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Abstract: Arable land is the natural resource of food production, plays a key role in safe guarding
people’s livelihood, maintaining social stability, and ecological balance. In the context of the great
challenge of rapid loss of arable land and rapid growth of food demand due to rapid socio-economic
development, scientific forecasting of arable land demand and supply, can clarify the conservation
pressure of regional arable land, provide a reference for formulating effective arable land policies,
and ensuring regional food security and sustainable development. Therefore, with the help of system
dynamics model and Gray-Markov model, this study predicts and analyzes the balance of arable
land supply and demand in China, and reached the following conclusions. (1) During the projection
period, with the continuous development of living standards and agricultural technology, both per
capita food demand and food production show an upward trend. However, the combined effects of
changes in diet structure and grain yields on changes in arable land demand are smaller than those
brought about by population changes. Therefore, the trend of arable land demand is similar to that
of population change, and the arable land demand in China reaches a peak of 112.78 million hm2

in 2026. (2) The amount of arable land possession is always greater than the amount of arable land
replenishment, and the arable land supply area shows a continuous decreasing trend, and the arable
land supply in China is 127.16 million hm2 in 2035. (3) China’s supply holdings are all able to meet
the demand of China’s arable land, but combined with existing studies, it is insufficient to meet
the demand of crop rotation fallow between 2023 and 2030, which is not conducive to sustainable
development. In the future, arable land protection policies should be comprehensively improved and
strictly implemented to ensure national food security and achieve sustainable use of arable land.

Keywords: arable land; food security; population development; system dynamics model;
Gray-Markov model

1. Introduction

Since 1960, world population growth and rising living standards have increased
global food demand by approximately twofold [1,2]. Despite significant increases in food
production capacity, there are still about 900 million people who do not have access to
sufficient protein and energy in their diets [3], 53 countries are experiencing severe food
crises [4]. Coupled with global climate change could exacerbate the food crisis [5], food
security is one of the most pressing challenges facing humanity in the 21st century. Food
security at the national level is the availability of national food. National food access
includes both domestic food production and international trade [6,7]. Owing to the risks
associated with food supply and its price volatility, almost all countries in the world are
on a consensus to achieve food security based on domestic food production [8,9]. At
the same time national food self-sufficiency can shorten the food supply chain, reduce
transportation, and ease environmental pressure [10]. The food production capacity of
a country depends on the quantity and quality of its arable land resources [11]. Therefore,
predicting a country’s future arable land holdings and demand can clarify a country’s
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arable land conservation pressure. It is essential for formulating effective arable land
conservation policies to ensure its food security and sustainable development.

The overall quality of China’s arable land is not high and the reserve resources are
insufficient [12]. China’s per capita arable land area was less than 0.10 hm2, far below the
world average. Moreover, China is in a phase of rapid urbanization and industrialization [8],
which will inevitably lead to a large amount of arable land being occupied by construction
land [13,14]. For this reason, China has implemented the arable land protection system
with the “balance of arable land occupation and replenishment” at the core, and has made
sound achievements [15]. However, the situation of arable land loss is remains severe,
with a cumulative reduction of 7.25 million hm2 from 2001 to 2017. As the county with
the largest population in the world, China supports 20.31% of the world’s population
with a mere 8.40% of the world’s arable land [16,17]. China’s food security is not only
significant to economic development and social stability, but also important to global food
patterns [18,19]. Analysis of the balance between supply and demand of arable land in
China is important to ensure global food security and sustainable development.

The current analysis of the balance between arable land supply and demand are
focuses on the following three aspects. The first aspect is the demand forecast for arable
land. Existing studies are mainly analyzing the changes in population, food production and
diet structure. Then, forecast the respective possible changes in the future and accordingly
forecast the arable land demand in different possible situations [20–25]. The second aspect
is the analysis of the spatial and temporal evolution characteristics of arable land use
and then simulate the future [26]. The existing models commonly used to predict future
cropland holdings are Gray-Markov model [26,27], SAR model [28], BP neural network [29],
cellular automata model [30,31] and CLUE-S [32]. Some studies have combined the above
two aspects, the surplus and margin of arable land resources was measured from the
perspective of food security [12,33].

Numerous scholars have done rich research on the supply and demand of arable land,
which provides a reference for this paper. In terms of arable land demand forecasting, it can
be concluded from the existing studies that factors such as population, food production and
diet structure are the main factors influencing the change in arable land demand [33,34].
Existing articles also mainly set fixed rates of change for population, food production
capacity, diet structure and their related influencing variables to predict future arable land
demand. However, the change rates of population, food production capacity, diet structure
and their related influencing variables are dynamic with socio-economic development.
The prediction results achieved by setting fixed rates of change can deviate significantly
from the actual situation. In terms of predicting arable land holdings, the arable land
area published in China’s second national land survey differs significantly from the data
changed in the first national land survey [12]. Therefore, there are fewer studies on the
prediction of arable land holdings at the overall level in China. Based on the above analysis,
this paper attempts to borrow system dynamics model to forecast the demand for arable
land in China, a country with many people and little arable land. The system dynamics
model can predict China’s arable land demand more accurately by considering the dynamic
changes of population, food production capacity, diet structure and its related variables.
At the same time, Gray-Markov model is used to predict and analyze the arable land
occupation in China by combining the data of arable land reduction and replenishment in
China over the years, and the future arable land supply in China is calculated by combining
the existing arable land area in China. By comparing the gap between the demand and
supply of arable land in China in the future, we try to figure out whether the supply of
arable land in China can meet the demand and provide relevant suggestions for arable
land conservation.
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2. Data and Methods
2.1. Data Sources

To estimate the demand and holding of arable land in China for the next 15 years, the
research data in this study primarily include data from the following aspects. Population
data such as birth rate, death rate, age structure, were primarily obtained from the China
Population Census database, China Statistical Yearbook, China Health, and Health Statisti-
cal Yearbook. The areas of various types of arable land transferred out and transferred in
were obtained from the China Land Resources Bulletin, China Land and Resources Statisti-
cal Yearbook, and China Rural Statistical Yearbook. Grain data were obtained from China
Grain Development Report, National Agricultural Product Cost–Benefit Data Compilation,
China Statistical Yearbook, National Grassland Monitoring Report, and White Paper on
Food Security in China. Other data such as the number of graduate students, the number
of married couples registered, per capita education expenditure, and per capita disposable
income were garnered from Educational Statistics Yearbook of China, China Civil Affairs’s
Statistical Yearbook, and China Statistical Yearbook, respectively. Given the availability of
data, Hong Kong, Macao and Taiwan are not considered in this paper.

2.2. Methods
2.2.1. System Dynamics Model

System dynamics was proposed by Professor J. W. Forrester of Massachusetts Institute
of Technology in 1956. It is a discipline that quantitatively studies nonlinear, high-order,
multi-feedback complex systems based on theories related to cybernetics, information
theory, and decision theory, and with computer simulation techniques as means [35,36]. The
demand for arable land is influenced by the regional population, per capita food demand,
food yield, the replanting index of arable land, and the grain-to-crop ratio [25]. It has been
used to forecast resource demand, economic development, food demand, etc. [25,37,38]
The variables such as population, per capita food demand, and food yield are driven by
their related subvariables, and there is some mutual feedback effect of each variable among
each and influencing factors. The use of a system dynamics model allows the dynamics of
the variables and their associated drivers to be taken into account in an integrated manner,
and the prediction results may be more satisfying. The model was run for 2001–2035.
Specifically, 2001–2020 was the reference and validation period for the model simulation,
which provides a reference for the rationality and accuracy of the model simulation, while
2021–2035 was the forecast period for arable land demand. The system dynamics model
of arable land demand was constructed and the variables of interest were determined
as follows.

We constructed a model of arable land demand forecasting system based on the
structure and function of the determinants of the arable land demand system, in order to
forecast the arable land demand in China in the context of ensuring food security (Figure 1).
The model consists of three subsystems: population development subsystem, per capita
food demand subsystem, and the grain yield subsystem. The total regional food demand
is divided by the food production capacity per unit of arable land area to get the area of
arable land demand. Of course, it is also necessary to consider the replanting index of
arable land and the proportion of arable land used for growing food crops. Therefore, the
arable land demand forecast formula in this paper is as follows.

Lx+t = βx+t ×
Px+t × Gx+t

Yx+t × Rx+t × Ix+t

where Lx+t denotes the minimum area of arable land demanded in year x + t, x represents
the base year, and t is the difference between the forecast year and the base year. βx+t
denotes the food self-sufficiency rate in year x + t; Px+t represents the total population in
year x + t. Gx+t is the per capita food demand in year x + t; Yx+t is the food production per
unit area in year x + t; Rx+t is the grain-to-crop ratio in year x + t; Ix+t is the replanting
index in year x + t.
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Figure 1. Regulatory map of arable land demand system.

1. Population development subsystem

Regional population change mainly contains two parts: natural population growth
and population migration, and the direction and intensity of their effects together determine
the direction of population change in a region. The natural population growth is mainly
influenced by the birth rate and the death rate of the population, and the combination of
the above factors can better predict the total population in different future periods with the
following formula.

Px+t = P
n

∏
t=1

(1 + Bx+t − Dx+t)− Ex+t + Ix+t

where Bx+t denotes the birth rate in year x + t; Dx+t represents the population mortality
rate in year x + t; Ex+t is the Chinese population migrating abroad in year x + t; Ix+t is the
overseas population migrating to China in year x + t.

Birth and death rates are closely related to local fertility and marriage attitudes,
regional policies, medical conditions, and other factors [39]. In recent years, as China’s
economy has grown, the cost of raising children has also risen, which has led to a steady
decline in the willingness of Chinese families to have children [40]. With the increase in the
number of young Chinese individuals that have received higher education, it has become
increasingly evident that young Chinese individuals are marrying and having children
at an older age [41]. The number of registered married couples and the proportion of the
population of childbearing age have a key impact on the birth rate of the population [42].
Therefore, in this study, we selected the variables of per capita disposable income (p(1)), the
number of registered married couples (p(2)), the number of postgraduate students (p(3)), the
percentage of the population aged 22–35 (p(4)), and per capita education expenditure (p(5))
as variables of interest to predict the fertility rate in China. Mortality in China is also affected
by the quality of life of the population, medical technology, and population aging [43,44].
Therefore, in this study, p(1), the number of medical technicians per 10,000 people (p(6)),
and the proportion of the population in the 70 + age group (p(7)) were selected as variables
of interest to predict future population mortality in China. The increase in the depth
and breadth of China’s participation in the globalization process has made China an
increasingly attractive destination country for migrants. Meanwhile, the cross-border
reverse and circular flows of Chinese citizens have become increasingly diverse in recent
years; thus, migration is a key variable influencing demographic change [45] (Tables 1–3).
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Table 1. Equations for calculating population development variables.

Variables Unit Calculation Equations

Per capita disposable income 104 yuan p(1)x+t = 0.0037t2 + 0.19t + 2.85

The number of registered married couples 106 pairs p(2)x+t =95.9 × 10−0.31t

The number of postgraduate students 104 persons p(3)x+t = 3098.5 × 100.24t

The percentage of the population aged 22–35 % p(4)x+t is equal to the sum of the population proportion of the
(22-t)–(35-t) age group in the base year

Per capita education expenditure 104 yuan p(5)x+t = 2.4 × 10−0.6t

The number of medical technicians per 10,000 people Person/104 Persons p(6)x+t = 0.08t2 + 2.13t + 73.82

The proportion of the population in the 70 + age group % p(7)x+t = 65.5 × 102t

Immigrant population 106 persons Ix+t = 14.5 × 100.87t

Emigration population 106 persons Ex+t = 0.14t + 12.68

Birth rate % Bx+t = 0.37p(2)x+t − 0.01p(3)x+t + 0.31p(4)x+t − 0.39p(5)x+t + 2.08

Death rate % Dx+t = 1.89p(1)x+t − 0.15p(6)x+t + 0.059p(7)x+t + 12.11

Note: Determining the computational equations of the variables of interest is a key part of the system dynamics
model. Therefore, in this study, drawing on previous related studies, we adopted the arithmetic average method,
trend extrapolation method, regression analysis method, and Gray-Markov model to determine the equations
of the variables of interest [38,46]. However, the results of the regression analysis indicated that the correlation
between per capita disposable income and birth rate was not significant; thus, per capita disposable income was
excluded from the variables affecting birth rate.

Table 2. Equations for calculating per capita food demand variables.

Variables Unit Calculation Equations

Per capita demand for rations kg g(1)x+t = 1433.6 × 10−0.18t

Per capita demand for pork kg g(2)x+t = 202 × 100.22t

Per capita demand for beef kg g(3)x+t = 2.29t0.113

Per capita demand for mutton kg g(4)x+t = 13.4 × 100.38t

Per capita demand for poultry kg g(5)x+t = 0.77ln(t) + 11.24
Per capita demand for aquatic products kg g(6)x+t = 0.68ln(t) + 13.24

Per capita demand for eggs kg g(7)x+t = 121.4 × 100.56t

Per capita demand for milk kg g(8)x+t = 1.10ln(t) + 12.53
Per capita demand for industrial food kg G(3)

x+t = (50t + 9150)/Px+t

Note: The livestock carrying capacity of natural grassland and natural fishing of fisheries can, to a certain extent,
ease the pressure on food consumption; thus, they should be included in the scope of measurement. According
to the data from National Grassland Monitoring Report and National Fishery Statistical Bulletin, the livestock
carrying capacity of China’s grassland is approximately 249 million standard sheep units in 2020, China’s seawater
fishing is 11.8 million ton, and inland fishing is 1.5 million ton. In recent years, China has been restricting the
grazing of grassland and natural fishing; thus, the future grazing of grassland and natural fishing will be reduced.
The future food equivalent of natural grassland in China is expected to be approximately 33.6 million ton, and the
food equivalent of natural fishing is expected to be 14.1 million ton.

Table 3. Equations for calculating variables related to grain yields.

Variables Unit Calculation Equations

year-end ownership of agricultural mechanization 108 sets y(1)x+t = 0.009x + 1.06
Fertilizer and pesticide application 104 t y(2)x+t = 5.46 × 10−0.23x

irrigable area 108 hm2 y(3)x+t = 0.14x + 10.48
Fixed asset investment in agricultural science and technology 1011 yuan y(4)x+t = 0.36x + 7.50

Food yield t/hm2 Yx+t = 0.47y(1)x+t + 1.35y(2)x+t + 0.11y(3)x+t + 0.04y(4)x+t + 3.72

Note: Referring to the “National Agricultural Product Cost–Benefit Data Compilation”, we set the average seed
grains of three crops, rice, wheat, and corn, at 96.9 kg/hm2 in 2020. Calculate the net grain yield per unit area,
grain for seeds should be deducted from the total grain yield.
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2. Per capita food demand subsystem

Food consumption demand is primarily composed of two parts: food for living and
food for production. The former is primarily for food rations for residents, while the latter
primarily includes feed grains, industrial grains, and seed grains. With the change of
residents’ income, living standards, and population age structure, the dietary structure will
change accordingly [47,48]. As a result, the direct consumption of food rations for residents
will exhibit a decreasing trend, while the consumption of meat, eggs, milk, and aquatic
products will exhibit a continuous growth trend. Because industrial food and the level of
industrial development is closely related, in the future, industrial food demand will grow
along with the development of industry. The changes in multiple factors imply that the
structure of demand for food will change dramatically in the new era. The formula for
forecasting food demand is as follows:

G = G(1) + G(2) + G(3) + G(4)

G(2) =
7

∑
i=1

hi fiqiki

where G1, G2, G3, G4 represent food rations for residents, feed grains, industrial grains,
and seed grains, respectively. hj represents meat, egg, and milk consumption, f j represents
the corresponding food conversion factor, qj represents the ratio of edible food, and ki
represents losses in the process.

3. Food yield subsystem

The quality of arable land, degree of mechanizable cultivation, and degree of irrigata-
bility are factors directly affecting the planting and growth of crops, which will directly
affect the yield of crops. Moreover, fertilizers and pesticides are the “food” of food, and
the amount of fertilizers and pesticides applied is significantly related to the yield of food
crops. Advancements in agricultural science and technology in the broad sense, including
crop breeding, technology diffusion, and application, are also instrumental in improving
grain yields. Thus, in this study, we selected four variables, namely, year-end ownership of
agricultural mechanization, fertilizer and pesticide application, irrigable area, and fixed as-
set investment in agricultural science and technology, as the variables of interest to predict
future grain yields in China.

4. Settings of other parameters

Grain-to-crop ratio is mainly predicted by analyzing changes in the grain-to-crop ratio
in the past years, in combination with relevant industrial planning, agricultural restructur-
ing, market demand, and other factors. China’s Grain-to-crop ratio decreased from 0.69 in
2000 to 0.65 in 2003, then increased to 0.69 in 2006, and has since remained stable. Owing
to the importance attached to the use of arable land for non-farming purposes, China’s
grain-to-crop ratio will gradually decrease as the agricultural structure rationalizes in the
future. Thus, in this study, we set a stable grain-to-crop ratio of 0.69 for 2020–2035. Replant-
ing index was primarily predicted by analyzing changes in the replanting index in the past
years in combination with changes in climate, agricultural restructuring, cropping systems,
production technology, and other factors. Replanting index fluctuated at approximately
1.20 from 2000 to 2006. It exhibited a slow upward trend, stabilized at approximately
1.30 from 2007 to 2013, and then declined to 1.23 in 2015. In this study, we set the future
replanting index at 1.21, considering all policies and the implementation of a crop rotation
fallow system.

2.2.2. Gray-Markov Model

The future supply area of arable land in China is equal to the existing area of arable
land minus the area of arable land lost. The area of arable land lost is equal to the difference
between the area of arable land converted to other land and the area of other land converted
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to arable land. There are numerous drivers of interconversion between arable land and other
types of land in China. Economic growth and urbanization are considered to be one of the
most important drivers of arable land loss in China [49], with both economic development
and urbanization leading to the conversion of significant amounts of arable land into
urban construction land. China is also one of the countries with severe desertification
and natural disasters, which cause a substantial amount of arable land to be degraded to
wasteland every year [7]. To alleviate the deterioration of the natural environment, China
has implemented the project of “returning farmland to forest and grass”, converting arable
land with steep slopes of 25 degrees or more into forest or grass land [50]. In recent years,
in order to promote the development of rural industries and achieve rural revitalization,
agricultural restructuring has also led to changes in land use. To curb the loss of arable
land, China has put forward the arable land protection policy of “balance of occupation and
compensation”, which makes an entity occupying arable land responsible for replenishing
arable land of the same quantity and quality as the arable land it occupies [51]. In summary,
the main ways of converting arable land out are construction land occupation, disaster
destruction, returning farmland to forest, and agricultural restructuring, while the main
way of replenishing arable land is “balance of land occupation and replenishment”.

Equidistant observations are used in Gray-Markov model to predict systems with
uncertain factors [52,53]. Using the transfer-out data and transfer-in data of various types
of arable land in China from 2001 to 2017 as basic data, a gray model was used to predict
the future transfer-out and transfer-in of arable land in China. By subtracting the future
amount of arable land change from the existing arable land holdings in China, the future
arable land holdings can be obtained. The difference between the data of China’s second
national land survey and the change data of the first national land survey and other external
factors are avoided. The basic modeling steps are as follows.

1. Construct the original data sequence. Let X(0)(1), X(0)(2), ..., X(0)(x) be the original data
of the index to be predicted.

X(0) = {X(0)(1), X(0) (2), ..., X(0) (x)}.

2. Accumulate the original data. To reduce the randomness of the original series, we
processed the original data sequence for cumulative generation to obtain new series.

X(1) = {X(1)(1), X(1)(2), . . . , X(1)(n)}.

3. Construct accumulation matrix B and column vector Y.

B =


1
2

[
X(1)(1) + X(1)(2)

]
1
2

[
X(1)(2) + X(1)(3)

]
. . .

1
2

[
X(1)(n − 1) + X(1)(n)

]
1
1

. . .
1


Y = [X(0)(2), X(0)(3), . . . , X(0)(n)]T

4. The differential equation for Gray-Markov model is dX(1)

dt + aX(1) = b.

5. Derive the values of parameters a and b. The values were fitted using the least squares.

[a b]T = (BTB)−1BTY

6. Construct the Gray-Markov model time response function.

X(1)(t + 1) = [X(0)(1) − b/a]e−at + b/a
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7. Solve the original series x(0) time-response function. The cumulative reduction of the
above was performed to derive the reduced value of the original number.

X(0)(t + 1) = X(1)(t + 1) − X(1)(t) = (1 − ea)[X(0)(t + 1) − b/a]e−at

3. Analysis of Results
3.1. Analysis of Arable Land Demand Forecast Results
3.1.1. Simulation Model Testing

To ensure the rationality, validity, and accuracy of the model, in this study, we selected
birth rate, mortality rate, grain demand, and grain yield per capita for the historical test for
the period of 2001–2020. Relevant studies considered test errors acceptable for variations
between −10% and 15% [38,54]. The test results in this study indicated that the error values
of each variable fluctuated between −7.57% and 9.87%. The mean errors of the simulated
values of birth rate, mortality rate, cereal demand, and cereal yield per capita for the last
20 years were 3.51%, −2.03%, 0.261%, and 0.17%, respectively. The simulation results were
virtually consistent with the reality of system development, indicating that the model was
well structured and can basically predict the future arable land demand in China (Table 4).

Table 4. Prediction results of arable land demand and main related variables.

Time Population Development
(108 Person)

Per Capita Food
Demand (kg/Person) Grain Yields (t/hm2)

Arable Land Demand
(106 hm2)

2021 14.47 450.90 6.43 114.49
2022 14.68 456.35 6.44 117.42
2023 14.82 460.37 6.46 119.40
2024 14.90 464.07 6.48 120.75
2025 14.91 467.83 6.50 121.52
2026 14.85 471.80 6.52 121.78
2027 14.76 475.99 6.54 121.71
2028 14.63 480.44 6.56 121.38
2029 14.47 485.17 6.58 120.86
2030 14.29 490.17 6.60 120.21
2031 14.10 495.47 6.62 119.46
2032 13.90 501.07 6.64 118.64
2033 13.69 506.98 6.66 117.79
2034 13.47 513.19 6.68 116.98
2035 13.26 519.70 6.70 116.19

3.1.2. Population Development

In the next fifteen years, on the one hand, the improvement of China’s medical care
and living standards will extend the average life expectancy of Chinese residents and
reduce the mortality rate in China. On the other hand, population aging will increase the
mortality rate in China. Under the combined influence of both factors, the mortality rate
in China will show a decreasing trend in the future. During the study period, Chinese
households’ education expenditures and the number of people pursuing postgraduate
studies continued to rise, while the proportion of registered married couples and the
proportion of the population in the age group suitable for childbearing will further decrease.
If China continues to maintain its current population policy, China’s birth rate will further
decrease in the future. It is expected, that by 2026, China’s birth rate will be lower than its
population mortality rate. By 2025, the population size will also peak (1.49 billion). China’s
population will decline to 1.43 billion and 1.33 billion by 2030 and 2035, respectively.

3.1.3. Per Capita Food Demand

According to the 2011 food balance sheet released by the Ministry of Agriculture,
Forestry and Fisheries of Japan, FAO’s Global Food Loss and Waste Report for 2021,
and Study on China Farming Sustainable Development Strategy, the ratios of the edible
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parts of food rations, meat, aquatic product groups, eggs, and milk are set at 93.80%,
65.90%, 55.60%, 850%, and 100.00%, respectively, and the loss rates per unit product in the
production and distribution of food rations, meat, aquatic product groups, eggs, and milk
in industrialized Asian countries (including China) are 2.50%, 15.00%, 34.00%, 10.00%, and
6.00%, respectively. According to China Agricultural Products Cost and Benefit Yearbook
and the Study on China Farming Sustainable Development Strategy, the grain consumption
coefficients per unit of product for pork, beef, mutton, poultry, aquatic products, eggs, and
milk of medium farming scale are 2.70, 2.50, 2.92, 2.03, 1.28, 1.68, and 0.37, respectively
(Table 5).

Table 5. Conversion parameters of various foods and cereals based on nutritional requirements.

Food Edible Ratio (%) Loss Rates (%) Ratio of Grain Consumption per
Unit Product (kg/kg)

rations 93.80 2.50 1.00
pork 65.90 15.00 2.70
beef 65.90 15.00 2.50

mutton 65.90 15.00 2.92
poultry 65.90 15.00 2.03

aquatic products 55.60 34.00 1.28
eggs 85.00 10.00 1.68
milk 100.00 6.00 0.37

The consumption of food rations by Chinese residents will further decrease in the
future. The per capita food ration demand in China for 2025, 2030, and 2035 is 143.27 kg,
130.93 kg, and 119.67 kg, respectively. However, more is transformed into the intake of
meat, eggs, and milk. The feed grain demand in China for 2025, 2030, and 2035 is 261.50 kg,
291.71 kg, and 325.40 kg, respectively. Industrial food also comes from the grain supply of
arable land, and the per capita demand for industrial food in China is 63.06 kg, 67.542 kg,
and 74.63 kg for 2025, 2030, and 2035, respectively. In summary, China’s per capita food
demand from arable land is 467.83 kg, 490.17 kg, and 519.70 kg/a for 2020, 2025, 2030,
and 2035, respectively, of which food rations and feed grains occupy over 86% of the food
demand, indicating that food demand is primarily determined by dietary structure.

3.1.4. Grain Yields

To promote sustainable agricultural and rural development, on the one hand, China
is reducing the use of chemical fertilizers and pesticides on arable land. Since 2016, the
amount of chemical fertilizers and pesticides applied in China has decreased, which, to
a certain extent, has inhibited the improvement of China’s grain yields. On the other hand,
to solve the issue of more people and less land as well as poor quality of arable land, China,
as a country with a large population, has continuously increased its financial investment
in agriculture and implemented agricultural land improvement projects to promote crop
improvement and enhance the quality of arable land and farming conditions. In recent
years, the irrigable area of China’s arable land and the degree of machine-friendly farming
has increased, which has contributed, to a certain extent, to increasing China’s grain yields.
Overall, China’s future cereal yields exhibit an upward trend and are expected to rise to
6.50, 6.60, and 6.70 t/hm2 in 2025, 2030, and 2035, respectively.

3.1.5. Arable Land Demand

From the perspective of food security, we have projected the change in demand for
arable land in China from 2021–2035, taking into account the grain production capacity and
demand. China’s arable land demand from 2021 to 2035 can be divided into 3 stages. The
first stage is from 2021 to 2025; with the increase in population and per capita food demand,
China’s overall food demand also increases rapidly, and the arable land demand also in-
creases rapidly. China’s arable land demand in 2021 was approximately 114.49 million hm2,
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and China’s arable land demand will be approximately 121.52 million hm2 by 2025, with
an average annual demand growth rate of 1.50%. The second stage is from 2025 to 2026,
during which China’s population begins to decrease, but the rate of population decrease
is lower than the growth rate of per capita food demand. Thus, the overall food demand
continues to grow, and the growth rate of overall food demand is greater than the rate of
increase in food yields. Therefore, China’s arable land demand is still increasing in this
stage, but the growth rate is lower than the first stage, with an average annual growth rate
of 0.22%. China’s arable land demand grows to 121.78 hm2 by 2026. The third stage is
2027–2035, during which the growth rate of overall food demand is less than the rate of
increase in food yields. Thus, China’s arable land demand shows a decreasing trend in
2027–2035. In 2035, China’s arable land demand will be approximately 116.19 million hm2.

3.2. Forecast of Changes in China’s Arable Land Supply
3.2.1. Tendency of Arable Land Transferring Out

Construction land includes urban and rural residential land, public facility land,
infrastructure land, tourism land, military land, etc. The scale of arable land occupied
by construction land is closely related to the needs for social and economic development.
The scale of arable land occupied by construction fluctuated and changed with a different
focus of development in each year from 2001 to 2017. With the slowing down of economic
development, the fluctuation of the amount of arable land occupied by construction land
is shrinking, and the trend of change also shows a decreasing trend. It is estimated
that 4.07 million hm2 of arable land will be taken up by construction from 2021 and 2035
(Figure 2). The project of returning farmland to forest was implemented on an experimental
basis in 1999 and was fully extended in China in 2002. As a result, from 2001 to 2005,
large areas of steep-sloped farmland were converted to forest or grassland owing to the
project of returning farmland to forest. With the reduction of steep-sloped land, the area of
arable land occupied by reforestation has decreased yearly in recent years. From 2021 and
2035, China’s arable land is estimated to be reduced by 1595.29 hm2 due to reforestation
(Figure 3). Owing to the implementation of the project of returning farmland to forests,
the scale of natural destruction of farmland in China has decreased yearly. The disaster
is estimated to destroy 0.03 million hm2 of arable land from 2021 and 2035 (Figure 4). In
recent years, China has seen a decrease in the scale of arable land being reallocated to other
agricultural land as the agricultural structure has been optimized to curb the de-farming of
arable land. 0.06 million hm2 of arable land will be transferred out by China’s agricultural
restructuring from 2021 and 2035 (Figure 5).

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 17 
 

 

land. 0.06 million hm2 of arable land will be transferred out by China’s agricultural re-
structuring from 2021 and 2035 (Figure 5). 

 
Figure 2. Scale of arable land occupied by construction land from 2001 to 2017 and its development 
trend. 

 
Figure 3. Scale of arable land occupied by the project of returning farmland to forest from 2001 to 
2017 and its development trend. 

 
Figure 4. Scale of arable land damaged by disasters from 2001 to 2017 and its development trend. 

y = 29.152e-0.003x

15

20

25

30

35

40

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land occupied by
construction land from 2001 to 2017
Development trend of arable land scale
occupied by construction land

y = 450.47e-0.428x

0

50

100

150

200

250

300

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land occupied by the project of
returning farmland to forest from 2001 to 2017
Development trend of arable land scale occupied
by the project of returning farmland to forest

y = 8.5057e-0.138x

0

1

2

3

4

5

6

7

8

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land damaged by
disasters from 2001 to 2017
Development trend of disaster
damaged arable land scale

Figure 2. Scale of arable land occupied by construction land from 2001 to 2017 and its development trend.



Sustainability 2023, 15, 5706 11 of 16

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 17 
 

 

land. 0.06 million hm2 of arable land will be transferred out by China’s agricultural re-
structuring from 2021 and 2035 (Figure 5). 

 
Figure 2. Scale of arable land occupied by construction land from 2001 to 2017 and its development 
trend. 

 
Figure 3. Scale of arable land occupied by the project of returning farmland to forest from 2001 to 
2017 and its development trend. 

 
Figure 4. Scale of arable land damaged by disasters from 2001 to 2017 and its development trend. 

y = 29.152e-0.003x

15

20

25

30

35

40

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land occupied by
construction land from 2001 to 2017
Development trend of arable land scale
occupied by construction land

y = 450.47e-0.428x

0

50

100

150

200

250

300

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land occupied by the project of
returning farmland to forest from 2001 to 2017
Development trend of arable land scale occupied
by the project of returning farmland to forest

y = 8.5057e-0.138x

0

1

2

3

4

5

6

7

8

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land damaged by
disasters from 2001 to 2017
Development trend of disaster
damaged arable land scale

Figure 3. Scale of arable land occupied by the project of returning farmland to forest from 2001 to
2017 and its development trend.

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 17 
 

 

land. 0.06 million hm2 of arable land will be transferred out by China’s agricultural re-
structuring from 2021 and 2035 (Figure 5). 

 
Figure 2. Scale of arable land occupied by construction land from 2001 to 2017 and its development 
trend. 

 
Figure 3. Scale of arable land occupied by the project of returning farmland to forest from 2001 to 
2017 and its development trend. 

 
Figure 4. Scale of arable land damaged by disasters from 2001 to 2017 and its development trend. 

y = 29.152e-0.003x

15

20

25

30

35

40

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land occupied by
construction land from 2001 to 2017
Development trend of arable land scale
occupied by construction land

y = 450.47e-0.428x

0

50

100

150

200

250

300

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land occupied by the project of
returning farmland to forest from 2001 to 2017
Development trend of arable land scale occupied
by the project of returning farmland to forest

y = 8.5057e-0.138x

0

1

2

3

4

5

6

7

8

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land damaged by
disasters from 2001 to 2017
Development trend of disaster
damaged arable land scale

Figure 4. Scale of arable land damaged by disasters from 2001 to 2017 and its development trend.

Sustainability 2023, 15, x FOR PEER REVIEW 12 of 17 
 

 

 
Figure 5. Scale of arable land reduced by agricultural restructuring from 2001 to 2017 and its devel-
opment trend. 

3.2.2. Forecast of Arable Land Supply 
In the future, the scale of all types of arable land transferred out in China will exhibit 

a decreasing trend. In 2025, 2030, and 2035, China’s arable land is expected to decrease by 
0.28 million hm2, 0.27 million hm2, and 0.27 million hm2, respectively, and the scale of ara-
ble land transferred from is expected to decrease at an average annual rate of 0.61%. As 
the difficulty of land remediation strengthens, the scale of arable land transferred in de-
creases at an average annual rate of 2.27%. Moreover, it is expected that 0. 25 million hm2, 
0. 22 million hm2, and 0. 20 million hm2 of other types of land will be converted into arable 
land in China in 2025, 2030, and 2035, respectively. China’s scale of arable land transferred 
out during the study period was larger than the scale of transferred in. Thus, the total scale 
of China’s arable land will further decrease after 2021. Moreover, since the rate of decrease 
of the scale of arable land transferred in is larger than the rate of decrease of the scale of 
arable land transferred out, The scale of arable land loss in China during the study period 
exhibited an increasing trend. It is expected that China’s arable land will decrease by 0.03 
million hm2, 0.05 million hm2, and 0.07 million hm2 in 2025, 2030, and 2035, and the supply 
area of arable land in China will be 127.70 million hm2, 127.48 million hm2, and 127.16 
million hm2 (Table 6). 

Table 6. Forecast of China’s arable land supply Changes from 2021 to 2035. 

Time 
Area of Arable 

Land Transferred 
Out (106 hm2) 

Area of Arable 
Land Transferred 

in (106 hm2) 

Scale of Arable 
Land Loss  
(106 hm2) 

Area of Arable 
Land Supply  

(106 hm2) 
2021 0.29 0.27 0.02 127.81 
2022 0.29 0.27 0.02 127.79 
2023 0.29 0.26 0.03 127.76 
2024 0.28 0.25 0.03 127.73 
2025 0.28 0.25 0.03 127.70 
2026 0.28 0.24 0.04 127.66 
2027 0.28 0.24 0.04 127.62 
2028 0.28 0.23 0.04 127.58 
2029 0.27 0.23 0.05 127.53 
2030 0.27 0.22 0.05 127.48 
2031 0.27 0.22 0.06 127.42 
2032 0.27 0.21 0.06 127.36 
2033 0.27 0.21 0.06 127.30 
2034 0.27 0.20 0.07 127.23 

y = 66.207e-0.196x

0

10

20

30

40

50

60

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

10
4

hm
2

Time

Scale of arable land reduced by agricultural
restructuring from 2001 to 2017
Development trend of arable land scalereduced
by agricultural restructuring to forest

Figure 5. Scale of arable land reduced by agricultural restructuring from 2001 to 2017 and its
development trend.

3.2.2. Forecast of Arable Land Supply

In the future, the scale of all types of arable land transferred out in China will exhibit
a decreasing trend. In 2025, 2030, and 2035, China’s arable land is expected to decrease
by 0.28 million hm2, 0.27 million hm2, and 0.27 million hm2, respectively, and the scale of
arable land transferred from is expected to decrease at an average annual rate of 0.61%.
As the difficulty of land remediation strengthens, the scale of arable land transferred in
decreases at an average annual rate of 2.27%. Moreover, it is expected that 0.25 million hm2,
0.22 million hm2, and 0.20 million hm2 of other types of land will be converted into arable
land in China in 2025, 2030, and 2035, respectively. China’s scale of arable land transferred
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out during the study period was larger than the scale of transferred in. Thus, the total
scale of China’s arable land will further decrease after 2021. Moreover, since the rate of
decrease of the scale of arable land transferred in is larger than the rate of decrease of the
scale of arable land transferred out, The scale of arable land loss in China during the study
period exhibited an increasing trend. It is expected that China’s arable land will decrease
by 0.03 million hm2, 0.05 million hm2, and 0.07 million hm2 in 2025, 2030, and 2035, and
the supply area of arable land in China will be 127.70 million hm2, 127.48 million hm2, and
127.16 million hm2 (Table 6).

Table 6. Forecast of China’s arable land supply Changes from 2021 to 2035.

Time
Area of Arable

Land Transferred
Out (106 hm2)

Area of Arable
Land Transferred

in (106 hm2)

Scale of Arable
Land Loss
(106 hm2)

Area of Arable
Land Supply

(106 hm2)

2021 0.29 0.27 0.02 127.81
2022 0.29 0.27 0.02 127.79
2023 0.29 0.26 0.03 127.76
2024 0.28 0.25 0.03 127.73
2025 0.28 0.25 0.03 127.70
2026 0.28 0.24 0.04 127.66
2027 0.28 0.24 0.04 127.62
2028 0.28 0.23 0.04 127.58
2029 0.27 0.23 0.05 127.53
2030 0.27 0.22 0.05 127.48
2031 0.27 0.22 0.06 127.42
2032 0.27 0.21 0.06 127.36
2033 0.27 0.21 0.06 127.30
2034 0.27 0.20 0.07 127.23
2035 0.27 0.20 0.07 127.16

3.3. Analysis of China’s Arable Land Supply and Demand Balance Situation

In terms of the demand and supply of arable land, the supply of arable land in China
from 2021 to 2035 is guaranteed to meet China’s demand for arable land. Moreover, the
largest supply area and the smallest demand occur in 2021, when the degree of arable land
guarantee is the highest, at 111.63%. Between 2021 and 2026, China’s overall demand for
arable land will increase, while China’s supply of arable land will decrease, and China’s
degree of arable land security will decrease. By 2026, China’s degree of arable land security
will be approximately 104.83%. After 2026, the rate of decline in demand for arable
land in China will be greater than the rate of decline in the supply of arable land, and
the degree of arable land security in China will begin to rebound, reaching 109.44% in
2035 (Figure 6). These data suggest that over the next 15 years, China can rely on its
resources and agricultural production capacity to ensure food security and maintain certain
redundancy in the supply of arable land, as long as it maintains its current fertility policy
and development level.

Sustainability 2023, 15, x FOR PEER REVIEW 13 of 17 
 

 

2035 0.27 0.20 0.07 127.16 

3.3. Analysis of China’s Arable Land Supply and Demand Balance Situation 
In terms of the demand and supply of arable land, the supply of arable land in China 

from 2021 to 2035 is guaranteed to meet China’s demand for arable land. Moreover, the 
largest supply area and the smallest demand occur in 2021, when the degree of arable land 
guarantee is the highest, at 111.63%. Between 2021 and 2026, China’s overall demand for 
arable land will increase, while China’s supply of arable land will decrease, and China’s 
degree of arable land security will decrease. By 2026, China’s degree of arable land secu-
rity will be approximately 104.83%. After 2026, the rate of decline in demand for arable 
land in China will be greater than the rate of decline in the supply of arable land, and the 
degree of arable land security in China will begin to rebound, reaching 109.44% in 2035 
(Figure 6). These data suggest that over the next 15 years, China can rely on its resources 
and agricultural production capacity to ensure food security and maintain certain redun-
dancy in the supply of arable land, as long as it maintains its current fertility policy and 
development level. 

 
Figure 6. China’s arable land supply and demand balance situation from 2021 to 2035. 

4. Discussion 
4.1. Optimize Arable Land Protection Measures, Promote Sustainable Utilization of Arable Land 
Resources 

The forecast results show that the supply of arable land in China will be able to meet 
the demand for arable land in the context of full food self-sufficiency from 2021 to 2035. 
However, Yawson et al. showed that even when food is currently available to meet de-
mand, there will still be a shortfall in future food demand due to the backlash of demo-
graphic, policy, and natural conditions [34]. The reasons for this result are twofold. On the 
one hand, the transformation of agricultural farming structure brought about by rapid 
urbanization with the aim of economic efficiency may limit food production [24]. The land 
use change also require huge economic and ecological costs, and this consumption is even 
irreversible [55,56]. On the other hand, the long-term intensive agricultural production 
mode of “high input, high replanting and high yield” has brought high grain yield, but 
also brought problems such as farmland degradation and ecological environment degra-
dation [57]. In the context of global green development, we should reduce the input of 
chemical fertilizers and pesticides, moderately reduce the sown area, and reasonably im-
plement rotation fallow to achieve the sustainable use of arable land resources. Lu et al. 
showed that 7–10% of arable land should be kept in crop rotation under the premise of 
fully exploiting the productive potential of arable land, using China as a case study [58]. 
Therefore, in order to meet the requirements of sustainable development, countries such 
as China with more people and less land need to continue to strengthen arable land 

100%

105%

110%

115%

110

115

120

125

130

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

10
6

hm
2

Time

Arable land supply Arable land demand
Degree of arable land security

Figure 6. China’s arable land supply and demand balance situation from 2021 to 2035.



Sustainability 2023, 15, 5706 13 of 16

4. Discussion
4.1. Optimize Arable Land Protection Measures, Promote Sustainable Utilization of Arable
Land Resources

The forecast results show that the supply of arable land in China will be able to
meet the demand for arable land in the context of full food self-sufficiency from 2021
to 2035. However, Yawson et al. showed that even when food is currently available to
meet demand, there will still be a shortfall in future food demand due to the backlash of
demographic, policy, and natural conditions [34]. The reasons for this result are twofold.
On the one hand, the transformation of agricultural farming structure brought about by
rapid urbanization with the aim of economic efficiency may limit food production [24].
The land use change also require huge economic and ecological costs, and this consump-
tion is even irreversible [55,56]. On the other hand, the long-term intensive agricultural
production mode of “high input, high replanting and high yield” has brought high grain
yield, but also brought problems such as farmland degradation and ecological environment
degradation [57]. In the context of global green development, we should reduce the input
of chemical fertilizers and pesticides, moderately reduce the sown area, and reasonably
implement rotation fallow to achieve the sustainable use of arable land resources. Lu et al.
showed that 7–10% of arable land should be kept in crop rotation under the premise of
fully exploiting the productive potential of arable land, using China as a case study [58].
Therefore, in order to meet the requirements of sustainable development, countries such as
China with more people and less land need to continue to strengthen arable land protection
in the future, and should build a solid bottom line of food security by the following ways.

1. Clarify the main parties, responsibilities and obligations of arable land protection,
establish arable land protection compensation and assessment system, improve the
supervision system of arable land protection, and promote the institutionalization,
standardization and legalization of arable land protection.

2. Taking into account the multiple needs of arable land in terms of quantity, qual-
ity and ecology, set up national arable land protection zones, abandoned the non-
differentiated arable land protection strategy, and implemented zoning control and
classification protection for arable land nationwide.

3. Improve the rules for the conversion of arable land to garden and forest land, and
strictly restrain the capital-led large-scale occupation of arable land for the devel-
opment of non-food industries. For garden land and forest land with undamaged
ground strength and good soil and water conditions, which can be easily restored to
arable land, they will be considered as arable land for control to ensure that they can
be restored when urgently needed.

4. Promote the implementation of comprehensive land improvement and high-standard
farmland construction and other projects to replenish the quantity and improve the
quality of arable land. Strictly restrain the ecological damage of forest land reclamation
in areas with scarce arable land reserves to supplement arable land.

4.2. Research Limitations and Prospects

According to the prediction results of China’s arable land demand by Yu Haocheng et al.
in the context of complete self-sufficiency in grain, China’s arable land demand in 2025,
2030, and 2035 is 122.60, 123.13, and 111.67 million hm2, respectively [33]. They are 1.01,
1.02, and 0.96 times of the prediction results of this study, respectively, which are basically
consistent with the prediction results of this study. Therefore, the results of this study
have some reference value. However, in reality, policies such as population and rural
revitalization are constantly changing. When system dynamics is running, the future
situation is calculated as an equation and the variables need to be quantified. Because
policy factors are difficult to quantify, the simulation scenario set in this paper are is that
China’s population policy and rural revitalization policy will not change significantly or
have less impact during the simulation period. It is just one of many scenarios that may
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occur, Subsequent research can set other scenarios to simulate the demand scale of arable
land according to the actual development trend or theoretical assumptions.

As the third largest country in the world in terms of land area, China has obvious dif-
ferences in resource endowment and economic development among provinces. However,
this paper only analyzed China’s demand for arable land from a macro perspective. In the
future, we can analyze regional demand for arable land from provinces, cities, counties
and other regional scales based on regional development positioning and resource endow-
ment, and further define arable land protection tasks from different scales and different
development types.

5. Conclusions

In this article, we use a system dynamics model and a Gray-Markov model to predict
future changes in arable land supply and demand in China, aiming to providing a reference
for spatial planning ideas such as agricultural structural adjustment and fallow policy
improvement. The study reached the following conclusions.

1. Over the next fifteen years, the demand for per capita rations in China will be rela-
tively reduced. However, the increasing demand for meat, eggs, milk and aquatic
products due to the rising standard of living has resulted in an increase in per capita
feed grain demand. The steady development of industry has also contributed to the
rapid development of the grain processing industry, and industrial food will continue
to grow. Without regulation, China’s population birth rate will decline rapidly in the
future. At the same time, the overall demand for arable land in China will tend to in-
crease before decreasing in the context of improved agricultural technology to increase
grain yields. 2026 will see the largest demand for arable land at 120.86 million hm2.

2. Due to the limitation of land remediation potential, the area of cultivated land trans-
ferred to China will show a decreasing trend in future years. At the same time, the
pressure of arable land protection also reduces the scale of arable land occupation in
China, so the area of arable land transferred out of China will also show a decreasing
trend in the future. However, the area of transferred out arable land in China is larger
than the area of transferred in in each year, and the supply area of arable land in
China will show a decreasing trend. It is expected that China’s arable land supply
will decrease to 127.70 million hm2, 127.48 million hm2 and 127.16 million hm2 by
2025, 2030 and 2035, respectively.

3. According to the current Chinese arable land use and protection policy, China’s future
arable land supply will be sufficient to meet China’s arable land demand. In the
context of complete food self-sufficiency, the degree of arable land security in China
will show a trend of first decreasing and then increasing with 2026 as the critical point.
2026, the degree of arable land security in China will be 104.83%. However, the degree
of arable land security in China is relatively low. For the sustainable use of arable
land resources, it is necessary to continue to strictly implement arable land protection
policies and improve the quality and output of arable land.
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