, Changsha, and APZs around Jinan and Zhengzhou.
The decreasing trend of grassland needed to be taken into account in comparison with the
forest land. It was worth mentioning that the grassland increased significantly in KEFZs
around Hainan and north of Chengdu (Figure 5b).

Similar to the grassland, the area of the wetland had also decreased significantly in
most regions, mainly in North China. The rate of wetland decreased by more than 15% in
KDZs around Zhengzhou. It was different from other land classes that the area of wetland
increased in some regions, especially in the west and southwest regions. The maximum
growth rate took place in KEFZs around Hainan (Figure 5c).

The area of desert in most MFOZs has decreased. The obviously declined regions
were ODZs around Guangzhou and Shanghai, KDZs around Taiyuan, Wuhan, Changsha,
and Changsha, and APZs around Jinan and Zhengzhou. Meanwhile, the area of desert in
some APZs and KEFZs had increased, such as KEFZs around Haikou, Harbin, and west
and north of Chengdu, and APZs around Harbin, Changchun, and Shenyang. This might
be evidence of ecological degradation.
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3.3. Conversion Between Ecological Land and Non-Ecological Land

The interchanges of ecological land and non-ecological land were one of the references
to investigate the reasons of ecological land changed. We calculated the disturbing rate (Ki)
from ecological land type to non-ecological land type by Equation (2) in MFOZs, where
the non-ecological land type used seven types including cropland, or-chard, residential
land, mining land, land for transportation and streets, water body and water conservation
facilities, and others land. Figure 6 presents the Ki for ODZs, KDZs, APZs, and KEFZs.
Table 3 shows the area of changed ecological land from 2009 to 2018 in MFOZs.

Table 3 shows that the decreased areas of ecological land were much larger than
the increased although there was some non-ecological land converted into ecological
land, which resulted in the continuous reduction of ecological land. Especially the area
of ecological land decrease in APZs was due to the double stresses from residential land
expanding and cropland protection for food security.
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03: forest land, 04: grassland, 10: land for transportation and streets, 20: residential land, 204: mining land, 11: wetland,
118: water body and water conservations facilities, 120: other land, 126: bare land.

Table 3. Statistics of ecological land changed area from 2009 to 2018 in MFOZs.

Major Function
Oriented Zones

Forest Land
(ha)

Grassland
(ha)

Wetland
(ha)

Bare Land
(ha)

Total
(ha)

ODZs
Increase 17,389.86 4861.53 20,151.65 2630.48 45,033.52
Decrease 74,390.65 53,532.73 183,126.31 25,733.84 336,783.53

KDZs
Increase 60,452.20 68,807.47 50,929.21 13,387.30 193,576.18
Decrease 467,412.48 381,144.06 263,469.34 102,387.66 1,214,413.54

APZs
Increase 46,090.97 69,150.17 56,517.75 23,799.21 195,558.10
Decrease 483,568.78 443,179.01 243,423.98 137,306.77 1,307,478.54

KEFZs
Increase 75,413.99 112,414.57 57,184.07 23,499.71 268,512.34
Decrease 445,736.49 654,134.89 104,114.78 138,991.28 1,342,977.44

Comparing Table 3 and Figure 6, cropland was the dominant category of ecological
land change. Much ecological land was taken over by cropland, residential land, and land
for transportation and streets. At the same time, a large amount of cropland was converted
into ecological land, which indicated the aggravated conflicts among ecological protection,
economic development, food production. The development of residential land was the
main reason for the loss of ecological land in ODZs and KDZs. while cropland was the main
occupation in APZs and KEFZs. The regional discrepancy of ecological land in MFOZs
corresponded with the level of economic development and urbanization. On the other
hand, the conversion between ecological land was also a consideration for each MFOZs
construction and sustainable development in China. We tracked the changing evidence of
ecological restoration that a lot of grasslands and wetland were converted into forest land
in MFOZs, which might show that the quality of ecological land is upgrading (Figure 6).

Additionally, we calculated the transforming rate (Si) between forest land, grassland,
wetland, and bare land using Equation (3). The transforming rate could reveal the intensity
of ecological land internal changed. The transforming rate was higher in ODZs and KDZs,
such as ODZs around Shanghai, and Beijing, KDZs around Nanjing, Wuhan, Changsha,
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and Guiyang (Figure 7b) which revealed that some ecological protection projects had been
carried out in these areas to improve the quality of ecological land [32,33]. The ecological
land disturbed rate (Ki) was also relatively high in KDZs around Yinchuan (Figure 7a)
which revealed that both construction and agricultural occupation and ecological degra-
dation occurred in this area at the same time. In addition, it was a concern that ecological
degradation had occurred in KEFZs around Hainan by comparing Figures 7a, 7b and 5.
Some ecological lands were converted into bare land in KEFZs.
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4. Discussion

On the whole, the area of ecological land was basically stable in each MFOZs. The
total area of ecological land reduces from 734.65 to 731.19 (million ha), a total decrease of
0.47% since 2009. The slope of the ecological land area trend fitting was the largest in APZs,
and the smallest in ODZs (Figure 8), which indicated annual decline area was the greatest
in APZs. However, due to the larger total area, the proportion of ecological land to the
total area had only decreased by 0.6% in APZs. Contrary to this, the area of ODZs only
dropped by 0.23 (million ha), and the rate of the total area was as much as 1.2%.

Furthermore, the area of forest land showed an increased direction in ODZs and
KDZs, which are relatively developed, with relatively high eco-environmental needs
and restoration capacity. For example, ODZs around Beijing implemented a one-million-
mu afforestation plan in 2014, which is the reason that the forest land increased in 2015
(Figure 8). However, there are still problems of occupation and degradation of ecological
land which was mainly manifested in the transformation of large amounts of ecological
land into non-ecological lands and the degradation of ecological land, especially in APZs
which face double pressures from rural-urban construction land for economic development
and cropland for food production. Cropland is the maximum flow direction, which is
makes clear the problems and deviations of ‘Equilibrium Requisition Compensation of
Cropland’ [2,5,32,33].
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To probe the changes of ecological land in APZs obtained above, we calculated the
changing area for each ecological land in APZs from 2009 to 2018 (Figure 9). We could see
from Figure 9 that forest land and grassland declined in all APZs. The area of forest land
had decreased more than 100,000 ha in APZs around Wuhan, Jinan, and Nanning. The
area of grassland had decreased mostly in the APZs around Harbin, the decline area was
147090 ha. The wetland area had increased in APZs around Urumqi and Nanning. The
APZs around Jinan as the region lacking water resources, the wetland area has decreased
the most, reaching 107432 ha. The bare land area had basically decreased, except for the
APZs around Harbin.
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Overall, the APZs, mosaicking in the agriculture region, were severely affected by
human disturbance, especially in APZs around Jinan, Wuhan, and Harbin. Forest land and
grassland are the main types of reduction. It was, therefore, necessary to further strengthen
the management and control. This result was also consistent with the research of colleagues
Yan et al. and Ning et al. [8–34].

5. Conclusions

The function-oriented regional planning highly needs the knowledge of the spatiotem-
poral features of ecological environments and artificial developments for the planned re-
gions. The long-term land use data have great potential to be applied in the investigations
of ecological features and change for regional planning which assists the government in
regulation and reshapes of the function-oriented planning regions. We introduced MFOZs
as the investigating regions for the spatiotemporal features of ecological lands using the
long-term land use data from the Second National Land Use Survey to address the rate of
change, disturbing rate of ecological land, and transformed rate between ecological land
types and non-ecological land in MFOZs. The results can be concluded as follows.

(1) The area of ecological lands generally tended to decrease from 2009 to 2018 due
to the natural stresses and artificial impacts. The decrease of forest land area significantly
tended to be zero in 2018 in ODZs while the decreases of ecological lands still lasted in
KDZs, APZs, and KEFZs each year.

(2) The changes of ecological lands from 2009 to 2018 showed two-phase changes, the
first phase from 2009 to 2015 and the second phase from 2015 to 2018 when the decreasing
trend of ecological lands slowed down especially in ODZs. This result was induced by the
adjustments and reinforcements of national environmental protection policy after 2015, and
imply the decreases of ecological land areas have been controlling with the implementation
of governmental policies for environment protection and ecological projects.

(3) The decreased areas of ecological lands were mostly converted into cropland,
residential land, and land for transportation and streets from 2008 to 2019. On the other
side, the forest lands were mostly changed from cropland and grassland in KDZs, APZs,
and KEFZs which indicated the grassland conversed in afforestation during this period.

Using the land use data, which could be obtained by satellite remote sensing observing
data each year, we can not only better understand the current spatiotemporal characteristics
of ecological land, and their changes, but detect the reasons for the increase or decrease of
ecological land. Finally, a monitoring system for ecological land should be built to support
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the government’s spatial regulation design, reshape the planned regions, and make policies
for environmental restoration and protection.
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