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Abstract: Major function-oriented zone (MFOZ) planning is an important blueprint for the spatial de-
velopment and protection of the Chinese national territory. The “Three Zone Space” (TZS) perspective,
including agricultural space, ecological space, and urban space, is an important principle and method
for the transformation and diffusion of MFOZ planning to implement territory planning from the
central government to local branches. More than ten years have passed since the release of the MFOZ
plan in 2010 in China, but there is still a lack of comprehensive and systematic analysis of the dynamic
characteristics of the TZS under the impact of MFOZ planning. Therefore, based on high-resolution
remote sensing land use data from 2010 to 2020, this paper systematically analyzes the changing
characteristics of the TZS on the national scale by reasonably determining TZS areas in China. The
main results are as follows: in 2020, the proportions of ecological space, agricultural space, and urban
space in China were 78.635%, 20.083%, and 1.282%, respectively. The TZS areas reflected the spatial
pattern of MFOZs in China. From 2010 to 2020, the spatial heterogeneity of the TZS changes was
significant. In China, agricultural space and ecological space as a whole showed a decreasing trend,
with dynamic degrees of —0.05% and —0.04%, respectively, while urban space showed a significant
expansion trend, with a dynamic degree of 4.69%. The temporal change processes of the TZS in the
periods of 2010-2015 and 2015-2020 were noticeably different. The agricultural space first showed an
increasing trend and then a decreasing trend. The ecological space showed a decreasing trend in the
two periods, while the urban space showed a significant expansion trend in the two periods. From
2010 to 2020, the urban spatial structure of the optimized development zones tended to be stable,
and the ecological space reduction in the key ecological function zones has gradually been curbed,
but the agricultural space in the main agricultural production zones has shown a slight decline. On
the whole, the dynamic changes in the TZS from 2010 to 2020 in China are basically in line with the
governance objectives of territorial space. The reasonable allocation and development of the “three
zone space” is of great significance for protecting the natural and ecological environment.

Keywords: major function-oriented zones; agricultural space; ecological space; urban space; dynamic
degree

1. Introduction

Territorial space is the backdrop to human survival and development, as well as an
important resource guarantee for each country to promote the sustainable development
of human society and comprehensive national power [1-4]. A series of problems, such as
resource and food security, climate change, and rapid urbanization, have made it a practical
need for countries around the world to study how to use national land space on a larger
spatial and temporal scale to rationally solve resource and environmental problems [5,6].
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Since the 1970s, China has experienced rapid social and economic development and ac-
celerated urbanization and industrialization under the impetus of “Reform and Open
Policy” and accession to the World Trade Organization. However, due to the lack of proper
top-level design, the inefficient waste and exploitation of spatial attributes are common
in territorial spatial development and utilization in China [7,8]. To effectively instruct
the pattern and direction of territorial space development, Fan et al. used the method of
comprehensive regionalization to prospectively propose the first basic pattern of territorial
spatial protection and utilization in China, which was released by the State Council in
2010 as a plan for major function-oriented zones [9]. In 2015, as the development goal of
“Beautiful China” was incorporated into the 13th Five-Year Plan, major function-oriented
zone planning further became an important basis for the grand blueprint of “Beautiful
China” [10].

Since 2010, based on major function-oriented zone planning, a large number of studies
have been conducted on a wide range of scientific issues in various spatial dimensions, such
as municipal [11,12], provincial [13,14], watershed [15,16], and national dimensions [7,17],
including methods for refining [18] and optimizing [19] MFOZ planning, changing land use
structure [20], assessing ecological environmental protection [21], designing an ecological
compensation system [22], and evaluating government performance [23]. Among them, the
conversion from MFOZs to grassroots land space and the implementation of MFOZs are
important elements in current territory planning research [24]. MFOZ planning primarily
takes the county as the basic spatial unit for the division of the main functions. At the level
of counties (districts) and townships, the primary focus is no longer on the “main function”,
as this is downscaled to more specific and clear territorial functions, such as functional
zoning, land use type zoning, and land use planning [24]. “Three Zone Space” (TZS) and
“Three Zones and Three Lines” (TZTLs) are important land use classification methods for
territory planning and are also important methods for reinforcing the connection between
MFOZ planning and territory planning. They are of great significance for protecting the
natural and ecological environment. The “three living spaces” refer to production spaces,
living spaces, and ecological spaces. Correspondingly, the “three zones” space in the
“three zones and three lines” refers to agricultural space, ecological space, and urban space.
Compared with the TZS method, the TZTL method is more complex in terms of regional
functional features and is also more difficult to determine, so this method requires more
detailed land use data [25]. Therefore, it is more appropriate to use the TZS method as the
spatial classification method for analysis on large and medium scales [26].

It has been more than ten years since the release of the major function-oriented zone
plan. A comprehensive and systematic analysis of the evolving characteristics of TZS under
MFOZ planning is important for an in-depth understanding of China’s territorial spatial
structure, and it could also provide an important reference for optimizing the territory
planning scheme and improving the level of territorial spatial governance in the future.
Long-term series of high-accuracy remote sensing data of land use/land cover are crucial
for monitoring changes in large-scale land spatial patterns. Based on high-accuracy land
use remote sensing data from 2010, 2015, and 2020, in our research, according to the corre-
sponding geographical functional characteristics, nationwide agricultural space, ecological
space, and urban space were determined. The spatial and temporal evolving patterns of
the “Three Zone Space” under the influence of MFOZ planning from 2010 to 2020 were
systematically analyzed.

2. Data and Methods
2.1. Land Use Dataset

The land use datasets used in our study mainly included Landsat TM data, Landsat
8 OLI data, and GF-1 data from 2010, 2015, and 2020. Multi-period land use remote
sensing monitoring datasets (https://www.resdc.cn/, accessed on 13 May 2023) were
obtained based on spatial data processing software such as ArcGIS and ENVI, using the
human-computer interaction interpretation method on the basis of geological knowledge.
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The dataset was built according to consistent interpretation standards, thus ensuring
the accuracy of remote sensing manual interpretation. The quality and accuracy of the
data were evaluated by acquiring a large number of land-type samples in the forms of
camera photos and high-resolution remote sensing images during zoned and grouped field
trips nationwide. The final accuracy evaluation results showed that the comprehensive
evaluation accuracy of first-level classes was over 93% and that of second-level classes was
over 90% [27,28]. The land use types classified in our dataset mainly included 6 first-level
classes, including cropland, woodland, grassland, water bodies, built-up land, and unused
land, and 25 second-level classes [29].

2.2. National Zoning Data of the Main Functional Areas

The data on major function-oriented zones (MFOZs) used in our research were ob-
tained from National Main Functional Area Planning, issued by the State Council, and
the Main Functional Area Zoning Plan of China (V1.0) [9]. According to the development
mode, the MFOZs were divided into optimized development zones, key development
zones, restricted development zones, and prohibited development zones. Moreover, the
restricted development zones were divided into main agricultural production zones and
key ecological function zones. Optimized development zones are areas with high compre-
hensive strength, large economic scale, sound urban and rural construction systems, close
internal economic ties, and strong innovation capability in terms of science and technol-
ogy; they include Bohai Rim, Yangtze River Delta, the Pearl River Delta Region, etc. Key
development zones are usually areas with a strong economic basis, initial urban and rural
construction systems, and the ability to induce surrounding areas to develop; they include
18 regions, among which are the middle reaches of the Yangtze River, south and central
Hebei Province, and the Central China Economic District. Restricted development zones
are major agricultural production areas and key ecological function areas where large-scale
and high-intensity urban construction is restricted. Prohibited development zones are strict
ecological protection zones where industrial and urban development is prohibited [13].
Since prohibited development zones are functional zones superimposed on the first three
types of functional zones and their area is relatively small, they were not considered in our
paper. Considering that there are no substantial differences in the definitions of national
and provincial functional areas, these were combined and analyzed as a whole in this paper
(Figure 1).

2.3. Classification System of the “Three Zone Space”

Our research considered the physical connotation of the “Three Zone Space” (TZS)
and the leading functions using second-level class land use data. Urban space refers to
land space whose main function is production and urban living, with further functions
being urban construction and urban economic development. Ecological space refers to
a territory with natural attributes whose main function is to provide ecological services
or ecological products. Agricultural space refers to a territory whose main function is
agricultural production, with further functions being rural life functions [24,25,30]. In this
research, we performed the classification of TZS based on land use data (Table 1). Urban
built-up and other construction land types were classified as urban space. Woodland,
grassland, water bodies, and unused land were classified as ecological space. Cropland
and rural settlements were classified as agricultural space.

2.4. “Three Zone Space” Dynamic Degree

Dynamic degree is a concept commonly used in research on land use change [31-33].
It is used in our paper to reflect the characteristics of the area evolution and spatial change
in urban space, ecological space, and agricultural space in a certain time period. Dynamic
degree refers to the change rate of a specific space type in a period of time and can be used
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to indicate the evolution speed and magnitude of different geographical functional spaces
in a certain period of time.

u-u, 1
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where K is the dynamic degree of a space type in a specific time period, U, is the area of
the space type at the beginning of the time period, U, is the area of the space type at the
end of the time period, and ¢ is the length of the time period.

This paper calculated the TZS dynamic degrees of the MFOZs (each county /district) in
2010-2015 and 2015-2020. At the same time, the difference between the dynamic degrees of
2015-2020 and those of 20102015 was calculated in order to analyze the dynamic evolving
characteristics of TZS during different time periods.
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Figure 1. Distribution of MFOZs in China (A: optimized development zones; B: key development
zones; C: main agricultural production zones; D: key ecological function zones).

Table 1. Classification of the “Three Zone Space” based on land use data.

Three Zone Space First-Level Classes Second-Level Classes Classification Bases
Urban space Urban land Urban land and other construction land Production and urban resident living
Woodland Forest, shrubland, woods, and other
forest land
Grassland Dense grassland, moderate grassland,

and sparse grassland

Ecological space

Natural properties; provision of ecological

Streams and rivers, lakes, reservoirs and ; '
services or ecological products

Water bodies ponds, permanent ice and snow, flood
land, beach, and shore

Sandy land, Gobi, saline land,

Unused land swampland, bare soil, bare rock,
and others
Cropland Paddy land and dry land Agricultural production and rural

Agricultural space

Rural settlements Rural settlements

life functions
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3. Results
3.1. Analysis of “Three Zone Space” Patterns in China in 2020

In 2020, the area proportions of ecological space, agricultural space, and urban space
in China were 78.635%, 20.083%, and 1.282%, respectively (Table 2). In terms of spatial
distribution (Figure 2), ecological space was mainly and extensively distributed in the
central and western regions of China. Agricultural space displayed an aggregated distribu-
tion in the Northeast Plain, the North China Plain, the Middle and Lower Yangtze River
Plain, and the Sichuan Basin. Urban space was mainly distributed in the eastern regions
of China, sporadically embedded in agricultural space. The aggregation of urban space
was significant in the Beijing-Tianjin—-Hebei Region, the Yangtze River Delta, and the Pearl
River Delta.

Table 2. “Three Zone Space” area percentages in each MFOZ in China in 2020 (%).

Optimized Key Development  Main Agricultural Key Ecological

Development Zones Zones Production Zones Function Zones Total
Ecological space 0.407 7.146 17.300 53.782 78.635
Agricultural space 0.801 4.745 8.836 5.700 20.083
Urban space 0.244 0.515 0.299 0.224 1.282
Total 1.452 12.406 26.435 59.706 100.000
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Figure 2. “Three Zone Space” distribution in MFOZs in China in 2020.
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Regarding the distribution of TZS in different MFOZs (Table 2), ecological space was
mainly distributed in the key ecological function zones and main agricultural production
zones, and ecological space in the key ecological function zones accounted for the highest
proportion, 53.782%. Agricultural space was mainly distributed in the main agricultural
production zones and key ecological function zones, and the agricultural space in the main
agricultural production zones accounted for the highest proportion, 8.836%. Moreover,
urban space was mainly distributed in the key development zones, with a proportion of
0.515%.

In 2020, the proportional structure of the areas of TZS in each county (district) in China
significantly varied (Figure 3). In counties whose main function was optimal development
or key development, the areas of urban space accounted for high proportions, with averages
of 18.90% and 7.93%, respectively. In contrast, there were many counties with a low
proportion of urban space, and there was more room for urban space expansion in these
counties. In districts and counties with agricultural production as the main function,
agricultural space accounted for 51.86% on average. In districts and counties whose main
function was ecology, ecological space accounted for 77.41% on average. Figure 3 shows
that the urbanization rate was generally low in districts and counties whose main function
was agricultural production or ecology, and the differences in the distribution among the
districts and counties were small.

|| Agricultural space | Ecologicalspace [l Urban space

100 7 'l'
S |
X |
S 80 | X
=
S 60 1 <
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Figure 3. Box plot of the “Three Zone Space” area proportion by county (district) in MFOZs in 2020
(A: optimized development zones; B: key development zones; C: main agricultural production zones;
D: key ecological function zones). (The upper horizontal line, middle horizontal line, lower horizontal
line, and X in the box represent the upper quartile, median, lower quartile, and mean of the area
proportion, respectively).

3.2. Spatial and Temporal Evolution Characteristics of the “Three Zone Space” from 2010 to 2020

Regarding the spatial changes in the TZS in 2010-2020 (Table 3), agricultural space
slightly decreased, with a net decrease of 9550.07 km? and a dynamic degree of —0.05%.
There was also a decrease in ecological space, which showed a decrease of 29,180.35 km?
and a dynamic degree of —0.04%. Meanwhile, the urban space area showed a significant
increase, with a net increase of 38,749.14 km? and a dynamic degree of 4.69%. The increase
in agricultural space mainly occurred in Northeast China and Xinjiang region and was
mainly due to the reclamation of forests and grasslands (in Northeast China) and the
reclamation of unused land (in Xinjiang region). The increase in agricultural space was
also relatively concentrated in the area west of Lanzhou in Gansu Province, while the
decrease in agricultural space was widely distributed in East China, Central China, and
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South China. The increase in ecological space mainly took place in the provinces of Jilin
and Hubei, while the decrease in ecological space was concentrated in Xinjiang and North
China. The conversion of agricultural space and ecological space occurred in the provinces
of Xinjiang, Hubei, and Heilongjiang in Northeast China. In China, from 2010 to 2020,
urban space was dominated by expansion, and the phenomenon was significant in the
regions surrounding provincial capitals such as Tianjin, Changchun, Shenyang, Urumgi,
Wuhan, Chongging, and Changsha. This expansion was greatly based on encroachment on
surrounding agricultural space and ecological space (Figure 4).

Table 3. National “Three Zone Space” change statistics for the period of 2010-2020.

Time Period

2010-2015
2015-2020

Area Change (km?) Dynamic Degree (%)
Agricultural Space  Ecological Space Urban Space Agricultural Space  Ecological Space Urban Space
1921.29 —26,682.07 24,867.98 0.02 —0.07 6.02
—11,471.36 —2498.28 13,881.16 —0.12 —0.01 2.58
—9550.07 —29,180.35 38,749.14 —0.05 —0.04 4.69

2010-2020

(a) Agricultural Space

(b) Ecological Space
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Figure 4. Spatial changes in the “Three Zone Space” in MFOZs from 2010 to 2020 (changes in area
shares in a 10 km grid).

Regarding the changes in the TZS during the two periods (Figure 5), 2010-2015 and
2015-2020, agricultural space increased in the first period and then decreased, and the net
increase in the agricultural space area in 2010-2015 was 1921.29 km?, with a dynamic degree
of 0.02%. The net decrease in agricultural space in 2015-2020 was 11,471.36 km?, with a
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(a) Agricultural Space

Changes of 2010 to 2015 (Unit: %)

dynamic degree of —0.12%. The overall increase in agricultural space in 2010-2020 mainly
occurred in Xinjiang and Northeast China in 2010-2015. Ecological space showed a trend
of decrease in both time periods (2010-2015 and 2015-2020). Ecological space decreased on
a large spatial scale in the earliest period considered. From 2010 to 2015, ecological space
greatly decreased in Xinjiang, Northeast China, and North China. Urban space showed a
significant expansion trend in both time periods. Areas mainly expanded in the first period
(2010-2015) compared with the second period (2015-2020), and local areas, such as those
surrounding Taiyuan in Shanxi Province, expanded more in the latest period than in the
earliest period considered.

(b) Agricultural Space
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Figure 5. Changes in the “Three Zone Space” in MFOZs during the time periods of 2010-2015 and
2015-2020 (change in proportions of areas in a 10 km grid).
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3.3. Dynamic Evolution of the “Three Zone Space” in Each MFOZ from 2010 to 2020

In terms of the dynamic changes in the TZS in each type of MFOZ (Table 4), the
urban spatial structure of the optimized development zones tended to be generally stable.
The expansion rates of urban space in the key development zones, main agricultural
production zones, and key ecological function zones were significant. The expansion
rates of urban space in the key development zones, main agricultural production zones,
and key ecological function zones were significantly higher than those of agricultural
space and ecological space. The expansion of urban space mainly occurred in the main
agricultural production zones and key ecological function zones, with dynamic degrees
of 6.19% and 6.14%, respectively. Regarding the two periods of 2010-2015 and 2015-2020,
the rate of urban space expansion was significantly higher in the first period than in
the second period. In 20102015, the dynamic degree of urban space expansion in the
agricultural production zones and key ecological zones reached peak values, 8.09% and
7.80%, respectively. In 2010-2020, the agricultural space in the optimized development
zones and key development zones noticeably decreased, with dynamic degrees of —0.30%
and —0.21%, respectively. In contrast, agricultural space increased in the key ecological
function zones, with a dynamic degree of 0.08%. Based on the spatial changes during the
two time periods, agricultural space first increased and then reduced. Ecological space
in all types of MFOZs decreased; the ecological space area in the optimized development
zones decreased at a relatively large rate, with a dynamic degree of —0.27%. Comparing
the two time periods, the dynamic degree of ecological space in the key ecological function
zones was —0.04% in the first period and 0% in the second period, which showed that
the change in ecological space in the key ecological function zones gradually tended to
be stable.

Table 4. “Three Zone Space” dynamic degrees (%) in 2010-2020.

Main Agricultural Production

Time Optimized Development Zones Key Development Zones Zones Key Ecological Function Zones
Period Agriculture  Ecological Urban  Agriculture Ecological Urban  Agriculture Ecological Urban  Agriculture Ecological Urban
Space Space Space Space Space Space Space Space Space Space Space Space
e ~031 —060 248 ~021 ~016 633 0.04 —011  8.09 0.24 —004  7.80
22%12%_ -0.29 0.07 0.88 -0.21 —0.05 2.92 —0.08 0.00 3.06 —0.08 0.00 3.21
2010~ ~030 —027 173 ~021 ~010  5.09 ~0.02 ~006 619 0.08 —002 614

2020

4. Discussion and Conclusions

Based on remote sensing monitoring data on land use in China from 2010, 2015, and
2020, this paper has systematically analyzed the characteristics of area proportion and
spatial distribution and the spatiotemporal dynamics of the TZS in China by reasonably
determining agricultural space, ecological space, and urban space, with the aid of National
Main Functional Area Planning. The main conclusions are as follows:

(1) In 2020, the proportions of ecological space, agricultural space, and urban space
in China were 78.635%, 20.083%, and 1.282%, respectively. The areas of TZS reflected the
spatial patterns of the MFOZs in China. In the key ecological function zones, ecological
space covered most of the area (53.782%). In the main agricultural production zones,
agricultural space accounted for 8.836% of the total area, while urban space was mainly
distributed in the key development areas, accounting for 0.515%.

(2) From 2010 to 2020, in China, agricultural space and ecological space as a whole
showed a decreasing trend, with dynamic degrees of —0.05% and —0.04%, respectively,
while urban space showed a significant expansion trend, with a dynamic degree of 4.69%.
The spatial heterogeneity of the TZS changes was noticeable. The changes in Tibet, Qinghai,
and other regions in China were relatively small. The increase in agricultural space in
Xinjiang and Northeast China was relatively significant. Ecological space increased in the
provinces of Jilin and Hubei, while the expansion of urban space in the areas surrounding
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the capital cities, such as Tianjin, Changchun, Shenyang, Urumgqi, Wuhan, Chongqing,
Changsha, and other cities, was the most significant.

(3) The temporal change processes of the TZS in the periods of 2010-2015 and 2015-2020
were noticeably different. Agricultural space first showed an increasing trend and then a de-
creasing trend. In Xinjiang and Northeast China, it significantly increased from 2010 to 2015.
Ecological space showed a decreasing trend in the two periods, and the spatial reduction
in the earliest period was significantly higher than that in the latest period considered,
especially in Xinjiang, Northeast China, and North China, while urban space showed
a significant expansion trend in the two periods. The spatial expansion of urban space
in most areas in the earliest stage was greater than that in the latest stage; however, the
magnitude of expansion in some areas, such as Taiyuan in Shanxi Province, was greater
than that in the earliest stage.

(4) On the whole, from 2010 to 2020, the urban spatial structure of the optimized
development zones tended to be stable, while the urban spatial expansion speed of the key
development zones, the main agricultural production zones, and the key ecological function
zones was significant. In particular, from 2010 to 2020, the main agricultural production
zones and key ecological function zones had the highest expansion rate of urban space,
with dynamic degrees of 6.19% and 6.14%, respectively. In contrast, from 2010 to 2020,
agricultural space most significantly decreased in the optimized development zones and
the key development zones but increased in the key ecological function zones. Agricultural
space in the main agricultural production zones first increased and then slightly decreased
in the two periods, while ecological space in the key ecological function zones decreased in
the first period and then gradually became stable.

MFQOZs reflect the basic pattern of land space in China and also provide a basis for
relevant land space governance. Optimized development zones are usually the most
economically developed and populated areas in China. However, because of the over-
transformation of the natural ecosystems in the optimized development zones due to
human activities, this poses a great risk to sustainability. Therefore, controlling the designa-
tion of construction land and promoting the conservation of ecological space in optimized
development zones are important objectives in the territorial spatial governance of opti-
mized development zones. Key development zones are usually areas with environmental
carrying capacity above the average level in China. Making full use of resource endow-
ments, promoting environmental services, strengthening urban construction, and absorbing
the labor of the main agricultural production zones and the key ecological function zones
are important goals for the territorial spatial governance of the key development zones. The
main agricultural production zones and the key ecological function zones are restricted de-
velopment zones with weak resource-carrying capacity, but they have extremely important
purposes to guarantee food security and ecological safety in China.

Insisting on giving priority to arable land protection and ecological protection is
an important goal in land space governance. According to the dynamic changes in the
TZS in MFOZs from 2010 to 2020, the governance of land space is in line with the above
objectives in China. The expansion of urban space in optimized open areas is small and
gradually slowing down. Ecological space was initially encroached on in the earliest period
considered, but it eventually increased. The proportion of agricultural space in the main
agricultural production zones and that of ecological space in the key ecological function
zones have been gradually stabilizing, which altogether indicates that MFOZ planning
has achieved a good outcome in China and provides intentional ideas for addressing
the issues surrounding uncertainty and the sustainable development of rural areas and
agricultural industries.
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