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A B S T R A C T

Optimizing and controlling territorial space have become national strategic issues for China. However, urban-
agricultural-ecological functions have serious conflicts in karst areas, causing differences in regional develop-
ment and leading to severe problems related to the ecological environment and poverty. In this study, based on
evaluations of urban-agricultural-ecological suitability and resource and environment carrying capacity, we
explored an optimization method for territorial spatial functional areas and amendment rules for unsuitable
areas in karst areas, identified different territorial spatial function areas, and proposed territorial spatial control
approaches taking the functional area control and rock desertification space control as cores. On the one hand,
the results showed that the optimization of the territorial space was divided into three single functional areas
(i.e., urban space, agricultural space, and ecological space) and four multifunctional areas (i.e., urban-agri-
cultural space, urban-ecological space, agricultural-ecological space, and urban-agricultural-ecological space).
Among those different functional areas, the largest was ecological space, which was primarily distributed in the
northwest, southwest, and northeast with good ecological environments and the south and southeast with severe
rocky desertification. The second was agricultural-ecological space, which was primarily distributed in the north
with better ecology and the south and southeast with severe rocky desertification. This region was the most
important multifunctional area of the karst areas. The smallest type was urban-ecological space, which was
primarily distributed in the central and northeastern regions with higher ecological and residential values. On
the other hand, in terms of territorial spatial control, the region formed control patterns of functional areas of the
“trinity”, which centered on classified protection, comprehensive improvement, and cluster development.
Additionally, from the three aspects of control of deteriorating rocky desertification area, control of severe rocky
desertification area, and control of corresponding policies, we explored new approaches and methods for the
development and protection of rocky desertification space. The results of this research provide references for
territorial spatial planning and management in karst areas.

1. Introduction

Chinese territorial spatial patterns have undergone dramatic evo-
lution under the major functional area zoning strategies and the new
urbanization development (Liu and Yang, 2012). Urban-rural con-
struction land has been expanding, while agricultural and ecological
land has become condensed. This phenomenon has increased opposi-
tions among urban, agriculture, and ecology, and it disrupted territorial
spatial development patterns. Many derivative problems (e.g., conflicts
of people and land, inefficient use of land resources, environmental
pollution, imbalanced urban-rural development) have become in-
creasingly apparent and have introduced large challenges for Chinese
territorial spatial development (Liu et al., 2014; Fan, 2015; Liu et al.,

2017). The sustainable development of territorial space in this chaotic
situation has become an important question and a heavily researched
topic in regional development research (Wang et al., 2016). Yunnan
Province, Guizhou Province, and Guangxi Province in Southwest China
are the most concentrated areas of the karst distribution in China.
Rocky desertification is known as the source of disasters and poverty,
and it is one of the three major land degradation problems in China. The
serious rocky desertification conditions increase pressure on ecological
protection (Bai et al., 2013; Fan et al., 2015) and affect regional sus-
tainable development (Yang et al., 2016). The "urban disease" and
"rural disease" (Liu, 2018) caused by the chaotic expansion of urban
areas and unreasonable allocation of urban-rural resources have further
triggered a series of ecological and poverty problems in karst areas.
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Land use is the physical manifestation and core subject of territorial
space (Fan, 2015), and its changes have been identified as a primary
determinant of global change, having major impacts on ecosystems,
climate change, and human vulnerability (Foley, 2005; Verburg et al.,
2009). Relevant research has shown that changes in land use will
strongly affect the rocky desertification in karst areas (Jiang et al.,
2009). Therefore, optimization and control of the territorial space can
effectively promote improvement of the rocky desertification and en-
hance the quality of regional ecological environments.

Previous studies of territorial space have mainly focused on the
optimization and regulation of territorial spatial structures based on the
relationship between land systems and the internal environment of
natural systems (Zhou et al., 2016; Hersperger et al., 2012). And the
partitioning and adjustment of regional territorial space are studied
from the aspect of multifunctional land characteristics (Verburg et al.,
2009) (e.g., ecosystem service value (Scolozzi et al., 2012), climate
change (Wende et al., 2010)). Concurrently, some studies have focused
on regional socioeconomic sustainable development to analyze the in-
ternal mechanism (Groot, 2006) and the interrelationship (Wiggering
et al., 2003) between territorial spatial structures and regional sus-
tainable development. With the implementation of major functional
area planning in China, some studies have addressed the partitioning
and optimization of territorial space for major functional areas and
extensively explored the partition frameworks, indicator systems, and
partitioning methods (Fan, 2015; Lin and Li, 2014). Based on the re-
gional functional suitability and resource and environment carrying
capacity (Liu et al., 2017), methods for optimizing and controlling
territorial spatial patterns are constantly developing. Some researchers
have also analyzed the functional characteristics of territorial space in
terms of niche theory (Du et al., 2016) and suitability theory (Ma et al.,
2015), as well as exploring different coupling relationships between
different functions using different mechanism combinations (e.g., ur-
banization-ecological environment (Zhang et al., 2018), economy-en-
vironment (Bertinelli et al., 2008), and population-land-industry (Yang
et al., 2015)). In terms of practical applications, according to different
land structures and the utilization needs in different regions, the com-
bined patterns of territorial space (Fan et al., 2018), partitioning of the
"three-lines" (i.e., urban growth boundary, basic farmland protection
red lines, and ecological protection red lines) (Tayyebi et al., 2014; Ran
et al., 2018), and layout of spatial optimization (Zhao et al., 2019a;
2019b) have been extensively studied. Simultaneously, theoretical re-
search (e.g., systems (Zhao et al., 2019c), approaches (Zhao et al.,
2019a), and policies (Lin et al., 2019)) of territorial spatial control has
gradually emerged.

However, the coordination, carrying capacity, and suitability of
territorial space have been seriously overlooked, and the contradictions
and conflicts among urban, agriculture and ecology persist in current
regional development (Zhou et al., 2016). These issues affect the sta-
bility of territorial spatial structures. Thus, the Chinese government
proposed a territorial spatial planning strategy that was dominated by
urban-agricultural-ecological functions, and evaluations of urban-agri-
cultural-ecological suitability and the resource and environment car-
rying capacity (i.e., the “double evaluations”) (Wang et al., 2019) have
become important foundations and indispensable contents of territorial
spatial planning. Existing studies have accumulated experiences for the
in-depth optimization and control of territorial spatial functional areas,
but the application and implementation of the results of "double eva-
luations" in the optimization of territorial spatial functional areas are in
the exploration stage, and the research methods and ideas have not
been determined. Additionally, studies of territorial spatial control are
only general theoretical frameworks, lacking practical exploration and
analysis. Especially in karst areas with severe spatial conflicts, the study
of territorial space has received limited attention.

This study took Guangnan County as a study area, it’s a typical karst
county in karst areas of Southwest China (this county is located in a
karst continuous patch in Southwest China. The karst landform has a

high continuousness degree, and it’s area accounts for 3/5 of the total
area. The rocky desertification situation is severe, and the ecological
environment is fragile. This county can reflect the characteristics of
karst areas in Southwest China and has representativeness and typi-
calness). The social-ecological complexity of territorial space systems
with a large proportion of rock desertification space in karst areas was
taken into consideration. Based on the land use data and socioeconomic
data for 2000, 2010, and 2018, the cell of 30m×30m was used as the
evaluation unit, the urban-agricultural-ecological suitability and re-
source and environment carrying capacity in karst areas were eval-
uated, and the application of the evaluation results in the optimization
of territorial spatial functional areas was explored. In addition, the
types and functions of different functional areas were identified and
analyzed, and the control approaches were proposed for the territorial
space in karst areas. The objectives of this study were as follows: (1) to
explore optimization methods for territorial spatial functional areas of
karst areas by evaluating the urban-agricultural-ecological suitability
and resource and environment carrying capacity; (2) to establish pat-
terns of territorial spatial functional areas of karst areas and analyze
different types of territorial spatial functional areas; (3) to discuss
control approaches for territorial space in karst areas; and (4) to use the
research results to provide the possibility for the coordinated devel-
opment of urban function, agricultural function, and ecological func-
tion in karst areas of Southwest China, and use the research methods
and ideas to provide reference for territorial spatial planning and
management in other karst areas.

2. Materials and methods

2.1. Study area

Guangnan County, ranging from 23°29′N to 24°28′N and 104°31′E
to 105°39′E, is a typical mountainous county with karst rocky deserti-
fication and located in Yunnan Province, Southwest China (Fig. 1). The
county is located on the slope of the Yunnan-Guizhou Plateau and ex-
tends to East Guangxi; it is a part of the karst plateau in Southeast
Yunnan and is a hilly area of the mountain plateau. The terrain is sloped
from a higher altitude in the southwest to a lower altitude in the
northeast. The county covers an area of 7730.09 km2 with 94.7 %
mountainous and semimountainous areas and ranks third in size in
Yunnan Province. Guangnan County belongs to the Yunnan-Guangxi-
Guizhou karst rocky desertification areas. The karst landform is dis-
tributed widely, accounting for three-quarters of the total area of the
county and mainly consisting of severe rocky desertification, which is
difficult to manage and has high ecological vulnerability. Simulta-
neously, this county is a border minority area that is dominated by the
agricultural industry and has a poor economic situation and low pro-
ductivity. It is also a county of Chinese national poverty. The un-
reasonable pattern of territorial space has led to environmental dete-
rioration problems and poverty intensification, thereby seriously
threatening the regional ecological environment and socioeconomic
sustainable development.

2.2. Data source and processing

Landsat 5 TM data with 30m spatial resolution for 2000 and 2010
and Landsat 8 OLI data with 15m spatial resolution for 2018 were used.
All remote sensing images were freely collected at http://www.gscloud.
cn/ and subjected to atmospheric and geometric correction.

According to the spectral characteristics, textural features, and
shapes of remote sensing images, we combined auxiliary materials such
as the Forest Resources Survey Map, the second Chinese national land
survey data, and the Google Image Map, and used man computer in-
teractive interpretation method to achieve the visual interpretation of
remote sensing images through ENVI 5.1 software and ArcGIS 10.2
software. And land use data sets (including paddy field, dry land,
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garden, forestland, grassland, urban construction land, rural settlement,
waters, and unutilized land) were constructed for the study area in
2000, 2010, and 2018. Concurrently, we performed field work in the
study area and collected 220 sample points of land use types (the
sample points covered the entire area, mainly involving land use types
that were difficult to distinguish and that changed considerably).
Through the comparison of the field results of the sample points and the
classification results, the accuracy was 90.45 %. The classification re-
sults for 2000 and 2010 were tested by Kappa, Kappa of land use types
in 2000 and 2010 were 0.85 and 0.86, respectively. All results met the
needs of research.

Based on the lithology characteristics of karst areas, we divided rock
of the study area into two types (i.e., carbonate rock and non-carbonate
rock). The carbonate areas were divided into karst areas, and the non-
carbonate areas were divided into non-karst areas. At the same time, in
karst areas, according to classification standards of rocky desertification
levels in karst areas of Southwest China in relevant literature (Xiong
et al., 2012; Wang et al., 2017) and the actual situation of the study
area, we used the rock exposure rate and fractional vegetation cover to
divide rocky desertification levels (Table 1). And rocky desertification

data sets (including no rocky desertification, potential rocky desertifi-
cation, mild rocky desertification, moderate rocky desertification, and
severe rocky desertification) were constructed for the study area in
2000, 2010, and 2018. Additionally, we collected 184 sample points of
rocky desertification types (the sample points covered entire karst
areas, mainly involving rocky desertification types that changed con-
siderably) to verify the division results of 2018, and the accuracy was
85.33 %. The reliability of the division was high.

Additionally, the Land Use General Plan (2006–2020),
Environmental Protection General Plan (2016–2020), Ecological
Civilization General Plan (2016–2025), Forestland Protection General
Plan (2016–2020), meteorological data, lithology distribution data,
geological disaster data, and soil physical and chemical data were
collected from the government departments of the study area. These
data could not be found on any website, and we obtained the consent of
the local government to use them in our study.

The workflow of our study is shown in Fig. 2.

2.3. Evaluation of urban-agricultural-ecological suitability

According to the actual conditions of the study area, the evaluation
index systems were constructed from three perspectives: urban devel-
opment suitability, agricultural development suitability, and ecological
protection suitability. Based on the short board principle (Chang et al.,
2018), entropy weight method (Pan et al., 2015), and comprehensive
evaluation method (Yang et al., 2018), we evaluated the land use
suitability of urban, agriculture, and ecology, and divided the suit-
ability levels into the following four levels: most suitable, basic suitable,
unsuitable, and most unsuitable.

After the literature review (Bathrellos et al., 2017; Allam et al.,
2015; Silvia et al., 2015) and field investigations, we constructed the
index system for each suitability type. The index system of urban

Fig. 1. Location of the study area in Southwest China and the 18 townships around the area.

Table 1
Classification standards of rocky desertification levels.

Rocky desertification levels Index

Rock exposure rate
(%)

Fractional vegetation
cover (%)

No rocky desertification ＜20 ＞70
Potential rocky desertification 20−30 50−70
Mild rocky desertification 30−50 35−50
Moderate rocky desertification 50−70 20−35
Severe rocky desertification ＞70 ＜20
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development suitability was constructed from the perspective of con-
ditional constraints and location support (Table 2). The index system of
agricultural development suitability was constructed from the per-
spective of soil management conditions, location support, site condi-
tions, climatic conditions, soil nutrient conditions, soil profile and
physical-chemical properties, and policy conditions (Table 3). The

index system of ecological protection suitability was constructed from
the perspective of ecological sensitivity, ecological importance, and
policy conditions (Table 4). However, in those index systems, there
were many indexes (e.g. prone area types of geological disaster, af-
fected area types of active fault, prone area types of karst collapse,
current land use types) that could not directly obtain the value of every

Fig. 2. Workflow of our study.

Table 2
Index system of urban development suitability.

Objective Category Index Trend Weight

Urban development suitability Conditional constraints Slope – −0.0864
Prone area types of geological disaster – −0.0537
Affected area types of active fault – −0.0539
Prone area types of karst collapse – −0.0545
Occupied area types of the mine + 0.0536
Ecological protection red lines – −0.0547
Basic farmland protection red lines – −0.0540
Current land use types + 0.0790

Location support Distance to the county – −0.1501
Distance to construction land – −0.1206
Distance to rural settlement – −0.0566
Distance to the main road – −0.1258
Distance to the traffic branch – −0.0571
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spatial unit, so we obtained their values of spatial units through the
following methods: based on the Landsat remote sensing images, we
obtained current land use types of spatial units by the artificial visual
interpretation; based on DEM data, we used the spatial analysis func-
tion of ArcGIS 10.2 software to get aspect types of spatial units; for
other indexes, we obtained their vector data of spatial distribution from
the government departments of the study area, and got spatial unit
values of those indexes after rasterizing them by ArcGIS 10.2 software.
Among them, we obtained the spatial distribution data of prone area
types of geological disaster, affected area types of active fault, prone
area types of karst collapse, and occupied area types of the mine from
the Natural Resources Bureau; we obtained the spatial distribution data
of soil texture types and profile configuration types from the Agri-
culture Bureau; and we obtained the spatial distribution data of nature
reserves types and nonprofit forest area types from the Forestry Bureau.
After obtaining the spatial unit value of each index, we divided them
into four suitable intervals, and assigned units of four levels of the most
unsuitable, unsuitable, suitable, and most suitable as 1, 2, 3, and 4,
respectively (Table 5).

To obtain comprehensive suitability results for territorial spatial
development, we first divided the two types of cells into ecological
suitable area according to the status and change of rock desertification:
one type was the cells in the current severe rocky desertification area,
and the other type was the cells converted from no rocky desertifica-
tion, potential rocky desertification, and mild rocky desertification to
moderate rocky desertification. The former had the worst ecological
environment and should be strictly protected; the ecological environ-
ment of the latter was better than the former, but it’s rocky desertifi-
cation degree was constantly increasing, and there was a tendency to

develop into severe rocky desertification, so it should also be strictly
ecologically protected. Simultaneously, considering that the study area
was classified as a key ecological function area in the “Main Functional
Area Planning of Yunnan Province”, and combining with policies of
protecting the high-quality arable land and restricting the disordered
expansion of urban in karst areas, we determined the division principles
of territorial space types for the priority of ecology, the protection of
arable land, and the control of urban scope. Then, based on those
principles and the suitability of cells, we divided territorial space types
of the remaining cells: (1) for the cell that urban suitability, agricultural
suitability, and ecological suitability were different suitable levels,
which suitable type had the highest suitable level, the cell was classified
as a suitable area for this suitable type; (2) for the cell that three sui-
table types were the most suitable level, it was classified as a ecological
suitable area according to the principle of the priority of ecology; (3) for
the cell that two suitable types were the most suitable level, if the
ecological suitability was the most suitable level, it was classified as a
ecological suitable area according to the principle of the priority of
ecology; if the ecological suitability was not the most suitable level,
according to the principles of the protection of arable land and the
control of urban scope, the cell inside the urban function land was
classified as a urban suitable area, and the cell around the urban
function land was classified as a agricultural suitable area; (4) for the
cell that two or three suitable types were the suitable level, it was
classified as a multifunctional suitable area with multiple functional
clusters; (5) for the cell that three suitable types were the unsuitable
level or the most unsuitable level, it was classified as a unsuitable area,
and it was determined the territorial space type in the subsequent op-
timization of the “double evaluations”. Finally, we obtained seven

Table 3
Index system of agricultural development suitability.

Objective Category Index Trend Weight

Agricultural development suitability Soil management conditions Irrigation guarantee rate + 0.1090
Location support Distance to residential areas – −0.0140

Distance to roads – −0.0783
Distance to current cultivated land – −0.0129

Site conditions Slope – −0.0516
Aspect + 0.0417
Elevation – −0.0427

Climatic conditions Annual accumulated temperature above 10 ℃ + 0.1252
Annual rainfall + 0.0557

Soil nutrient conditions Organic matter + 0.0240
Total nitrogen + 0.0217
Available phosphorus + 0.1000
Available potassium + 0.0654
Available zinc + 0.0628
Water-soluble boron + 0.0467

Soil profile and physical-chemical properties Soil texture types + 0.0206
Soil thickness + 0.0827
Profile configuration types + 0.0218
pH + 0.0232

Policy condition Basic farmland protection red lines + /

Table 4
Index system of ecological protection suitability.

Objective Category Index Trend Weight

Ecological protection suitability Ecological sensitivity Soil erosion amount + 0.1068
Geological disaster sensitivity + 0.0082
Rocky desertification sensitivity + 0.1066

Ecological importance Water conservation amount + 0.1275
Soil conservation amount + 0.1913
Ecological quality index + 0.1383
Nature reserves types + 0.0967
Nonprofit forest area types + 0.0399
Net primary productivity + 0.1849

Policy condition Ecological protection red lines + /
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suitable areas of territorial space functions (i.e., urban suitable area,
agricultural suitable area, ecological suitable area, urban-agricultural
suitable area, urban-ecological suitable area, agricultural-ecological
suitable area and urban-agricultural-ecological suitable area) and one
unsuitable area of territorial space functions.

Additionally, we divided different territorial space types based on
seven suitable areas of territorial spatial functions: Urban suitable area
was divided into urban space; agricultural suitable area was divided
into agricultural space; ecological suitable area was divided into eco-
logical space; urban-agricultural suitable area was divided into urban-
agricultural space; urban-ecological suitable area was divided into
urban-ecological space; agricultural-ecological suitable area was di-
vided into agricultural-ecological space; urban-agricultural-ecological
suitable area was divided into urban-agricultural-ecological space.
Thereby the territorial space structures and territorial space spatial
patterns of the urban-agricultural-ecological suitability evaluation were
constructed (Fig. 3).

2.4. Evaluation of resource and environment carrying capacity

In this study, the resource and environment carrying capacity was
defined as: under the specific development stage, the economic and
technological level, the production and life style, and the ecological
protection goal, based on maintaining a virtuous cycle of the ecosystem,
the factors of resource and environment can provide the maximum
support capacity and the highest guarantee degree for human activities
such as urban construction and agricultural production in a certain
geographic area. The resource and environment carrying capacity is
premised on the self-sufficiency in a spatial-temporal range, the long-
term circulation in a regional system, and the coordinated development
under technical conditions, and it is formed by the interaction of the
natural environment and the human social system. Therefore, the
evaluation of the resource and environment carrying capacity needs to
integrate various indicators, and it is necessary to comprehensively
consider the development status of different attributes (e.g. resource,
environment, social economy) within a region. Among them, the re-
source is represented by water resource, land resource, mineral re-
source, tourism resource, etc.; the environment is represented by eco-
logical environment, geographical environment, water environment,
etc.; and the social economy is represented by social factors and eco-
nomic factors.

Based on the above analysis, considering the particularity of the
resource-environmental and socioeconomic conditions in karst areas,
we used the resource carrying capacity, environment carrying capacity,
and socioeconomic carrying capacity as subsystems in the evaluation of
the resource and environment carrying capacity (Table 6), and we
evaluated the resource and environment carrying capacity of the study
area.

Concomitantly, to match the results of the resource and environ-
ment carrying capacity with those of the urban-agricultural-ecological
suitability, the fuzzy comprehensive evaluation method (Wang et al.,
2015) was used to determine the threshold value (Wang et al., 2015) of
each index, and the resource and environment carrying capacity was
divided into seven levels (I - VII from small to large). The membership
degree (Lane et al., 2014) of each level of the spatial areas was calcu-
lated by the semitrapezoid distribution function (Wang et al., 2015),
and the comprehensive evaluation results of the resource and en-
vironment carrying capacity were obtained by integrating the mem-
bership degree results.

2.5. Optimization of territorial space based on "double evaluations"

In the development of territorial space, different territorial space
types have different requirements on the background of regional re-
source and environment (Huang et al., 2020; Hao et al., 2019). Among
them, urban space has the highest requirements on carrying capacity,Ta
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followed by agricultural space, and ecological space has the smallest
requirements. Therefore, based on the development orientation of ter-
ritorial space functions in karst areas and the carrying capacity of dif-
ferent territorial space types, we constructed amendment rules for the
territorial space (Table 7). Then, we superimposed the unsuitable area
of territorial space functions and the results of resource and environ-
mental carrying capacity, and used amendment rules to determine
territorial space types of unsuitable area. Finally, we integrated the
division results of territorial space that were based on the urban-agri-
cultural-ecological suitability evaluation and the correction results of
unsuitable area, and obtained the optimization results for the territorial
spatial functional areas under "double evaluations" in karst areas.

2.6. Control approaches for the territorial space

2.6.1. Control of the territorial spatial functional areas
Based on the optimization results of the territorial spatial functional

areas, with the goal of ecological protection and rocky desertification
governance, we constructed control pattern of functional areas of the
“trinity” for the three major functional spaces of urban, agricultural,
and ecological space. Additionally, the control pattern was divided into
the following three parts: classified protection, comprehensive im-
provement, and cluster development.

2.6.2. Control of rocky desertification space
Rocky desertification in karst areas is the result of both natural

factors and human influences (Zhang et al., 2011). Rocky desertifica-
tion space is one of the most important components of the territorial
space in karst areas, and its development has a huge impact on the
stability of the regional territorial space. Therefore, we analyzed the
levels and distributions of the rocky desertification of the study area in
2000, 2010, and 2018, and we explored control approaches for the

rocky desertification space from the aspects of rocky desertification
deteriorating areas, severe rocky desertification areas, and the corre-
sponding policies.

3. Results

3.1. Optimization of territorial spatial functional areas in karst areas based
on "double evaluations"

3.1.1. Quantity structures
According to the evaluations of the urban-agricultural-ecological

suitability and the resource and environment carrying capacity, based
on the amendment rules of the territorial space, the optimization results
of the territorial functional regions of karst areas were obtained.
Different functional areas exhibited large gaps in quantity structures
(Fig. 4). Among them, the area of the ecological space was the largest,
and the area of the urban-ecological space was the smallest, with values
of 5235.59 and 24.74 km2, respectively. In other functional areas, areas
from large to small were agricultural-ecological space, agricultural
space, urban space, urban-agricultural space, and urban-agricultural-
ecological space, which were 1219.04, 1108.49, 60.29, 47.93, and
34.01 km2, respectively.

3.1.2. Spatial distribution
Different territorial spatial functional areas displayed significant

differences in spatial distribution (Fig. 5). (1) Urban space: This space
was mainly distributed in the center and southeast with good geo-
graphical conditions and clear location advantages; those areas were
the non-karst areas and areas with good rocky desertification. This
distribution mode could effectively reduce the threat of natural dis-
asters to human life and alleviate the pressure of human activities on
the ecologically fragile mountainous areas in the cities and towns. (2)

Fig. 3. Partitions of territorial space types based on the urban-agricultural-ecological suitability evaluation.
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Agricultural space: This space was mainly distributed in the east and
west, demonstrating a small continuous distribution in the south and
southwest. It was concentrated in non-karst areas, no rocky desertifi-
cation areas, and potential rocky desertification areas, and it was rarely
observed in moderate and severe rocky desertification areas. (3) Eco-
logical space: This space was the most widely distributed type of ter-
ritorial spatial functional area in the whole territory, the highest con-
nectivity was located in the northwest, southwest, and northeast.
Especially in the severe rocky desertification areas in the south and
southeast, there were mainly ecological space and spatial types related
to ecology. (4) Urban-ecological space: This space integrated the re-
sidents' daily rest and environmental protection, and it was mainly
distributed in the center and northeast, but the distribution scale was
small. This type of functional area had good ecological environment,
high vegetation cover index, and good ecological and residential values.

(5) Urban-agricultural space: This space was mainly distributed around
the urban space in the center and southeast, and the areas in the
southwest that were connected to agricultural space. This type could
effectively alleviate the impact of urban space on agricultural space. (6)
Agricultural-ecological space: This space was distributed throughout
the territory and was the second largest spatial type in the distribution.
It was mainly distributed in the north with the best vegetation growth,
followed by the southeast and south with heavy rocky desertification.
Additionally, this multifunctional area could provide a good ecological
barrier for the governance of rocky desertification and the interruption
caused by human activity interference in karst areas. (7) Urban-agri-
cultural-ecological space: This space integrated the construction of
urban space, development of agricultural space, and protection of
ecological space, and it was mainly distributed around areas of human
activity in the center and southeast. Excluding the urban space, this

Table 6
Index system of the resource and environment carrying capacity.

Objective Category Index Trend Weight

First-level index Second-level index

Resource and environment carrying
capacity

Resource carrying capacity Water resources Water resources per capita + 0.0207
Water supply ratio + 0.0295
Water supply and demand ratio + 0.0185
Water-saving rate – −0.0884

Land resources Cultivated land ratio + 0.0371
Construction land ratio + 0.0173

Mineral resources Determined mineral resource value + 0.0336
Travel resources Attraction of travel resources + 0.0368
Location resource Distance to roads + 0.0772

Distance to waters + 0.0384
Environment carrying capacity Ecological environment Ecosystem service value – −0.0309

Geographical environment Geomorphic environment suitable area
ratio

+ 0.0545

Geological environment suitable area
ratio

+ 0.0488

Environment of water loss and soil
erosion

Soil erosion amount – −0.0109
Rocky desertification sensitivity – −0.0351

Water environment Surface water environmental quality + 0.0110
Per capita sewage discharge – −0.0106

Atmospheric environment SO2 – 0.0050
NO2 – 0.0105
CO – 0.0104
O3 – 0.0099
PM10 – 0.0132
PM2.5 – 0.0533

Socioeconomic carrying
capacity

Social factors population density – −0.0550
Urbanization rate + 0.0252
Labor force ratio + 0.0156
Index of per capita food production + 0.0235

Economic factors Per capita net income + 0.0161
GDP Per capita + 0.0387
Added value of the primary industry + 0.0537
Added value of the secondary industry + 0.0463
Added value of the tertiary industry + 0.0243

Table 7
Amendment rules for the territorial space.

Level of resource and environment carrying
capacity

Interval of resource and environment
carrying capacity

Functional direction Potential development type

I 4.5−5.0 Key urban development area Urban space
II 4.0–4.5 Overall control development area Urban-agricultural-ecological

space
III 3.5−4.0 Urban-agricultural comprehensive

development zone
Urban-agricultural space

IV 3.0–3.5 Urban development and ecological protection
area

Urban-ecological space

V 2.5−3.0 Key agricultural development area Agricultural space
VI 2.0–2.5 Agricultural development and ecological

protection area
Agricultural-ecological space

VII 1.0–2.0 Key ecological protection area Ecological space
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Fig. 4. Quantity structure ratio of the territorial spatial functional areas.

Fig. 5. Optimization of territorial spatial functional areas in karst areas based on "double evaluations".
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functional area type had the highest requirements for background re-
sources and the environment. However, it could alleviate contradictions
between the increasing demand for urban space and agricultural space
and their insufficient supply.

3.2. Control of the territorial space

3.2.1. Control of the territorial spatial functional areas
The urban-agricultural-ecological functions are the cores of the

Chinese territorial spatial planning strategy. In our optimization results
of the territorial spatial function areas (Fig. 5), whether the territorial
spatial function areas were single or multiple, they were independent or
combined types of the three major functions. Therefore, based on the
optimization results, the three major functional areas were taken as the
control objects, and the control approaches for the territorial spatial
functional regions of the karst areas were analyzed from aspects of
classified protection, comprehensive improvement, and cluster devel-
opment.

(1) Classified protection

According to the features and development directions of the three
major functional areas, the control methods for territorial spatial clas-
sified protection in karst areas were respectively proposed.

1) Urban space: On the one hand, through the effective implementa-
tion of planned land standards and related regulatory requirements,
the urban space in the center and southeast should strictly control
the development intensity and land use efficiency inside the space,
and guide the refined growth of urban space. To protect and create
green and open urban space, the overall layouts of infrastructure
corridors (e.g., transportation, energy, water conservancy, com-
munications) and ecological corridors are also good strategies. On
the other hand, for those multifunctional areas that are dominated
by urban space in the center, southeast, and northeast, they should
mainly be used for strategic and cutting-edge industrial develop-
ment on the basis of the constraints of the total development in-
tensity and assessment of ecological environment impact.

2) Agricultural space: For the agricultural space in the west and east,
the occupation of non-agricultural construction should be strin-
gently prevented to achieve consistency of the quality and amount
of occupied and supplemented agricultural space in the balance of
occupation and compensation. Simultaneously, the basic farmland
should be scientifically divided to rationally guide the adjustment
of agricultural structures, especially in severe rocky desertification
areas. Additionally, the residential land in agricultural space should
focus on ordered advancement of hollow village renovation and
village integration. And the rural residential land should be rea-
sonably arranged to properly allow the construction of regional
infrastructures, support of ecological environmental protection
projects, and development of ecotourism. However, the scope of the
influence of non-agricultural activities must be strictly controlled
during the process.

3) Ecological space: For ecological space with severe rocky desertifi-
cation and prominent environmental problems in the west and
south, it is important to protect the quality of the atmosphere,
water, and soil. Subsequently, the development and construction
activities, which conflict with ecological protection and have great
impacts on rocky desertification, should be guided and gradually
phased out by the adjustment of industrial structures and delimi-
tation of prohibited human activities, thereby restoring the original
ecological functions. For the ecological space with good environ-
mental quality in the north, ecological protection red line areas
should be scientifically delineated, and layouts of infrastructures,
urban-rural construction, industrial development, and public ser-
vice facilities should be prohibited in this area. Concurrently, it is

strictly prohibited to increase development and construction ac-
tivities that conflict with ecological functions outside ecological
protection red line areas. However, without prejudice toward eco-
system functions and their integrity, the eco-industrial models
could be appropriately developed to increase the economic output.

(2) Comprehensive improvement

According to the characteristics of low resource utilization effi-
ciency, large patch fragmentation, and low ecological environment
quality in karst areas, the approaches of territorial spatial comprehen-
sive improvement were constructed from three aspects of the efficient
use of resources, compact spatial layout, and ecosystem restoration.

1) Efficient use of resources

The efficient use of resources mainly involves urban and agri-
cultural space. In the urban space, the rectification of idle and activa-
tion of inefficient construction land can help the region promote in-
tensive use of regional territorial space. The agricultural space should
improve the efficiency of spatial utilization in rural construction areas,
sort out broken fields, and manage ecological fragile lower-level agri-
cultural planting space (e.g., sloping fields, barren arable land, arid
arable land, flooded arable land) to form food production areas and
improve crop yield benefits.

2) Compact spatial layout

Taking the improvement of the connectivity of spatial layout as the
core, areas with high plaque fragmentation in each functional area
should be subjected to centralized remediation and management, and
classified into functional areas with high connectivity surrounded by a
suitable carrying capacity. Thereby, the layout compactness and utili-
zation efficiency will be increased between different functional areas in
karst areas, and new intensive patterns will be constructed for regional
territorial space.

3) Ecosystem restoration

Urban space with high ecological sensitivity and poor living en-
vironment, agricultural space with poor planting conditions and low
output efficiency, and ecological space with a fragile ecological en-
vironment and severe rocky desertification should be managed cen-
trally by relying on the natural repair ability and artificial ecological
engineering technologies. Additionally, the sequential construction of
five ecological improvement projects (i.e., landform remodeling, soil
reconstruction, vegetation reconstruction, landscape improvement, and
biodiversity reorganization) are also good ways to improve the overall
ecological landscape quality.

(3) Cluster development

Based on the optimization result of territorial space function areas,
we separately selected two areas with the highest concentration degree
of territorial space types that were related to urban function, agri-
cultural function, and ecological function, and enclosed those six areas
in circles by delineating circles. This method could separate six areas
from areas with low concentration degree around them, and promote
the formation of cluster development areas that were dominant by three
territorial space functions. However, because of the differences of the
sizes of those ares, the sizes of six circles were different.

According to the layout characteristics of different territorial space
types in the optimization results, combining with the socio-economic
development level, agricultural planting environment, and ecological
environment quality of the study area, from the perspective of the three
main function spaces (i.e. urban space, agricultural space, and ecolo-
gical space), the development characteristics of regional territorial
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space were highlighted, and the development priorities and planning
directions of territorial space in all positions were set separately.
Thereby further promoting the scale development of territorial space
and the comprehensive improvement of rocky desertification situation
in karst areas. Based on this, the urban space, agricultural space, and
ecological space were divided into six cluster development areas: urban
optimization development, urban key development, agricultural opti-
mization development, agricultural ecology restoration, ecological key
protection, and ecological centralized management (Fig. 6). Six cluster
development areas had six development circles, and different circles
were served as the boundaries of different cluster development areas. At
the same time, for the development scopes in each circle, there were
differences in different cluster development areas: Among them, the
scopes of urban optimization development area and urban key devel-
opment area were all territorial space types that were related to the
urban function in those two circles, including urban space, urban-eco-
logical space, urban-agricultural space, and urban-agricultural-ecolo-
gical space; the scopes of agricultural optimization development area
and agricultural ecology restoration area were all territorial space types
that were related to the agricultural function in those two circles, in-
cluding agricultural space, urban-agricultural space, agricultural-eco-
logical space, and urban-agricultural-ecological space; the scopes of
ecological key protection area and ecological centralized management
area were all territorial space types that were related to the ecological
function in those two circles, including ecological space, urban-ecolo-
gical space, agricultural-ecological space, and urban-agricultural-eco-
logical space.

1) The urban optimization development area was distributed in the
center and had a good ecological environment foundation and a
high degree of concentration. This area should focus on optimizing
the population distribution, industrial structures, and urban layout.

Simultaneously, it should change the methods of development and
utilization, promote intensive and compact urban development, and
improve the efficiency of territorial spatial development. Finally, the
urban optimization development area should be enabled to ex-
tensively participate in the regional cooperation and competition.

2) The urban key development area was distributed in the southeast
and had a small scope of urban spatial distribution. However, con-
sidering the needs of the population and the future development,
this area should also be developed and constructed as urban space.
During the development of this area, it should focus on improving
the level of agglomeration development and strengthening infra-
structure construction and environmental protection, while advan-
cing new industrialization processes and improving the agglomera-
tion capability of the population and industry.

3) The agricultural optimization development area was distributed in
the east where the karst spatial type was non-karst area and had
better farming and site conditions. In this area, based on the re-
gional characteristics, it is necessary to adjust the planting and
distribution of the agricultural industries and improve the planting
and economic efficiency of the agricultural industries. Those
methods will ensure regional food security and the effective supply
of important agricultural products.

4) The agricultural ecology restoration area was distributed in the west
where the karst type consisted of potential and severe rocky de-
sertification areas. The ecological environment of the area was fra-
gile. Thus, its development should focus on ecological protection
and ease of rocky desertification, as well as using ecological agri-
cultural products to replace the cultivation of crops with greater
impacts on the ecological environment.

5) The ecological key protection area was distributed in the north and
had the ecological space with the best overall vegetation coverage,
the highest quality of ecological environment, and the highest

Fig. 6. Partitions of territorial spatial cluster development in karst areas.
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protection value. This area should protect the regional ecological
space by building nature reserves and delineating ecological pro-
tection red line areas and prohibiting the development and con-
struction of other types of functional areas.

6) The ecological centralized management area was distributed in the
south where the karst type was mainly moderate and severe rocky
desertification areas. Because this area demonstrated the greatest
pressure on the ecological environment and had the highest ecolo-
gical fragility, it should focus on the advancement of ecological
restoration projects (e.g., afforestation program, grain-to-green
program) while preventing human interference, as well as reg-
ulating the ecological environment and managing rocky desertifi-
cation in a natural restoration-based manner.

3.2.2. Control of the rocky desertification space

(1) Control of the rocky desertification deteriorating areas

According to the changes in rocky desertification from 2000 to
2018, the study area was divided into the rocky desertification im-
provement area, rocky desertification deteriorating area, rocky de-
sertification unchanging area, and non-karst area (Fig. 7). This study
further mainly proposed control approaches for the rocky desertifica-
tion deteriorating area. As shown in Fig. 7, this area was mainly dis-
tributed in the center, west, and northeast, and it was mainly located in
the agricultural and ecological space, especially their junctions.
Therefore, ecological strategies focusing on governance should be
adopted for the rocky desertification deteriorating area. On the one
hand, human interference should be reduced by limiting the population
and transferring the surplus labor. On the other hand, the terracing
project should be accelerated to improve agricultural production con-
ditions and increase the cultivated land carrying capacity. Additionally,

to meet people’s needs for food and clothing, it will be necessary to
actively implement ecological conservation projects (e.g., the conver-
sion of cropland to forest or grassland projects, the afforestation pro-
ject) to prevent further occupation of rocky desertification landscapes
and promote stable development of the ecological environment pattern
in karst areas.

(2) Control of the severe rocky desertification area

The severe rocky desertification area was the region with the worst
environmental conditions and development trends in the study area,
and it was mainly distributed in the south and west (Fig. 8). The eco-
logical benefits of the severe rocky desertification area were close to
zero, and the interior of the landscape type had stabilized. This region
had a high cost of ecological restoration and small effect, while the
relationship between the people and the environment was seriously
imbalanced. This dilemma finally formed a vicious cycle of "poverty-
resources plundering- environmental degradation-increased poverty".
Therefore, in the severe rocky desertification area, it is first necessary to
alleviate the ecological pressure of the population, reduce the predatory
development of resources by human beings, and allow the ecology a
chance to recover. Second, based on the combination of natural re-
covery and ecological protection areas, the ecological immigration
project, the afforestation project, the project of closing hillsides to fa-
cilitate afforestation, and the terracing project should be vigorously
implemented. In addition, the use of ecological technologies will pro-
mote positive vegetation succession, accelerate the restoration of the
ecological environment, and decelerate the spread of the severe rocky
desertification area.

(3) Control of corresponding policies

Fig. 7. Distribution of the change in rock desertification space from 2000 to 2018.
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To ensure ecological quality restoration of rocky desertification
deteriorating area and severe rocky desertification area, the introduc-
tion of strict supporting control policies is important. 1) The excessive
consumption of ecological environmental consumers should be re-
stricted by establishing ecological compensation systems: who de-
velops, who protects; who destroys, who restores; who benefits, who
compensates; who pollutes, and who pays. 2) Monitoring and evalua-
tion systems should be constructed to protect rocky desertification de-
teriorating area and severe rocky desertification area, and form real-
time, dynamic, and stereoscopic surveillance systems. 3) Cadre eva-
luation systems should be improved, and strict systems of source pro-
tection, penalty for damages, and accountability should be established.
4) Local publicity systems should be implemented. The relevant per-
sonnel should visit the townships on a regular basis to publicize the
necessity and urgency for the protection of rocky desertification dete-
riorating area and severe rocky desertification area. Such tactics will
increase the awareness of all sectors of society and the public regarding
the protection of relevant areas.

4. Discussion

4.1. Optimization method for territorial spatial functional areas

In current regional development, urban expansion has led to the
loss, fragmentation, transformation, and isolation of agricultural and
ecological landscapes. This phenomenon disrupts the sustainability of
agricultural production (Jin et al., 2016; Zhong et al., 2017) and takes
adverse effects on the climate, soil, and biodiversity (Davis et al., 2016;
Kurz et al., 2008). The solution to the contradictions between urban,
agricultural, and ecological space in the process of territorial spatial
sustainable development has been a recent focus of researchers. The

"double evaluations", oriented by evaluations of urban-agricultural-
ecological suitability and the resource and environment carrying ca-
pacity, have become an important foundation and core content of ter-
ritorial spatial planning (Wang et al., 2019). The idea of "double eva-
luations" has been widely used in researches related to territorial space
(e.g., delineation of the urban growth boundary (Zhang et al., 2019a;
2019b), assessment of functional areas (Wei et al., 2019)). These studies
have provided a scientific basis for the adjustment and optimization of
the structures of regional territorial functional areas.

This study explored the suitability and carrying capacity of the three
functional orientations (i.e., urban construction, agricultural develop-
ment, and ecological protection) in the study area by evaluating the
urban-agricultural-ecological suitability and the resource and environ-
ment carrying capacity. And it established the scientific logic of the
"dual evaluations" to the optimization of territorial spatial functional
areas, and proposed optimization approaches for territorial spatial
functional areas based on the integration of "dual evaluations". With the
introduction of territorial spatial amendment rules based on the di-
rectivity of the resource and environment carrying capacity to the in-
tensity of human activities (Liu et al., 2017), we constructed a complete
"dual evaluations" optimization system for the territorial spatial func-
tional areas to rationally plan the distribution of different functional
areas. Especially in karst areas, this optimization method fully con-
sidered the background of resources and environment and the degree of
spatial suitability, which can fundamentally improve the chaotic si-
tuation of the territorial spatial pattern and promote regional green
development.

Concurrently, we attempted to adjust and optimize the pattern of
territorial spatial function areas in karst areas through urban-agri-
culture-ecological functions coordination described in other studies
(Zhao et al., 2019b). In practice, it has been shown that the results can

Fig. 8. Distribution of the current situation in rock desertification space in 2018.
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promote the sustainable development of territorial space in karst areas.
However, the method of urban-agricultural-ecological functions co-
ordination mainly relies on the application of models and adjustment of
rules to optimize the structures of territorial spatial functional areas.
The construction of models and rules is very complicated. The method
used in this study mainly relied on the selection of index systems to
adjust the structures of the territorial spatial functional areas through
assessments of the urban-agricultural-ecological suitability and the re-
source and environment carrying capacity. Compared with the former,
this method is not only simpler in terms of local government use and
field promotion, but it also has more practical value.

4.2. Exploration on territorial spatial control approaches in karst areas

The proposal of the Sustainable Development Goals (SDGs 2030) of
the United Nations in 2015 has gradually caused the optimization and
control of territorial space to become a hot issue in the study of global
change and sustainable development (Gao and Bryan, 2017; Steffen
et al., 2015). Optimization is the basis of control, and control is the
realization of optimization (Chen and Zhu, 2015). Simultaneously, with
the future expansion of cities around the world, rapid growth of urban
space will have a prominent impact on farmland ecosystems, biodi-
versity, and carbon accumulation in the ecosystem (Seto et al., 2012).
This growth requires strengthening the control of the territorial space,
coordinating the relationship between functional areas, and reducing
the negative impact of territorial spatial changes on the ecological en-
vironment. In karst areas in particular, because of their own ecological
and environmental problems, it is more important to understand the
background and appropriateness of resources and implement effective
measures for territorial spatial control (Zhang et al., 2015; Xiao and
Weng, 2007).

In the Chinese "National Land Planning Outline (2016–2030)", the
overall control pattern of the classified protection, comprehensive im-
provement, and cluster development has been proposed as the main
body, and the system of territorial spatial development and protection
based on land use control has been established. However, strong doubts
persist regarding how this is to be achieved (Zhang et al., 2019c). Based
on the actual situations in karst areas, we comprehensively considered
the resources, environment, and socioeconomic status of the study area,
proposed territorial spatial control approaches taking control of the
territorial spatial functional areas and control of the rocky desertifica-
tion space as the core, and explored how to achieve better and faster
regional development under the premise of protecting the ecological
environment. Our control approaches restructured the territorial spatial
pattern in karst areas by reshaping the construction and development
systems, farmland ecosystems, and natural ecosystems (Pretty et al.,
2018; Davis et al., 2017), as well as adjusting the governance focus of
the rocky desertification space for rocky desertification deteriorating
area and severe rocky desertification area. Those approaches will im-
prove the food productivity and the ecological carrying capacity. Our
analysis also showed that the control mode could become an important
future strategy for territorial spatial sustainable development in karst
areas.

4.3. Implications and significance for territorial spatial planning and
management

In this study, we used the "dual evaluations" method to divide the
territorial space into seven functional areas (Fig. 5) that were contacted
with different social-ecological systems and showed significant spatial
clustering in karst areas. These distinct patterns can be explained by
historical social ecological interactions among people and nature
(Bennett and Gosnell, 2015 Ostrom, 2009). In karst areas, because of
the complexity of the resource environment, determining and identi-
fying different functional areas is not only an effective strategy for
territorial spatial planning and management (Bennett et al., 2009), but

it also has important significance for the restoration of the ecological
environment.

Our results showed that different functional areas had different
aggregation patterns and development directions. On the one hand, for
the regions with a better ecological environment and higher carrying
capacity, the degree of urbanization was high. It is important for these
regions to focus on economic construction and industrial development
according to their functional orientations. Thus rationally regulating
the relationship between development and protection and achieving
intensive use through the combination of modern industrial expansion
and traditional industrial cluster development (Jin et al., 2016). How-
ever, in this process, we must prevent all kinds of non-point source
pollution from posing a huge threat to territorial spatial sustainable
development (Shen et al., 2014) and retain a certain amount of green
space to promote the stability of ecological functions (Stott et al.,
2015). Additionally, building ecological corridors between agglomer-
ated urban space and agricultural space is also an effective way to in-
crease ecological security. On the other hand, for regions with a poor
ecological environment and low carrying capacity, human activities
have seriously affected the stability of the ecological system and dis-
rupted the balance of the ecological environment. These regions de-
monstrated the largest gap between socioeconomic development and
ecological environmental protection. It is necessary to implement the
functional transition of the territorial space to reduce the pressure on
limited natural resources (Izquierdo and Grau, 2009) and take full ac-
count of the food security and ecological resilience in strategic terri-
torial spatial planning. Concurrently, green infrastructure planning as a
land sharing approach (Baró et al., 2016) should be considered in re-
gional development planning, because it can improve the environment
and promote the positive succession of rocky desertification.

Additionally, the territorial space should adjust the development
cores of each functional area in various aspects according to the char-
acteristics of regional resources and environment, and reasonably de-
lineate the patterns of territorial spatial functional areas. The transfer of
high-intensity human activity areas and the increase of green space and
ecological agriculture in severe rock desertification area are also ef-
fective ways to coordinate territorial spatial functional areas. Such
methods fully consider the positive developmental needs of each
functional area, and their implementation can be closely linked to
promote positive directions of socioeconomic promotion, improvement
of agricultural industry, and ecological governance. Thus, they can al-
leviate the impact of the development and construction of various
functional regions of karst areas on vegetation net primary productivity
(Milesi et al., 2003) and agricultural planting structures (Wahyunto
et al., 2012), as well as improving the development and governance
efficiency of territorial space. In rocky desertification deteriorating area
and severe rocky desertification area, a reliance on the ecological en-
vironment self-repair capacity is the best governance method (Cairns,
1999). It is also a good choice to prevent human interference and im-
plement effective ecological engineering. However, future large chal-
lenges are faced in ecological engineering (Jones, 2012). This en-
gineering needs to formulate and implement effective corresponding
policies of rocky desertification space for different regions.

5. Conclusions

In this study, according to the characteristics of urban-agricultural-
ecological suitability and the resource and environment carrying ca-
pacity in karst areas of Southwest China, we explored the optimization
method for territorial spatial functional areas under "dual evaluations"
and optimized patterns of regional territorial spatial functional areas. In
the optimization results, the territorial space was divided into seven
functional areas: urban space, agricultural space, ecological space,
urban-agricultural space, urban-ecological space, agricultural-ecolo-
gical space, and urban-agricultural-ecological space. Their areas ac-
counted for 0.78 %, 14.34 %, 67.73 %, 0.62 %, 0.32 %, 15.77 %, and
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0.44 % of the total area, respectively. Because of the advantages of the
geographical and local conditions, the center and southeast of the study
area were the most suitable for the development of the functional area
types related to urban function (i.e., urban space, urban-agricultural
space, urban-ecological space, and urban-agricultural-ecological space).
The agricultural space was mainly distributed in the east and west. The
east should adjust agricultural structures based on economic develop-
ment and regional characteristics, while the west should focus on the
construction of ecological agricultural areas. The ecological space had
higher connectivity in the northwest, southwest, and northeast. Areas
with severe rocky desertification in the south and southeast especially
displayed all spatial types related to the ecological space. The agri-
cultural-ecological space was the most important multifunctional area
in karst areas and was mainly distributed in the north, south and
southeast. It could provide a good ecological barrier for the governance
of rocky desertification and interruption of human activities. However,
other multifunctional areas would also contribute to the sustainable
development of territorial space.

In addition, we proposed control approaches for territorial space in
karst areas from two aspects of the control of territorial spatial func-
tional areas and of rocky desertification space. In the former case, we
constructed control patterns of territorial spatial functional areas of the
“trinity” that centered on classified protection, comprehensive im-
provement, and cluster development. Finally, three development di-
rections of classified protection and three optimization targets of
comprehensive improvement were formed while dividing into six areas
of cluster development. In the latter case, we explored the control
methods of rocky desertification deteriorating area dominated by the
restriction of the population size and the implementation of ecological
engineering, governance models of severe rocky desertification area
combined natural restoration with the construction of ecological re-
serves, and control approaches for the policy centering on the im-
plementation of corresponding policies. The optimization method for
the territorial spatial functional areas under "dual evaluation" and ex-
ploration of territorial spatial control approaches could provide a sci-
entific basis for the enhancement of rocky desertification and im-
provement of the ecological environment in karst areas in Southwest
China.
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