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Abstract: Based on its national conditions and food availability, China has embarked on the road to
establishing food security in a way by implementing the concepts of innovative, coordinated, green,
open and inclusive development, and the requirements of high-quality development and a national
food security strategy for a new era. As a result, the permanent basic farmland protection zone
designated for high-quality arable land reserves had become a fundamental national policy. However,
the allocation of permanent basic farmland protection quantity indicator is always a challenge
due to the conflicts between the development and protection process. The unequal protection
indicator allocation is often cited as an inefficient source of permanent basic farmland production and
protection. In this article, an optimization model is introduced to allocate preservation indicators by
using the Gini coefficient, a widely used index of income inequality in economics. The optimization
model is based on a hierarchical structure of the multi-criteria factors and the objective weighting
method. The allocation of a permanent basic farmland protection indicator in W county, China, is
chosen as a case study to illustrate the application of this model with a focus on a balance between
equality and efficiency. The result shows that the method can provide profound insight for land
management policymakers.

Keywords: permanent basic farmland; indicators distribution; Gini coefficient; optimization model;
coefficient of variation method

1. Introduction

In recent years, the world has been undergoing rapid urbanization. The more rapid
the accelerated urbanization process is, the more serious the decline in cultivated land
is in the region [1,2]. In the 1960s, the United States, Japan and other countries put
forward the scientific demarcation and guarantee system of important agricultural land
to deal with a series of problems such as the pressure of urban expansion, environmental
damage and food security. In the United States, important farmland was divided into basic
farmland, special farmland, state important farmland and local important farmland [3]. In
1967, Japan formulated the Law on Territorial Readiness of Agricultural Development to
establish a nationwide “agricultural development zone”, thus ensuring the development
of agricultural zones and the effective use of farmland. Subsequently, the Land Use Plan
Law was enacted in 1974 and the National Land Use Plan was promulgated in 1976. These
two laws and regulations clearly defined the relationship between agricultural land and
non-agricultural land [4]. At the same time, the law also made it clear that agricultural
land designated as basic farmland must be concentrated and contiguous. In the 1980s,
China began to pay attention to the quantity of farmland, and the land system focusing
on farmland protection was constantly emerging. In 1986, the Land Administration Law
was promulgated, laying the foundation for the comprehensive establishment of the basic
farmland protection system [5]. In 1994, Mr. Lester Brown, director of the Worldwatch
Institute, published a study named “Who will feed the Chinese?”. This article aroused
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people in China to think about population problem and food security [6]. In 1998, the
revised Regulations on the Protection of Basic Farmland stipulated that basic farmland
was cultivated land that could not be occupied according to the general land use plan
for a certain period of time [7]. According to legal and institutional requirements, the
Chinese government had implemented an overall plan for land use throughout the country.
It draws a red line for 120 million hectares of cultivated land [8]. It strictly controls the
occupation of cultivated land, especially high-quality land which is called permanent basic
farmland. Compared with cultivated land, permanent basic farmland has a more prominent
status, stricter protections, a more stable spatial pattern, and a more important position and
role in stabilizing food production. Most importantly, permanent basic farmland cannot
be used for construction unless approved by the higher government after a strict and
long procedure.

In order to ensure the amount of permanent basic farmland, the central government
divided this task to local governments through administrative orders, which only need to
meet the indicator quantity requirements [9]. Although some simple guidelines were given
in the legislation, the distribution process was more in accordance with the administrative
orders and less operational due to the lack of quantitative standards and a scientifical
framework [10]. Thus, the tension between the pressure to provide land for economic
growth and the imperative to preserve permanent basic farmland was played out at all
levels of local government. Therefore, how to reasonably decompose the indicators of
permanent basic farmland can help coordinate the relationship between development
and protection, and promote better protection of cultivated land. In 2018, the Chinese
government began a new round of territorial spatial planning at the national level [11]. At
present, a new round of territorial spatial planning is being compiled. Facing 2035, the plan
will lay the overall pattern of China’s land and space development in the next 15 years.
At the same time, how the indicators decompose was always the core content in spatial
planning. In summary, the research on this issue had a certain reference significance for the
preparation and study of territorial spatial planning.

Meanwhile, since the reform and opening up, China’s economy has continued to
grow. The income of residents has increased significantly, and the society as a whole is
in a harmonious and orderly state. However, the unfair distribution among regions and
industries has become increasingly prominent. Low-efficiency, negative-efficiency and
even pseudo-efficiency growth modes still existed. The 13th National Congress of the
Communist Party of China put forward that “social equity should be reflected on the
premise of improving efficiency”. Nowadays, promoting fairness has increasingly become
the principle of China’s social modernization governance. Therefore, indicators distribution
was not only a technical issue, but also a social management matter in China. Because
the distribution area of cultivated land often overlaps with the suitable area for urban
construction, the delineation of permanent basic farmland would limit the expansion of
construction land. The unequal distribution was often cited as a source of inefficiency in
permanent basic farmland production and protection [12]. Therefore, the decomposing of a
permanent basic farmland preservation indicator was not only a crucial element regarding
productivity issues in agriculture, but also had significantly equal consequences for regional
development and rural employment, maintenance of rural landscapes, biodiversity and
the protection of the environment.

In this research, a hierarchical structure of multi-criteria factors was proposed, which
allocated the permanent basic farmland preservation indicator by using the Gini coefficient
optimization model. A case study of allocating a preservation indicator for W county, China,
in 2025, is provided to illustrate the application of this indicator decomposing model.

2. Literature Review

Many researchers have focused on the model of permanent basic farmland indicators
distribution. Scientific evaluation systems and analysis methods were introduced into
the model. At first, some single-level models based on agricultural production factors



Land 2022, 11, 1290

30f13

began to be built to quantify the role of those decisive elements, such as agriculture quality,
agriculture production infrastructure and natural conditions [13]. Then, multiple indicators
began to introduced into the models. Yang et al. [14] selected indicators from site conditions,
agricultural production and transportation locations, and constructed a multiple indicators
evaluation system, and delineated permanent basic farmland based on the comprehensive
score. Combined with semi-quantitative analysis, Chen et al. [15] decomposed the basic
farmland index of Jiangxi Province by considering the current situation, the planned
amount of cultivated land, the supply conditions of basic farmland and the protection index
assigned to the region by higher authorities. Bao combined the spatial analysis functions
and site assessment method to establish an evaluation index system [16]. Screening medium
and high-yield fields, cultivated land area and cultivated land infrastructure condition
factors, Zhao et al. [17] established a decomposition model of cultivated land protection
index by taking villages as a unit. Liu et al. [18] used an analytic hierarchy process combined
with spatial autocorrelation analysis of basic farmland to determine the index weights.
Most of the comprehensive considerations have been based on the natural conditions,
economic benefits and utilization levels of cultivated land [19]. Since the 21st century,
spatial analysis software has been more and more widely used in the optimization of basic
farmland. The main idea for spatial optimization of permanent basic farmland was to
comprehensively determine the distribution and indicators of permanent basic farmland
based on farmland suitability evaluation and other restrictive conditions [20]. There were
also scholars who demarcate permanent basic farmland by calculating the productivity of
cultivated land based on the results of agricultural land quality classification [21]. Some
scholars also used model methods, such as the XGS decision model [22], CLUE-S model [23],
LESA model [24], etc. The above studies have improved the scientificity of the distribution
of permanent basic farmland. However, most of the weighting of indicators still had a
certain degree of subjectivity, which caused some confusion to solve the multi-objective
optimization problem.

The permanent basic farmland preservation has received continuous attention from
many perspectives. Nevertheless, less attention had been directed towards the allocation
from equality insight. Regarding fair evaluation, most scholars usually use the evaluation
index of equal distribution, such as the Gini coefficient, theil index and coefficient of
variation [25]. Among them, the Gini coefficient is a measure of statistical dispersion. It has
features that make it useful as a measure of dispersion in a population and inequalities in
particular [26]. It is a ratio analysis method, making it easier to interpret. Thus, the Gini
coefficient is widely used in many fields. For example, in ecology, the Gini coefficient has
been used as a measure of biodiversity, where the cumulative proportion of species was
plotted against cumulative proportion of individuals. In education, it has been used as a
measure of the inequality of universities. Consequently, the research on the decomposing
of permanent basic farmland preservation indicators has been developed from the Gini
coefficient model.

3. Study Area

The study area called W county is located within the Yangtze River Delta near the
southeast coast of China (Figure 1B,C). The W county covers 1245 km? and has 16 towns,
with flat terrain and well-developed water system suitable for agricultural production.
Nowadays, it is the place with the fastest urbanization in China, which is an important
county to support in the urban strategic transformation in southern Jiangsu. To its east is
Shanghai, the biggest city in China. Hence, the urban-rural land use structure of this area is
complicated and rapidly changing. As a result, this area becomes an ideal laboratory for
the research on farmland protection and development. In this article, the 16 towns affiliated
with W county would be the research unit. According to the spatial distribution pattern
of each township in W county (Figure 1A), the 16 towns are divided into three spatial
segments: East, middle and west. Among them, the eastern plate is adjacent to Wuxi,
which is a concentrated area of heavy industry in W county. The central segment closely
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surrounds the main urban area of Changzhou City. The urbanization level of this region is
relatively high, and the level of economic and social development is ahead of other towns,
including Nanhutang, Niutang, Yaoguan, Nanxiashu and Xihu town. The urbanization
level of the western plate is relatively low, and the planting industry is developed. This

division is not only a spatial division, but also closely related to the economic and social
development characteristics of each town. The land use data comes from the annual land
use change survey data from local Land and Resources Bureau. Social and economic data
comes from the W county Social and Economic Statistical Yearbook [27]. Planning materials

(online open version) were collected by our research team.
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Figure 1. The location of Study area. (A) Land use structure of W county. (B) Location of the study

region in China. (C) Study region boundary (red).

4. Methodology
4.1. Gini Coefficient Method
The Gini coefficient is a measure of statistical dispersion developed by the Italian
statistician and sociologist Corrado Gini and published in his 1912 paper “Variability and
Mutability”. The Gini coefficient is usually defined mathematically based on the Lorenz
curve, which plots the proportion of the total income of the population (y-axis) that is
cumulatively earned by the bottom x% of the population (Figure 2). The line at 45 degrees
thus represents perfect equality of incomes. The Gini coefficient can then be regarded as the
ratio of the area that lies between the line of equality and the Lorenz curve (marked A in
the diagram) over the total area under the line of equality (marked A and B in the diagram).
The Gini coefficient is calculated by G = A/(A + B). The Gini coefficient can theoretically
range from 0 to 1. A society that scores 0.0 on the Gini scale has perfect equality in income
distribution. The larger the number is over 0, the higher the inequality is.
The Gini index is defined as a ratio of the areas on the Lorenz curve diagram. If the
Lorenz curve is approximated on each interval as a line between consecutive points, then

area B can be approximated with trapezoids.

n

Gini =1—)_ (X; — Xi_1)(Y; + Yi1) 1)
i1
=0.

X; is the cumulated proportion of the population variable, for i = 0,...,n, with X,
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Y; is the cumulated proportion of the income variable, for i = 0,...n, with Yy = 0.
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Figure 2. Graphical representation of the Gini coefficient.

4.2. Coefficient of Variation Method

The coefficient of variation method is an objective weighting method. This method
refers to giving different weights for assessment factors according to the degree of difference
between the values of various indicators. For a set of data X1, Xy, ... , X, its coefficient of
variation as follows:

_ 5 oo |1 —)2 —_1¢
o = x:] Standard Deviation : S; = %Z{(xif —Xj)", MeanX; = EZ; Xjj )
1= 1=

If ; is the coefficient of variation of indicator No. j (j = 1, 2, ..n) at this time, the
corresponding weight of this indicator can be expressed as:

Wi = -1 ®)

4.3. Hierarchical Structure of the Impact Factors

The premise of applying the impact factor analysis method in proper practice was to
understand it correctly [28]. Factors of land use distribution had been treated as stand-in-
line (single-level) factors but had not been recognized as forming a hierarchical structure in
the past. According to the above related research, this study has taken full consideration
of principal impact factors, to establish a complete evaluation parameter framework. By
adopting an overall point of view, the parameter framework was divided into natural con-
ditions, agricultural production conditions, social economic indicators and planning policy
factors. The distribution of permanent basic farmland preservation was directly related to
the natural conditions in each town. Behaviors of the farm cultivation were influenced by
agricultural production conditions, such as labor, local organizations, fertilizing machines
and so on. Furthermore, both the farm labor and the local organizations were influenced
by government policy and a variety of land-use regulations. In this way, the factors at each
level were as follows:

(1) Factors of natural conditions: permanent basic farmland indicator distribution was
greatly affected by natural conditions; climate, topography, soil and water-use con-
ditions were necessary. The agricultural land classification and gradation had been



Land 2022, 11, 1290

6 of 13

@

®)

@)

quickly calculated based on the above natural conditions data. The quality of agri-
cultural land in W county was classified with the grading. Meanwhile, the grading
score was published and renewed regularly. In this analysis, the achievements of
agricultural land classification in 2018 would be taken into account. The grading
scores in 16 research units were represented as composite factors of natural conditions.
Factors of agricultural production conditions: Factors such as farming practitioners,
power of agricultural machinery, consumption of pesticide, family labor and nonliving
electricity affected the efficiency of farmland production. Most factors of agricultural
production conditions were considered in this analysis.

Factors of social and economic conditions: Factors in this level include many external
conditions affecting farmland production and protection. The population of secondary
and tertiary industry (the population in Table 1) represented the development degree
of labor markets which was also an indirect source of labor and consumption capacity
of agricultural products in each town. Similarly, the GDP factor has been divided
into two evaluation factors: the primary industry value and the non-primary industry
value. The output value of primary industry and annual grain yield have shown the
agricultural productive capacity in each research unit. The output value of secondary
and tertiary industry represents the development degree of the industrial economy,
which can provide equipment guarantee and technological innovation for agricultural
production. It was also the basis to measure the modernization degree of agricultural
production in towns.

Planning and policy factors: The agricultural development policy of local adminis-
tration, forces of urbanization and the planning of urban-suburban land use were all
included in this group. In addition to land use planning indicators, the quantitative
indicators of policy factors mainly included the last round of farmland protection
indicators and the number of consolidation and reclamation projects, which should
serve as an important potential source of permanent basic farmland. It was also the
embodiment of the agricultural development policies of towns in terms of indicators.

Table 1. The change of G ini coefficient of each assessment index.

Gini Coefficients

Index Before Optimization After Optimization P Decr?ase o Weight of Parameter
roportion (%)

Population 0.31 0.279 10.135 0.057

Value of primary industry 0.246 0.246 0.000 0.132

Value of non-primary industry 0.486 0.471 3.110 0.088

Employees in planting 0.255 0.246 3.406 0.148

Total grain yield 0.393 0.348 11.464 0.132

Total power of agricultural 0.265 0.236 10.889 0.103
machinery

Consumption of pesticide 0.259 0.237 8.290 0.092

Nonliving electricity consumed in 0.546 0.546 0.000 0127
rural areas

Agriculture land 0.062 0.017 72.597 0.087

Natural conditions 0.305 0.288 5.444 0.010

Planning and policy factors 0.266 0.249 6.327 0.025

Gross coefficients 0.318 0.298 6.232 1.000

With a single-level model, we cannot grasp such mechanisms of effects adequately [29].

Here, the factors prescribing permanent basic farmland preservation indicator distribution
form a hierarchical structure as shown in Figure 3.
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Figure 3. Hierarchical structure of the factors prescribing permanent basic farmland distribution.

4.4. Allocation Steps

Calculate the permanent basic farmland distribution Gini coefficient corresponding to
various impact factors and their weight. Evaluate whether the status quo of permanent
basic farmland distribution was fair and reasonable; if not, establish the optimizing mode
of the indicator distribution, which can be used to work out a reasonable distribution
program. In the end, the result should be analyzed and optimized. The technology route

map of this research can be seen in Figure 4.
Agricultural
production Natural conditions
performance

Planning & policy Social- economic
factors parameters

Impact factors of the prime farmland
distribution

Area of prime farmland
in 16 study town

Situation of the prime
farmland

[ Calculate Gini coefficient for each impact factor ]47

Evaluate the status quo
of prime farmland
distribution

[Calculate weight for each impact factoa
Y

Unreasonable

; \ \ [Objective function and constraint condition}
/ \ T

k A}
(Analysis and optimize results) C Establish optimizing mode of prime farmland distribution )

Reasonable

Figure 4. Scheme of permanent basic farmland optimizing allocations based on the Gini coefficient.
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The optimizing model of the permanent basic farmland layout based on the Gini coef-
ficient was established according to the optimal planning method in operational research.

m
Target Function : minG = Z WiG; 4)
j=1
0 <G; <Gy
Goj <04

SEY Yo <Y < Gy

3 Y; = 40803
i=1
In this formula, G represents the comprehensive Gini coefficient. W; represents the
weight of parameter j. Go; represents the Gini coefficient of parameter j before the optimiza-
tion(j=1,2...,9). y; represents the Indicator of the permanent basic farmland in each
unit after the optimization. y; represents the lower limit of the preservation indicator in
each research unit, whereas y,,; represents upper limit i=1,2...,16).

4.5. Constraints and Calculations

To ensure the fairness of the preservation target distribution, the comprehensive
Gini coefficient of parameters should be as close to zero as possible. As a result, the
target function was the minimum sum of the Gini coefficient weight of each parame-
ter. In addition, according to related regulation and policy, the optimizing mode sets 3
constraint conditions.

(1) In order to ensure the fairness of the permanent basic farmland layout, the Gini
coefficient after the optimization should be no bigger than Gy;. The Gini coefficient
after the optimization should be smaller than the warning value of 0.4. This warning
value had been regarded as the segmentation line of the fair distribution [24].

(2) Referring to the practice of balance between occupation and compensation of local
cultivated land, the land type composition of permanent basic farmland consists of
two processes: static demarcation and dynamic compensation. At present, a new
round of demarcation of “three districts and three lines” in China is being carried out.
Due to the limitation of data sources, this study adopted the classification standard
of the second land resources survey. The lower limit () of the permanent basic
farmland preservation indicator in each research unit was 0.8 times of the current
farmland area. Meanwhile, the upper limit (y,;) of the permanent basic farmland area
was the sum of the existing farmland area and 0.5 times of the garden plot.

(3)  According to the permanent basic farmland protection planning of W county, the total
area of permanent basic farmland in the research zone will reach 40,803 hm? in 2025.
Therefore, this study takes this value as the final binding condition.

5. Result
5.1. Lorenz Curve Based on Each Assessment Index

The 16 towns in W county were regarded as the 16 units. The indicator of permanent
basic farmland in each town was regarded as object optimized. The ratios of these impact
factors to the permanent basic farmland area were sorted in ascending order. Calculate the
cumulative percent of each impact factor and then draw the corresponding Lorenz curve
(Figure 5). Afterwards, calculate the Gini coefficient of each impact factor to permanent
basic farmland area according to Formula (3).
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Figure 5. Lorenz curve based on each assessment index. (A) Lorenz curve based on the factors of
social and economic conditions. (B) Lorenz curve based on the factors of agricultural production
conditions. (C) Lorenz curve based on the factors of natural conditions. (D) Lorenz curve based on
the factors of planning and policy factors.

According to Figure 5 and Table 2, the two groups of the Gini coefficient, namely the
output value of non-primary industry and nonliving electricity consumed in rural areas,
was on a highly average level. The Gini coefficient of the population, farming employee
population and pesticide amount was on a relatively average level. The Gini coefficients of
secondary and tertiary industry and the agricultural diesel oil consumption had a relatively
big difference. The Gini coefficient of the rural non-living electricity consumption to
permanent basic farmland area was on a level of an extremely big gap. As a result, it was
necessary to adjust the permanent basic farmland indicator in each town according to the
optimization mode to ensure the fairness of the indicator in 16 units.

5.2. Final Allocations after Optimizing

The weight of each impact factor according to Formula (3) was calculated to obtaint the
permanent basic farmland indicators (Table 2) based on fairness and the Gini coefficients
of various impact factors after optimization. From Table 2, we can see that the permanent
basic farmland which needs adjusting in each research unit of W county can be clarified
into four aspects: the permanent basic farmland indicator drastically decreasing area
(—20~—15%); the permanent basic farmland indicator slightly decreasing area (—15~0); the
permanent basic farmland indicator slightly increasing area (0~10%); and the permanent
basic farmland indicator drastically increasing area (10~26%).
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Table 2. Comparison of permanent basic farmland indicators between the before and after optimizing.

Indicators of Permanent Basic Farmland (Units: Hectare)

Coefficient of

Town Area Before After Value of
... NP Increase and
Optimization Optimization Increase and Decrease D o
ecrease (%)
Huangli 4366 3493 —873 —20.00
Zouqu 3732 2986 —746 —20.00
Henlin 1372 1098 —274 —20.00
Jiaze 6117 5056 —1060 —17.34
Hutang 867 739 —127 —14.72
Benniu 2887 2754 —132 —4.59
Qianhuang 4356 4435 78 1.81
Yaoguan 1118 1146 28 2.55
Nanxiashu 1874 1923 48 2.59
Lijia 2751 2869 117 4.28
Hengshangiao 1874 1954 80 4.30
Zhenglu 3638 3860 221 6.09
Niutang 1351 1439 88 6.52
Luoyang 2120 2358 237 11.22
Xueyan 3940 4429 488 12.40
Xihu 205 257 52 25.36
Total 42,576 40,803
Remark: “—” means the area of agriculture land decreased and the other means the area increased.

6. Discussion
6.1. Gini Coefficient of Final Allocation

The Gini coefficient of each evaluation index was obtained after feedback optimization

by the Gini coefficients method. The Gini coefficient of final allocation shows that:

@

@)

®)

After optimization, Table 1 shows that the gross Gini coefficient had decreased from
0.318 to 0.298. Meanwhile, all the Gini coefficients of the impact factors were lower
than the warning value of 0.4 after the optimization, which showed that the optimiza-
tion program was reasonable.

The Gini coefficient of all indicators was not lower than the warning value, which
related to the existing amount of cultivated land and the allowable increase or decrease
in each town. If these factors were not taken into account, radical fair schemes would
be of great harm to economic development and social management. On the other
hand, this was related to the objective function of the optimization model, which
only required the weighted sum of Gini coefficients of all indexes to be minimum,
but did not require that Gini coefficients of all indexes be lower than the warning
value. Therefore, this scheme was to obtain the optimal solution under the constraint
conditions. On the premise of fairness, the index allocation was more operational
than before. Because the central government still had a minimum quantity limit
for the management of permanent basic farmland, it was not required that every
parameter be lower than the warning value to pursue ultimate fairness such as in
other studies [30].

To some extent, the lower Gini coefficients of agriculture land represented the weaker
influence of agriculture land on the allocation of permanent basic farmland. On the
contrary, the influence of some factors had not declined although the coefficient is
reduced. Most weights of agricultural production conditions factors were larger,
such as farming practitioners, power of agricultural machinery, consumption of
pesticide, family labor and nonliving electricity. Those factors affected the efficiency
of farmland production. Therefore, the impact of production efficiency on cultivated
land protection should play a greater and greater role. Thus, changing the original
only considers farmland itself as a single factor, which is consistent with the view
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of Zhang et al. [31]. With this hierarchical structure model, we could grasp such
mechanism of effects adequately.

(4) Indicator weight setting is the key to solving a multi-objective optimization problem.
However, the selection of indicator weights still has a certain degree of subjectivity in
some of the relevant literature [32,33]. In this study, the objective weight of each index
had been set according to the coefficient of variation method, all of which makes the
result more reasonable, avoiding the difference in subjective scoring results.

6.2. Analysis of Allocation Results

Considering the natural conditions, socio-economic factors, agricultural production
factors and planning policy, the rapid development of a social economy leads to high
demand for development right. For a region with a high economic development level, the
higher cost of land acquisition will lead to the incline of permanent basic farmland to a
low-speed development area, which was consistent with the view of Zhang et al. [34].

(1) The permanent basic farmland drastically decreasing areas include Huangli, Zouqu,
Henlin and Jiaze town. From Figure 1, we can see that these areas were mostly
located in the northwest of the research area. These towns have thousands of years
of continuous agricultural product history. Although the permanent basic farmland
area occupied a prodigious proportion in W county, the traditional competition had
been fading away. The secondary and tertiary industry lagged behind other towns.
The agricultural production efficiency was at lower levels in the whole county. Hence,
the primary production of this area covered a relatively small portion of the total
production. As a result, it was necessary to reduce the indicator of permanent basic
farmland and improve the efficiency of land use [35,36].

(2) The permanent basic farmland slightly decreasing areas includes Hutang and Ben-
niu town. The slightly increasing permanent basic farmland area includes Yaoguan,
Nanxiashu, Lijia, Hengshangiao, Zhenglu and Niutang town. These towns had a
very high proportion of industrial production whereas the agricultural economy
accounts for a very low proportion. Leading talent and technology advantage
should be responsible for more indicators than the status quo for agriculture products
and protection.

(3) The indicator in towns such as Luoyang, Xihu and Xueyan town had drastically
increased. The changing indicator among these towns results from the huge potency in
permanent basic farmland preservation. Conversion of farmland to forests whose top
priority was ecology protection had been successful after 10 years of implementation.
Conversion of farmland to forests shall be combined with the restructuring of rural
industries, development of rural economy conservation and development of capital
farmland, increase of per unit area yield, enhancement of rural energy development
and eco-driven immigration.

7. Conclusions

This paper studied the distribution of permanent basic farmland indicators from
the insight of equality instead of an administrative order. An evaluation system of fair
distribution and an optimization model based on the Gini coefficient were established to
decompose preservation indices issued from higher authorities with reasonable equity.

The contributions of this paper are: (1) the selected indicators, which are closely related
to the permanent basic farmland indicators distribution and can be quantified, reflect the
social, economic and natural attributes of the regions. The data can be easily obtained
from statistical yearbooks; (2) This research also adopts multi-factors such as the natural
conditions, socio-economic factors, agricultural production factors and planning policy as
the indices to judge whether the distribution of the permanent basic farmland was fair. The
objective weight of each index had been set according to coefficient of variation method, all
of which makes the result more reasonable. Furthermore, by establishing the optimizing
mode, the paper had calculated the allocated area of each unit when the sum of the Gini
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coefficient weight reached its minimum value. The result of the optimization mode displays
feasibility and fairness.

The combined effects of population growth, national food security imperatives and
the scarcity of land for development had led to an increasing demand for agricultural land
protection. Since the CPC's 18th National Congress in 2012, the CPC Central Committee
with Xi Jinping at its helm has treated food security as a top state issue. The central
leadership has introduced a food security policy of “ensuring basic self-sufficiency of
grain and absolute security of staple food”. The Chinese government has established
a national strategy on food security featuring self-sufficiency based on domestic grain
production, guaranteed food production capacity, moderate imports and technological
support. Indeed, the permanent basic farmland protection zone designated for reserves of
high-quality arable land had become a fundamental national policy for more than 20 years
in China. China’s Ministry of Natural Resources, together with the Ministry of Finance
issued the notice on accelerating the land renovation plan and promoting the permanent
basic farmland construction, which had launched the movement of the construction of
more than 266 thousand km? permanent basic farmland with higher standards by the
end of 2025 [37]. The dynamic relationship between humans and nature is influenced by
social, political and economic systems, which in turn are mediated and regulated through
“governance” processes [38]. In the process of social governance modernization, which
emphasizes the principle of fairness, this research is helpful to implement the rational
allocation of permanent basic farmland at the governmental level, thus improving the
efficiency of farmland protection.
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