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Abstract: The rapid development of urbanization, population growth, and unreasonable use of land
resources have made the contradiction between human beings and land increasingly prominent,
and the carrying capacity of land resources has become an important factor affecting the sustainable
development of a city or even a country. Based on the carrying capacity of agricultural land, con-
struction land, and ecological land in 31 provinces of China, this paper analyzed the spatiotemporal
characteristics of the carrying capacity of land resources in 31 provinces of China from 2008 to 2016
by using single-factor carrying capacity evaluation and comprehensive carrying capacity evaluation
methods. The evaluation results were divided into six levels (No pressure, Lower pressure, Low
pressure, Medium pressure, High pressure, Higher pressure), and the ArcGIS10.2 software was
used for visualization, and the carrying capacity prediction model was constructed to predict the
development trend of the comprehensive carrying capacity of land resources in 2020 and 2025. The
results showed that China’s land carrying capacity is extremely unbalanced. Whether from the
evaluation results of single-factor carrying capacity or comprehensive carrying capacity, we showed
the characteristics of high pressure in the east and low pressure in the west, and that the regional land
resources have a deteriorating trend. Through the prediction of the future land resource carrying
capacity index, it was found that the comprehensive carrying capacity index of land resources in
31 provinces of China will still show an upward trend in the future.

Keywords: land resources; carrying capacity; spatiotemporal differentiation; prediction; sustain-
able development

1. Introduction

Land resources are the material basis and prerequisite for human survival and devel-
opment, and play an irreplaceable role in human life [1]. They carry human production
and the development of all kinds of constructive activities [2], and to make sustainable
use of land resources is an inevitable choice for sustainable development [3–5]. In recent
years, with the rapid advancement of urbanization, the contradiction among population,
resources, and environment is increasingly intensified [6]. For example, in the process of
urbanization, the rapid development of industries and the explosive growth of popula-
tion have caused excessive consumption of land resources, resulting in serious resource
constraints and environmental pollution problems, such as the sharp reduction of arable
land, environmental degradation, and so on. These problems limit the economic develop-
ment of a city and hinder the process of sustainable development of a city. Additionally,
global land resources have entered a state of early warning or overload [7,8], which has
aroused extensive attention of domestic and foreign scholars on the carrying capacity of
land resources. Therefore, based on the current situation of land resources overload, it is
of great theoretical and practical significance to carry out the evaluation of land resources
carrying capacity and explore the improvement of dynamic monitoring and early warning
mechanism of land resources carrying capacity [9].
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The evaluation of land resources’ carrying capacity is the foundation for the suitability
of territorial space development [10]. With the acceleration of urbanization, the limited
land space will carry a larger scale and higher intensity of economic and social activities,
and the contradiction between urban development and the scarcity of land resources
will become increasingly fierce. To further rationally distribute land space and promote
the sustainable use of regional land resources, the government proposed that “based on
the carrying capacity of resources and environment and the suitability evaluation of land
development, the functional space of ecology, agriculture and towns should be scientifically
coordinated, and delimit the regulatory boundaries of production, life and ecological space
development, and reserves space for sustainable development [11]”. This clarifies the basic
role of carrying capacity and land development suitability in land spatial planning.

Land is an essential resource for humans and our means of production for existence
and development [12]. Although China has a vast land area, its population is large and
the available land resources are relatively scarce [9,13–15]. In addition, the excessive ex-
ploitation of land resources in the process of social and economic development leads to the
resource and environmental problems in China, which seriously impact the sustainable
use of land resources [16,17]; the Chinese government also pays more attention to the
sustainable development of land resources. In order to achieve sustainable development
goals and solve the disparity between resource, environment, and socio-economic develop-
ment [18], China has resolved that “human and nature are life communities, and human
beings must respect nature, conform to nature and protect nature” [19]. Therefore, whether
the sustainable development and utilization of land resources can be realized is the key to
the coordinated development of social economy and human land.

The carrying capacity was first proposed in the mechanics of physics, which refers
to the maximum load that an object can carry without damage [8]. At present, it has been
widely applied in ecology, biology, resource and environmental management, and natural
resources-related fields, and its meaning has also been extended [13]. The study of carrying
capacity has become an important basis for measuring the coordinated development of
the man-land relationship and regional sustainable development [20]. It aims at realizing
the common prosperity of human society within the Physical Boundary (PB) of the earth,
setting the safe boundary for the key biophysical processes affecting the stability of the
earth ecosystem from a global perspective, and determining the safe operating space of
human activities [21,22]. The concept of land carrying capacity was first proposed by the
American scholar William Vogot, that is, the ability of the land to provide food, clothing
and housing for humans depends on the production potential of the land [23]. With
the deepening of global land development, the relationship between human and land
is becoming more and more tense, which makes the carrying capacity of land resources
deeply studied in the world [24].

In previous studies on the carrying capacity of land resources, foreign studies started
early and laid the foundation for the development of land carrying capacity, including
single-factor carrying capacity evaluation and comprehensive carrying capacity evaluation.
The former divides the land carrying capacity into agricultural land, construction land,
ecological land, and other factors to evaluate the carrying capacity [25]. This method is well
applied to the relationship between human and food [26], urbanization [27], ecosystem
evolution [28], and other issues. At this stage, with the deepening of the research on the
carrying capacity of land resources, scholars have transformed the single-factor carrying
capacity evaluation into the latter, that is, the comprehensive land carrying capacity evalu-
ation, which considers the comprehensive function of land resources [29]. According to
the latest research, land comprehensive carrying capacity will become a key indicator of
land spatial planning and urban or regional sustainable development [6]. At present, many
scholars use this method to evaluate the carrying capacity of land resources to ensure the
sustainable use of land resources. For example, Johnson [30] used Geographic Information
System (GIS) technology to analyze the problem of land carrying capacity in the United
States to solve the problems of environmental protection and unreasonable use of land
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resources, and some scholars also discussed the spatiotemporal variation characteristics
of the carrying capacity of land resources. For example, Cui [6] used a multi-criterion
comprehensive evaluation approach, the comprehensive land carrying capacities of seven
cities in the Shandong Peninsula Blue Economic Zone between 2007–2014 were assessed,
and cluster analysis was conducted to identify the spatial-temporal variations of the cities’
comprehensive land carrying capacities; some scholars have made relevant researches
on the prediction of land resource carrying capacity. For example, Li [31] predicted the
land carrying capacity of the Pearl River Delta urban agglomeration, and used a scenario
simulation method to simulate the land use situation under different scenarios. However,
previous studies have primarily focused on single large cities, and few studies have con-
ducted a nationwide analysis of land carrying capacity in China. This study attempted to
fill this gap.

At present, the research methods of land resources’ carrying capacity have changed
from simple to complex, but a mature theory has not been formed [32]. The carrying
capacity of cultivated land resources is to study the ability of cultivated land to feed
the population [33]. The ecological footprint method is widely used in the study of
ecological land carrying capacity [34,35]. Some scholars use the index system method to
calculate the construction land carrying capacity and the land comprehensive carrying
capacity [36–38]. In recent years, the system dynamics (SD) method and the driving force-
pressure-state-impact-responses (DPSIR) model have been gradually developed to evaluate
the carrying capacity of land resources [39,40]. Although these studies have obtained some
meaningful information, the existing studies have some limitations. Firstly, the indicators
and parameters of land resource’ carrying capacity are uncertain [8]; secondly, too many
social and economic indicators are introduced into the study of the comprehensive carrying
capacity of land resources, which makes the studies more complex and deviates from the
original intention of the study of land carrying capacity; finally, some of the current land
resources’ carrying capacity evaluation methods, such as ecological footprint and system
dynamics, are more complex, and the scientificity and accuracy of their parameter settings
need to be discussed.

To solve the limitations of the above studies, this paper firstly evaluated the carrying
capacity of agricultural land, construction land, and ecological land by single-factor eval-
uation method, and calculated the corresponding carrying capacity index; then, it used
the coefficient of variation weighting method to calculate the weight of each indicator,
integrate the results of each indicator, and calculate the comprehensive carrying capacity of
land; at the same time, the comprehensive land resource carrying capacity of China (except
Hong Kong, Macao, and Taiwan) from 2009 to 2016 was analyzed by spatial differentiation,
predicting the land comprehensive carrying capacity of 31 provinces in 2020 and 2025. The
purpose is to understand and grasp the current situation and future development trend
of land resources’ carrying capacity in China so as to facilitate relevant departments to
accurately grasp the dynamic changes of land use and timely supervision and manage-
ment, and to provide theoretical support for sustainable development and related land-use
planning decision-making in China.

2. Materials and Methods
2.1. Data Sources

The data are from the China Statistical Yearbook [41] (http://www.stats.gov.cn/ (ac-
cessed on 22 October 2021)) and the Ministry of Natural Resources of the People’s Republic
of China [42] (http://tddc.mnr.gov.cn/ (accessed on 12 November 2021)), including pop-
ulation data and land resources data of 31 provinces in China from 2009 to 2016. The
land classification standard adopts the national standard of the People’s Republic of China
Land Use Status Classification (GB/T21010-2007). Cultivated land includes paddy fields,
irrigated land, and dry land; construction land includes urban, rural land, hydraulic con-
struction land, and transportation land; ecological land includes forest land, grassland,
waters, beaches, and swamps, and 7 index factors were selected from three levels of culti-

http://www.stats.gov.cn/
http://tddc.mnr.gov.cn/
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vated land, construction land, and ecological land to evaluate the carrying capacity of land
resources, among which the cultivated land index factors included population scale, Per
capita grain output, and Per capita cultivated area; construction land index factors included
area of existing construction land and Per capita construction land area; ecological land
index factors included existing ecological land area, and Per capita ecological land area.

2.2. Methods
2.2.1. Data Standardization

The source of the land resources’ carrying capacity index system is different, so we
needed to conduct dimensionless processing to the original data. This paper selected
three indicators of land resource carrying capacity (cultivated land, construction land, and
ecological land), which represent the carrying status of each index factor. We adopted
the normalization method to deal with the indicators so as to eliminate the influence of
different units on carrying capacity results [43].

rij =
Rij −min

(
Rij
)

max
(
Rij
)
−min

(
Rij
) (1)

where rij represents the value of index j in the i-th year after standardization; Rij represents
the original data of index j in the i-th year, max

(
Rij
)
, min

(
Rij
)

represent the maximum and
minimum values of index j, and the standardized values are between [0,1].

2.2.2. Single Factor Evaluation

The carrying capacity of cultivated land resources is a further refinement of the
carrying capacity of land resources, which refers to the population scale that cultivated
land resources can accommodate within a certain range. The cultivated land carrying
capacity index is used to characterize the relationship between the actual population and
cultivated land carrying capacity [44,45] (Equation (2)). In this paper, it was extended to
construction land and ecological land, and the carrying capacity index of construction land
and ecological land was calculated according to Formula (2).

The carrying capacity index can directly reflect the pressure of population on land
resources. If the carrying capacity index is less than 1, it indicates that there is no pres-
sure in the area; if the carrying capacity index is greater than 1, it indicates that there is
pressure [32,46].

CIxj =
Px

Lxj/Ltotal/Ptotal

(2)

where CIxj represents the carrying capacity index, x represents the provinces in China and
j is the land type; Px is the population size of x province, Lxj is the total amount of j land
types in x province.

2.2.3. Coefficient of Variation Weight Method

The weight calculation of the carrying capacity index of land resources is generally
divided into subjective and objective measures in order to ensure carrying capacity evalua-
tion is scientific; this paper adopted the objective assignment method, that is, the coefficient
of variation weight method was used for weight determination [47]. The larger the weight
is, the larger the information content of the index is and the greater the role it plays in
the evaluation. The specific calculation steps of this method are shown in Equations (3)
and (4) [47].

Vj =

√
∑n

1(rij−rij)
2

n−1

rij
(3)

Wj =
Vj

∑
j
i=1 Vj

(4)



Sustainability 2021, 13, 13383 5 of 20

where rij represents the value of j land type in the i-th year after standardization, rij is the
mean of j land type, Vj is the coefficient of variation of j land type, Wj is the weight of j land
type, and n is the number of years.

2.2.4. Comprehensive Carrying Capacity Evaluation

Evaluation of the comprehensive carrying capacity of land resources is necessary and
basic work for the overall planning of land use and territorial spatial planning. We adopted
the method of comprehensive evaluation to calculate the comprehensive carrying capacity
of land resources (Equation (5)) [48]. This paper constructed an evaluation index system
for the comprehensive carrying capacity of land resources in China’s 31 provinces from
three aspects: the carrying capacity of cultivated land, the carrying capacity of construction
land, and the carrying capacity of ecological land (Table 1).

Six =
m

∑
i=1

rij ∗Wj (5)

where Six is the comprehensive carrying capacity of land in the i-th year for province x,
rij represents the value of j index in the i-th year, m is the number of indicators, and Wj
(Equation (4)) is the weight of index j.

Table 1. Index system of the land resources’ carrying capacity and weight.

Index System of the
Carrying Capacity Index Index Factor Description Weight

Comprehensive
carrying capacity of

land resources

The carrying capacity
of cultivated land

population scale Scale of population gathering

0.3122
Per capita grain output Scale of land production

Per capita cultivated area Support of regional land for
industrial development

The carrying capacity
of construction land

Area of existing
construction land

Development of
construction land

0.3033
Per capita construction

land area

The degree of land
construction and the scale of

residential space

The carrying capacity
of ecological land

Existing ecological
land area

Direct reflection of ecological
environment quality

0.3845
Per capita ecological

land area
Quality of the living

environment

2.2.5. Carrying Capacity Prediction Model Construction

The prediction of the comprehensive carrying capacity of land resources is based on
the evaluation, which is an important part of the research on the comprehensive carrying
capacity of regional land resources. At present, the commonly used methods are regression
analysis method, time series analysis, and grey system method [49]. Based on the ARIMA
time series model, this paper predicted the comprehensive carrying capacity of land
resources in 31 provinces of China in 2020 and 2025.

The ARIMA model is a frequently used time-series forecasting model that combines
autoregressive (AR model (P)), moving-average models (MA model (q)), and differencing
in order I (d) to achieve stationary time series [50,51]. The general notation for ARIAM
is ARIMA(p, d, q), where p is used to calculate AR using p preceding periods from the
time series, d represents the degree of differencing that is used to transform the data into a
stationary series, and q is the order of the moving average. Forecasting using ARIMA is
calculated as follows [50,52]:
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Yt = C + ϕ1Yt−1 + . . . + ϕpYt−p + θ1et−1 + . . . + θqet−q + et (6)

where Yt is the difference at degree d of the original series of time series, ϕ1 − ϕp are
autoregressive model parameters, θ1 − θq represent moving-average model parameters,
and et is white noise. It should be noted that in Equation (6), when d = 0, the ARIMA
model becomes an ARMA model [53].

Firstly, we needed to ensure the stability of the time series when performing time series
forecasting [54]. Stationary detection methods include autocorrelation, partial correlation,
and the Augmented Dickey Fuller test (ADF); the latter test is more objective because it
judges the existence of the unit root [55]. The ADF test was first invented by David Dickey
and Wayne Fuller in 1979 and tests the time series for the null hypothesis of the presence of
unit root test [56]. The null hypothesis can inform whether a given time series is stationary
or not. It checks if the time series can be represented by a unit root with a time-dependent
structure [57]. If this hypothesis is rejected, we can assume that the time series is stationary.
The mathematical expression for ADF is given by:

∆y = α + βt + γyt−1 + δ1∆yt−1 + . . . + δp−1∆yt−p+1 + εt (7)

where α is constant, β is coefficient of time trend, p is the lag order, and εt is the error term.
After selecting the appropriate lags of order p, the test is executed for the null hypothesis
γ = 0. If the time series has non-stationarity, then the stationarity can be achieved using
differencing until the time series become stationary.

Since the autocorrelation coefficients and partial autocorrelation coefficients of the
stationary series obtained after difference do not have truncation, the order cannot be
determined by autocorrelation function or partial correlation function. The usual order
determination criteria are Akaike information criteria (AIC) [58]. AIC calculates the predic-
tion error, which measures the quality of a statistical model with other relative models, and
it can be expressed mathematically as [59]:

AIC = 2k− 2 ln
(

Å
)

(8)

where k stands for estimated parameters in the model and Å is the maximum value of the
likelihood function.

We measured goodness of fitting by R2, and the formula is as follows [60]:

R2 = 1− ∑n
i=1
(

Predicti − Predict
)2

∑n
i=1 (Actuali − Actual)2 (9)

Where Predicti represents the predicted value in the i-th year, Predict is the mean of
the predictions, Actuali represents the actual value in the i-th year, and Actual is the mean
of the actual.

The mean relative error (MRE) is better to reflect the actual situation of the pre-
diction error because it has no dimensional influence; it is a percentage allowing easy
comparison [61].

MRE =
∑n

i=1
|Predicti−Actuali |

Actuali
n

∗ 100% (10)

3. Results and Analysis
3.1. Single-Factor Carrying Capacity Analysis
3.1.1. Carrying Capacity of Cultivated Land

The cultivated land carrying capacity index reflects the pressure of population on
cultivated land resources. At the present stage, the index of arable land carrying capacity
in China is 0.79, indicating that 79% of the grain produced by cultivated land can meet the
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food demand of the Chinese population, but there are still significant differences in the
status quo of arable land carrying capacity among provinces. We divided the results of
cultivated land resource carrying capacity index in 2016 into four categories according to
the natural breakpoint method (construction land carrying capacity and ecological land
carrying capacity are classified according to this method, which will not be repeated below).
The results showed that only 13 of the 31 provinces had cultivated land carrying capacity
indices less than one, and the cultivated land resources met the population demand. The
population of the remaining 18 provinces produced different pressure on the cultivated
land resources. This is mainly due to the high value of cultivated land carrying capacity
areas (such as Beijing, Shanghai, Guangzhou), in which, often, more population, land
supply, and demand are seriously unbalanced, cultivated land production potential is low,
and the cultivated land carrying index value is much higher than other administrative
regions, in the state of overload. The interesting thing is that these areas have a large
population and less arable land, so how can we feed more people? This is because the
area with larger cultivated land carrying capacity index is the city with more developed
economic development; although the food in these areas cannot be self-sufficient, it can be
obtained by consumption from other areas. However, in Western China (such as Xinjiang,
Tibet, Inner Mongolia, etc.), the population is small and the per capita cultivated land area is
large, which leads to a small cultivated land carrying capacity. The cultivated land carrying
capacity index of each provincial administrative region shows obvious differences in space,
and the cultivated land carrying capacity indices of southeast provinces are significantly
larger than those of northwest provinces.

3.1.2. Carrying Capacity of Construction Land

The carrying capacity of construction land index reflects the maximum scale and
intensity of human activities carried by land resources [62–64]. Figure 1b shows the
construction land carrying capacity index of 31 provinces in China in 2016. At present,
China’s the carrying capacity of construction land index is 0.57, which can meet the needs
of people’s daily production and life. Although the overall situation is satisfactory, there
are large differences between provinces and cities, and the spatial differentiation is obvious.
From Figure 1b, we can find that the population of most provinces in China has little
pressure on the construction land resources, but Beijing, Shanghai, Guangdong, Guizhou,
and other places pose greater pressure on the construction land resources. This is mainly
due to the relatively developed economies and large populations in Beijing, Shanghai,
Guangdong, and other places, and the development intensity of construction land being
relatively high.

3.1.3. Carrying Capacity of Ecological Land

The carrying capacity of ecological land index is the scale of social economy and
the population that can be supported by ecological resource land, which is also the most
important basic content in the study of resource and environmental carrying capacity [65].
Figure 1c shows the carrying capacity of ecological land index in 31 provinces of China in
2016. The carrying capacity of ecological land index in China is 4.9, and the situation is not
optimistic. As can be seen from the Figure 1c, China’s ecological carrying capacity index
presents a general feature of being high in the east and low in the west. Xinjiang, Inner
Mongolia, Tibet, Qinghai, and nine other regions have great ecological carrying capacity,
which can meet the needs of the people; however, Beijing, Shanghai, Tianjin, Jiangsu,
Shandong, and other areas have small ecological land area, and are seriously affected by
human activities.
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Figure 1. (a) The carrying capacity of cultivated land; (b) the carrying capacity of construction land; (c) the carrying capacity
of ecological land.

3.2. Comprehensive Carrying Capacity Evaluation

The comprehensive carrying capacity of land resources can reflect the comprehensive
pressure of land carrying population. Firstly, we used the data standardization formula
to standardize the original data (Formula (1)). Then, based on the standardized data, we
brought them into the relevant formula of coefficient of variation weight method to obtain
the relevant weights of each index (Table 1.). Finally, the weighted data were brought into
Formula (5) for relevant calculations to obtain the comprehensive carrying capacity index
of land resources in China’s 31 provinces from 2009 to 2016 (Table 2).

From Table 2, we can find that the comprehensive carrying capacity index of land
resources in China’s provinces is between 0.0064–0.6084 (except Shanghai), and the carrying
capacity index of Shanghai has always been overloaded. This is mainly due to the greater
land pressure of agricultural land, construction land, and ecological land in Shanghai,
which makes the comprehensive carrying capacity index of Shanghai larger.

From the evaluation level, the comprehensive carrying capacity of land resources in
Xinjiang, Inner Mongolia, Heilongjiang, Tibet, Ningxia, Qinghai, Jilin, and Gansu is at
a relatively high level, which can basically meet the sustainable development of society,
economy, and ecology; the land resources of Liaoning, Shanxi, Hainan, Hubei, Anhui,
Hebei, Shaanxi, Yunnan, Jiangxi, Hunan, and Guangxi are better, but the pressure is less;
Sichuan, Chongqing, Henan, and Guizhou are at the medium level of carrying capacity,
and show a trend of decreasing first and then increasing; the carrying capacity of land
resources in Fujian, Jiangsu, Shandong, and Zhejiang is poor, and Guangdong, Tianjin,
Beijing, and Shanghai are overloaded with carrying capacity, mainly due to the rapid
development of these areas and the gradual increase of the migrant population, which
leads to environmental degradation and the carrying capacity index being too large.

3.3. Spatiotemporal Analysis of the Comprehensive Carrying Capacity

Since the changing trend of land comprehensive carrying capacity in 31 provinces
of China in one year is not significant, the change cannot be clearly displayed. To more
directly reflect the spatial differentiation of the evaluation results of the land comprehensive
carrying capacity, this study used ArcGIS10.2 to realize the spatial analysis of the evaluation
results of the comprehensive carrying capacity of land resources in 2010, 2012, 2014, and
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2016. The evaluation results were divided into six grades using the standard difference
grading method (No pressure, Lower pressure, Low pressure, Medium pressure, High
pressure, Higher pressure), and different colors were used to indicate different levels so
as to more clearly reflect the actual situation of land resource carrying capacity in various
provinces in China (except Hong Kong, Macao, and Taiwan) (Figure 2).

Table 2. Comprehensive carrying capacity index of land resources in 31 provinces of China from 2009 to 2016.

Province 2009 2010 2011 2012 2013 2014 2015 2016

Beijing 0.5497 0.5579 0.5652 0.5731 0.5766 0.5861 0.5968 0.6084
Shanghai 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Anhui 0.1626 0.1493 0.1467 0.1451 0.1445 0.1449 0.1471 0.1928
Fujian 0.2742 0.2609 0.2556 0.2521 0.2471 0.2459 0.2475 0.2704

Guangdong 0.3636 0.3563 0.3493 0.3469 0.3412 0.3397 0.3439 0.3668
Gansu 0.0840 0.0806 0.0787 0.0776 0.0753 0.0741 0.0737 0.0880

Guangxi 0.1909 0.1693 0.1675 0.1664 0.1645 0.1641 0.1652 0.1956
Guizhou 0.2601 0.2410 0.2293 0.2206 0.214 0.2053 0.2035 0.2166
Hainan 0.1573 0.1505 0.1477 0.1471 0.1457 0.1458 0.1468 0.1765
Hebei 0.1642 0.1612 0.1592 0.1580 0.1567 0.1564 0.1570 0.1901
Henan 0.2482 0.2343 0.2283 0.2248 0.2204 0.2187 0.2198 0.2516

Heilongjiang 0.0405 0.0391 0.0388 0.0386 0.0386 0.0384 0.0374 0.0844
Hubei 0.1587 0.1514 0.1491 0.1464 0.1440 0.1419 0.1427 0.1857
Hunan 0.1895 0.1867 0.1843 0.1833 0.1814 0.1813 0.1831 0.2196

Jilin 0.0766 0.0739 0.0725 0.0716 0.0705 0.0700 0.0699 0.1039
Jiangsu 0.2781 0.2677 0.2632 0.2596 0.2564 0.2554 0.2566 0.3024
Jiangxi 0.1734 0.1661 0.1631 0.1603 0.1578 0.1560 0.1559 0.1959

Liaoning 0.1233 0.1182 0.1154 0.1135 0.1118 0.1110 0.1106 0.1437
Inner

Mongolia 0.0100 0.0092 0.0092 0.0091 0.0091 0.0087 0.0080 0.0487

Ningxia 0.0472 0.045 0.0444 0.0440 0.0438 0.0436 0.0433 0.0918
Qinghai 0.0609 0.0583 0.0572 0.0559 0.0523 0.0535 0.0532 0.0440

Shandong 0.2800 0.2716 0.2673 0.2639 0.2612 0.2610 0.2629 0.3033
Shanxi 0.1349 0.1374 0.1365 0.1350 0.1330 0.1321 0.1331 0.1603

Shaanxi 0.1675 0.1599 0.1571 0.1526 0.1498 0.1476 0.1479 0.1717
Sichuan 0.2057 0.1908 0.1875 0.1851 0.1825 0.1808 0.1822 0.1985
Tianjin 0.4037 0.4120 0.4235 0.4377 0.4518 0.4652 0.4777 0.5302
Tibet 0.0468 0.0463 0.0467 0.0483 0.0488 0.0494 0.0501 0.0127

Yunnan 0.1675 0.1616 0.1597 0.1581 0.1559 0.1547 0.1552 0.1622
Zhejiang 0.2854 0.2810 0.2746 0.2700 0.2642 0.2608 0.2624 0.2813

Chongqing 0.2338 0.2230 0.2209 0.2180 0.2158 0.2145 0.2159 0.2310
Xinjiang 0.0066 0.0064 0.0064 0.0064 0.0064 0.0066 0.0070 0.0246

The evaluation results of land resource carrying capacity (Figure 2) presented a spatial
pattern of greater pressure in the east and less pressure in the west. In eastern Beijing,
Shanghai, Tianjin, Jiangsu, and other places, due to superior geographical conditions,
population activities and economic development are relatively active, resulting in a large
degree of land development and greater pressure on land resources. Along with the rapid
development of social economy in Sichuan, Chongqing, Henan, Anhui, and other places
in the central part of China, the problem of lack of land resources has appeared in all
provinces. Meanwhile, the shortage of land resources can hardly meet the needs of the
rapid development of regional economy and society. In the west, Xinjiang, Tibet, Qinghai,
and Inner Mongolia are rich in land resources, which are conducive to carrying out land
development on an appropriate scale.

In addition, the number of areas with no pressure, lower pressure, low pressure,
medium pressure, high pressure, and higher pressure in the comprehensive carrying
capacity of land resources evolved from 8, 8, 3, 4, 4, and 4 in 2009 to 4, 7, 4, 8, 8, 2, and 6
in 2016. On the whole, the number of areas with no pressure and high pressure on the
carrying capacity of land resources in the 31 provinces of China obviously decreased, while
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the number of areas with medium pressure and higher pressure increased slightly. The
regional land resources showed a worsening trend, and the spatial distribution of land
resources’ carrying capacity showed a gradual increase from west to east.
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3.4. Prediction and Analysis of Land Carrying Capacity Based on ARIMA Model

There are two methods to predict the comprehensive carrying capacity of land. One
is to directly make predictions on the comprehensive land carrying capacity index se-
quence [66,67]; the other is to predict each index in the comprehensive land resource
carrying capacity evaluation index system [68] and then calculate the comprehensive car-
rying capacity of land in the future. Since 2020 and 2025 are the deadlines of the 13th
Five-Year Plan and the 14th Five-Year Plan, predicting the carrying capacity of land re-
sources in 2020 and 2025 can provide theoretical support for the decision-making of the
new round of General Land Use Planning. Based on the original data of each index from
2009 to 2016, this study used the ARIMA model to predict the index data of 31 provinces in
China in 2020 and 2025 and calculated the comprehensive land carrying capacity index of
mainland China in 2020 and 2025.
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3.4.1. Tests the Stationarity of ADF

For ARIMA modeling, stationarity is a prerequisite. Taking the cultivated land carry-
ing capacity in Beijing as an example (See Supplementary Materials for details), the stability
of the original data was tested by using Eviews software. The test results showed that
under the original hypothesis, the values of unit root T-test statistic were greater than the
corresponding critical values at the three significant levels of 1%, 5%, and 10%, so it accepts
the original hypothesis, indicating that the original data set of Beijing cultivated land
carrying capacity is non-stationary and has unit root, and the data need to be stabilized.
After the second-order difference, under the significance level of 5%, the critical value of
unit root test of cultivated land carrying capacity in Beijing was less than the corresponding
critical value, which rejects the original hypothesis, indicating that the original data set is
stable after the second-order difference, and the stationarity test is completed (Table 3.).

Table 3. Second-order difference unit root test results of cultivated land carrying capacity in Beijing.

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic −4.1244 0.0265
Test critical values: 1% level −5.1198

5% level −3.5195
10% level −2.8984

Note: * is significant at the 0.05 level.

3.4.2. Parameter Estimation

After data stabilization, we should estimate its best fit AR parameters and MA pa-
rameters according to its partial autocorrelation (PAC) function and autocorrelation (AC)
function, respectively. Similarly, if the AC function of a stationary series died off smoothly
at a geometric rate after one lag and the PAC declined geometrically, a first-order MA
process would seem appropriate [69]. However, in the practical fitting process, we could
choose any other AR/MA parameters. Figure 3 shows the AC and PAC of Cultivated land
carrying capacity in Beijing. Possible suitable models are ARIAM(1,2,1), ARIAM(1,2,2), and
ARIAM(2,2,1); the AIC of the three models are calculated by Eviews software according to
the Akaike Information Criterion (AIC), and the model with the smallest AIC value should
be chosen as the model we need. Therefore, we chose the ARIAM(2,2,1) model (Table 4).
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3.4.3. Model Fit

After determining the parameters, the residual series white noise test of the model
should be carried out. If it is not a white noise sequence, it means that the residual sequence
still has some useful information that has not been extracted, which requires further
improvement of the model. We can test whether the residual is a white noise sequence by
making an autocorrelation-partial autocorrelation analysis figure of the residual sequence.
Figure 4 shows the AC and PAC of ARIAM(2,2,1); the AC and PAC are in the confidence
interval, and there is no autocorrelation in the residual series, which is a white noise process.
Therefore, the model fitting was successful. The model fitting graph is shown in Figure 5.
We used the same method to determine the model of cultivated land carrying capacity,
construction land carrying capacity, and ecological land carrying capacity in 31 provinces
of China.
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3.4.4. Accuracy Verification of Model Prediction Result

To verify the accuracy of the prediction results, the feasibility of the ARIMA model
applied to the prediction and simulation of land resources’ carrying capacity was discussed.
We divided the data into the experimental group (2009–2015) and the test group (2016).
First, we put the data of the experimental group into the ARIMA model of 31 provinces in
China and calculated the mean relative error between the actual value and the fitted value.
The results are shown in Table 5.

As can be seen from Table 5, the mean relative errors of cultivated land carrying
capacity, construction land carrying capacity, and ecological land carrying capacity in
31 provinces of China were 0.00–0.12%, 0.00–3.26%, and 0.00–0.34%. The errors were small,
the fitting was satisfactory, and the model was applicable. We further analyzed the relative
error between the actual value and the predicted value in the test group, and the results
are shown in Table 6.

It can be seen from Table 6 that the mean relative error ranges of the actual and
predicted values of the 31 provinces in China were 0.00–1.21%, 0.02–6.74%, and 0.00–0.52%.
Combining the experimental group and the test group, the results showed that the error
between fitting and prediction was small, the fitting effect was better, and the model was
suitable and supported the prediction of carrying capacity indicators.
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We calculate the predicted values of various indicators in 2020 and 2025 based on
the models of each province, standardized the predicted values, and used Formula (5) to
calculate the predicted value of the comprehensive land carrying capacity index. In order
to more clearly reflect the temporal and spatial changes of China’s 31 provinces, we used
the same classification method to divide them into six levels (Figure 6).

Table 5. ARIMA model types and relative error Table of 31 provinces in China.

Province

The Carrying
Capacity of
Cultivated

Land Model
Type

Mean Relative
Error

The Carrying
Capacity of

Construction
Land Model

Type

Mean Relative
Error

The Carrying
Capacity of
Ecological

Land Model
Type

Mean Relative
Error

Beijing ARIAM(2,2,1) 0.05% ARIAM(2,1,1) 0.05% ARIAM(2,1,2) 0.03%
Shanghai ARIAM(1,2,1) 0.02% ARIAM(1,1,1) 0.19% ARIAM(1,2,2) 0.02%

Anhui ARIAM(1,1,2) 0.00% ARIAM(2,1,2) 0.11% ARIAM(2,1,1) 0.04%
Fujian ARIAM(1,2,1) 0.03% ARIAM(1,1,1) 0.07% ARIAM(1,1,3) 0.00%

Guangdong ARIAM(1,1,2) 0.02% ARIAM(1,2,1) 0.00% ARIAM(2,1,1) 0.26%
Gansu ARIAM(3,1,1) 0.05% ARIAM(1,1,2) 0.08% ARIAM(1,2,1) 0.02%

Guangxi ARIAM(1,2,1) 0.01% ARIAM(1,1,2) 0.19% ARIAM(1,1,2) 0.02%
Guizhou ARIAM(3,1,1) 0.12% ARIAM(2,1,2) 0.16% ARIAM(1,1,1) 0.34%
Hainan ARIAM(1,2,1) 0.06% ARIAM(1,1,3) 0.20% ARIAM(1,2,1) 0.04%
Hebei ARIAM(2,1,2) 0.00% ARIAM(1,2,1) 0.11% ARIAM(1,1,1) 0.24%
Henan ARIAM(1,1,1) 0.03% ARIAM(1,1,2) 0.11% ARIAM(2,1,1) 0.02%

Heilongjiang ARIAM(3,1,1) 0.02% ARIAM(1,1,2) 0.04% ARIAM(1,1,1) 0.00%
Hubei ARIAM(1,1,2) 0.02% ARIAM(1,1,2) 0.62% ARIAM(1,1,1) 0.00%
Hunan ARIAM(2,1,1) 0.01% ARIAM(1,2,2) 0.24% ARIAM(1,1,2) 0.00%

Jilin ARIAM(1,1,1) 0.01% ARIAM(2,1,1) 0.10% ARIAM(1,1,2) 0.00%
Jiangsu ARIAM(1,1,2) 0.00% ARIAM(1,1,2) 0.41% ARIAM(1,2,2) 0.00%
Jiangxi ARIAM(1,1,1) 0.01% ARIAM(1,1,2) 0.35% ARIAM(1,1,1) 0.00%

Liaoning ARIAM(1,2,1) 0.02% ARIAM(2,1,2) 0.35% ARIAM(1,1,2) 0.01%
Inner Mongolia ARIAM(1,1,1) 0.01% ARIAM(1,1,3) 0.28% ARIAM(1,1,1) 0.00%

Ningxia ARIAM(2,1,1) 0.00% ARIAM(1,1,2) 0.51% ARIAM(1,1,1) 0.01%
Qinghai ARIAM(1,1,2) 0.04% ARIAM(1,1,3) 3.26% ARIAM(1,1,3) 0.00%

Shandong ARIAM(1,1,2) 0.00% ARIAM(1,1,3) 0.45% ARIAM(1,1,2) 0.00%
Shanxi ARIAM(1,1,1) 0.00% ARIAM(2,1,1) 0.32% ARIAM(1,1,3) 0.00%
Shaanxi ARIAM(1,1,2) 0.00% ARIAM(1,3,1) 0.14% ARIAM(2,2,1) 0.04%
Sichuan ARIAM(1,1,1) 0.00% ARIAM(2,1,1) 0.03% ARIAM(1,1,2) 0.01%
Tianjin ARIAM(1,1,3) 0.01% ARIAM(1,1,2) 0.33% ARIAM(1,2,1) 0.00%
Tibet ARIAM(1,1,1) 0.02% ARIAM(1,1,1) 1.24% ARIAM(2,1,2) 0.00%

Yunnan ARIAM(1,1,2) 0.00% ARIAM(1,2,2) 0.02% ARIAM(1,1,3) 0.00%
Zhejiang ARIAM(1,1,2) 0.03% ARIAM(2,1,2) 0.03% ARIAM(1,2,1) 0.28%

Chongqing ARIAM(1,2,1) 0.00% ARIAM(3,1,1) 0.15% ARIAM(2,2,1) 0.00%
Xinjiang ARIAM(1,1,1) 0.01% ARIAM(2,1,2) 2.68% ARIAM(1,1,2) 0.25%

Table 6. Mean relative error between actual value and fitting value in test group.

Province The Carrying Capacity of
Cultivated Land Relative Error

The Carrying Capacity of
Construction Land Relative Error

The Carrying Capacity of
Ecological Land Relative Error

Beijing 0.02% 0.02% 0.05%
Shanghai 0.13% 0.06% 0.25%

Anhui 0.69% 1.23% 0.06%
Fujian 0.00% 2.37% 0.03%

Guangdong 0.50% 0.89% 0.05%
Gansu 0.02% 0.38% 0.06%

Guangxi 1.21% 0.21% 0.12%
Guizhou 0.15% 0.68% 0.05%



Sustainability 2021, 13, 13383 14 of 20

Table 6. Cont.

Province The Carrying Capacity of
Cultivated Land Relative Error

The Carrying Capacity of
Construction Land Relative Error

The Carrying Capacity of
Ecological Land Relative Error

Hainan 0.08% 1.57% 0.04%
Hebei 0.18% 0.21% 0.52%
Henan 0.24% 0.29% 0.09%

Heilongjiang 0.04% 1.56% 0.06%
Hubei 0.09% 5.49% 0.08%
Hunan 0.26% 2.89% 0.28%

Jilin 0.26% 2.01% 0.25%
Jiangsu 0.12% 5.42% 0.04%
Jiangxi 0.00% 0.69% 0.03%

Liaoning 0.01% 2.76% 0.10%
Inner Mongolia 0.06% 1.87% 0.00%

Ningxia 0.04% 6.01% 0.08%
Qinghai 0.03% 2.21% 0.02%

Shandong 0.02% 2.69% 0.24%
Shanxi 0.72% 2.43% 0.39%
Shaanxi 0.06% 0.55% 0.00%
Sichuan 0.47% 0.47% 0.42%
Tianjin 0.33% 5.01% 0.06%
Tibet 0.04% 6.74% 0.07%

Yunnan 0.09% 0.88% 0.02%
Zhejiang 0.68% 1.36% 0.48%

Chongqing 0.23% 0.60% 0.10%
Xinjiang 0.08% 1.32% 0.06%Sustainability 2021, 13, x FOR PEER REVIEW 15 of 21 
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It can be seen from Figure 6 that in the future, the comprehensive carrying capacity
index of land resources in 31 provinces of China will be on the rise, and the carrying capacity
index will still be higher in the east and lower in the west. By comparing the comprehensive
carrying capacity indexes of 2016, 2020, and 2025, it was found that most regions maintain
the current carrying capacity status, the carrying pressure of Sichuan and Jiangxi decreased,
and the carrying pressure of Henan, Anhui, Jiangxi, and Guangxi increased.
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4. Discussion

In recent years, more and more attention has been paid to the question of whether
land resources can carry the future population. As an answer to this question, research on
the carrying capacity of land resources has also taken place [70]. Land resource carrying
capacity is an important factor for sustainable development. It provides essential insights
into land resource allocation and management [71]. The carrying capacity of land resources
has changed from the simple man-grain relationship to the more complex relationship be-
tween social-economic activities and land resources. The corresponding research methods
have also evolved, from static research to dynamic research, and the evaluation factors
have also evolved from a single factor to a comprehensive index system [25]. This paper
did not use too many socio-economic indicators to calculate the carrying capacity of land
resources, but used the most basic concept of how many people can be supported by land
resources. Most of the previous studies are based on the man-grain relationship carrying
capacity of land resources [25,72]. In this paper, this method was extended to construction
land and ecological land, that is, according to the individual needs of construction land
and ecological land, the population that can be carried by construction land or ecological
land was calculated. The results are representative and can reflect the carrying capacity
of land resources. In calculating the comprehensive carrying capacity of land resources
through the coefficient of variation weight method to determine the index weight, there is
a certain objectivity; in the future, the subjective and objective combination weight method
can be used.

The results of land resources’ carrying capacity in this paper are basically consistent
with the results of Xiaoxuan Wei et al.’s [28] research on China’s carrying capacity. Overall,
it showed a spatial pattern of high pressure in the east and low pressure in the west.
However, the index of land carrying capacity in the western region has increased rapidly,
which is different from this paper. This is mainly due to the different emphasis of the two
articles. Xiaoxuan Wei’s article added socio-economic indicators, i.e., the rapid growth
of land carrying capacity in the western region is due to the improvement of land use
efficiency during this period, and this article is essentially the calculation of population
carrying capacity. Population is the primary limiting factor of land resources, which plays
an important role in the evaluation of land carrying capacity. Especially in countries with
a large population, we should pay more attention to the population carrying capacity of
the land so as to improve the scientific basis for the evaluation of land resources’ carrying
capacity [25].

Based on the analysis of land resources’ carrying capacity, it was found that the land
resources’ carrying capacity of 31 provinces in China have significant spatial differences.
Based on the analysis of land resources’ carrying capacity, it was found that the land
resources’ carrying capacity of 31 provinces in China have significant spatial differences.
Therefore, it is necessary to make rational use and optimal allocation of land resources
according to the relevant requirements of national spatial planning. Firstly, the government
can encourage the development and utilization of underground space to further improve
the carrying capacity of urban land [63]. At present, land resources are mainly used for
urban construction and development; how to make full use of land resources becomes
very critical, and through the transfer of industrial land in the central urban area, we
can reduce the pressure in the central urban area and improve the utilization of land
resources. Secondly, we should strengthen the protection of the ecological environment.
The comprehensive carrying capacity of land resources includes both population factors
and ecological environment factors. Environmental problems can not only affect economic
development, but also affect human survival. Therefore, while developing the economy,
we need to strengthen the protection of the ecological environment, change the mode
of the economic development, and pay attention to the management and protection of
ecological environment. Thirdly, we should adjust measures to local conditions and
promote coordinated regional development. Due to the differences of land resources’
carrying capacity among 31 provinces in China, green industries such as eco-tourism
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should be vigorously developed in high-pressure areas to give full play to the ecological
conservation function of land. For low-pressure areas, we need to strengthen the constraints
of the resources and environment, and vigorously develop strategic emerging industries.
At the same time, we should strengthen the exchange and cooperation of technology and
funds among regions to improve the comprehensive carrying capacity of land resources.
In addition, this paper constructed the ARIMA model to predict the carrying capacity
of land resources in 31 provinces of China; the errors were small, and the fitting was
satisfactory, which also verified that the ARIMA model is feasible for the prediction of land
resources’ carrying capacity. However, the ARIMA model also has certain limitations. It
is a mathematical model built on past historical data. Therefore, ARIMA model is only
suitable for short-term forecasting. If the forecasting time is too long, it will increase
the forecasting error and affect the forecasting accuracy [73,74]. With rapid economic
development and urbanization, the intensity of land development is increasing, leading
to the deterioration of the ecological environment. It is of great significance to analyze
the carrying capacity and spatiotemporal differentiation of land resources to solve the
problems such as unreasonable use of land resources and ecological damage. Based on
the land resource data and population data from 2009 to 2016, we analyzed the spatial
and temporal changes and regional differences of the land resource carrying capacity
in 31 provinces of China and made predictions in order to provide a reference for the
sustainable use of land resources and the construction of ecological civilization in China
and other countries. There are many internal influencing factors of land resource carrying
capacity, and the internal relationship of the system is complicated, so the analysis process
of this study was not accurate enough: First of all, due to the impact of data availability,
the selection of indicators and the construction of evaluation system were not fully carried
out, so there are certain limitations in the study of the comprehensive carrying capacity
of land resources. Moreover, evaluation techniques still need to be improved. In future
research, it will be necessary to improve the evaluation index system to make the results
more accurate. A variety of methods should be used to evaluate, perform comparative
analysis of the evaluation results, and to make the evaluation results more comprehensive.

5. Conclusions

This paper took 31 provinces of China as the research object, intervened in the per-
spective of time and space, combined with the spatial analysis method, visualized the
characteristics of the time and space pattern of the land resource carrying capacity of
31 provinces in China, and drew the following conclusions:

(1) According to the results of single-factor carrying capacity evaluation, although
China’s cultivated land carrying capacity and construction land carrying capacity show
that they can meet the needs of people’s daily production and life, their spatial differences
are significant; however, China’s ecological land carrying capacity index is large, can no
longer meet the needs of the people, and most areas have poor ecological carrying capacity,
which is seriously affected by human activities. According to the calculation results of
the coefficient of variation weight method, we found that ecological land accounts for the
largest proportion of the three types of land. Therefore, it is necessary to strengthen the
optimal allocation of land resources and construct a regional ecological security pattern.

(2) According to the evaluation results of the comprehensive carrying capacity of
land resources, the comprehensive carrying capacity index of land resources in China’s
provinces is between 0.0064–0.6084 (except Shanghai), and the carrying capacity index
of Shanghai has always been seriously overloaded. As China’s economic capital and
the world’s financial center, Shanghai is an area with a concentration of population and
resources. It attracts a large number of people to move to Shanghai every year. As a result,
Shanghai’s overpopulation has exceeded the scope of land carrying capacity and restricts
the rational use of land resources.

(3) The comprehensive carrying pressure of land resources in China’s 31 provinces
has obvious spatial differentiation, and the overall pressure is rising from west to east. The
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pressure in economically developed areas is higher than that in underdeveloped areas. This
is mainly due to the faster economic development speed. The demand for land resources is
increasing, and the contradiction between the two is becoming more and more obvious;
at the same time, the neglect of long-term scientific planning and the lack of necessary
environmental protection elements input eventually cause the pressure on land resources
to exceed the limit. We should rationally use and optimize the allocation of land resources
according to the relevant requirements of territorial spatial planning. In areas where
land is under great pressure, we should control the development of construction land and
strengthen the protection of the ecological environment on the basis of protecting cultivated
land and ensuring the safety of food production. For areas with medium pressure on land,
the regional advantages can be fully utilized to develop appropriate construction areas
without damaging agricultural land and ecological land. For areas with less pressure
on land, the development of construction land should be prioritized in the process of
promoting social and economic development according to the actual situation of the region.

(4) This paper established a prediction model for the land resource carrying capacity
of 31 provinces in China, verified the rationality and reliability of the model, made a reason-
able prediction of the comprehensive carrying capacity of land resources of 31 provinces in
2020 and 2025, and found that the index of the comprehensive carrying capacity of land
resources of 31 provinces in China is still on the rise.
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