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Abstract

China’s rapid income growth and urbanization have led to significant changes in food consumption
patterns, and these dietary changes may increase the demand for agricultural land for food supply.
This study explores the changes in urban and rural residents’ cropland demand based on dietary data
of Chinese residents from 1990 to 2020, using dietary nutritional analysis and a cropland footprint
method. The results show that during the study period, the total cropland demand of rural residents
decreased by 31.02%, from 61.31 million hm2 to 42.29 million hm?, while the total cropland demand
of urban residents increased by 246.83%, from 22.91 million hm2 to 79.46 million hm? The results
reveal that the primary drivers of increased cropland demand are urbanization and rising animal-based
dietary patterns. However, the contribution of increased agricultural productivity to decreased demand
for cropland is relatively small and inadequate to compensate for the increased demand. In short,
the pressure to protect arable land in China will continue to rise, and protecting existing arable land,
improving cropland productivity, and making full use of international resources are the main ways
to alleviate the pressure on arable land protection.
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Introduction

Cultivated land is a core element of food security
that is directly related to the production of plant-
based food and the supply of feed for livestock and
aquaculture [1-3]. With 8% of the world’s cultivated
land supporting 20% of the world’s population, China
is challenged by a severe shortage of cultivated land
resources for its massive population base [4]. From the
production side, occupation of arable land and loss of
agricultural production functions have placed enormous
pressure on China’s arable land resources [5, 6]. From
the demand side, changes in the Chinese population’s
food consumption patterns are also severely testing the
demand for arable land [7, 8]. With the rapid development
of industrialization and urbanization in China, people’s
lifestyles, and their dietary patterns in particular, have
changed significantly, with Chinese residents consuming
more and more meat and less plant-based food [9, 10].
From 1990 to 2020, Chinese urban residents’ per capita
cereal consumption decreased from 174.27 kg to 120.18
kg, representing a decrease of 31.38%, and per capita
protein consumption (meat, poultry, aquatic products,
and eggs) increased. Dietary changes are increasingly
emphasizing meat, including pork, beef and lamb,
poultry, fish, eggs, and milk, which rose from 48.11 kg
to 92.33 kg, representing an increase of 91.12%, the per
capita consumption of cereals in rural China decreased
from 262.08 kg to 168.40 kg, down 35.74%, and per
capita protein consumption (meat, poultry, aquatic
products, and eggs) increased from 19.73 kg to 65.61 kg,
representing an increase of 2.33 times. These dietary
changes are placing enormous pressure on China’s
cultivated land resources [11]. Studies on food security
have shown that shifts from plant- to animal-based diets
will increase the demand for land resources threefold
[3, 12]. In general, the land requirements for dietary
consumption are influenced by population size, dietary
patterns, and technological factors, including food yields
[13-15]. Relevant surveys have suggested that the most
critical factor determining future land demand for food
consumption is changing dietary patterns rather than
continued population expansion [16]. At the global level,
technological advances can no longer adequately offset
the increased demand for land resulting from increasing
population numbers and changing dietary patterns [17].
Some research has determined that changing dietary
patterns are accompanied by a shift towards more
affluent economic growth, which increases demand for
cultivated land [18]. China has a population of 1.3 billion
and a massive economy and faces major challenges in
addressing domestic food security, while food demand
also affects the world’s food supply and sustainable use
of natural resources, including land. Therefore, it is
essential to investigate the changing demand for arable
land for food consumption in China based on shifting
dietary patterns.

While assessing the food security situation in China
is a popular topic of social concern, previous studies

have primarily focused on the impact of climate change
on agricultural productivity and how to address food
security in China from a policy perspective [19-21].
Viana et al. devised a method to assess the impact of
food consumption on arable land demand using 1990
food consumption data from the Dutch population
as a sample to examine the correlation between food
consumption and arable land demand for the first
time [16]. Chiaka et al. examined the impact of food
consumption structure in China on arable land demand
for the first time [22]. Molotoks et al. analyzed changing
food consumption structures and their impact on arable
land demand in different regions of the world from
the perspective of historical evolution, also examining
the structure of food consumption and its impact on
the demand for arable land in China [17]. Although
different methods have been used to investigate the
impact of food consumption structure on the demand for
arable land in different regions, with some differences
in results, some common findings remain, namely
that the arable land required for meat production is
generally higher than that for plant-based food, and the
demand for meat production will continue to rise as the
population’s food consumption structure continues to
upgrade. However, these studies often used data from
a single year and lacked continuity to accurately reflect
the dynamic changes in food consumption patterns and
the evolution of arable land demand. In addition, China’s
per capita income has increased from US$317 in 1990
to US$10,610 in 2020, and the dietary patterns of the
Chinese population and corresponding demand for land
have changed considerably as dietary structure and per
capita income levels are closely correlated [23-25]. This
study explores the impact of changes in Chinese urban
and rural residents’ dietary patterns on the demand for
arable land resources using an arable land requirements
approach, compares and analyzes the use of arable land
based on changing dictary patterns and balanced dietary
patterns, and estimates the arable land requirements of
food consumption under four scenarios based on two
population sizes and two dietary patterns to clarify the
relationship between dietary changes and the demand
for arable land. The findings provide valuable insights
and decision support for Chinese residents’ future
dietary adjustment to alleviate the pressure on arable
land resources.

This study makes two relevant contributions. First, we
reference the recommended balanced dietary structure
that was introduced in the Chinese Dietary Guidelines
2022 to analyze the arable land requirement effect of
the population’s dietary restructuring and examine the
arable land resource gap for food production to promote
nutritional balance. Second, the study constructs four
scenarios based on two dietary structures (urban and
rural residents’ actual food consumption structure and
the recommended balanced diet) and two population
sizes (2020 and 2030) to accurately compare the different
pressures on arable land resources caused by changes in
dietary structure and population size.
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The remainder of the paper is organized as follows:
The next section introduces the identification strategy,
variables, and data for this study. The following section
analyzes the dynamics of urban and rural dietary
patterns in China and their impact on the demand for
arable land. The final section presents the discussions,
conclusions, and related policy implications.

Materials and Methods
Food Consumption Data

The data concerning urban and rural diets in China
are obtained from the China Statistics Bureau from
the China Statistical Yearbook (1990-2020), the China
Household Survey Yearbook (2011-2020), the China
Urban Life and Prices Yearbook (2006-2012), Rural
Household Survey Information (1990-1991), the China
Rural Household Survey Yearbook (1992, 2000-2010),
and provincial statistical yearbooks (1990-2020). Dietary
types encompass 11 main food groups, including
cereals, edible vegetable oils, meat, poultry, aquatic
products, eggs, milk, vegetables, fruits and vegetables,
and table sugar. In addition, since meat production in the
Statistical Yearbook is based on the weight of ketones
(the carcass portion containing bones after the slaughter
of livestock and aquaculture), this study multiplies this
by the net meat factor to obtain net meat production
(the amount of meat after ketones have been removed
from the bones). The net meat factors are 0.83, 0.80,
0.70, 0.75, 0.55, 0.95, and 1 for pork, beef, lamb, poultry,
aquatic products, eggs, and dairy, respectively, and grain
is converted to raw grain (including feed grain).

Cultivated Land Demand Data

This study analyzes the impact of dietary change
on arable land resources using a dietary footprint,
referencing Kastner and Nonhebel’'s method of
accounting for land requirements [17]. The dietary
cultivated land requirements refer to the area of
cultivated land occupied in the production of the various
food groups in the dietary structure, using the following
steps:

Step 1: Calculate the equivalent crops for per capita
food consumption:

P, = F; x(; (1)

where P, is the per capita food equivalent crop
requirement, F, is the per capita dietary intake, i.e.,
per capita consumption of food group i, and C, is the
conversion factor between food and the corresponding
equivalent crop. Cereals, vegetables, and fruits are
produced directly from their equivalent crops; thus,
the conversion factor for cereals, vegetable groups, and
fruits is 1. The conversion factor between vegetable oil
and oilseed crops depends on the oil yield of the oilseed

crop, which is numerically equal to the reciprocal of the
oil yield. In this study, using rapeseed and soybean oil
as representatives (as rapeseed oil and soybean oil are
the two most used edible vegetable oils in China, with a
share of consumption accounting for more than half of
the total vegetable oil consumption), the study quantifies
the corresponding oil yield per year based on the ratio
of total rapeseed and soybean oil production to the
total crushing volume per year. The conversion factor
between sugar and sugar crops is the inverse of the sugar
yield of the sugar crop, which is numerically equal to
the ratio of total sugar cane and sugar beet production to
total sugar content. The conversion factor between meat
and feed grain crops depends on the respective food
consumption factors for pork, beef and lamb, poultry,
aquatic products, eggs, and dairy. Referencing the 2019
National Compilation of Cost—Benefit Information for
Agricultural Products, the conversion factors for meat,
poultry, aquatic products, eggs, and milk are 1.31, 1.73,
1.25, 1.67, and 0.39, respectively.
Step 2: Calculate the areas harvested.

A; = P/Y; 2)

where 4, is the equivalent crop area sown for food
consumption per capita, and Y, is the yield per unit area
of the equivalent crop for the food group i’s yield per
unit surface area.

Step 3: Calculate the land requirements for food
consumption.

n
LRFL = Z Ai /IL
i=1 (3)

LRF;pt1 = LRF; x POP )

where LRF, indicates the land requirements for food
consumption per capita, LRF,  denotes the sum of the
land requirements for food consumption, /, indicates the
cropping intensity of the land, and POP denotes the total

urban and rural population in China.

Factors Impacting the Land Requirements
for Food Consumption (LRF)

The logarithmic mean Divisia index (LMDI) is
a type of factor decomposition method that quantifies
the change in the dependent variable into the sum of
the changes in the independent variables associated
with it to measure the contribution of the change in
a single independent variable to the change in the
dependent variable [26, 27]. In recent years, the LMDI
has often been used to quantify resource and energy
use, environmental pollution, and other issues [28-30].
The basic principles of LMDI are as follows:
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n n LRF, K;
LRFtoL’al = Z 1LRFl‘ * POP = Z IT* W
L= L= i

* POP = ZTL'DL'PIZ
(5)

where LRF, , denotes total food consumption land
requirements, i denotes food group, POP denotes
population size, K, denotes consumption of food i, LRF,
denotes land requirement to consume food i, 7, indicates
land requirement per unit of food consumed (agricultural
productivity factor), and D, represents the level of food
consumption per capita (dietary pattern factor).

The difference between the land requirements for
food consumption in the two periods can be expressed
as follows:

ALRF,pq = LRF, — LRFy = ALRF,c + ALRFy; + ALRF,

pop
n LRF, — LRF, T,
ALRF,,, = Z Ln[ ]

i=1Ln(LRF,) — Ln(LRF,) " IT,
LR = LRF, — LRF, Dt]
et = L, In(LRF,) — In(LRFy) "D,
i=
_ n LRF—LRFy ﬂ
ALRFyop = {=1n(LRF)-Ln(LRFy) [Pg]

(6)

where ALRF,, ALRF,, and ALRFPGP indicate the
effects of agricultural productivity, dietary patterns, and
population size on land demand for food consumption,
respectively.

Results

Changes in Per Capita Food Consumption
of Urban and Rural Households in China

As illustrated in Fig. 1, the proportion of plant-based
foods is decreasing and the proportion of animal-based
foods is increasing for both urban and rural residents in
China. In particular, the proportion of meat consumed by
China’s rural population increased from 6.25% in 1990
to 22.79% in 2020, and the proportion of meat consumed
by urban residents increased from 16.46% in 1990
to 32.77% in 2020. Among plant-based foods, cereal
consumption by urban and rural residents decreased
most significantly, by 29.3% and 26.5%, respectively.
Regarding meat, pork consumption by urban and
rural residents increased most significantly, by 292%
and 1004%, respectively. Overall, the difference in
dietary structure between urban and rural residents in
China is narrowing, and food consumption is becoming
more balanced, which is closely related to increased
income and the rising level of dietary consumption
among urban and rural residents in China.

Impact of Dietary Changes on
Cultivated Land Resources

As shown in Table 1, the per capita arable land
requirement is determined by the cultivated land
requirement coefficient for specific foods and per capita
food consumption. Certain food types incur lower arable
land demand, but per capita consumption is higher,
indicating higher per capita food consumption arable
land demand. For example, China’s cultivated land
requirement coefficient for cereals in 2020 was 1.83 m*/kg,
but per capita consumption in urban and rural areas
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Fig. 1. Changes in China’s urban and rural residents’ per capita dietary structure.
Note: The green color represents plant-based foods, including cereals, vegetables, fruits, vegetable oils, and sugar, and the red color
represents animal-based foods, including pork, beef and lamb, poultry, fish, eggs, and milk.
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reached 120.18 and 168.40 kg, respectively, and urban
and rural residents have the largest per capita cultivated
land demand for cereals among all food groups, at 219.92
and 308.17 m?, respectively, accounting for 24.97% and
37.16% of the per capita cultivated land demand for all
foods. Similarly, certain meat types have higher arable
land demand but lower per capita consumption, resulting
in a lower per capita arable land demand. For example,
the arable land demand for poultry is 8.04 m?%kg,
but urban and rural residents’ per capita poultry
consumption is only 17.32 and 16.53 kg, resulting in
minimal per capita arable land demand, which accounts
for 15.81% and 16.30% of the arable land demand for
all food, respectively. The results demonstrate that the
structure of food consumption does affect the demand
for arable land, particularly when small changes in the
structure of food consumption can have a large impact
on the area of arable land required. For example, if 10
more grams of poultry are consumed per day, the arable
land requirement per capita will rise by about 30 square
meters per year.

The total LRF is presented in Fig. 2 During the 30
years of the sample (1990-2020), the overall arable land
demand for food consumption by the Chinese population
has increased rapidly, from 84.22 million hm? in 1990
to 121.74 million hm? in 2020. The total LRF for urban
residents increased from 22.91 million hm2 in 1990

to 79.46 million hm? in 2020, while the total LRF for
rural residents decreased from 61.31 million hm? in
1990 to 42.29 million hm?. This shift is predominantly
influenced by urban and rural population changes, with
China’s rapid urbanization, particularly after 1995, when
the urban population rose sharply from 301.95 million in
1990 to 902.20 million in 2020 and the rural population
fell sharply, from 841.38 million to 509.92 million.

In addition, urban residents’ dietary pattern changes
are a significant reason for the rapid increase in demand
for arable land for food consumption in China. Dietary
patterns in urban China are gradually shifting towards
a predominance of animal-based food consumption, and
the arable land requirement factor for meat is generally
higher than for plant-based foods. For instance, urban
residents’ arable land demand for meat consumption
increased from 8.81 million hectares in 1990 to 50.09
million hectares in 2020. The arable demand for meat
is already the most significant aspect of China’s urban
population’s arable land demand for food consumption,
accounting for over 60%.

Contributions of Population Size, Dietary
Patterns, and Agricultural Productivity to LRF

This study uses the LM DI decomposition to evaluate
the impact of population growth, dietary patterns,
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Fig. 2. Changes in Chinese urban and rural residents’ dietary cultivated land requirements.
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Table 1. Cultivated land requirements for food consumption per capita in urban and rural China in 2020.

Cultivated land Food consumption LRF per capita LRF per capita

Categories requirement coefficient per capita (Unit: kg) (Unit: m?) Percentage (%)
(Unit:m?*/kg) Urban Rural Urban Rural Urban Rural
Cereal 1.83 120.18 168.40 219.92 308.17 24.97 37.16
Vegetable 0.4 109.78 95.80 4391 38.32 4.99 4.62
Fruit 0.48 65.87 43.83 31.62 21.04 3.59 2.54
Oil 3.02 9.91 10.96 29.93 33.09 3.40 3.99
Sugar 0.12 1.17 1.44 0.14 0.17 0.02 0.02
Pork 4.53 32.98 25.84 149.40 117.06 16.96 14.12
Beef & lamb 5.32 5.96 3.06 31.70 16.26 3.60 1.96
Poultry 8.04 17.32 16.53 139.25 132.93 15.81 16.03
Fish 428 30.24 18.75 129.44 80.27 14.70 9.68
Egg 5.84 14.22 12.41 83.07 72.50 9.43 8.74
Milk 1.29 17.35 7.35 22.38 9.48 2.54 1.14
Total --- 424.98 404.38 880.75 829.28 100 100

Note: Cultivated land requirement coefficient indicates the area of arable land required to consume one unit of a particular food

group.

and agricultural productivity on LRF. LMDI
decomposition is a classical economic model that can
determine the impact of environmental improvement
policies and energy restructuring in mature economies
on global per capita income, expenditure, energy
consumption, production efficiency, and economic
development. The purpose of the LMDI decomposition
model is to analyze the impact of policies on the
economy, and by analyzing industries’ throughput, it
is possible to project economic development’s actual
trajectory more accurately to determine how to ensure
that society allocates resources rationally for sustainable
economic development. The LMDI model can also
be used to analyze the impact of energy consumption
policies, environmental improvement policies, trade
policies, and related factors on the economy. Fig. 3
illustrates the effects of urban population size, dietary
patterns, and agricultural productivity on changes in
LRF. Cities’ population size has the most significant
influence on the changes in total LRF. The contribution
of dietary patterns to LRF gradually increased after
2000. For rural residents, the decline in rural population
is the primary reason for the decline in rural LRF.
Overall, cities’ population size contributes most
significantly to LRF, followed by household dietary
patterns. With China’s socio-economic development,
urbanization is an irreversible trend; therefore, the only
way to reduce LRF is by optimizing the dietary patterns
of China’s residents and shifting the dietary structure
towards arable land conservation while meeting
nutritional needs.

Table 2 further quantifies the cumulative contribution
of population growth, dietary patterns, and agricultural

productivity to land requirements for food consumption.
The results reveal that the Chinese population’s arable
land demand for food consumption has increased by
about 37.53 million hectares in the 30 years from 1990
to 2020. Urban residents’ increased LRF is much higher
than rural residents’ decreased LRF. Urban population
size and dietary pattern effects are the most dominant
reasons for the increased urban LRF.

Population size and dietary pattern factors contributed
almost equally, with the inverse contribution of
agricultural productivity advancing the reduction in land
demand being relatively low and insufficiently offsetting
the increase in land demand from urban population
growth and changing dietary patterns. Different factors
have had different influences on the demand for land
for food consumption at different times. Initially,
demographic and technological factors had an influence
on food land demand in different directions but were later
replaced by dietary patterns as key factors. The influence
of demographic factors diminished over time, once again
demonstrating that changes in dietary patterns will be a
key influence on food consumption land demand in the
future, which is also the case in China.

Trends in Dietary Change and the Future
Conservation of Arable Land Resources

Based on the ideal dietary models proposed in the
recent Dietary Guidelines for Chinese Residents 2022 and
the trajectory of urban—rural integration, this study uses
low, medium, and high-energy dietary models as future
targets for healthy nutritional dietary trends in urban
and rural areas, combining them with indicators such as
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Table 2. LMDI decomposition of land requirements for food
consumption in China from 1990 to 2020 (Unit: 107 hm?).

ALFR,, ALFR, | ALFR | ALFR_,
Urban -3.06 14.96 44.65 56.55
Rural -3.06 7.19 -23.15 -19.02
Total -6.12 22.15 21.5 37.53

Note: The subscripts pop, tec and diet indicate population
factors, agricultural productivity advance and dietary patterns
of three factors. Total means the cumulative contributions.

the projected population of 1.45 billion in 2030 and 70%
urbanization in the National Population Development
Plan of China (2016-2030). The study compares the arable
land requirements for the three ideal dietary models in
the future with urban and rural residents’ dietary patterns
in 2020, and the results are presented in Table 3.

In terms of energy and dietary nutrition, this study
uses five important nutrients, including energy, protein,
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fat, cholesterol, dictary fiber, and carbohydrates, to
analyze Chinese residents’ dietary nutrition. Currently,
the Chinese population’s dietary energy status is closest
to the ideal medium-energy dictary pattern (about 2200
kcal/d). Compared with the ideal medium-energy diet,
urban residents have a higher intake of fat and a lower
intake of carbohydrates and dietary fiber, which is a
result of the high proportion of animal protein and
the low proportion of fruits and vegetables, whereas
rural residents’ higher proportion of food consumption
compensates for the intake of carbohydrates, but room
remains for further improvement in dietary fiber,
increasing the proportion of fruits and vegetables, and
optimizing the variety of meat consumption as future
directions for dietary improvement.

In terms of arable land demand, Chinese urban and
rural residents’ current per capita dietary arable land
demand is 880.75 m? and 829.28 m?, respectively, which
is higher than the ideal low-energy diet model (761.99 m?)
and lower than the ideal medium-energy diet model
(946.15 m?). If the current agricultural productivity
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Fig. 3. Cumulative contributions of various factors to land requirements for food consumption (LRF) in China from 1990 to 2020.

Table 3. Urban and rural residents’ changing dietary trends and the impact on cultivated land.

. . Cultivated land requirements for
Food . Energy & Dietary Nutrition food consumption
consumption - - - -
patterns Energies Proteins Fats | Cholesterol | Fibers | Carbohydrates | Per capita Total LRF
(kcal.d?) (g.dh (g.dh) (g.dh) (g.dh (g.dh) LRF(m?) (10’hm?)
Current urban
dietary patterns 2175 95 84 459 14 257 880.75 Total:121.75
| (Urban:79.46
Current rura 213 86 77 358 13 302 829.28 | Rural:42.29,2020)
dietary patterns
Low-eneray ideal Total:101.48
GeneB i 1610 60 59 355 11 223 761.99 (Urban:77.34
ietaty patietns Rural:33.14, 2030)
Medium-energy Total:137.19
ideal dietary 2210 86 76 480 16 305 946.15 (Urban:96.03
patterns Rural:41.16, 2030)
Hich-cnerey ideal Total:163.90
ot S 2810 106 89 538 20 405 113031 | (Urban:114.73
fetaty patietns Rural:49.17, 2030)
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is maintained, the requirements for arable land for
the ideal medium- and high-energy diet patterns by
2030 are expected to exceed the current 121.75 million
hectares, reaching 137.19 million hectares and 163.90
million hectares, respectively, as the total population
and urbanization rise. In other words, the arable land
requirement for the ideal medium- to high-energy
dietary pattern will exceed China’s current arable land
area in 2030 (127.86 million hectares). Based on the
growth trend of dietary energy in China in recent years,
dietary energy is expected to increase further in the
future, increasing the demand for arable land, and the
ideal energy diet model will place higher demand on
China’s arable land resources.

Discussion

This study evaluates the dynamics of dietary land
demand and the primary driving factors of urban
and rural residents’ dietary changes in China on a
macroscopic scale. The results reveal that Chinese
residents’ dietary patterns changed significantly from
1990 to 2020, with animal-based foods replacing
traditional plant-based foods as the main nutritional
intake and consumption of vegetable oils increasing.
Considering that China is an enormous country with a
massive population and that accelerated urbanization
still requires a large amount of arable land resources, the
future circumstances of agricultural land resources are
not optimistic [31-33]. In addition, this study determines
that China’s urban and rural residents’ changing dietary
patterns are a key influencing factor in the demand for
arable land resources for food consumption, and this
influence will continue. The demand for land resources
for food consumption in China is under continuous
pressure. As income levels and purchasing power rise,
consuming food items that symbolize affluence, such as
meat, is on the rise [34-36]. Given China’s limited arable
land resources, if the population’s diet shifts to that of
the affluent western countries in the coming decades,
the demand for land to support food consumption will
increase significantly, and the situation for agricultural
resources and the ecological environment will become
increasingly critical [37, 38]. This study shows that
increased meat consumption has a significant influence
on the increased demand for land. Meat requires arable
land resources and other agricultural resources, such as
pastures. If grazing land resources are considered, the
actual land demand for livestock production is greater
than that calculated in this study. The rapid development
of animal husbandry in China has caused overgrazing,
resulting in soil degradation, desertification, and other
ecological damage [39, 40]. In recent years, China’s shift
to meat-intensive dietary patterns has had an impact on
the agro-ecological environment [41].

The results of this study suggest that urbanization,
rather than population, is the main driver of growth in
the demand for land for food consumption in China,

with a higher contribution to the demand. Regarding the
relationship between population and dietary patterns,
this study determines that demographic changes
rather than demographic factors per se influence food
consumption patterns and subsequent land resource
demand, and potential changes in demographic
structure are predominantly driven by urbanization.
This suggests that as China’s urbanization continues,
demographic structures will change, which will affect
food consumption patterns and land demand. Therefore,
the development of the factors influencing food
consumption and land demand is non-linear, presenting
a complex process. Chinese residents’ food consumption
will develop in the direction of green, healthy, and
personalized choices [42-44]. At present, urban and rural
residents’ food consumption has reached saturation,
but a large gap is evident in the consumption of fresh
vegetables and fruits, with considerable potential for
growth in protein consumption of protein-based foods
such as eggs, milk, and aquatic products. The future
trend of food consumption by urban and rural residents
in China will be characterized by slow growth in total
volume and continuous structural adjustment and
optimization. At the same time, diversified consumption
concepts will generate multiple paths of consumption
upgrading and uncertainty in the evolution of dietary
structure [45, 46]. Appropriate guidance should be
provided to shift consumer attitudes and awareness
regarding the requirements of agricultural production
to accelerate the optimization and upgrading of the
agricultural structure. Such public education will cause
farmers’ incomes to continue to rise and continue to
meet urban and rural residents’ green, healthy, and
personalized consumption needs. This study determines
that increases in agricultural productivity cannot offset
the contribution of population urbanization and shifting
dietary patterns to land demand. This study finds that
agricultural productivity improvements have only
made a limited contribution to alleviating the increased
demand for land resources, which is consistent with
previous studies [47-49]. Therefore, to alleviate the
pressure on China’s land demand in response to the
changing dietary structure of the population, it is
essential to develop agricultural technology, improve
the productivity and efficiency of land use, promote a
balanced diet, and eliminate food waste to achieve the
sustainable development of China’s land resources.

This study also demonstrates that China’s population
is increasingly reliant on indirect imports of foreign
resources to meet growing food consumption demand.
China has an extremely limited amount of arable land
resources, with limited quality arable land available for
development. The strategy of indirectly importing food
from external land resources is considerably relevant for
ensuring national food security; however, China’s effect
on food supply cannot be ignored, and the increased share
of imported food from external land resources means
that an increasing amount of foreign resources are being
consumed. This path of import dependency is subject to
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uncertainty in terms of international price fluctuations.
To address these problems, it is essential to make
appropriate use of international markets and fully exploit
comparative advantages, and it is also crucial to adopt
agricultural technology and accelerate the transition from
traditional to modern agriculture to alleviate the pressure
on agricultural land resources at the source. In addition,
healthy and rational consumption concepts must be
promoted to guide the population towards a balanced diet
that reduces unnecessary meat and other land-demanding
food products, which is a key component in alleviating
the pressure on China’s land demand.

Additionally, certain limitations of this study can be
explored in future research. There is some uncertainty
in the calculations in this study, which are primarily
affected by limited data for estimating the cropping
index and conversion factors for food and equivalent
crops. In the former case, due to the inconsistency of
the statistical calibre, the data on arable land area have
series discontinuities, and this study revises the arable
land area according to the revision methods used in
existing studies [50-53]. While this revised data is
closer to reality, it also introduces uncertainty. In the
latter case, due to the variety of equivalent crops, this
study uses representative crops as equivalent crops,
which also introduces a certain degree of uncertainty.
These uncertainties can be reduced in the future as the
coverage and accuracy of survey statistics improves
[54].

Conclusions

Sustainable arable land resources and healthy
and nutritious diets for urban and rural residents are
important foundations for China’s stable socio-economic
development. Based on urban and rural residents’
food consumption data from 1990 to 2020, this study
analyzes the changes in the dietary structure over a 30-
year scale and its impact on cultivated land. The key
findings are threefold.

(I) Between 1990 and 2020, China’s LRF per
inhabitant in urban and rural areas was on an upward
trend. The main reason for this increase was the change
in the dietary structure of the population, which is
reflected in the decrease in per capita consumption
of plant-based foods that consume less land and the
increased per capita consumption of animal-based foods
that consume more land. With growing urbanization,
from 1990 to 2020, the total arable land demand for
urban residents’ food consumption also increased, while
the total arable land demand for rural residents’ food
consumption presented a decreasing trend.

(2) Population urbanization and dietary structure
are the primary drivers of change in the demand for
arable land for food consumption. The contribution
of demographic factors to land demand has been
diminishing, and advances in agricultural productivity

have not sufficiently offset the increased demand for
land resulting from population growth and changing
dietary patterns, which strongly influence land demand
for food consumption in the country and will continue
to do so for the foreseeable future.

(3) Urban and rural residents’ diets must be further
optimized, and the protection of arable land is crucial for
ensuring a healthy and nutritious diet for the population.
The proportion of fruits and dairy foods consumed by
urban and rural residents remains low compared with
the ideal diet model presented in this study, and the
disadvantage is more pronounced among rural residents.
The proportion of meat consumed by urban and rural
residents is high, and the variety of food consumption
must be further optimized. Compared with the ideal
medium-energy diet model, urban residents presented
a higher intake of fat and a lower intake of carbohydrates
and dietary fiber, while rural residents still need to
improve dietary fiber intake. Therefore, increasing
the proportion of fruit and vegetable intake and
optimizing the variety of meat consumed are essential
directions for improving the dietary balance between
urban and rural China. In addition, the demand for arable
land under the ideal diet model is expected to exceed
China’s current arable land area by 2030, indicating that
the demand for arable land under the ideal diet model
will exceed the actual supply of arable land and that
the pressure on China’s arable land conservation will
further increase.

The validated conclusions of this study provide new
policy insights. First, protecting and optimizing the
use of agriculture has a significant role in safeguarding
the population’s healthy diectary options. The Chinese
government should take effective measures to ensure
sustainable growth in the output capacity of arable
land. An important constraint affecting China’s
food production is poor infrastructure, particularly
in the western region, where natural conditions are
limited. The Chinese government should prioritize the
development of modern agricultural infrastructure,
particularly water conservancy facilities, to ensure
sustainable food production, especially food rations and
major feed grains (i.e., rice, wheat, corn, and soybeans).
Second, on the premise of safeguarding food cultivation,
the government should employ policy guidance, widely
promote sustainable agricultural production methods
such as organic agriculture and ecological agriculture,
and encourage farmers to moderately cultivate specialty
agricultural products that are adapted to market demand.
Finally, it is essential to establish nutrition-oriented
food production and sustainable food consumption
structures for arable land by influencing a shift in the
dictary habits of the population and advancing local
agricultural production conditions. It is crucial to
promote overall transformation across the agricultural
production supply chain and dietary system to reduce
resource and environmental effects on the nation’s food

supply.
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