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Abstract: At present, the carrying capacity of resources and the environment in some areas has
reached an upper limit, and the problems of ecological destruction and environmental pollution have
become increasingly prominent. The overexploitation and disorderly development of land space,
resulting in the spatial imbalance between the population economy and the resource environment, is
one of the root causes of excessive resource consumption, ecological degradation, and environmental
pollution. Resource and environmental carrying capacity and suitability evaluation of land space
development is the basis of land space planning. It provides conditions for the modernization of
land space governance. The framework provided by the “ Double Evaluation Guide (Trial) “ is
universal. It is necessary to adapt it to local conditions and to achieve the ” Double Evalution” results,
according to the characteristics of regional development. Taking Hohhot as the research area, which
is based on the “Guide”, involves selecting convincing and credible evaluation factors and using
the single factor integration method and the discriminant matrix method. The “double evaluation”
of Hohhot was also analyzed. This provides basic data for regional high-quality development and
land space planning. The results show the following: (1) The ecological function of Hohhot is good.
The areas with low importance for ecological protection accounted for about 18%, the areas with
medium ecological protection accounted for about 62%, and the areas with high ecological protection
accounted for about 21%. (2) The carrying capacity of agricultural function in Hohhot is medium.
The carrying capacity of the low polar region accounted for about 23%, the medium polar region’s
carrying capacity accounted for about 71%, and the high polar region’s carrying capacity accounted
for about 6%. (3) The urban function carrying capacity of Hohhot is medium. The carrying capacity
of the low-grade area accounted for about 25%, the medium-grade area’s carrying capacity accounted
for about 55%, and the high-grade area’s carrying capacity accounted for about 21%. (4) The overall
agricultural production suitability grade of Hohhot is not suitable. (5) The suitability of urban
construction in Hohhot is general. The unsuitable area accounts for about 40%, the more suitable
area accounts for about 45%, and the most suitable area accounts for about 15%.

Keywords: territorial spatial planning; resources and environmental carrying capacity; territorial
development suitability; high-quality development; Hohhot

1. Introduction
1.1. Research Purpose
At this stage, China’s economy is developing rapidly, and the urbanization process

is accelerating and has entered a new stage of development. China is actively promoting
the construction of ecological civilization [1]. However, at the same time, it also ignores
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the rational use and protection of land space, and it faces many new problems and chal-
lenges, resulting in waste of resources, environmental pollution, deterioration of ecological
environment, and the intensification of various conflicts [2,3]. Rational development and
utilization of cities are important guarantees to revitalize the economy of semi-arid regions,
and they are also key factors to promote the healthy development of ecosystems [4]. “Dou-
ble evaluation” is the cornerstone of territorial space planning and a prerequisite for green
development and ecological priority in the new era [5]. Therefore, the study of “double
evaluation” plays a decisive role in the green and efficient development of the region.

The research idea of “double evaluation” originates from the “Technical Guide for
Evaluating the Carrying Capacity of Resources and Environment and the Suitability of Land
and Space Development”, which is universal in the country. However, the development
of various regions in the country is different. It is necessary to adjust measures in relation
to local conditions and to formulate a planning system with local characteristics. “Double
evaluation” of the region can identify the status and characteristics of regional development
and provide the basis for the formulation of regional development strategies [6]. This
paper takes Hohhot as the research object, constructs an index system with Hohhot’s
characteristics, based on local development characteristics and the current situation, and
evaluates the suitability of land development and the carrying capacity of resources and
the environment so as to provide a basis for regional spatial development and protection
patterns and to promote the high-quality development of space [7].

1.2. Research Status at Home and Abroad

In 2009, Tian Hongling and other GIS tools were used to rasterize the study area,
which measured 3 km x 3 km, and it overlaid various factor layers. It was concluded that
the bearing capacity distribution of the Chengdu disaster area is obviously different, the
bearing capacity of the eastern plain is strong, and the bearing capacity of the western
mountainous area is poor [8]. In 2010, Wu Bin used the principal component analysis
method to comprehensively evaluate the resource and environmental carrying capacity
of Shenzhen, and Bin found that the resource and environmental carrying capacity of
Shenzhen showed a downward trend, in general, from 2000 to 2007. Especially after 2003,
the situation was more severe due to the influence of resource development and utilization
efficiency, ecological environment quality, and economic development level [9]. In 2011,
Gao et al. used the similarity evaluation model to comprehensively evaluate and analyze
the water resource carrying capacity of Ordos City, and they found that the development
and utilization of water resources in Ordos City had a considerable scale, and regional
water transfer projects could be implemented to solve the problem of water [10]. In 2013,
Wang et al. selected topography, land use, and other indicators to establish the index
system of resource and environmental carrying capacity in Ganzhou City. GIS technology
and the analytic hierarchy process were applied to determine the weight in combination
with the actual situation. The results showed that the resource and environmental carrying
capacities in Ganzhou City were close to saturation, and the city should adhere to the
parallel development and utilization of resources [11]. In 2019, Shao Yanpo and others took
Rongcheng City as their research object, established an evaluation index system of resources
and environmental carrying capacity, and realized the spatialization of attribute data, which
was based on GIS technology. The results showed that the basic evaluation of resources
and environment in Rongcheng City was loadable, and the comprehensive carrying state,
based on ecological conditions and environmental quality system, was loadable [12]. In
2021, Wang Mingtao selected Etuoke Banner as the study area to construct the evaluation
index system of regional resources and environmental carrying capacity, and Mingtao
proposed 20 evaluation indexes of environmental, social, and economic subsystems. Using
the TOPSIS comprehensive evaluation method, it was concluded that the level of regional
carrying capacity has fluctuated from 2011 to 2018, but the overall trend is on the rise.

Beginning in the early 1990s, domestic scholars began to pay attention to the relation-
ship between land spatial suitability evaluation and spatial allocation of land resources.
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In 2007, Liang et al. used the spatial data analysis and visualization function of GIS to
propose a practical method for generating the spatial distribution of ecological suitability of
comprehensive urban land by weighted superposition of single factors, and they accurately
characterized the ecological suitability intensity of different types of land from space [13].
In 2012, Tang Changchun and others used the Yangtze River Basin as a research area
and used Delphi and AHP methods to construct a suitability index system of land space
development. Combined with the GIS spatial clustering method, single factor classifica-
tion evaluation was carried out. The dynamic weighted summation method was used to
establish the evaluation, and the coupling difference coefficient was constructed to carry
out the evaluation [14]. In 2016, taking the city of Ji’an as the research area, Deng Yan
calculated the development potential score according to the comprehensive index method
model and analyzed the characteristics of development intensity based on GIS platform
and statistical methods. In 2018, Wang Lili constructed a county-level land development
suitability evaluation technology system based on a GIS grid based on land use status
data, meteorological data, and disaster data. In 2021, Huang Shujuan and others took
Shishou City as the research object and carried out weighted superposition analysis on
the elements of urban ecology, economy, and social benefits through GIS. In addition, the
factors affecting urban ecological security were analyzed [15].

Kyushik et al. evaluated the land carrying capacity of Seoul through the UCCAS
evaluation system. Dongwoo Lee used GIS grid technology to evaluate the environmental
carrying capacity of the regional development density allocation model [16].

From the end of the 19th century to the beginning of the 20th century, land spatial
suitability evaluation based on GIS gradually replaced the manual drawing and superpo-
sition of images. According to the method and model of the ecological zone plan of the
United Nations Food Security Organization, Davidson selected indicators such as climate
type and crop growth demand to evaluate the suitability of land for different crops [17].
Henrik et al. used the fuzzy comprehensive evaluation method to select indicators such as
land use status, environmental status, resource availability and biodiversity to construct the
evaluation index system of the development suitability of the coastal zone in the Hadapur
region. Sudabe Jafari et al. constructed an evaluation index system composed of climate,
soil, topography, and distance from rivers and settlements, and used the spatial overlay
analysis method to evaluate the suitability of pastures in the Tarigan Basin, Iran. The
evaluation results were divided into three grades: unsuitable, moderately suitable, and
highly suitable [18].

1.3. Highlights of Paper

At present, most of the research on double evaluation focuses on the provincial scale
and large spatial scale, lacking comprehensiveness and universality, and there are few
studies on the scale of smaller cities. This paper takes Hohhot as the research area and
carries out detailed evaluation and analysis of each single factor evaluation in the evaluation
of resource and environmental carrying capacity and land space development suitability.
Each small evaluation can provide the basis for the double evaluation of Hohhot, making
the analysis results more suitable for local conditions and in line with local development
characteristics. The evaluation results are more detailed and specific, and the preparation
of land and space planning has more regional development characteristics.

2. Materials and Methods
2.1. Natural Overview of the Study Area

Hohhot is located in north China, in the central Inner Mongolia Autonomous Region.
The city’s total area is 17,200 square kilometers, including a built-up area of 260 square
kilometers. The territory is mainly divided into two major geomorphic units. The northern
Daging Mountain and the southeastern Manhan Mountain are mountainous terrain, and
the southern and southwestern parts are Tumochuan plain terrain. The terrain inclines
gradually from northeast to southwest [19]. Hohhot is subject to a temperate continental
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monsoon climate; the four seasons of climate change significantly. The differences between
seasons are great and characterized by the following: long cold winter; short-lived, hot
summer; spring and autumn climate change [20]. The annual average temperature increases
from north to south. The annual average temperature difference is 34.4-35.7 °C and the
daily average temperature difference is 13.5-13.7 °C. Precipitation: the average annual
precipitation is 335.2-534.6 mm. The annual precipitation in the southwest region is the
least (only 350 mm). At present, the main water used in the construction area comes
from the Yellow River water, which undoubtedly limits the exploitation and utilization
of groundwater Yellow River water has a high sediment content and forms deposits
easily, which increases the possibility of floods and causes natural disasters. Therefore,
these problems should be paid attention to in future development and water utilization.
The characteristics of vegetation distribution are as follows: from south to north, forest
vegetation gradually transition to shrub grassland, dry grassland, and meadow grassland,
and from east to west, rocky vegetation transitions to marsh vegetation and sand vegetation.
According to the second soil survey, the soil types in Hohhot are complex, with a total of
12 soil types. The nutrient content of cultivated soil is generally low (Figure 1).
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Figure 1. Geographic map of the study area.

2.2. Data Sources

The data used in this paper are land use data, DEM elevation, meteorological data,
light and heat data, terrain data, etc., including geospatial data and survey data. Geospatial
data mainly include vector and raster data such as basic geography, land resources, water
resources, environment, ecology, and climate. Land use data, DEM elevation, and pho-
tothermal data were derived from the Resource and Environmental Science Data Center of
the Chinese Academy of Sciences. Terrain data were sourced from the geological cloud,
based on DEM data using ArcGIS slope calculation tool to obtain Hohhot's slope. Various
types of survey statistics were primarily obtained from weather stations’ data (for many
years), climate statistics, meteorological data, and environmental data mainly from the
national meteorological and climate departments. Climatic data included temperature,
precipitation, and other data. The observation data of national climate departments and
meteorological stations were extracted using spatial interpolation in ArcGIS 10.2 software.

Land resource data mainly include land use type, soil texture, terrain slope, and
undulation data. The data of land use types were obtained through the website of the
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Resource and Environmental Science Data Center of the Chinese Academy of Sciences and
extracted by ArcGIS software for further data analysis. The soil texture data were obtained
from the website of the Resource and Environmental Science Data Center of the Chinese
Academy of Sciences, and the soil texture of the study area was obtained by using the
inverse distance weight interpolation method of ArcGIS software. The terrain slope uses
the slope calculation tool of ArcGIS software to analyze and calculate the DEM data of the
study area. The topographic relief degree uses the focus statistical tool of ArcGIS software
to analyze and calculate the DEM data of the study area.

2.3. Double Evaluation Index System
2.3.1. Spatial Characteristics of Hohhot

The climate change in Hohhot is obvious in four seasons, and the difference is large,
especially in spring and autumn. Climate change is severe, and the meteorological indica-
tors need to be considered. The average annual precipitation is 335.2-534.6 mm, with the
southwest region receiving the least precipitation (only 350 mm). The selection of waterlog-
ging agricultural disaster indicators can be simplified, and the selection of indicators such
as soil erosion and arid agriculture should be considered. There are more mountains and
peaks in the territory, terrain, and slope, and other indicators need to be included in the
selection [21].

2.3.2. Construction of Index System

Taking the “Guide” as the reference standard, the evaluation method used in the
“Guide” is used to select the index, and the calculation method is provided. Combined with
the spatial characteristics of Hohhot, considering the restrictive factors of evaluation data
acquisition, the single factor evaluation index of resource environment carrying capacity
(Table 1) and land space development suitability (Table 2) is selected according to local
conditions [22]. The relevant information of the variable is provided in the subsequent
result analysis.

Table 1. Table of evaluation indexes for carrying capacity of resources and environment in Hohhot.

E\.zaluatllon Evaluation Eval}latmg Method of Calculation
Dimension Content Indicator
Water conservation . j 3
function water conservation (TQ) = X;(P; — R; — ET;) x A; x 10° [23]

Ecological E " . Soil and water

cologlca COsyStem services conservation soil and water conservation(A) = Rx KX L x S x (1—C) [24]
protection function
evaluation

Biodiversity Biodiversity maintenance service capability index(Spio) = NPPmean X Fpre X Frem X (1 — Fay) [25]

Evaluation of
agricultural
function
carrying
capacity

Ecological Soil erosion e . .
sensitéi;vity sensitivity [Vulnerability of soil erosion] = ¥/R x K x LS x C [26]

Light and heat Light and heat . . _ . .
Sonditions oonditions [light and heat conditions] = f(Accumulated temperature interpolation)

Foundation of
water and land
resources

Agricultural water

supply conditions [ richness of water resource] = f([precipitation], [water availability]) [27]

Land resources [Agricultural farming conditions] = f([gradient], [elevation]) [28]

Environmental
capacity of soil

Drought
agricultural
disasters

[Drought agricultural disasters] = f(Grid interpolation)

Evaluation of
urban
functional
carrying
capacity

Foundation of
water and land
resources

Urban water

supply conditions [richness of water resource] = f([precipitation|, [water availability])

Topographic

condition [topographic condition] = (Multi — factor comprehensive weighting)

Disaster potential

Geological

hazard risk [geological hazard risk] = f(geo — reference)
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Table 2. Evaluation table of suitability index for land space development in Hohhot.

Evaluation Dimension

Evaluation Content

Evaluating Indicator Method of Calculation

Agricultural
production suitability

Single factor of
agricultural production
suitability

Land resources [Agricultural farming conditions] = f([gradient], [elevation])

Agricultural water

supply conditions [richness o f water resource] = f([precipitation], [available water resources])

Light and heat

it ight and heat conditions) = f(Accumulated temperature interpolation
conditions light and heat conditi A lated temperature interpolati

Drought agricultural

disasters [Drought agricultural disasters| = f(Grid interpolation)

Integrated evaluation

Suitability of urban
construction

Single factor of urban
construction suitability

Topographic condition [topographic condition] = (Multi — factor comprehensive weighting)

Water supply condition [richness o f water resource] = f([precipitation], [available water resources])

Geological hazard risk |geological hazard risk] = f(geo — reference)

2.4. Research Method

The carrying capacity of resources and environment refers to the ability of the en-
vironmental system to withstand human economic and social activities while resources
can ensure sustainable development and steady operation in a region. In this paper,
Hohhot is taken as the research area, and the index factors with regional development
characteristics, such as light and heat conditions, biodiversity, land resources and terrain
conditions, are selected to evaluate and classify the carrying capacity of space resources
and environment [29].

Suitability evaluation of land space development refers to the analysis and evaluation
of the suitability of land space development, with the 500 m x 500 m network of the land
space of the administrative region above the county level as the basic unit, by combining
quantitative and qualitative analysis [30]. Taking Hohhot as the research area, this paper
chooses land resources, water supply conditions, and other index factors to classify and
evaluate the suitability of land space development.

2.5. Technology Roadmap

The technology roadmap is constructed from three aspects of ecology, agriculture and
urban (Figure 2).

zoology

land

resource

water

climates environments disaster

resource

Figure 2. Technology roadmap.

ecological agricultural urban

protection production construction
ecological agricultural suitability of urban suitability of
conservation production agricultural construction urban
Importance carrying scale production carrying scale construction
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3. Results
3.1. Evaluation of the Carrying Capacity of Resources and Environment
3.1.1. Evaluation of the Importance of Ecological Protection Function
Environmental Assessment of Single Element
Importance of evaluation of water conservation function:
water conservation (TQ) = Zi(P; — R; — ET;) x A; x 10° 1)

where P; is rain fall (mm), R; is surface runoff (mm), ET; is evapotranspiration (mm), A; is
the area of ecosystem i (km?), i is Type I ecosystem in the study area, and j is the number of
ecosystem types in the study area.

In the evaluation of the importance of water conservation function, the comprehensive
index method is generally used to establish a regional evaluation model. It divides the
importance of water conservation function into several indicators, determines the factors
affecting each index, selects them as evaluation factors, and obtains the index in the index.
Then, according to the weight, the total index is superimposed to obtain the importance
index of the water conservation function.

The analysis of the water conservation function is mainly obtained by precipitation,
ecosystem type, surface coverage, and basic geographic information [31]. The importance
evaluation map of the water conservation function in Hohhot was calculated and graded
by GIS according to mask extraction, fusion, precision adjustment, and other tools.

In our conception of the importance evaluation of the water conservation function
based on GIS in Henan Province, we observed that the important areas of water conser-
vation in the Yellow River Basin of Henan Province are relatively concentrated, the most
important general areas account for the largest proportion, and the relationship between
water conservation and land use types is inseparable [32]. The water conservation capacity
of Hohhot is general (Figure 3), showing a large spatial distribution of differentiation.
Important areas and extremely important areas are rarely distributed, and the city is domi-
nated by general areas. Important areas are only distributed in the north, the largest area of
general conservation capacity.
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Figure 3. Importance evaluation map of water conservation function (a) and soil and water conserva-
tion function in the city of Hohhot (b).
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Evaluation of the importance of soil and water conservation function:

soil and water conservation(A) = Rx Kx Lx S x (1—C) 2)

where R indicates the rainfall erosivity factor (MJ-mm/ hm?-h-a), K is the soil erodibility
factor (t-hm?-h/hm?-MJ-mm), L is the slope length factor, S is the slope factor, and C is the
vegetation factor.

The importance evaluation of the soil and water conservation function generally
involves three index factors: ecosystem type factor, vegetation coverage factor, and terrain
slope factor. At present, vegetation coverage data are mainly extracted from remote sensing
images, with 30 m resolution images as the main data source. The terrain selected in this
paper are the data with DEM resolution of 30 m. The terrain slope factor can be obtained
by using DEM data through the slope analysis tool in ArcGIS software [33].

The function of soil and water conservation is mainly related to climate, soil, topogra-
phy, and vegetation. The difference between potential soil erosion and actual soil erosion is
taken as the evaluation index. According to the actual situation of Hohhot, the three factors
of ecosystem type, vegetation coverage, and topographic slope are selected, and the data
are calculated by using GIS grid mosaic and NDVI data according to mask extraction [34].
Finally, the attributes are graded and adjusted. In the importance evaluation of soil and
water conservation function in Fujian Province based on GIS, it is found that the proportion
of generally important areas is the largest [35]. The overall soil and water conservation
capacity of Hohhot is general (Figure 3). The general area of soil and water conservation is
large, the central and western regions are important areas of soil and water conservation,
and the extremely important area is the smallest, mainly in the general area.

Evaluation of the importance of biodiversity maintenance function:

Biodiversity maintenance service capability index (Spi;) = NPPuean X Fpre X Frem % (1 — Fyyy) (3)

where NPPyeq, is the average annual net primary productivity of vegetation, Fy, is
the mean annual precipitation, Fi.y, is the perennial mean temperature, and Fy; is the
elevation factor.

For the assessment of the importance of biodiversity conservation functions, the NPP
method was used to calculate the importance of biodiversity conservation functions based
on the collection of available data [36].

The importance of biodiversity conservation function is evaluated at three levels:
ecosystem type, species, and genetic resources. Taking Hohhot as the research unit, accord-
ing to the NPP dataset, meteorological data, elevation dataset, and other data, using GIS
grid interpolation command, and referring to the “Ecological Protection Red Line Delin-
eation Guidelines”, the data of each factor are normalized, and finally the corresponding
grid value is expressed hierarchically [37].

In the study of double evaluation of land spatial planning based on county scale,
it is found that the extremely important areas of biodiversity maintenance function are
distributed in the south, the important areas are distributed in the middle, and the general
important areas are distributed in the north. The ecosystem types in Hohhot are mainly
farmland, forest, wetland, shrub, grassland, and urban settlements. Farmland and grass-
land cover the largest area, and forests and urban settlements are scattered (Figure 4).
Because of the correlation between biodiversity and ecosystem types, the biodiversity in
Hohhot is generally good. The extremely important areas and important areas are concen-
trated in the south, and the general areas are mainly distributed in the north (Figure 4).

Ecological vulnerability assessment:

[Vulnerability of soil erosion] = v/R x K x LS x C 4)

where R indicates the vulnerability classification value of rainfall erosivity factor, K is the
vulnerability grading value of soil erodibility factor, LS is the vulnerability classification value
of topographic relief factor, C is the vulnerability classification of vegetation cover factor.
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Figure 4. Importance evaluation map of ecosystem type (a) and biodiversity maintenance function in
Hohbhot (b).

According to the “Guide”, the assignment method of each factor is shown in the table
(Table 3).

Table 3. Soil erosion sensitivity evaluation factor grading assignment table.

Evaluation Factors Hypersensitivity Higher Sensitivity Mid-Sensitive Low Sensitivity Lower Sensitivity
Rainfall erosivity >600 400-600 100400 25-100 <25
Soil erodibility Sandy silt/silty soil Scellg}?%(l;;a;;r;/ Csli;’;y Surface sand /loam soil Cs(;?ﬁ}e, Z:llc/lé lf;r;e Gravel/sand
Topographic relief >300 100-300 50-100 20-50 0-20
Vegetation cover <0.2 0.2-04 0.4-0.6 0.6-0.8 >0.8
Classification 9 7 5 3 1

Referring to the construction of ecological vulnerability model adopted by Zhong
Zhaoquan [38], the weights of slope, soil K factor, average annual precipitation, NDVI, and
population density are obtained by using principal component analysis method based on
IBM SPSS Statistics through the evaluation index values of randomly generated points,
indicating the factors that mainly affected the ecological vulnerability of the study area.

Combined with the actual situation in Hohhot, there are too few vulnerability prob-
lems, such as rocky desertification and desertification, in ecological vulnerability. There-
fore, the ecological vulnerability assessment only studies the vulnerability assessment of
soil erosion.

Similar to the above soil and water conservation functions, data such as vegetation
coverage data, terrain data, soil texture data, and rainfall erosivity factor were selected,
and GIS was used to assign and interpolate the Hohhot area to form raster data, which was
then reclassified for hierarchical expression.

In the study of ecological vulnerability assessment in Naiman Banner, Inner Mongolia,
it was found that the degree of vulnerability was mainly mild and that the ecological
environment was moderately fragile. The vulnerability and resource distribution areas are
quite different, and the minimum proportion of extremely fragile area is also the smallest. It
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can be seen from the figure that the overall ecological vulnerability of Hohhot is low mainly
distributed in low-vulnerability areas, with fewer medium-vulnerability areas, distributed
only in the north, and no high-vulnerability areas (Figure 5).
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Figure 5. Evaluation diagram of ecological vulnerability (a) and ecological system integration in
Hohbhot (b).

Integrative Assessment

According to the above single factor evaluation results, the highest level of ecosystem
service function importance and ecological vulnerability evaluation results is taken, and
the mosaic function is used for overlay analysis in GIS to obtain the initial judgment result
of ecological protection importance. Then, the initial judgment result is corrected, and the
adjacent patches of the corresponding level are aggregated. According to the scale of the
aggregated plots, the patch concentration level is determined. According to the evaluation
level, the importance level of ecological protection is determined and evaluated.

In the evaluation of the importance of ecological protection in Kunming for land
and space planning, it was found that the proportion of high and higher importance of
ecological protection in Kunming was 30.1%. From the perspective of evaluation factors, the
importance of biodiversity maintenance function is the most important factor contributing
to the ecological importance of Kunming [39]. The ecological function of Hohhot is good
(Figure 5). The importance levels of ecological protection are low, medium, and high,
accounting for about 18%, 62% and 21%, respectively. The overall ecological protection
is good. The lower areas are scattered in the central and northern parts, and the higher
areas are concentrated in the south. A small number are in the north, and the medium area
accounts for the largest area. The region belongs to the area of frequent human activities,
which shows that the ecological environment will be affected by human activities. Hohhot
is located in the piedmont plain. It possesses a good groundwater storage structure and
is protected by water resources. Moreover, the ecosystem types are mainly farmland and
grassland, with good biodiversity and low vulnerability to soil erosion, which makes the
ecological protection function higher. In the future, more attention should be paid to
territorial space protection.
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3.1.2. Evaluation of Agricultural Function Carrying Capacity
Environmental Assessment of Single Element

Evaluation of photothermal conditions:

[light and heat conditions] = f(Accumulated temperature interpolation) (5)

Through the statistics of Hohhot meteorological station, using 10 years of daily average
temperature > 0 °C active accumulated temperature and GIS for accumulated temper-
ature interpolation, combined with altitude correction and topographic data, the active
accumulated temperature layer was obtained. Finally, the active accumulated temperature
classification map was generated according to each grade.

In the study of double evaluation of land and space planning based on county scale, it
was found that the overall light and temperature production potential was general, the spatial
distribution of grades was stepped, and the potential gradually increased from west to east.
The light and temperature conditions in the western region had little effect on crop growth. It
can be seen from the diagram that the overall light and heat production potential of Hohhot is
poor (Figure 6). From crops up to one year old, distributed in the south and central, and crops
less than one year old concentrated in the north, it can be seen that light and heat conditions
for crop growth support are very low; light and heat conditions are poor.
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Figure 6. Evaluation of photothermal conditions (a) and agricultural water supply conditions in
Hohbhot (b).

Evaluation of agricultural water supply conditions

[ richness o f water resource] = f([precipitation|, [water availability]) (6)

The evaluation index of agricultural water supply condition is obtained from 10-year
average precipitation data and meteorological station data, which is reflected by the spatial
distribution of water resources. The precipitation data were processed in the evaluation
of the importance of biodiversity maintenance function, and then were interpolated with
meteorological data to extract the range of Hohhot. The multiyear average precipitation
distribution layer was obtained by spatial interpolation, and the water supply condition
map of Hohhot City was obtained according to the distribution of each grade [40].
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In the study of double evaluation of land spatial planning based on county scale, it
is found that the spatial distribution characteristics of multiyear average precipitation are
generally more in the south and less in the north and show a decreasing trend from south
to north. The multiyear average precipitation level in Xiangzhou District is better, which
corresponds to the humid conditions, and the water resources evaluation results are better.
The grade of agricultural water supply conditions in Hohhot is generally poor (Figure 6).
Semi-arid and semi-humid regions dominate, semi-arid regions are concentrated in the
north while semi-humid areas are distributed in the south and central regions.

Land resource evaluation:

[Agricultural farming conditions| = f([gradient], [elevation]) (7)

The evaluation of land resources in the face of agriculture refers to the degree to which
land resources are suitable for agricultural production. The slope, elevation, and soil texture
are selected as the index factors to construct the analytic hierarchy discriminant matrix, and
the AHP analytic hierarchy process is used to calculate the weight of each factor evaluation
result for land resources [41].

According to the geographical location of Hohhot, the projection coordinate system
was set up by using GIS, the terrain slope was calculated according to DEM, and the slope
grading map was generated after grading according to the slope. Based on the grading
results, combined with the soil texture, the attribute selection and assignment of the two
were carried out by using the identification tool, the grade of agricultural cultivation
conditions was divided, and the land resource evaluation map was generated [42].

In the “double evaluation” method of provincial land resources evaluation, it was
found that land resources evaluated at low, medium, and high levels accounted for the
largest proportion [43]. The overall land resource environment in Hohhot is poor (Figure 7).
Inappropriate and more appropriate resource environments are accorded priority. The most
appropriate resource environment proportion is the smallest proportion, inappropriate and
more appropriate resource environment is found throughout the entire study area, the most
suitable environments are found in the west and central regions, and spatial distribution
is scattered.
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Figure 7. Evaluation of land resources (a) and drought agricultural disasters in Hohhot (b).
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Drought agriculture disaster evaluation:

[Drought agricultural disasters] = f(Grid interpolation) (8)

Taking precipitation data and meteorological data as indicators, the precipitation data
were processed by grid interpolation analysis, and the scope of Hohhot was extracted
according to the mask. According to the drought grade table of precipitation anomaly
percentage, the drought grade was determined, and the drought frequency was calculated.

Hohhot, as a whole, does not show a tendency for droughts. Overall, the drought-
related situation is good (Figure 7).

Integrative Assessment

According to the above single factor evaluation results, the highest level of agricultural
water supply conditions and land resources evaluation is obtained, and the mosaic function
is used in GIS to perform overlay analysis to obtain the basis of water and soil resources.
Using the highest level of the evaluation results of the three indicators of light and heat
conditions and soil environmental capacity, and using the mosaic tool, the evaluation
results of agricultural functional carrying capacity in Hohhot are obtained.

In the study of double evaluation of land and space planning based on county
scale, through the exploration of the four aspects of land resources, water resources, cli-
mate, and environmental evaluation, the maximum area of agricultural production is
2399.42 square kilometers. The carrying scale of agricultural production in Xiangzhou
District was analyzed and evaluated. Taking vegetation coverage as the index factor of
agricultural function carrying capacity, the vegetation coverage level in Hohhot is low
(Figure 8). Low-, medium-, and high-level areas accounted for about 48%, 45%, and 6% of
the total, respectively, reflecting an uneven distribution. The level of agricultural functional
carrying capacity in Hohhot is medium (Figure 8). The low-, medium-, and high-grade
areas accounted for about 23%, 71%, and 6% respectively. The areas with better carrying
capacity are concentrated in the south and middle, and the spatial distribution in the north
is uneven. The soil environment in the region is excellent. The water and soil resources
and the light and heat conditions in Hohhot are poor, and they are distributed in the urban
expansion area. Soil pollution limits the quality of agricultural products and limits the
overall carrying capacity of the entire region.
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Figure 8. Evaluation map of vegetation cover (a) and agricultural function carrying capacity in
Hohbhot (b).
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3.1.3. Evaluation of Urban Functional Carrying Capacity
Environmental Assessment of Single Element
Evaluation of urban water supply conditions:
[richness of water resource] = f([precipitation], [water availability]) )

M1°00°E
1

The water supply condition is mainly reflected by the water production modulus.
Taking Hohhot as the research unit, hydrological analysis was carried out according to
the topographic data processed in the evaluation of the importance of the soil and water
conservation function, the catchment basin was extracted, and the water resources were
divided according to the total amount of water resources, resulting in grades of water
resources and evaluation maps.

In the double evaluation study of land and space planning based on county scale, it
is found that the total water yield modulus of water resources in Xiangzhou District is
157,000 m®/km?, and the water resources evaluation grade is general, which is divided into
five grades: good, better, general, worse, and poor. The overall water supply conditions
in Hohhot are poor (Figure 9). The study area is mainly distributed in the two grades of
worse and poor, and the spatial distribution is clearly differentiated. The poor grades are
concentrated in the east.
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Figure 9. Evaluation map of urban water supply (a) and terrain conditions in Hohhot (b).

Topographic condition evaluation:

[topographic condition] = (Multi — factor comprehensive weighting) (10)
Referring to the multifactor comprehensive weighted evaluation model and terrain
factor model adopted by Wu Songze [44], slope, aspect, topographic relief, and surface
roughness were selected as the evaluation factors, and the area of each factor was calculated
according to the grading standard to evaluate the terrain conditions of the study area.
The main evaluation index of terrain conditions is DEM terrain data. The terrain
slope is calculated by using the DEM of Hohhot, and the slope grading map is generated
according to each grade. Based on the grading results, combined with elevation and terrain
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relief, the identification is carried out, the attributes are selected and assigned, and the
grading result map is obtained.

In the study of double evaluation of land space at the city and county level supported
by multisource data, it is found that the overall elevation of the terrain is not high, the
terrain fluctuation is large, it is mountainous terrain, the elevation is generally high in the
south and low in the north, and the terrain flatness is poor. The overall terrain conditions
in Hohhot are suitable (Figure 9). Unfavorable areas are scattered in the north and south,
with mountains. The more suitable and most suitable areas are concentrated in the north
and middle where there are human gathering places. The terrain of the whole area is
undulating and the spatial distribution is scattered.

Geological hazard risk assessment:

[geological hazard risk] = f(geo — reference) (11)

The main evaluation indexes of geological disaster risk assessment in Hohhot are
collapse and debris flow. ArcGIS 10.2 software was used to vectorize the map of geological
disaster susceptibility downloaded from the geological cloud website into a vector file
according to the geographic registration tool. Then, according to the grade distribution in
the map, the editor tool was used to draw each grade surface and assign values. According
to the existing data, the grade of geological disaster prone area was divided, and the
geological disaster risk assessment was carried out [45].

In the risk assessment of geological disasters in Gande County of Qinghai Province
based on GIS and analytic hierarchy process, the risk assessment grade of geological
disasters is divided into high-risk area, medium-risk area, and low-risk area, among which
low-risk areas accounts for 49.2% of the total, followed by high-risk areas (26.1%). The
geological disaster risk in Hohhot is high (Figure 10). The whole study area is divided into
high-geological hazard-prone areas and low-geological hazard-prone areas. High-prone
areas are concentrated in the south and north, low-prone areas are mainly distributed in
the middle and scattered in the north.
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Figure 10. Evaluation map of geological disasters (a) and urban functional carrying capacity in
Hohbhot (b).
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Integrative Assessment

Based on the above single factor evaluation results, the GIS identification tool was
used to identify the urban water supply conditions and topographic conditions as the basis
of water and soil resources. Combined with the risk assessment of geological disasters, the
mosaic tool was used to measure the risk assessment of geological disasters and the basis
of water and soil resources to the maximum value to obtain the evaluation results of urban
functional carrying capacity.

In the double evaluation study of land space at city and county level supported by
multisource data, the carrying capacity of urban construction was good, and the low-lying
areas were mainly affected by the risk of geological disasters and the topographic relief of
mountainous areas; however, the regional concentration was high. The urban functional
carrying capacity of Hohhot is medium (Figure 10). The low-, medium-, and high-grade
areas account for about 25%, 55%, and 21% of the total, respectively. The areas with good
carrying capacity are concentrated in the eastern and central regions, which is conducive
to the construction and layout of towns of different scales. The region has a low carrying
capacity characterized by an uneven distribution in the north, south and east. Hohhot is
affected by a high incidence of geological disasters. Due to the limitation of topographic
and geological conditions, the bearing capacity level is low.

3.2. Space Development Suitability Evaluation
3.2.1. Suitability Evaluation of Agricultural Production
Integrative Assessment

Based on the single factor evaluation indexes of land resources, agricultural water
supply conditions, light and heat conditions, and drought agricultural disasters that have
been evaluated in the above-mentioned resource and environmental carrying capacity,
the water and soil resource base under agricultural production conditions is determined
according to the evaluation results of land resources and agricultural water supply condi-
tions. Combined with the evaluation of light and heat conditions and drought agricultural
disasters, the highest value of each item is used and the preliminary results of agricultural
production suitability grade are obtained by using GIS mosaic tools. Then, the initial
evaluation results are corrected, according to the actual situation in Hohhot. The initial
evaluation results were of an appropriate level; thus, they were not amended.

In the agricultural production suitability evaluation based on the “double evaluation’
strategy, the overall level is high, and the suitable area and the relatively suitable area
account for more than half of the total area, which has good conditions for the development
of agricultural production. The overall agricultural production suitability grade of Hohhot
is not suitable (Figure 11). The climate environment is poor, the crop is mainly one crop
per year, the water supply condition is general, the whole region is mainly semi-arid and
semi-humid, the land resource environment is poor, and the land resource environment
is mainly suitable. The terrain fluctuation and slope are large, and the shortage of water
resources restricts agricultural development and is not suitable for agricultural production.
In the future development, we should pay attention to the rational use of water resources
and improve agricultural production.

7

3.2.2. Suitability Evaluation of Urban Construction
Integrative Assessment

Based on the evaluation of land resources, urban water supply conditions, light and
heat conditions, topographic conditions, and geological disaster risk factors that have
been evaluated in the above-mentioned resource and environmental carrying capacity,
the suitability of urban construction in Hohhot was evaluated and analyzed. Because
the location conditions are dynamically changing, this integration did not consider the
evaluation factors of location advantage. According to the land resources and urban water
supply conditions, the basis of water and soil resources was determined. On the basis of the
classification results, the first step was to modify the classification by intersecting it with
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the disaster risk, and the unsuitable plots were extracted separately. Using the aggregation
surface command, the suitable plots and the more suitable plots of the modified results
were aggregated, and the concentration degree was classified by using the area of each
block. Using the intersection command, the aggregated plots and the basis of water
and soil resources were intersected to obtain the first step of integrated evaluation and
classification. According to the evaluation results of suitability, initial judgment grade,
and plot concentration degree, the suitability grade of urban construction is determined
according to the discriminant matrix and, finally, the combined command is used. The
evaluation results are combined with unsuitable plots to obtain the suitability evaluation
map of urban construction [46].
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Figure 11. Evaluation map of suitability of agricultural production (a) and urban construction in
Hohbhot (b).

In the study of urban construction suitability evaluation under the background of land
and space planning, the suitability level of urban construction is divided into construction
optimization area, construction key area, and construction restriction area by the ArcGIS
natural fracture method. It can be seen from the figure that the suitability of urban con-
struction in Hohhot is general (Figure 11). The areas of unsuitable, more suitable, and most
suitable grades accounted for about 40%, 45%, and 15%, respectively, and the proportion
of unsuitable and more suitable grade was the highest. The two were concentrated in the
north, west, and south, which were closely related to the land resources and terrain condi-
tions in the region. The terrain undulation was large, the land resources were poor, and the
climate change was large, which would affect the suitability of urban construction. The
most suitable proportion is the smallest mainly distributed in the east. The region has good
land resource conditions, flat terrain, and high comfort. The construction restriction area is
mainly distributed in the urban space expansion area, the cultivated land surrounds the
city (cultivated land by agriculture), the city is located in a Piedmont plain, the Piedmont
plain is a good structure for groundwater storage (water resources protection), the urban
development expansion area is located in the river flood discharge area (topographic and
geological conditions), and the urban construction suitability of Hohhot is poor.
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4. Discussion

China’s new land space planning system was only recently established. Under the
social background of high-quality development and ecological civilization construction, it
is necessary to evaluate the total factors of land space resources and environment before
planning and determine the land space distribution characteristics, scope, and scale suitable
for ecology, agriculture, and urban functions, so as to provide the basis for subsequent land
space control and planning. The primary task of high-quality development in the new
era is to practice the concept of green development and promote the reform of ecological
civilization. The “Overall Plan for the Reform of Ecological Civilization System” proposes to
promote green development and establish a land space development and protection system
based on spatial planning with use control as the main means. Moreover, high-quality
development is inseparable from regional synergy. Regional synergy emphasizes regional
functional coordination and overall efficiency improvement. Regional functions should not
pay too much attention to urban production and living functions, but pay more attention
to the ecological functions of the natural environment. The development directions of the
new era are high-quality development, green development, and coordinated development,
requiring long-term vision and scientific and implementation requirements for the planning
discipline. Operational engineering needs to be combined with qualitative and quantitative
engineering. Since the optimization of land spatial pattern was first proposed in 2012, the road
to establish a spatial planning system has become increasingly clear: national development
must be gradually established a national development as the guide, based on spatial planning,
and supported by special planning composed of national, provincial, municipal, and county
planning. In January 2019, the Ministry of Natural Resources issued the “Guiding Opinions
on Doing a Good Job in Realizing the Public Compilation of Territorial Space Master Plan”,
which clarified the status of dual evaluation of territorial space planning. Territorial space
planning should be based on “dual evaluation”. After determining the zoning and access
rules of territorial space planning in the whole region, the “three lines” are delineated. Dual
evaluation is the basic preparation before the compilation of territorial space planning.

At present, the research on double evaluation is mostly carried out on a large (province)
scale; research on the country scale is less frequently executed. In a study of the double
evaluation of land space at the city and county level supported by multisource data,
Xiongyuan selected data, such as ecosystem, spatial distribution, DEM data, average
annual precipitation, light and temperature production, etc., with biological richness, water
conservation function, light and temperature production potential, surface slope, elevation,
etc., as evaluation indicators, and carried out ecological protection evaluation, agricultural
function carrying capacity evaluation, and urban function carrying capacity evaluation.
The single factor integration method and discriminant matrix method were used to evaluate
the carrying capacity of resources and environment and the suitability of land and space
development. The proportion was calculated and the double evaluation of Huayuan
County was analyzed. Zhang Zhirong takes the county as an example in the study of
“double evaluation” of county-level land and space planning. Based on the guidelines, the
evaluation scope was determined, the index system was constructed, and the development
suitability was evaluated by using the limit condition method and the comprehensive index
method. The carrying capacity of resources and environment evaluates the maximum
scale of single-factor carrying agricultural production and urban construction and uses the
minimum value as the upper limit. In a study of the support mode of “double evaluation”
in territorial spatial planning, Xie Linglin took Fenghuang County as an example. Based on
the guidelines, basic data, planning results data, laws, and regulations, policy data were
selected to evaluate the current situation of ecological resources, land resources, and water
resources in Fenghuang County, so as to provide support for territorial spatial planning.
This paper mainly uses the GIS spatial analysis function to select evaluation factors such as
water resources, land resources, climate, meteorology, environment, ecological conditions,
topography and location in Hohhot, and evaluates them from three perspectives: ecological
protection, agriculture, and town [47], calculates the proportion of each evaluation in
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Hohhot, and analyzes the evaluation results of Hohhot. The indicators selected in this paper
are more comprehensive, so they can be more convincing. A comprehensive analysis of the
current situation of resource and environmental utilization and the suitability of land space
development in Hohhot shows that the ecological protection function, agricultural function
carrying capacity, and urban function carrying capacity of Hohhot are better, agricultural
production is not suitable, and urban construction suitability is general. Zhang Zhirong
found in a “double evaluation” analysis of Chengcheng County that the importance of
ecological protection in Chengcheng County was general, the ecological background was
generally good, and the vulnerability of local areas was high. The suitability of agricultural
production was generally high, and the unsuitable area only accounted for 7.1%. A low
suitability of urban construction was found. Through the analysis of the carrying capacity
of resources and environment, it was found that the main resource and environment
constraints are water and land resources. In an analysis of the carrying capacity of resources
and environment in Ganzhou City, with the support of GIS, Wang Xuejun selected 12 index
factors, such as land use, resource environment ecological environment, topography, social
economy, etc., for statistical analysis. It was found that the carrying capacity of resources
and environment in Ganzhou City is not optimized, and the economic development space
is small. We expound on the problems existing in the carrying capacity of resources and
environment and the suitability of land space development in Hohhot, analyze the reasons,
summarize the conclusions, and analyze the land space of Hohhot and prospects. In terms
of research accuracy, the accuracy of geographic data in this study is not high and the data
were not easy to obtain, resulting in insufficient accuracy of some layers and indicators. In
a follow-up study, more accurate data should be obtained for more accurate and rigorous
analysis. In the selection of evaluation indicators, this paper, due to limited access, was not
adequately comprehensive, resulting in the lack of specific evaluation. In a follow-up study,
more representative evaluation indicators should be selected for more comprehensive
analysis. In future research, we should improve efficiency, clarify research objectives,
coordinate conflicts on the basis of adhering to the ecological red line, and establish a more
perfect land and spatial planning system to provide promises and guarantees for ecological
restoration and land consolidation [48].

Therefore, in future research and study, on the basis of adhering to the red line of
ecological protection, we will continue to strengthen ecological protection and construction;
improve water conservation and soil and water conservation capacity; maintain or recon-
struct forests, grasslands, and other ecosystems; strengthen small watershed management
and afforestation; limit steep slope reclamation and overgrazing; and increase mine envi-
ronmental remediation and restoration efforts [49]. The goal is to expand the area in the
city, improve the ability to maintain biodiversity, strengthen the construction of nature re-
serves, prevent the destruction of important species” habitats and their natural ecosystems,
enhance the carrying capacity of agricultural and urban functions, cherish water resources,
protect groundwater, ensure that suitable crops are planted according to the terrain and
geological conditions, and ensure that urban expansion areas are developed according to
local conditions. Land that is not suitable for development should be renovated to reduce
harm, and ecological space or suitable development spaces should be repaired, increasing
the overall available space and reducing the risk to the surrounding area [50].

5. Conclusions

Taking Hohhot as the research object, this paper evaluated the carrying capacity of
resources and environment and the suitability of land and space development from three
aspects: ecological protection, agriculture, and urban. The conclusions are as follows:

The ecological protection function is high. Low-level areas are mainly scattered in
the north and central regions, accounting for about 18% of the total; intermediate areas
are mainly in the north and south, accounting for about 62%; advanced areas are mainly
sporadically distributed in the south; and there are a small number of areas in the central
region, accounting for about 21%.
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The bearing capacity of agricultural function is high. Low-grade areas are scattered in
the north and south, and a small number of these are found in the central part, accounting
for about 23% of the total; the intermediate-grade areas account for the greatest amount,
about 71%; and the advanced-level areas are mainly concentrated in the middle, accounting
for about 6%.

Urban functional carrying capacity is moderate. Low-level areas are mainly distributed
in the north, south, and, sporadically, in the east accounting for about 25% of the total; the
intermediate-level areas are mainly distributed in the north and middle, accounting for
about 55%; and the advanced-level areas are mainly distributed in the east, accounting for
about 21%.

The evaluation grade of agricultural production suitability is classified as unsuitable.
The climate of the whole study area is semi-arid and semi-humid, with general water supply
conditions and large topographic relief, which is not suitable for agricultural production.

The suitability of urban construction is moderate. Unsuitable areas are mainly distributed
in the north, south, and, sporadically, in the east, accounting for about 40% of the total; more
suitable areas are distributed throughout the study area, accounting for about 45%; and the
most suitable areas are mainly distributed in the east, accounting for about 15%.

Therefore, we found that the carrying capacity of resources and environment in
Hohhot is moderate, and the main proportion factor is agriculture; the suitability of land
space development is general, and the main environmental constraint is water and soil
resources, which limits the development of towns.

6. Prospects

As the bases of territorial space planning, important roles are played by the carrying
capacity of resources and environment and the suitability of territorial space development.
Through the study of Hohhot, we determined that there are still some deficiencies in
the research on these subjects [51]. Further research on decision-making systems and
implementation is needed in the future. The evaluation in the “Guide” is applicable on
the national level and is not universal [52]. In the future, the content of the guide should
be improved and enriched, so as to help control the scale of urban development within
a reasonable range. Secondly, a feedback mechanism should be constructed. The focus
of the work of the higher level cities should be coordinated with the lower level towns to
better understand the significance of “double evaluation” [53]. Finally, governments at
all levels should raise awareness of protection, understand the importance of ecological
construction and sustainable development, clarify that “double evaluation” is the basis of
territorial spatial planning, reduce the harm of urban development to the environment,
and renovate and repair unsuitable land. Therefore, in the long run, coordinating the
development and utilization of resources by the development of human society is not
only the key point to promote sustainable development but also an important strategy to
promote the sustainable, stable, and healthy construction of ecological civilization [54].
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