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ABSTRACT

The “requisition-compensation balance policy” is a basic arable land protection policy promulgated by the Chinese
government to maintain the dynamic balance of the total arable land. Since the implementation of the “requisition-
compensation balance policy”, its important role in the conservation of arable land has been widely noted. Multiple
studies indicate the effectiveness of the policy by estimating the quantity and quality change of arable land. In
addition, the defects and negative externalities of the policy are disputed. The overall goal of this study is to estimate
the provincial-level effectiveness of the “requisition-compensation balance policy” in mainland China in two pe-
riods (i.e., 2000—2010; 2010—2020) from four perspectives: arable land quantity dynamic balance; arable land
productivity balance; farming distance; and sustainability of arable land use. The results showed that, first, the
arable land quantity balance was achieved during 2000-2020 from a national perspective. There are still 19-23% of
provinces have failed to reach the quantity balance. Second, the decrease in China’s total arable land productivity
was exacerbated from 9612.1 thousand tons. to 31254.6 thousand ton. The average potential yield balance index
was less than 1 for nearly all provinces during 2000-2010 and became even worse in the next decade because of
occupying superior arable land while compensating for inferior arable land. The conservation of arable land pro-
ductivity has become more important than the conservation of quantity. Third, due to the lack of constraints on the
farming distance changes in the “requisition-compensation balance policy”, most provinces convert arable land
around urban and rural areas to built-up land while replenishing land far from residential areas without providing
adequate agricultural infrastructure, which leads to an increase in the cost of farming and consequently to an in-
crease in the marginalization of arable land. During 2010-2020, the average farming distance of compensated
arable land at the provincial level reached 2-7 times that of occupied arable land. However, the average farming
distance of the whole arable land at the provincial level decreased by 3.82-63.88% during the same period. This
contradiction is mainly due to increasing marginalization and opportunity costs resulting in arable land with high
farming distance (including arable land that was compensated in the past) to be used with low intensity or even
abandoned and thus identified as other land use types by remote sensing classification models. This factor out-
weighed that of “occupy nearby arable land while compensating farther one”, resulting in a reduction in the pro-
vincial average farming distance. Fourth, the percentage of sustainable compensated arable land in most provinces
was lower than 70%. This indicated that the utilization and protection of arable land in these provinces was
insufficiently implemented and monitored. Challenges along optimization of the “requisition-compensation bal-
ance policy” were discussed from two respects: data, theory and methodology and policy design and imple-
mentation. The authors argue that a more comprehensive “requisition-compensation balance policy” should be
designed considering not only the quantity and productivity of arable land but also the farming distance, sustain-
ability and ecological protection. A differentiated regulation mechanism of arable land requisition compensation in
trans-provincial areas should be formulated. This study can provide guidance for optimizing the implementation of
regional arable land protection and can also provide a reference for other countries to protect arable land.
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C. Liu et al.
1. Introduction

Food security is a fundamental requirement for human survival and
development, as well as a worldwide challenge, and has always been a
concern for countries around the world (Rosegrant and Cline, 2003).
From 2000 to 2050, global food demand is expected to grow by
100-110% with the increase of population and consumption level (Til-
man et al., 2011). This poses a formidable challenge for worldwide
policy-makers and scientists, namely, how to maintain the stability of
arable land ecosystems with achieving the increasing food demand
(Coyle et al., 2016; Ye et al., 2019; Huang et al., 2020; Feng et al., 2021;
Gao et al., 2023a; Gao et al., 2023b). As a country with a large popu-
lation, China’s per capita arable land is only 40% of the world average,
and the superior arable land area is less than 3% of the total arable land
in the country. Despite scarce per capita arable land resources, China has
carried 20% of the world’s population with less than 9% of the global
farmland (Ye, 2020a), which has made distinguished contributions to
the United Nations Millennium Development Goals (Deng et al., 2015;
Fang et al., 2022; Liu, 2019). In recent decades, the contradictions
among economic development, urban expansion, natural resources and
ecological protection lead to a dramatic reduction in arable land
(especially high-quality farmlands in the plains) and ecological degra-
dation (Liu et al., 2010; Bai et al., 2014; Ye et al., 2014, 2022a, 2022b;
Ren et al., 2022). Against this background, strengthening arable land
protection in China is of important meaning for national stability and
sustainable human development (Liu et al., 2013; Liu, 2018a).

The government of China “attach great significance to the protection
of arable land” and regards “treasuring and employing every inch of
land, protecting arable land” as the national basic policy (Li et al.,
2018b; Lu et al., 2016b; Bai et al., 2014). The “requisition-compensation
balance policy” is a basic arable land protection policy to “maintain the
dynamic balance of the total arable land”, as one of the core clauses in
the “Land Management Law” in 1998 (Liu and Li, 2017). This policy is a
scheme to remedy the massive occupation of arable land for urbaniza-
tion and industrialization (Song and Pijanowski, 2014; Gao et al., 2018;
Su et al., 2019). In the initial version, the basic principle of the “requi-
sition-compensation balance policy” is that arable land approved for
built-up land should be compensated by an equal quantity one through
land reclamation (Bai, 2014; Liu et al., 2018c). The revision of the
“requisition-compensation balance policy” supplemented the require-
ment of quality balance to restrain the phenomenon of “occupying
high-quality arable land while compensating for inferior land”. In the
subsequent implementation process, the requirements for “paddy field
area balance” and ecological protection were added to the policy. The
“requisition-compensation balance policy” marks the basic formation of
laws and regulations and institutional systems related to arable land
protection in China (Liu et al., 2015b; Li et al., 2014; Liu and Zhou,
2021a).

After the “requisition-compensation balance policy” carried out, its
important role in the conservation of arable land in China has been
widely noted. Additionally, multiple studies indicate the effectiveness of
the “requisition-compensation balance policy” by estimating the quan-
tity and quality change of arable land in mainland China. According to
Tan et al. (2005), the downward rate and trend in the total area of arable
land at the national level have been effectively controlled since 1997,
parts of the arable land is occupied by built-up land, and these has
basically been replenished by development and reclamation to achieve a
quantity balance. Deng et al. (2005) found that from 1986 to 2000, the
net increase in arable land area in China (+1.9%) almost offset the
decline in potential productivity. In Yan’s (2009) study, from 1990 to
2000, the area of cropland in China had a net increase of 2.79 Mha,
resulting a slight increase in net primary production (6.96 Mt C). Song
and Pijanowski (2014) present that the arable land quantity balance was
achieved in mainland China during 1999—2008. Xu et al. (2015) show
that China’s arable land area decreased from 2000 to 2010, and the goal
of the “requisition-compensation balance” on arable land quantity was
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basically maintained in the whole country, but the quantity balance
varied among provinces. In contrast, there is a growing decline in arable
land quality (or potential output) in mainland China due to the loss of
high-productively arable land from urban expansion and economic
development and a flawed approach to compensate for arable land,
especially in the period of 2010—2020. Liu et al. (2015a) proposed that
China’s potential output of arable land decreased from 1990 to 2010:
during 1990-2000, the Huang-Huai-Hai Plain and the middle-lower
Yangtze Plain were the critical areas of lost potential output; during
2000-2010, South China emerged as the new critical area of lost po-
tential output. Kuang et al. (2021) showed that during 2000-2015, in
regions with high-quality croplands or with excellent farming condi-
tions, the total loss of cropland was 79.1%. By contrast, 73.6% of newly
reclaimed land was moderate or poor cropland. According to Ye et al.
(2022a), due to land-use change, the arable land productive capacity of
2733 counties in China (nearly 73.5% of the total counties’ count)
decreased from 1990 to 2010. The declining counties are mostly located
in central and southern China while the arable land productive capacity
in most countries in northeastern and northwestern China was increased
due to land-use change.

However, the defects and externalities of the “requisition-compen-
sation balance policy” are discussed in some studies. Li (1996) analysed
the changing trend and spatial distribution of arable land area in China
in the 1990 s, and the idea of “dynamic balance of the total arable land”
should be gradually transformed into the effective protection of basic
farmland. In Li’s subsequent studies, the process of “land occupation in
plain areas and land compensation in mountainous areas” has been
revealed and explained as an important cause of land abandonment in
mountainous areas (Li and Li, 2018a; Li and Li, 2016). Some public
opinion has even described the process as a “Numbers Game” (Zhao,
2014). Lin and Cheng (2001) proposed that the methods and standards
for the productivity per unit area of arable land should be developed as
soon as possible in accordance with the characteristics of China and then
provide a basis for the conversion between arable land quantity balance
and quality balance. Yue and Liu (2013) point out that the current
system of arable land “requisition-compensation balance” lacks the
mechanism of supervision and encouragement, relies too much on the
development of reserve land resources, and pays insufficient attention to
the ecological environment. Sun et al. (2014) argues that in the early
stage of the implementation of the arable land “requi-
sition-compensation balance” system, more emphasis was placed on the
“arable land quantity balance”, but in the practical application, the re-
sponsibility subject for arable land compensation was not clear, and
there was a lack of implementable balance measures. According to Kong
(2014), although the trend of declining arable land quantity has been
alleviated, there is still the phenomenon of “occupy high-quality arable
land while compensating for inferior land”, resulting in a decline in
arable land quality and productive capacity. Liu et al. (2015a) propose
that in economically developed areas, there is still an obvious expansion
of urbanization and industrialization, and the arable land occupied by
built-up land has not decreased. The occupied high-quality arable land is
usually located around towns and roads, while most of the compensated
arable land is located in remote areas such as undeveloped mountainous
regions. Ye et al. (2022b) calculated the driving power of arable
land-area change to arable land productive-capacity balance in main-
land China. The result shows that the main driving factor of the increase
of arable land productive-capacity at county-level is the change of arable
land-area. The determinant power of arable land-area change was
calculated as 74.154%. On the contrary, its determinant power to
county-level arable land productive capacity decrease was only
38.542%, indicating that occupying high-capacity arable land and
supplementing low-capacity arable land had a greater impact on the
decline of arable land productive capacity at county level.

The above studies have explored the effectiveness of the “requisition-
compensation balance policy” from multiple perspectives, including
arable land use changes, policy shortcomings, and externalities, and
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Table 1

Accuracy evaluation of GlobeLand30 from published articles.
Region Classes Accuracy References
China 10 classes 82.4% Yang et al. (2017)
China Cropland 79.6% Lu et al. (2016a)
China Forest 80.7% Wang et al. (2015)
Iran 10 classes 77.9% Arsanjani et al. (2016a)
Italy 10 classes 80.0% Brovelli et al. (2015)
Nepal 10 classes 80.1% Cao et al. (2016)
Portugal 10 classes 77.0% Mozak (2016)
Henan Province, China 10 classes 81.5% Ma et al. (2016)
Shanxi Province, China Cropland 80.6% Chen et al. (2017¢)

have provided important guidance for this study. However, first, these
studies focus on the quantity and quality balance of arable land, and it is
difficult to answer the question: “What are the characteristics of the
externalities (i.e., marginalization) and sustainability of requisition-
compensation of arable land process in China?” (Note: externalities
refer to policy externalities, i.e., policies may have effects on society and
groups not targeted by them, and such effects may be external or inci-
dental. The externalities in the requisition-compensation of arable land
process are caused by the land use mechanism ignoring the ecological
and social benefits of arable land) Second, most studies show the
effectiveness of the “requisition-compensation balance policy” before
2010, and few studies reveal the question: “How has the effectiveness of
the requisition-compensation balance policy in China changed in the
following decade?” A clear explanation of this issue is essential for China
to develop appropriate arable land control policies that can weigh
against food security, economic growth and ecological stability in the
coming decades (Liu et al., 2014b; Liu and Zhou, 2021b; Wen, 2020;
Zhou et al., 2023).

The overall goal of this study was to estimate the provincial-level
effectiveness of the “requisition-compensation balance policy” in
mainland China in two periods (i.e., 2000—2010; 2010—2020) from
four perspectives: arable land quantity dynamic balance; arable land
productivity and yield dynamic balance; farming distance and arable
land use sustainability. The arable land quantity dynamic balance was
calculated as the ratio of compensated arable land quantity to the land
occupied by built-up land. The arable land productivity dynamic bal-
ance was calculated as the ratio of provincial total compensated arable
land productivity to that reduced due to the conversion of arable land to
built-up land. The yield balance was estimated as the ratio of the average
potential yield of compensated arable land to that of arable land occu-
pied by built-up land. Provincial average farming distance change has
been used to indicate the influence of the “requisition-compensation
balance policy” on arable land marginalization. The sustainability of
arable land use was estimated in accordance with the rule that arable
land being compensated during 2000—2010 would be deemed sus-
tainable if it was still being used as arable land in 2020. Finally,
comprehensive effects and deficiencies, comparative studies and chal-
lenges of the “requisition-compensation balance policy” are discussed.
This study can provide guidance for optimizing the implementation of
regional arable land protection and can also provide a reference for
other countries to protect arable land.

2. Materials and methods
2.1. Data

2.1.1. Land use change data

In this study, the GlobeLand30 dataset was used to calculate the
provincial land wuse change quantity during 2000—2010 and
2010—2020 and to analyze the spatial distribution characteristics of
arable land. GlobeLand30 is a peer-reviewed 30-meter resolution global
land cover dataset developed by Chen et al. (2010). In the GlobeLand30
dataset, the land cover has been divided into ten classes (i.e., farmland;
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forest; grassland; shrubland; wetland; water bodies; tundra; built-up
land; bare land; permanent snow and ice) covering three specific
years: 2000, 2010 and 2020. The dataset is mainly from Landsat The-
matic Mapper (TM) and Enhanced TM plus (ETM+) satellites, and more
than 10000 scenes are required to be collected and classified (Chen
et al., 2017a).

Researchers from China, Greece, Italy, Mexico, and Sweden made
preliminary evaluations of GlobeLand30 to assess its quality (Brovelli
et al., 2015). A large number of samples have been collected from all
over the world, and these results have achieved an overall accuracy of
over 80%, as shown in Table 1. The results showed that GlobeLand30 is
a reliable product for LUCC studies. China’s overall accuracy was esti-
mated to be satisfactory at 82.4% at the country/region level, (Yang
et al., 2017).

To date, the GlobeLand30 dataset has been widely used in many
fields by more than 7000 scientists and users from nearly 120 countries.
For instance, GlobeLand30 is mainly used by government departments
to analyze and study disaster resilience, energy and mineral resource
management, and urban sustainable development (Arsanjani et al.,
2016a). Most applications in nongovernmental organizations and the
United Nations are related to “food security and sustainable agriculture,
biodiversity and ecosystem sustainability, and public health surveil-
lance” (Arsanjani et al., 2016b; Brovelli et al., 2015; Cao et al., 2016;
Chen et al., 2017b).

2.1.2. Arable land potential yield data

Arable land potential yield dataset (unit: kg/ha.) proposed by Xu
etal. (2017) and Liu et al. (2015a) is used to estimate the effectiveness of
arable land “requisition-compensation balance” on maintaining arable
land productivity. The simulation of the arable land potential yield
dataset was performed at a 1 km spatial resolution by using the Global
Agro-Ecological Zones Model (GAEZ) (Fischer, 2001).

The potential yield over four years (i.e., 1980; 1990; 2000; 2010)
was calculated by inputting corresponding farmland distribution data,
soil data, terrain elevation data, and meteorological data. Five staple
crops (i.e., wheat, corn, rice, soybean, potato) and suitable multiple
cropping systems were considered. Previous studies have shown that the
arable land potential yield dataset is practical for evaluating the impact
of arable land conversion on agricultural productivity (Yan et al., 2009;
Liu et al., 2015a; Zhong et al., 2012).

2.1.3. Road data

The road data were used to specify the artificial lands to calculate the
farming distance between arable land and rural settlements. The overall
road data contain highways, roads, and unpaved tracks of China. The
data were derived from the Data Basin (https://databasin.org).

2.2. Methods

2.2.1. Calculate arable land occupation and compensation quantity

The effectiveness of the “requisition-compensation balance policy”
on maintaining arable land quantity during 2000—2010 and
2010—2020 has been estimated at the provincial level from four per-
spectives. First, the arable land quantity balance index Q, was calcu-
lated as the ratio of compensated arable land quantity to the land
occupied by built-up land, as shown in Eq. (1). Cpa, Cga, Cra, Cwa, and
Copa represent compensation of arable land area from built-up land,
grassland, forest, water, and other types (e.g., bare land; permanent
snow and ice), respectively. O4p represents the quantity of arable land
that was occupied by built-up land.

_ Cps +Cga + Cpa +Cya +Cop
Oup

O (€8]

Second, the “requisition-compensation balance policy” only ensures
that the arable land occupied by built-up land is compensated but ig-
nores the arable land area decrease caused by ecological construction or
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natural destruction. Eq. (2) has been proposed to estimate the impor-
tance degree of the policy on controlling arable land area decrease.
OP,3, OP,;, OP,r, and OP,y, represent the proportion of arable land
area occupied by built-up land, grassland, forest, water and other types
to the total occupied land area, respectively. O4g, O4r, Osw, and Oy
represent occupation of arable land area of grassland, forest, water, and
other types, respectively. O,. represents the sum of occupation of arable
land area.
OPup = ((%’f; OPyg = Z—f; OPyr = %; OPjyo = —OAH?A”;

O4. = 04p + 046+ Osr +Ousw + 040 ()]

Third, the source of arable land compensation has been quantified, as
shown in Eq. (3). CPpy, CPg4, CPr4, and CPyy, represent the proportion
of arable land area compensated from built-up land, grassland, forest,
water and other types to the total compensated land area, respectively.
C,, represents the sum of compensation of arable land area.

CPpy = %; CPgy = %:, CPpy = %; CPyos = CWACZC"";

C.s = Cps +Cpa +Cps+Cyp +Coyp 3

2.2.2. Assessment of provincial total arable land productivity

The crop potential yield (unit: kg/ha.) has been affected by both
climate change and human activities. Since our study is focused on the
influence of LUCC on total arable land productivity, the average crop
potential yield AP; was calculated for each grid i to reduce the impact of
climate change, as shown in Eq. (4). P;; (j=1980, 1990, 2000, 2010)
represents the crop potential yield of grid i in 1980, 1990, 2000 and
2010.

_ Piogoi + Progoi + Paoooi + Paoroi

AP Z

C)

For each arable land grid ' in the GlobeLand30 data in a specific year
(i.e., 2000; 2010; 2020), its corresponding crop potential yield AP; has
been set as AP; of the nearest neighbour grid i by the spatial overlay
method. For province y, its total arable land productivity P,, (unit: kg)
in specific year w has been calculated by summing the productivity of
each grid that belongs to it, as shown in Eq. (5). Then, the provincial
total arable land productivity change rate PR, from year s to year e (e.
g., 2000-2010; 2010-2020) driven by LUCC was calculated. AP; and M/
are the crop potential yield and area (unit: ha.) of arable land grid i'. m
presents the quantity of arable land grids within province y.

Pefps
PR, ===

s

i Py=Y 7 AP, M, (w =2000,2010,2020) (5)

The ratio of provincial total compensated arable land productivity to
that reduced due to the conversion of arable land to built-up land has
been estimated as R,,, in Eq. (6). The ratio of the average potential yield
of compensated arable land to that of arable land occupied by built-up
land was estimated as RU,,. R,, and RU,, can be used to indicate
arable land productivity balance and yield balance in a specific period.
For province y in year w, PA,, and UA,, respectively represent total
productivity and average potential yield of the compensated arable land;
PB,, and UB,, respectively represent total productivity and average
potential yield of the arable land occupied by built-up land.

R _PAw
"™ PB,,’

UA,,
Rvaw _ UB,V.
y.w

©

It should be noted that although 4 periods of data were used to
calculate the average arable land potential yield, some grids of Globe-
Land30 data lack productivity data. Considering that differences in cli-
matic conditions in small areas can be ignored, the focal statistics
method was used to complement the missing values. In practice, we used
the focal statistics tool in ArcGIS 10.6 to perform neighbourhood sta-
tistics by taking each no data grid as the centre point and 150 m as the
radius. The statistical average was assigned as the grid value.
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2.3. Determination of farming distance by eliminating road influence

In this study, the farming distance of each arable land grid was
calculated as its distance to the margin of the nearest rural (or urban)
residential region. Firstly, because the line vector in the road data is
relatively subtle, it may not be recognized. Therefore, we used a buffer
zone of 100 m for each vector line feature in the road data to improve
the accuracy of identification. Secondly, we changed the new road
polygon to a 30-meter resolution raster. Then we erase the roads from
built-up land data to obtain the new built-up land layers. Thirdly,
calculate the minimum Euclidean distance from the arable land grid to
the built-up land grid with a resolution of 30 m, and the average farming
distance is calculated by zonal statistics on a basis of province level.
Through these steps, we can better ensure the reliability of the calcu-
lated results in the farming distance calculation process. In addition,
some changes of farming distance are consistent with our understanding
of the changes of arable land in reality, which also verifies the rationality
of the calculated results.

2.4. Estimate sustainability of arable land use

The arable land use sustainability was estimated from two perspec-
tives. First, although the land use type of compensated arable land is
strictly restrained by the land use control policy of China, its actual land
cover can be changed due to arable land marginalization, agricultural
facilities construction or other reasons. The arable land that was
compensated during 2000-2010 would be deemed sustainable if it was
still being used as arable land in 2020; otherwise, it was considered
unsustainable. Ag was calculated as the ratio of sustainable arable land
to total compensated arable land area during 2000—2010 for each
province of China, as shown in Eq. (7). Cga, Cga, Cra, Cwa, and Copy
represent compensation of arable land area from built-up land, grass-
land, forest, water, and other types (e.g., bare land; permanent snow and
ice), respectively, during 2000—2010. Uga, Uga, Ura, Uwa, and Ugpy
represent unsustainable arable land areas that were converted to built-
up land, grassland, forest, water, and other types during 2010-2020,
respectively. Us was calculated as the percentage of unsustainable
arable land area that returns to its initial land cover type to the total
unsustainable arable land area, as shown in Eq. (8). Up represents the
percentage of unsustainable arable land area that returns to its initial
land cover type. U., represents the total unsustainable arable land area.

Cu—Uan

Ag=———
s Ca ()

C.a = Cga2010 + Cia 2010 + Craz010 + Cwa 2010 + Coa 2010
U.p = Ups +Uga +Ups +Ups +Upa

Us

Us = U, (8)

Second, if one farmland plot had been adjusted to ecological land (i.
e., forest; grassland; water) during 2000—2010 and then been converted
to built-up land during the next ten years, it would circumvent the
constraints of the “requisition-compensation balance policy”. The per-
centage of this phenomenon has been calculated in Eq. (9). B4 is the
total area of arable land that was converted to forest, grassland, and
water during 2000—2010 and then converted to built-up land during
2010—2020; B,p is the quantity of built-up land that was converted
from arable land during 2010—2020; and By is the quantity of other
land occupied by built-up land in the same period. Rsg, Rsp, and Rop
represent the percentages of the three sources of built-up land increase
from 2010 to 2020.
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Table 2
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Provincial arable land quantity balance index and total arable land area change in China during 2000-2020.

Arable land quantity balance index

Total arable land area change

(unit: 10e4 ha.)

Zoning Provinces 2000-2010  2010-2020 Changes  2000-2010 2010-2020 Changes
Heilongjiang 4.88 4.49 -7.99% -15.13 8.71 157.55%
Northeast Plain Jilin 5.16 1.92 -62.79% 6.34 -20.37 -421.13%
Liaoning 3.44 1.77 -48.55% 1.24 -42.34 -3503.53%
Inner Mongolia 12.18 8.98 -26.27% -27.64 137.89 598.82%
Beijing 2.64 0.13 -95.08% 4.84 -13.66 -382.03%
Tianjin 0.69 0.97 40.58% -5.43 -1.97 63.74%
North China Plain ~ Hebei 2.48 0.61 -75.40% -0.74 -63.10 -8473.04%
Shandong 0.90 0.35 -61.11% -42.37 -98.75 -133.07%
Henan 0.83 0.65 -21.69% -27.75 -49.45 -78.23%
Anhui 1.80 1.03 -42.78% -10.80 -24.50 -126.88%
The Middle. Jiangsu 0.90 0.48 -46.67% -26.62 -76.73 -188.26%
lower Yangize Jiangxi 7.96 3.79 -52.39% -2.89 -24.48 -745.81%
Plain Hubei 6.20 1.94 -68.71% 9.40 -16.15 -271.75%
Hunan 17.75 5.67 -68.06% 1.67 -14.26 -956.17%
Shanghai 0.29 0.57 96.55% -7.80 -5.67 27.31%
Zhejiang 0.71 1.40 97.18% -45.39 -24.29 46.48%
Fujian 4.11 3.36 -18.25% -7.79 -5.95 23.57%
Guangdong 5.36 1.28 -76.12% -10.70 -52.67 -392.24%
The southern hill Guangxi 19.16 3.87 -79.80% 19.11 -18.17 -195.11%
Hainan 9.33 4.51 -51.66% -16.34 7.10 143.44%

region of China
Chongqing 58.01 1.74 -97.00% 13.82 -13.32 -196.34%
Sichuan 12.37 3.19 -74.21% -11.86 -14.62 -23.28%
Guizhou 44.14 10.05 -77.23% -35.41 32.31 191.25%
Yunnan 22.98 7.14 -68.93% 6.48 12.47 92.56%
Shanxi 2.60 1.14 -56.15% -12.67 -28.92 -128.18%
Irrigated Shaanxi 3.39 3.38 -0.29% -12.62 -2.36 81.28%
agricultural region  Ningxia 2.74 2.88 5.11% -9.01 10.26 213.86%
in the west Gansu 13.19 3.76 -71.49% -31.01 16.81 154.22%
Qinghai 12.72 4.53 -64.39% -1.22 15.10 1337.70%
Xizang 8.82 21.28 141.27% -6.61 27.54 516.64%
Xinjiang 11.04 6.48 -41.30% 56.62 132.72 134.41%

Note: The arable land quantity balance index is the ratio of compensated arable land quantity to the land occupied by built-up land. If arable land quantity balance
index is equal to or greater than 1, quantity balance has been achieved. Otherwise, quantity balance of arable land has not been met. Major grain-producing provinces
and the arable land quantity balance index that greater than 1 are rendered in bold font. Positive changes are rendered in gray shading.
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3. Results

3.1. Effectiveness of the requisition-compensation balance policy on
maintaining arable land quantity

From a national perspective, the arable land quantity balance in

China was achieved during 2000-2020. In the past two decades, the
total area of arable land occupied by built-up land was 14781.05
thousand ha, while the total area of compensated arable land was
40277.02 thousand ha. However, there was a large variation in the
arable land quantity balance index among provinces (Table 2). The
arable land quantity balance index was significantly greater than 1 for
almost all provinces in the Northeast Plain, the southern hill region, and
the irrigated agricultural region in the west. The arable land quantity
balance index in Guizhou was even greater than 10. The provinces of the
North China Plain were not doing enough to ensure the arable land
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Fig. 1. The ratio of arable land quantity converted into grassland, forest, built-up land or other land-use types to the total quantity of arable land that was occupied at

the province level. Major grain-producing provinces are rendered in yellow.

quantity balance. Only Beijing and Hebei reached the arable land
quantity balance from 2000 to 2010, while all provinces failed to reach
the arable land quantity balance from 2010 to 2020. In the middle-lower
Yangtze Plain, most provinces reached the arable land quantity balance,
except for Jiangsu and Shanghai. As major grain-producing provinces,
Shandong, Henan, Hebei and Jiangsu had an imbalance in the arable
land quantity that needs to be remedied.

At the provincial level, there were differences in the arable land
quantity balance index among provinces. From 2000-2010, 6 of the 31
provinces failed to reach the quantity balance, accounting for 19%, and
3 of them were major grain-producing provinces. Other provinces had
reached the arable land quantity balance. From 2010-2020, 7 of the 31
provinces failed to reach the quantity balance, accounting for 23%, with
imbalances occurring mostly in the densely populated plains. The arable
land quantity balance index decreased in 26 provinces, with Beijing,
Hebei, Guangdong, Guangxi, Sichuan, Chongqing, Guizhou and Gansu
decreasing by more than 70%. Provinces with arable land quantity
balance indices less than 1 were mainly distributed in the eastern and
central parts of China. It is difficult for these provinces to achieve arable

land quantity balance because of high urbanization demand and limited
arable land reserves. The pressure of arable land quantity balance is
much less in the northwest and northeast regions because they have
more arable land reserves and lower population density.

For a province, achieving the arable land quantity balance does not
mean no reduction in the area of arable land. This is because the
“requisition-compensation balance policy” stipulates that arable land
converted to built-up land is compensated, but there is no requirement
for compensation of arable land for ecological use or natural destruction.
As shown in Table 2, the arable land area decreased in most provinces of
China from 2000 to 2010. The total decreased arable land area was
2482.8 thousand ha. The provinces with the lowest total arable land
area change were Zhejiang (—45.39 x10* ha), Shandong (—42.37 x10*
ha) and Guizhou (—35.41 x10* ha). Provinces located in the North
China Plain and the Middle-lower Yangtze Plain suffered the most sig-
nificant decrease. The decrease in arable land was mainly related to the
transformation of arable land into built-up land. The arable land of most
provinces in the southern hill region and the western irrigated agricul-
tural region decreased heavily, despite their relatively high arable land
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Arable land productivity balance index and potential yield balance index during 2000-2020.

Zoning Provinces Arable land productivity balance Potential yield balance Total arable land productivity change (unit:
index index 10e4 ton.)
2000-2010 2010-2020 2000-2010 2010-2020 2000-2010 2010-2020
Northeast Plain Heilongjiang 3.26 2.75 0.67 0.61 -51.49 -15.30
Jilin 3.25 1.24 0.63 0.65 9.33 -87.88
Liaoning 2.44 1.30 0.71 0.73 -11.46 -126.15
Inner Mongolia  10.28 5.05 0.84 0.56 -41.50 140.88
North China Plain Beijing 2.76 0.10 1.04 0.75 21.01 -56.42
Tianjin 0.68 0.85 0.99 0.87 -18.66 -10.40
Hebei 1.58 0.32 0.64 0.53 -10.27 -386.54
Shandong 0.91 0.31 1.01 0.89 -147.46 -598.06
Henan 0.77 0.59 0.93 0.90 -185.14 -354.61
The Middle- Anhui 1.50 0.93 0.84 0.90 -73.48 -145.81
lower Yangtze Plain Jiangsu 0.95 0.45 1.05 0.94 -135.74 -492.34
Jiangxi 5.44 2.46 0.68 0.65 -14.95 -124.60
Hubei 3.50 1.14 0.56 0.59 27.05 -141.43
Hunan 15.04 4.04 0.85 0.71 23.49 -53.49
Shanghai 0.39 0.60 1.32 1.05 -34.22 -34.52
The southern hill region of China Zhejiang 0.57 0.72 0.80 0.51 -131.44 -169.31
Fujian 3.34 2.29 0.81 0.68 -10.41 -23.54
Guangdong 4.78 0.92 0.89 0.72 -17.99 -156.08
Guangxi 9.52 1.89 0.50 0.49 29.61 -76.50
Hainan 8.45 3.98 0.91 0.88 -59.74 29.85
Chongging 47.42 0.77 0.82 0.44 73.55 -76.55
Sichuan 6.88 1.59 0.56 0.50 -53.39 -118.46
Guizhou 23.88 4.85 0.54 0.48 -59.61 23.30
Yunnan 7.91 2.73 0.34 0.38 -39.67 -61.99
Irrigated agricultural region in the west ~ Shanxi 1.61 0.73 0.62 0.64 -46.06 -91.40
Shaanxi 1.33 1.27 0.39 0.38 -64.47 -56.51
Ningxia 1.49 1.35 0.54 0.47 -18.19 -4.06
Gansu 7.09 1.94 0.54 0.52 -50.88 -16.57
Qinghai 7.11 1.14 0.56 0.25 -6.37 8.80
Xizang 3.51 7.05 0.40 0.33 -0.97 -3.50
Xinjiang 6.98 2.61 0.63 0.40 138.31 153.73

Note: The arable land productivity balance index is the ratio of the provincial total compensated arable land productivity to that reduced due to the conversion of
arable land to built-up land; the potential yield balance index is the ratio of the average potential yield of compensated arable land to that of arable land occupied by
built-up land. If the arable land productivity balance index is equal to or greater than 1, productivity balance has been achieved. Otherwise, the productivity balance of
arable land has not been met. If the potential yield balance index is equal to or greater than 1, yield balance has been achieved. Otherwise, the yield balance of arable
land was not met. Details can be found in Eq. (7). Major grain-producing provinces are rendered in bold font.

quantity balance index. The reduction in arable land in these provinces
was mainly related to China’s ecological conservation projects, such as
returning arable land to forest and grassland.

From 2010-2020, the reduction in the total arable land area in China
was 2108.4 thousand ha, compared to 2482.8 thousand ha from 2000 to
2010. The decrease in arable land quantity intensified in the North
China Plain and the middle-lower Yangtze Plain. The decreasing trend of
arable land quantity in the southern hill region and the western irrigated
agricultural region diminished. The arable land quantity shifted from
decreasing to increasing obviously in irrigated agricultural region in the
west, Heilongjiang, Inner Mongolia, Guizhou and Hainan. In addition,
11/13 of the major grain-producing provinces experienced a decrease in
arable land quantity. In summary, the decline in the area of arable land
in China has been effectively controlled in the last decade. From a spatial
perspective, arable land shifted from the eastern plains and southeastern
coastal provinces with high agroclimatic resources and good farming
conditions to the northwestern regions with lower water and heat con-
ditions and farming conditions.

Over the past 20 years, the role of the “requisition-compensation
balance policy” in maintaining regional arable land quantity has been
increasing because the ratio of arable land quantity converted to built-
up land to the total quantity of arable land occupied increases perva-
sively in multiple provinces, as shown in Fig. 1. In the period of
2000—2010, provinces with a high proportion of arable land converted
to built-up land were mainly located in the North China Plain and the
Middle-lower Yangtze Plain. Fifty-two percent of provinces had a built-
up land occupation proportion of less than 20%, especially in Guizhou,
Hainan and Chongging. From 2010—2020, there was an increase in the

proportion of arable land occupied by built-up land in all provinces
except Shanghai, with the most notable province being Qinghai. Ninety
percent of provinces had a built-up land occupation proportion higher
than 20%. The proportion of built-up land occupation in Shanghai,
Beijing, Tianjin, Henan and Shandong even exceeded 70%.

As is presented in Figure A.1 (see detailed results in Appendix A), it can
be seen that the proportion of arable land converted to built-up land and
the arable land quantity balance index are highly correlated. First, the
provincial arable land quantity balance index was higher in the southern
hill region and the irrigated agricultural region in the west than in the
North China Plain and the middle-lower Yangtze Plain, which does not
mean that the “requisition-compensation balance policy” is more
strongly implemented in the former areas. In fact, in the former regions,
the conversion of arable land to built-up land had less impact on the
change in arable land area, and it was easier to achieve arable land
quantity balance. In the latter regions, the occupation of arable land for
built-up land was the main factor of the arable land area decrease, which
makes it more difficult to achieve the dynamic arable land quantity
balance. The implementation of the “requisition-compensation balance
policy” is highly effective for maintaining the arable land quantity in
these regions. Second, compared to 2000—2010, the percentage of
arable land converted to built-up land in most provinces increased in
2010—2020, which led to a decrease in the arable land quantity balance
index in the relevant provinces. The importance of “requisition-
compensation balance policy” implementation in the southern hill re-
gion and the irrigated agricultural region in the west increased. Third,
returning arable land to forest and grass is a key factor in the reduction
of arable land area in the southern hill region and the irrigated
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quadrant show a continuous arable land productivity decrease. Major grain-producing provinces are rendered in blue. Beijing, Xizang and Hainan are not shown in

the figure.

agricultural region in the west, respectively. However, the dynamic
arable land quantity balance does not propose a compensation strategy
for the conversion of arable land caused by these factors. This makes the
“requisition-compensation balance policy” less effective in maintaining
the quantity of arable land in these areas and leads to loopholes in the
policy, i.e., arable land occupied for ecological construction reasons may
bypass the constraints of the policy if it is converted to built-up land in
the future.

3.2. Effectiveness of the requisition-compensation balance policy on
maintaining arable land productivity dynamic balance

In the period of 2000—2010, the total productivity of the compen-
sated arable land was greater than that of the arable land occupied by
built-up land for nearly all provinces (Table 3). The realization of arable
land productivity balance is mainly due to excess compensation of
arable land quantity (i.e., arable land quantity balance index greater
than 1). This is because the potential yield balance index was less than 1
for all provinces except Beijing, Shandong, Jiangsu and Shanghai. The

average potential yield balance index revealed a widespread phenom-
enon of occupying superior arable land while compensating for inferior
arable land, especially in Yunnan, Shaanxi, Guangxi and Xizang. This
explains why the provincial arable land productivity balance index was
lower than the corresponding quantity balance index. The arable land
productivity balance index was less than 1 for Tianjin, Shandong,
Henan, Jiangsu, Shanghai and Zhejiang, which is consistent with their
imbalance in requisition-compensation of arable land quantity.

From 2010—2020, the provincial arable land productivity balance
index decreased dramatically, driven by the decline in the arable land
quantity balance index and the phenomenon of occupying superior
arable land while compensating for inferior arable land. Provinces with
a decline rate higher than 80% were Beijing, Guangdong, Guangxi,
Chongqing, Guizhou and Qinghai. The arable land productivity imbal-
ance was most serious in the North China Plain. The increase in the
arable land productivity balance index in Xizang was driven by arable
land quantity expansion because its potential yield balance index had
fallen to 0.33. The phenomenon of occupying superior arable land while
compensating for inferior arable land worsened since the potential yield



C. Liu et al. Land Use Policy 131 (2023) 106733
Table 4
Changes in the provincial farming distance in China during 2000-2020. Major grain-producing provinces are rendered in bold font.
Zoning Provinces average farming distance (unit: km) Changes
2000 2010 2020 2000-2010 2010-2020
Northeast Plain Heilongjiang 1.60 1.43 1.38 -10.62% -3.82%
Jilin 1.16 1.01 0.83 -13.42% -17.89%
Liaoning 0.81 0.83 0.65 2.26% -21.85%
Inner Mongolia 2.28 2.53 1.86 10.77% -26.48%
North China Plain Beijing 0.45 0.55 0.32 23.38% -42.18%
Tianjin 0.83 0.60 0.53 -27.83% -11.25%
Hebei 0.70 0.77 0.53 10.01% -32.17%
Shandong 0.76 0.60 0.45 -20.75% -25.18%
Henan 0.90 0.68 0.50 -24.30% -27.43%
The Middle-lower Yangtze Plain Anhui 1.05 1.01 0.75 -3.57% -26.22%
Jiangsu 0.95 0.79 0.64 -17.02% -19.34%
Jiangxi 1.42 1.40 0.98 -1.50% -29.75%
Hubei 2.84 2.79 1.85 -1.87% -33.81%
Hunan 3.56 3.01 1.64 -15.58% -45.47%
Shanghai 0.69 0.63 0.40 -9.17% -35.77%
The southern hill region of China Zhejiang 1.91 1.68 0.95 -12.05% -43.73%
Fujian 1.33 1.32 1.09 -0.48% -17.70%
Guangdong 1.45 1.33 0.85 -8.07% -36.50%
Guangxi 3.23 3.01 1.83 -6.68% -39.21%
Hainan 1.28 1.25 0.90 -1.74% -28.51%
Chongging 3.41 4.68 2.35 37.32% -49.74%
Sichuan 4.93 5.16 3.22 4.60% -37.51%
Guizhou 5.94 5.54 3.11 -6.67% -43.93%
Yunnan 6.31 5.73 3.19 -9.25% -44.34%
Irrigated agricultural region in the west Shanxi 2.30 2.07 1.08 -9.93% -47.62%
Shaanxi 5.44 5.23 2.89 -3.81% -44.78%
Ningxia 4.75 4.67 1.69 -1.64% -63.88%
Gansu 5.58 5.67 2.39 1.69% -57.86%
Qinghai 3.29 3.41 2.44 3.55% -28.47%
Xizang 16.63 14.59 5.97 -12.24% -59.09%
Xinjiang 3.07 3.07 2.15 0.09% -29.95%

balance index decreased. The potential yield imbalance was most
serious in the irrigated agricultural region in the west and southern hill
regions of China. The quantity balance index of Shanxi, Chongqing,
Guangdong, Zhejiang and Anhui was higher than 1, but the excess
compensation of arable land quantity cannot fill the lost arable land
productivity, which causes them to have a productivity balance index
less than 1.

The decrease in China’s total arable land productivity has acceler-
ated in the past 20 years. From 2000—2010, the total reduction in
arable land productivity was 9612.1 thousand tons. To 2010—2020, the
total reduction increased to 31254.6 thousand tons. The largest pro-
ductivity decline occurred in Hebei, Jiangsu, Shandong and Henan.

The provincial total arable land productivity change rate during
2000—2020 is presented in Fig. 2. Sinkiang was the only province
distributed in the first quadrant, whose total arable land productivity
continued to increase in the two periods. The total arable land produc-
tivity of Inner Mongolia, Hainan, Qinghai and Guizhou decreased in the
first period (i.e., 2000—2010) and increased in the second period (i.e.,
2010—2020). For Beijing, Jilin, Hubei, Hunan, Guangxi, and Chongg-
ing, the situation was reversed. The total arable land productivity of
twenty provinces decreased in both periods. For 75% of these provinces,
including all major grain-producing provinces in the third quadrant, the
productivity decrease accelerated. Provinces with a high decrease rate of
total arable land productivity were distributed mainly in coastal regions
in eastern China. From 2010—2020, 12/13 major grain-producing
provinces experienced a decrease in total arable land productivity.
The authors argue that conservation of arable land productivity has
become more important than conservation of arable land quantity in
mainland China.

3.3. Influence of the requisition-compensation balance policy on farming
distance

Spatially, the average farming distance showed an overall charac-
teristic of low in the north and high in the south (Table 4). The farming
distance in the plains was significantly smaller than that in the moun-
tainous hilly areas and plateau areas, with an overall average of less than
1.5 km. Among them, the average farming distance in the provinces
within the North China Plain was the smallest, generally less than 1 km.
Hunan and Hubei had higher average farming distances than their
neighbouring provinces in the plains due to the extensive mountainous
areas within them. In the southern hill region of China, Hainan,
Guangdong, and Fujian had relatively small average farming distances.
Average farming distances were generally high in the provinces of the
western irrigated agricultural region, especially in the sparsely popu-
lated highland areas. The average farming distance in Tibet may be
overestimated in 2000 and 2010 because most of the local arable land
was distributed in semiarid river valleys, and the nearby sparse rural
residential regions were scattered and difficult to identify in the 30-
metre resolution remote sensing images.

From the perspective of temporal change, the average farming dis-
tance decreased by 0.48%— 27.83% in 22/31 provinces during
2000—2010. The average farming distance increased in Liaoning, Inner
Mongolia, Beijing, Hebei, Chongging, Sichuan, Gansu, Qinghai, and
Xinjiang. The reduction in the average farming distance expanded to all
provinces during 2010-2020, and the magnitude of the reduction was
further intensified. The reduction in average farming distance was
higher in mountainous areas than in plain areas. The main reason for
this phenomenon is the increased marginalization of compensated
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Provincial farming distance changes in compensated arable land and occupied arable land during 2000-2020.

Average occupied farming distance (km)

Average compensated farming distance (km)

Provinces 2000-2010 2010-2020 Ratio of change 2000-2010 2010-2020 Ratio of change
Heilongjiang 0.37 0.37 1.35% 2.16 2.62 21.17%
Jilin 0.12 0.44 263.02% 1.90 1.28 -32.61%
Liaoning 0.20 0.42 106.88% 0.99 1.24 24.75%
Inner Mongolia 0.65 1.08 66.18% 2.87 4.33 50.92%
Beijing 0.29 0.34 16.74% 0.18 0.74 312.47%
Tianjin 0.56 0.29 -48.79% 0.80 0.60 -25.10%
Hebei 0.24 0.40 69.35% 0.73 1.13 55.40%
Shandong 0.29 0.34 14.70% 0.47 1.05 123.35%
Henan 0.37 0.33 -10.22% 1.15 0.81 -29.22%
Anhui 0.21 0.48 132.90% 1.57 1.37 -12.78%
Jiangsu 0.37 0.40 7.71% 0.78 1.27 63.22%
Jiangxi 0.31 0.71 129.58% 1.76 1.78 1.18%
Hubei 0.75 1.06 41.42% 3.27 3.67 12.08%
Hunan 1.31 1.44 9.64% 3.84 3.31 -13.62%
Shanghai 0.34 0.32 -3.21% 1.52 0.69 -54.42%
Zhejiang 0.56 0.75 34.15% 2.24 3.17 41.41%
Fujian 0.21 0.43 104.77% 1.53 1.56 1.93%
Guangdong 0.32 0.62 90.51% 1.81 1.87 3.36%
Guangxi 0.56 1.17 110.77% 4.33 5.92 36.79%
Hainan 0.10 0.53 427.34% 1.33 1.46 9.41%
Chongging 1.26 1.82 44.40% 2.99 5.88 96.85%
Sichuan 0.59 1.66 183.40% 6.90 6.44 -6.70%
Guizhou 1.54 2.34 51.88% 6.35 5.88 -7.35%
Yunnan 1.08 1.79 66.71% 7.54 6.66 -11.67%
Shanxi 0.71 1.00 40.45% 2.81 2.89 2.84%
Shaanxi 0.78 1.21 55.15% 7.20 7.12 -1.22%
Ningxia 0.35 1.94 458.33% 5.37 5.65 5.08%
Gansu 0.49 2.57 421.25% 6.68 6.94 3.87%
Qinghai 0.94 1.71 81.33% 4.07 6.24 53.30%
Xizang 4.49 6.81 51.75% 22.10 14.55 -34.17%
Xinjiang 0.74 1.69 129.43% 5.77 6.99 21.17%

Note: Major grain-producing provinces are rendered in bold font. Average occupied farming distance is the average farming distance of arable land be converted to
built-up land (unit: km). Average compensated farming distance is the average farming distance of compensated arable land (unit: km).
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compensated arable land to that of occupied land during 2010—2020. The index is calculated as the ratio of compensated arable land to occupied arable land.

arable land with high farming distance due to lower grain yield and the
increase in abandoned areas. The marginalization is higher in moun-
tainous areas than in plain areas because of the difficulty in promoting
large-scale operation, low labour productivity, and high farming costs.
In addition, the expansion of built-up land and the construction of
infrastructure in rural areas is another reason for the reduction in
average farming distance.

Table 5 indicates that the provincial average farming distance
changes of compensated arable land and occupied arable land during

10

2000-2020. The average occupied farming distance is the average
farming distance of arable land converted to built-up land. First, the
average farming distance of all arable land occupied by built-up land
was significantly smaller than that of all arable land at the provincial
level, which is consistent with the reality that the expansion of built-up
land usually occurs at the edge of residential areas. Provinces in
mountainous areas and plateau areas (including Chongqing, Sichuan,
Guizhou, Yunnan, Ningxia, Gansu, Qinghai, Tibet, etc.) were affected by
factors such as topography and altitude, and the average farming
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Fig. 4. Percentage of provincial sustainable arable land. Major grain-producing provinces are rendered in green.

distance of arable land occupied by built-up land was higher than that of
provinces in plains areas. This difference became more pronounced as
the proportion of arable land occupied by built-up land in these prov-
inces intensified from 2010 to 2020. During 2010—2020, the average
farming distance of compensated arable land increased further in more
than 60% of the provinces, with the most significant changes occurring
in Beijing, Shandong and Chongging. For most provinces, the average
farming distance of arable land occupied by built-up land increased
further during 2010-2020 compared to the previous decade, which was
caused by the accelerated expansion of built-up land. Second, the
average farming distance of compensated arable land at the provincial
level reached 2-7 times that of occupied arable land. However, the
average farming distance of the whole arable land at the provincial level
decreased by 3.82-63.88% during the same period. This contradiction is
mainly due to increasing marginalization and opportunity costs result-
ing in arable land with high farming distance (including arable land that
was compensated in the past) to be used with low intensity or even
abandoned and thus identified as other land use types by remote sensing
classification models. This factor outweighed that of “occupy nearby
arable land while compensating farther one”, resulting in a reduction in
the provincial average farming distance.

Fig. 3 shows that during the period 2000—2010, the average farming
distance of compensated arable land was much greater than that of
occupied arable land in most provinces in China, especially more
significantly in the northeast, northwest, southwest, and southeast
coastal regions. This indicated that the compensated arable land was
farther away from the urban residential area compared to the occupied
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arable land. Most of the compensated arable land is poor-quality arable
land in the outer suburbs, while most of the occupied arable land is high-
quality arable land in the suburbs of cities. Only in Beijing was the
average farming distance of compensated arable land smaller than that
of occupied arable land, indicating that compensated arable land was
closer to urban residential areas than occupied arable land. Compared
with the period 2010—2020, the difference in the ratio of the average
farming distance of compensated arable land to that of occupied arable
land decreased significantly, indicating that the distance between the
compensated arable land and the occupied arable land from urban res-
idential areas was shrinking. Among them, the reduction in the North
China Plain and the central region was more obvious. From a national
perspective, the average farming distance of compensated arable land
was greater than that of the occupied land. Among them, Heilongjiang in
the northeast, Xinjiang, Qinghai, Shanxi, and Inner Mongolia in the
northwest, Sichuan and Yunnan in the southwest, and Zhejiang, Fujian,
and Guangxi in the southeast coast were particularly noticeable.

3.4. Sustainability of arable land use under the requisition-compensation
balance policy

The percentage of sustainable compensated arable land in most
provinces was low, as shown in Fig. 4. From 2000-2020, only 4 of 31
provinces in China had a percentage of sustainable arable land
exceeding 70%. The percentage of sustainable arable land was generally
low in the southern hill region and Liaoning, Beijing and Inner
Mongolia. This indicated that the utilization and protection of arable



C. Liu et al. Land Use Policy 131 (2023) 106733
Table 6
Provincial sustainability of arable land use from 2000 to 2020.
Zoning Provinces [ RO, Rug Rup Rosp
Northeast Plain Heilongjiang 56.47 1.36% 2.68% 69.47% 27.85%
Jilin 18.91 1.37% 0.74% 89.58% 9.68%
Liaoning 29.01 3.34% 2.35% 81.24% 16.41%
Inner Mongolia 130.22 0.75% 1.37% 43.45% 55.18%
North China Plain Beijing 1.89 12.17% 1.75% 86.50% 11.75%
Tianjin 3.25 8.00% 3.14% 83.21% 13.65%
Hebei 32.34 1.27% 0.54% 91.81% 7.65%
Shandong 31.78 4.37% 1.20% 94.50% 4.31%
Henan 17.20 2.56% 0.55% 96.37% 3.08%
The Middle Anhui 33.57 3.07% 2.02% 90.04% 7.95%
-lower Yangtze Plain Jiangsu 21.89 7.45% 1.89% 89.19% 8.92%
Jiangxi 52.79 2.82% 3.64% 60.08% 36.27%
Hubei 64.76 1.28% 1.74% 82.68% 15.58%
Hunan 109.07 2.66% 7.04% 53.34% 39.63%
Shanghai 1.10 10.00% 1.42% 86.87% 11.71%
The southern hill region of China Zhejiang 36.98 4.71% 3.46% 72.06% 24.48%
Fujian 30.76 2.99% 3.18% 65.43% 31.38%
Guangdong 66.01 7.60% 5.43% 55.53% 39.04%
Guangxi 104.92 2.12% 5.25% 66.04% 28.71%
Hainan 18.88 5.24% 6.95% 30.53% 62.53%
Chongqing 28.98 0.38% 0.58% 86.82% 12.59%
Sichuan 76.66 1.19% 2.39% 82.96% 14.65%
Guizhou 99.48 1.64% 6.49% 60.63% 32.88%
Yunnan 120.41 3.35% 9.02% 61.04% 29.94%
Irrigated agricultural region in the west Shanxi 33.41 3.41% 3.05% 80.61% 16.34%
Shaanxi 51.30 1.23% 2.35% 71.26% 26.39%
Ningxia 11.38 1.58% 1.14% 60.47% 38.39%
Gansu 76.95 1.17% 2.25% 73.47% 24.28%
Qinghai 6.89 3.34% 1.70% 44.25% 54.06%
Xizang 10.52 7.13% 11.81% 24.72% 63.46%
Xinjiang 18.64 3.11% 1.13% 56.68% 42.19%

Note: Q,; is the quantity of arable land that converted to ecological land (i.e., forest; grassland; water) during 2000—2010 (unit: 10* ha); RQ, is the percentage of Q.
that was converted to built-up land during 2010—2020; R, is the total area of arable land that was converted to forest, grassland, and water during 2000—2010 and
then occupied by built-up land during 2010—2020, as a percentage of the increase in built-up land; R4z is the quantity of arable land occupied by built-up land during
2010—2020, as a percentage of the increase in built-up land; and Rjp is the quantity of other land occupied by built-up land during 2010—2020, as a percentage of the
increase in built-up land. Details can be found in Eq. (9). Major grain-producing provinces are rendered in bold font.

land in these provinces was insufficiently implemented and monitored.
Much of the compensated arable land was located in unsuitable areas,
which made them difficult to use for long-term crop cultivation in the
next decade. In contrast, Heilongjiang in the Northeast Plain, Shandong
and Henan in the North China Plain, Anhui and Hubei in the middle-
lower Yangtze Plain, and Shaanxi, Ningxia, Xizang and Xinjiang in the
western provinces had relatively higher percentages of sustainable
arable land. Land-use policies and measures such as land consolidation
and remediation, arable land transfer, and land reclamation have ach-
ieved remarkable results for the sustainable use of compensated arable
land in these provinces. It is worth noting that the regions with low
arable land sustainability had a high percentage of unsustainable arable
land whose land use type changed back to the original type in the last
decade, especially in Liaoning, Inner Mongolia, Beijing, Hebei, and
Chongqing. Moreover, the percentage of unsustainable arable land that
changed back to the original type was higher in major grain-producing
provinces, reaching more than 70%.

As shown in Table 6, encroachment on arable land is the main source
of expansion for built-up land in Henan (96.37%), Shandong (94.50%),
Hebei (91.81%), Anhui (90.04%), Jilin (89.58%) and Jiangsu (89.19%).
The index RQ,; (i.e., the ecological land converted from arable land in
the first decade was occupied by built-up land in the second decade) was
high in Beijing (12.17%), Tianjin (8.00%), Shanghai (10.00%), Jiangsu
(7.45%), Guangdong (7.60%) and Tibet (7.13%). Its percentage of the
increase in built-up land exceeds 6%. In addition, the conversion of
arable land to built-up land in these provinces contributes significantly
less to the expansion of built-up land than in other provinces, probably
because their arable land was already heavily encroached by built-up
land in the previous decade. Therefore, those provinces with low R,g
(i.e., the percentage of the total area of arable land that was converted to
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forest, grassland, and water during 2000—2010 and then converted to
built-up land during 2010—2020) also need to pay attention to the
continuity of arable land in the implementation of the “requisition-
compensation balance policy”.

4. Discussion

4.1. Summarized analysis of the effect and deficiency of the requisition-
compensation balance policy in China

To analyse the implementation of the “requisition-compensation
balance policy”, the results of 6 indicators during 2010-2020 have been
summarized. As shown in Fig. 5, the overall situation in the Northeast
Plain was good. The arable land quantity balance and arable land pro-
ductivity balance reached a good level. The arable land productivity
decrease in Jilin and Liaoning Provinces is mainly caused by a reduction
in arable land area. The problems of arable land marginalization and
arable land sustainability are prominent in the Northeast Plain and need
more attention. Protection of arable land quantity and productivity is
commonly serious for provinces in the North China Plain. This problem
was explicit because the balance index and change rate of arable land
quantity and productivity were both at a serious or medium level. The
problem of “occupy nearby arable land while compensating farther one”
was relatively mild, and the sustainability of arable land in Shandong
and Henan was better. The provinces in the middle-lower Yangtze Plain
showed an implicitly serious situation, whose arable land quantity and
productivity appeared to be generally in good status, but the change rate
was all in medium or serious status. Provinces in the southern hill region
of China have also presented an implicitly serious situation in main-
taining arable land quantity and productivity. Thereinto, the decline of
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Fig. 5. State assessment of China’s arable land based on multiple indicators during 2010-2020. The 6 indicators are divided into 4 levels: Good, Light, Medium and
Serious. G (Good) represents that the value of the indicator meets the balance, and then the value of the indicator that does not meet the balance is subdivided into L
(Light), M (Medium), and S (Serious). The partition standards of the arable land quantity balance index Qp are good (Qz > 1); light (1 > Qp > 0.9); medium
(0.9 > Qg > 0.7); and serious (Qp < 0.7). The partition standards of arable land quantity change rate Qp are good (Qg > 0); light (0 > Qp > — 0.02); medium
(=0.02 > Qz > — 0.05); and serious (Qp < — 0.05). The partition standards of the arable land productivity balance index R,, are good (R,, > 1); light
(1 >Ry, > 0.95); medium (0.95 > R,,, > 0.8); and serious (R,, < 0.8). The partition standards of arable land productivity change rate Pg are good (Pg > 0); light
(0 > Pg > — 0.01); medium (—0.01 > Pg > — 0.04); and serious (Pg < — 0.04). The partition standards of Rp (i.e., the ratio of the average farming distance of
compensated arable land to that of occupied land) are good (Rp < 1); light (2.5 > Rp > 1); medium (3.5 > Rp > 2.5); and serious (Rp > 3.5). The partition standards
of the percentage of sustainable arable land Pg are good (Ps > 70); light (70 > Pg > 60); medium (60 > Pg > 40); and serious (Ps < 40). Major grain-producing

provinces are rendered in green.

arable land productivity in this region is more serious than that of arable
land quantity because of “occupying high quality arable land while
compensating inferior one”. Other urgent challenges in this region were
relief of the phenomenon of “occupying nearby arable land while
compensating for farther arable land” and relatively low sustainability
for compensated arable land. The irrigated agricultural regions in the
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west both reached the arable land quantity balance and productivity
balance with a mild decline in arable land quantity. The main problem
was that the average farming distance of compensated arable land was
greater than that of occupied arable land, which aggravated arable land
marginalization.
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Fig. 6. Challenges along optimization of the requisition-compensation balance policy in two respects: data, theory and methodology; policy design and implement.

4.2. Comparative studies on the requisition-compensation balance in
China

The results of this study were verified by comparison with the
existing research results (see detailed results in Appendix A). Although
different from the research data and research methods adopted by
different researchers, this study was basically consistent with the
research conclusions of many researchers, which also confirmed the
credibility of the research conclusions of this study (Deng et al., 2006;
Xu et al., 2015; Kuang et al., 2021; Yan et al., 2017; Liu et al., 2014a).
Additionally, based on previous studies, the research had more advan-
tages in various aspects. For example, for arable land quantity, Xu et al.
(2015) believed that China’s arable land area decreased from 2000 to
2010, most provinces failed to achieve the basic target of the arable land
quantity balance, and it was difficult to effectively implement the arable
land balance in the eastern region. Zhou et al. (2023) argued that
China’s arable land increased first and then decreased during
1996—2019. The characteristics of regional land-use change are
obvious. Arable land in Northeast, Inner Mongolia and Xinjiang had
been increasing, while in the east coast and southwest continued to
decrease. Liu, Zhou (2021a) argued that the reduction rate of arable land
in China gradually slowed down during 1978—2018. The quantity of
arable land remains dynamic balance, but the arable land quality had
not achieved. Our study extended the time period from 2000 to 2020
and focused on the arable land quantity balance as well as total area
changes. The results showed that China basically reached the arable land
quantity balance at the national level. The imbalance of arable land
quantity was mainly distributed in the eastern and central regions of
China, and the pressure on the arable land quantity balance in southwest
China increased during the study period. For arable land quality, ac-
cording to Kuang et al. (2021), the croplands in northeast China were
characterized by comparatively low quality and low productivity during
1990—2015, and the redistribution of cropland to marginal lands
impaired ecosystem services and led to environmental deterioration.
Zhou et al. (2020) pointed out that the occupation of arable land, forest
and grassland mainly comes from built-up land during 1995-2015. Liu
(2019) believed that arable land quality declined in the process of
“requisition-compensation balance”, and the distance between occupied
and compensated land was large. The situation of the ecologically fragile

14

area was also worrying. For land policy making, Liu et al. (2014a)
analysed the key problems of land use in China, and innovatively pro-
pose an innovative three-layer (i.e., strategic layer; policy layer; pro-
tection layer) coupling strategic land-use policy system which possesses
Chinese characteristics. Liu’s (2014a) strategic land-use policy system is
widely recognized and provides great guidance for optimizing the
design and implementation of the “requisition-compensation balance
policy”. In this study, we came to the same conclusion that most of the
provinces in the Northeast Plain showed a continuous arable land pro-
ductivity decrease from 2000 to 2020. In the Northeast Plain, the
built-up land occupied a large quantity of high-grade arable land, and
the compensated arable land was mainly low yielding. In this study, we
also studied the farming distance and sustainability of arable land,
which have less considered in previous studies. During 2010-2020, the
average farming distance of compensated arable land at the provincial
level reached 2-7 times that of occupied arable land. According to Liu’s
(2014a) viewpoint, this “occupy nearby arable land while compensating
farther one” phenomenon is because “some local governments tended to
explore the unused land of low cost rather than land consolidation™.
However, the average farming distance of the whole arable land at the
provincial level decreased by 3.82-63.88% during the same period. This
contradiction is mainly due to increasing marginalization and oppor-
tunity costs resulting in arable land with high farming distance
(including arable land that was compensated in the past) to be used with
low intensity or even abandoned and thus identified as other land use
types by remote sensing classification models. Furthermore, the authors
of this paper believed that the percentage of sustainable arable land in
each province was generally low, and 17 of 31 provinces in China had
less than 50% sustainable arable land. In addition, as the research period
of this paper is the last 20 years, some conclusions vary with different
research periods.

4.3. Challenges along optimization of the requisition-compensation
balance policy

To improve the effectiveness of the “requisition-compensation bal-
ance policy”, the contradiction between humans and land should be
mitigated upon cognizing the overall information of arable land systems
(e.g., land cover, land quality, potential yield, ecosystem service, and
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soil pollution) and exploring trade-off strategies for agricultural inten-
sification and spatial optimum allocation. Challenges of that goal mainly
focus on two respects: (a) data, theory and methodology and (b) policy
design and implementation, as shown in Fig. 6.

Optimization and supervision of the “requisition-compensation bal-
ance policy” put forward high requirements for data, theory (mainly
related to the mechanism of arable land use change affected by human
activities and the mutual feedback mechanism of arable land use-
quality- ecosystem services) and methodology of arable land
computing (Yao et al., 2017; Ye et al., 2018, 2020a; Zhang and Li, 2022).
First, the availability of high-resolution remote sensing data promoted
land-cover change research and brought a gradually clear understanding
to spatial and temporal changes in arable land distribution around the
world (Liu et al., 2014a, Liu, 2018a; Liu et al., 2018b). Despite this, there
is still a long way to go to meet the research requirements because arable
land supplements mostly occur in the form of fragmentation in very
small areas, which requires high spatial resolution of remote sensing
data for detection (Ye et al., 2016, 2018; Wang et al., 2022). The other
challenge is the deficiency in long-term point-scale observational data
on arable land properties, particularly indicators for the evaluation of
ecosystem services. Second, another obstacle comes from the inconsis-
tent concept of “arable land” among scientists and government officials,
which makes the spatial distribution of arable land in multiple
open-access datasets different. These datasets were also different from
official data from the Ministry of Natural Resources, China. Third, to
provide methods and technical support for the construction of arable
land quality observation networks (including the development of pro-
fessional field data collection equipment), especially for soil microor-
ganism investigations (Wan et al., 2021; Ye et al., 2020b). Fourth, theory
and innovative methods from a holistic perspective should be promoted
for estimating arable land quality and trading off arable land use and
ecological protection.

Formulating and implementing an effective arable land “requisition-
compensation balance policy” is the other major challenge. Addition-
ally, it is important to have a comprehensive consideration of multiple
dimensions of the arable land “requisition-compensation balance”,
establish a systematic planning and design method, and formulate a
differentiated regulation mechanism of arable land requisition
compensation in trans-provincial areas. This is because the effect of the
arable land “requisition-compensation balance policy” is the regional
natural-social-economic-technology result of many factors. If regional
differences are not considered, the adoption of uniform standards of
implementation may exacerbate land fragmentation, marginalization
and ecological destruction in some areas. In some provinces, it will be
difficult to stimulate the potential yield of arable land, resulting in a
waste of resources. Additionally, excessive interprovincial occupation
may also increase the ecological risk of arid and semiarid areas in
northwest China, resulting in an insufficient water supply or increased
pesticide use. However, the contiguity degree, farming distance and
sustainability of compensated arable land should be designed as super-
visory content in arable land “requisition-compensation balance policy”.
Third, in the absence of effective punishment and incentive strategies,
the arable land “requisition-compensation policy” is difficult to guar-
antee and implement. Liu et al. (2018b) pointed out that government at
all levels need to pay more attention on land systems reforming and
focus more on the economic measures of land use change process. Ac-
cording to some studies (Liu et al., 2010; Su et al., 2020), the most
important cause for the inefficiency of the system is the relationship
between the central government and the local government. Local gov-
ernments are the direct administrators of arable land. Influenced by the
current objective GDP-oriented evaluation, their understanding and
motivation for arable land protection are very different from those of the
central government. In the arable land balance system, insufficient
attention is given to the interest difference between the central gov-
ernment and local government, leading to deviations in the imple-
mentation of the policy. Fourth, the cost of violating land-management
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regulations is low. Therefore, the competent authority for the protection
of arable land must clarify who is mainly responsible for the damage to
arable land. The impact of arable land requisition and compensation on
potential crop outputs, water loss and soil erosion, agricultural carbon
emissions and agro-product quality safety should be estimated and used
as standards of performance.

5. Conclusions

In this study, the provincial effectiveness of the “requisition-
compensation balance policy” in mainland China in two periods (i.e.,
2000—2010; 2010—2020) was estimated from four perspectives: arable
land quantity dynamic balance; arable land productivity dynamic bal-
ance; farming distance balance and sustainability of arable land use.
According to the results, first, the arable land quantity balance was
achieved during 2000-2020 from a national perspective. There were
still 19-23% of provinces have failed to reach the quantity balance. The
reduction in the total arable land area was effectively controlled from
2482.8 (during 2000—2010) to 2108.4 (during 2010—2020) (unit:
thousand ha.). The role of the “requisition-compensation balance pol-
icy” in maintaining regional arable land quantity increased because the
ratio of arable land quantity converted to built-up land to the total
quantity of arable land occupied increased pervasively in multiple
provinces. Second, the decrease in China’s total arable land productivity
was. The average potential yield balance index was less than 1 for nearly
all provinces during 2000-2010 and became even worse in the next
decade, which revealed a widespread and anabatic phenomenon of
occupying superior arable land while compensating for inferior arable
land. The conservation of arable land productivity has become more
important than the conservation of quantity. Third, the average farming
distance showed an overall characteristic of being low in the north and
high in the south. The average farming distance of compensated arable
land at the provincial level is obviously higher than that of occupied
arable land during 2000—2020. However, the average farming distance
decreased by 0.48-27.83% in 22/31 provinces during 2000—2010.
Then, the reduction in the average farming distance was further inten-
sified and expanded to all provinces during 2010—2020. This contra-
diction is mainly due to increasing marginalization and opportunity
costs resulting in arable land with high farming distance (including
arable land that was compensated in the past) to be used with low in-
tensity or even abandoned and thus identified as other land use types by
remote sensing classification models. Fourth, the percentage of sus-
tainable compensated arable land in most provinces was lower than 70%
during 2000—2020. This indicates that the utilization and protection of
arable land in these provinces were insufficiently implemented and
monitored. Much of the compensated arable land was located in un-
suitable areas, which made them difficult to use for long-term crop
cultivation in the next decade. Challenges along optimization of the
“requisition-compensation balance policy” were discussed from two
respects: data, theory and methodology and policy design and imple-
mentation. The authors argue that a more comprehensive “requisition-
compensation balance policy” should be designed considering not only
the quantity and productivity of arable land but also the farming dis-
tance, sustainability and ecological protection. A differentiated regula-
tion mechanism of arable land requisition compensation in trans-
provincial areas should be formulated. Effective punishment and
incentive strategies should be designed. This study can provide guidance
for optimizing the implementation of regional arable land protection
and can also provide a reference for other countries to protect arable
land.
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province in China.

Table A.1
Comparison with the results of previous studies.

Results of previous studies

Results of this paper

1 Xu et al. (2015) believed that China’s arable land area decreased from 2000 to 2010,
most provinces failed to achieve the basic target of the arable land quantity balance,
and it was difficult to effectively implement the arable land balance in the eastern
region.

2 Chen et al. (2010) believed that China achieved the arable land quantity balance
during 1999-2007, but it did not fundamentally reverse the situation of continuous
decrease of arable land.

3 According toTan et al. (2005), the total arable land in China was in dynamic balance
from 1991 to 2003, but the quality of arable land deteriorated year by year and the
productivity of arable land declined.

4 According toDeng et al. (2006), in the 1990 s, there was a national increase of 5% in
total agricultural productivity.

5 Liu et al. (2015a) believed that lost potential yield was primarily in the Middle-lower
Yangtze Plain and the Huang-Huai-Hai Plain during 1990-2010. South China became a
new key area of lost potential yield during 2000-2010.

6 According toKuang et al. (2021), the crop lands in northeast China were characterized
with relatively low quality and low productivity during 1990-2015, the cropland
redistribution to marginal lands had diminished ecosystem services and caused
environmental deterioration.

7 Yan et al. (2017) believed that land use in southeastern China was more intensive than
that in the northwestern part in 2000. Huang-Huai-Hai Region had the largest area of
artificial land but was inferior to Middle and Lower Reaches of the Yangtze River
Region in its land use intensity.

8 Yan et al. (2016) believed that low-yield cropland was distributed in regions with poor
natural geographic and climatic conditions, such as the Loess Plateau, the
Yunnan-Guizhou Plateau, and the farming-pastoral ecotone of Inner Mongolia during
2001-2010.

9 According toSong et al. (2014), the arable land quantity balance had been realized
nationwide from 1999 to 2008, but it had some negative effects on the ecological
environment.

10  According toZhao et al. (2014), during 1999-2009, the overall sustainability of land
use in all regions was low. Among the 31 provinces, about 71% showed an upward
trend of land use sustainability, but the growth rate was uneven.

From 2000-2020, China basically reached the arable land quantity balance at the
national level. The imbalance of arable land quantity was mainly distributed in the
eastern and central regions of China, and the pressure on the arable land quantity
balance in southwest China will increase in the future.

During 2000-2020, arable land had declined in most provinces. The North China
Plain and the Middle-lower Yangtze Plain showed the greatest decline.

In the recent two decades, arable land productivity gradually tends to balance by
imbalance. The productivity of arable land declined in China.

During 2000-2020, the decrease of productivity was greater than the increase of area.
The productivity balance index of 28 provinces out of 31 administrative regions
decreased, and the yield balance index of 25 provinces decreased.

During 2000-2020, the occupied arable land was mostly located in the southeast,
while the compensated arable land was mostly located in the north and northwest.

Most of the provinces in the Northeast Plain, showed a continuous arable land
productivity decrease from 2000 to 2020, the built-up land occupied a large number
of high-grade arable land and the compensated arable land was mainly low-yielding.

During 2000-2020, the development and construction activities in Henan, Shandong
and the Middle-lower Yangtze Plain were very intense. The natural ecological
environment background in northwest China is relatively fragile, and the ecological
security situation is worth paying attention to.

During 2000-2020, the productivity of the Loess Plateau region and southwest region
decreased obviously, the soil and water loss in these two regions was serious, and
most of the arable land was located in hilly mountains.

During the study period, the requisition-compensation balance policy still focuses on
the balance of quantity, while the quality and ecology of arable land deteriorate.

From 2000-2020, the percentage of sustainable arable land in each province was
generally low, and 4 of 31 provinces in China had more than 70% sustainable arable
land.
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