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Abstract: The purpose of this paper is to analyze the effectiveness of multifunctional cultivated
land protection based on the value engineering theory. The study area is the Wuhan Metropolitan
Area. Entropy method, comprehensive index method, opportunity cost method and most suitable
regional method were employed. The coefficients for importance of functions, for costs, and for
values in production, social and ecological of cultivated land were measured. Significant spatial
differences in the effectiveness of multifunctional cultivated land protection were found. According to
the effectiveness of multifunctional cultivated land protection, the study area can be divided into the
following three regions: the “most suitable region”, where the functions of cultivated land and their
costs are matched in most parts of the study area; the “optimization region for functional structure”,
mostly located in the Jianghan Plain, where the structure of multifunctional cultivated land needs
further optimization; and the “improvement region for functional level”, including the mountainous
areas, such as Yingshan and Wuxue in the East, and the municipal districts, such as Wuhan and
Ezhou, where the potential for improving level of multifunctional cultivated land is relatively large.
The article contributes to firstly introducing value engineering theory into the research of cultivated
land protection, linking demand to supply of functions of cultivated land. We suggest that different
policies might be implemented to optimize the spatial layout of cultivated land protection, and to
manifest and coordinate multiple functions of cultivated land. It is vital to improve the use efficiency
of funds for multifunctional cultivated land protection, and in the end to realize effective protection
of cultivated land in quantity, quality and ecology at a lower cost in a sustainable way.

Keywords: land economy; value engineering; match of demand and supply; efficiency analysis;
multifunctional cultivated land protection

1. Introduction

Cultivated land is an indispensable key resource for human survival and development, which
is related to food security, social stability, and ecological security [1]. Especially in China, 22% of
the world’s population was fed by only 7% of the world’s cultivated land [2], and 2 million hectares
of agricultural land fall out of production each year [3]. Uneven distribution and potential threats
to its quality influence human wellbeing [4], which determines the importance and urgency of the
protection of cultivated land. It is urgent to improve the effectiveness of cultivated land protection. In
that case, the Chinese government has successively set up a series of strict cultivated land protection
systems, including land requisition–compensation balance, land use control, and regulating land
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use from cultivated land to non-cultivated land, and also a series of incentive policies such as one
reduction three subsidies (agricultural tax reduction, direct food subsidies, improved seed subsidies,
agricultural machinery purchase subsidies), increasing agricultural investment to protect agriculture [5].
However, the effect of cultivated land protection is generally low and far from the expected goal due
to only paying attention to the protection of cultivated land in quantity, and neglecting cultivated
land protection in quality and in ecological [6]. Cultivated land protection is only focused on the
supply level, while being ignored at the demand level [7]. Therefore, the former Ministry of Land
and Resources has continued to carry out the practice of cultivated land quality evaluation since the
1990s. In 2009, it issued the results of the national cultivated land quality evaluation, and formulated
the rules for classification, grading, and evaluation of agricultural land quality. In August 2016, the
former Ministry of Land and Resources of the People’s Republic of China issued the “Guidance on
Complementing the Balance of Cultivated Land and Improving the Quality of Cultivated Land to
Implement the Balance of Requisition and Compensation”. In January 2017, the State Council of
the Central Committee of the Communist Party of China (CPC) promulgated the “Guidance of the
CPC Central Committee and the State Council on Strengthening the Protection of Cultivated Land
and Improving the Balance of Requisition and Compensation”. These documents reemphasize the
importance of cultivated land resources and require strict implementation of the cultivated land
requisition–compensation balance. The Chinese government has continuously optimized policies for
protecting cultivated land and agriculture. According to the Year Book of Chinese Rural Statistics and the
Report on Chinese Agricultural Development, since the abolition of agricultural taxes in 2004, agricultural
protection production subsidies in production have increased year after year, reaching RMB 4.685
billion in 2016, but fell to RMB 0.459 billion in 2018. The subsidies for the protection and utilization of
agricultural resources have increased from RMB 0.204 billion in 2010 to RMB 1.138 billion in 2018. This
marks the shift from the protection of cultivated land in quantity to in quantity, quality, and ecology,
and it also shows a transition from the protection of cultivated land in physical to in function.

Cultivated land has multiple functions in production, social culture and ecology [8,9]. As far
as single function is concerned, cultivated land does not have absolute advantages, but it has very
strong comprehensive advantages in consideration of the symbiosis and synergy of cultivated land
functions [10]. However, under the condition of limited investment in cultivated land protection, there
is a certain degree of subordination among the functions of cultivated land [11]. The manifestation
and expression of cultivated land function is relative to human needs. When the society develops to a
certain stage, it needs the cultivated land to provide corresponding functions. Humans also meet their
own functional needs through modern engineering and technical means [7]. Therefore, how to balance
and optimize the production, social, and ecological functions of cultivated land at a lower cost, how
to match the supply and demand of multi-function cultivated land and improve the effectiveness of
cultivated land protection has become an important proposition of current cultivated land protection.

Many scholars have done a lot of research on the effectiveness of the protection and conservation
of cultivated land, landscape, water, soil, and natural resources. From the perspective of supply,
the effects of cultivated land protection in quantity were measured by Data Envelopment Analysis
(DEA) [12], and some scholars developed models to evaluate the effectiveness of three soil and
water conservation countermeasures in quality [13]. Considering the economic costs, some scholars
used cost–benefit analysis and Farrell’s method to analyze the effectiveness of the cultivated land
protection program, assessed changes in land use damage to the environment, and calculated
the value of the ecological network in order to obtain an optimal strategy for natural resource
protection [14–17]. From the perspective of demand, research focuses on the performance of cultivated
land and other natural resource conservation projects or policies by measuring willingness to pay or
farmers’ satisfaction [18–20]. In summary, the existing research on cultivated land protection efficiency
focuses on quality and quantity, the effectiveness and spatial difference analysis of cultivated land
protection from functional level is still lacking. The existing research studies the protection efficiency
of cultivated land and other natural resources from the perspective of supply and the perspective of
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demand, and gradually considers the economic cost in the research process. However, the research on
cultivated land protection from the perspective of matching supply and demand is in its infancy.

The matching of supply and demand is an important prerequisite for improving efficiency [21],
and effective supply chain management is important for meeting the existing demand. This is reflected
in various fields, such as passenger transportation, freight transportation, and shipping, and it is
particularly important in cultivated land protection [22–24]. Value engineering is a systematic method,
which focuses on the realization of the functions that meet demand at a lower life cycle cost [25]. Thus,
in this article, based on the value engineering theory, we established a linkage mechanism between the
demand and supply of cultivated land functions. Taking the county scale of the Wuhan Metropolitan
Area as an example, we analyzed the effectiveness and spatial difference of multifunctional protection
of cultivated land by measuring the value coefficient of multifunctional cultivated land protection in
the study area, trying to provide a basis for the spatial optimization of cultivated land. The structure
of this paper is as follows: this section introduces the background and literature review; Section 2
introduces a theoretical framework and research methods; Section 3 is the study area and data recourse;
Section 4 reports the research results. The final section is the discussion and conclusion.

2. Theoretical Framework and Methods

2.1. Theoretical Framework

In the practice of purchasing materials during World War II, American engineer Myers found
that the procurement of materials is not the procurement of the material itself, but the function of the
purchased materials. Therefore, a scientific organization technology and management method was
proposed, which systematically analyzes the function of the research object and effectively increases
the value of the research object with a lower life cycle cost. This method, called value engineering
or value analysis, has been widely used in the fields of industrial production [26,27], architectural
design, and construction [28,29]. In recent years, it has gradually expanded to tourism resources [30],
environmental protection [31], and resource recovery [32]. The core of cultivated land protection is to
protect cultivated land and improve the multifunctional value of cultivated land. Thus, this paper
applies value engineering to the validity analysis of multifunctional protection of cultivated land. The
basic principle is as follows:

Vi = FIi/CIi, (1)

where Vi is the value (coefficient), which is a comprehensive evaluation of the functional requirements
and cost matching of cultivated land, that is, the ratio of the necessary functions of cultivated land to
the total cost of the cost relative to human demand; FIi is the importance coefficient of multifunctional
cultivated land; CIi is the multifunctional cultivated land protection cost coefficient which is the
necessary input to meet the specific functions of cultivated land to protect cultivated land. Specifically,
according to the research needs, the cost of cultivated land protection is divided into two parts:
opportunity cost and input cost.

The function of cultivated land is mainly reflected in the two aspects of supply and demand. The
function referred to in the article is the function at the demand level. Human beings need cultivated
land to provide corresponding functions, or to meet their own functional needs through modern
engineering techniques. According to Maslow’s demand theory, human needs for cultivated land
protection mainly include four levels. The first level is the demand for survival, which is manifested by
the demand for food production and basic production materials. These needs are met by the production
function of grain and cash crops in cultivated land. The second level is security needs, including
current security and future security. Health security, economic security, and food security constitute
realistic security, which is realized through the function of producing economic benefits of cultivated
land and ensuring food security, basic life, and employment. Land security and ecological security
constitute future security. Cultivated land supports and maintains the functions of the human living
environment, such as climate regulation, water conservation, soil and water conservation, soil fertility
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renewal and maintenance, nutrient cycling, carbon dioxide fixation, and other functions to ensure
future security. The third level and the fourth level are the emotional needs and development needs,
including the inheritance of farming culture, the needs of cultivated land leisure sightseeing, and the
embodiment of the sustainable development concept in the protection of cultivated land resources,
which belong to higher level requirements [10]. Considering the two basic needs of survival demand
and safety demand, starting from the demand of cultivated land protection, we systematically collated
the various functions of cultivated land, and established the following functional system diagram
(Figure 1).
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Figure 1. System map of multifunctional cultivated land.

According to the abovementioned value engineering theory and multifunctional cultivated land
theory, using the following research methods, first of all, we established a multi-function evaluation
index system of cultivated land and determined the weight of indicators, calculated the weighted
score of functional indicators, evaluated the various functions and functions of cultivated land, and
further calculated the cultivated land importance coefficient. Secondly, considering the input cost
and opportunity cost, the multifunctional protection cost of cultivated land and the multifunctional
protection cost coefficient of cultivated land were calculated. Then, the ratio of the functional importance
coefficient of the cost coefficient was calculated to obtain the multifunctional protection value coefficient
of cultivated land. Finally, we analyzed the effectiveness of multifunctional cultivated land protection.

2.2. Evaluation Method of Cultivated land Multifunction

Considering the two basic needs of survival demand and safety demand, we divided the
cultivated land function into three functions: production function, social function and ecological
function. Referring to relevant research [8,33–35], combined with the current situation of cultivated
land use in the Wuhan Metropolitan Area and the possibility of data, a multi-level evaluation index
system of cultivated land composed of 12 indicators was established (Table 1). The process of data
processing was as follows:
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Table 1. Evaluation system of multifunctional cultivated land in the Wuhan Metropolitan Area.

First Level Function Second Level Function Third Level Function Property Calculation Method Weights

F0: Cultivated land
multi-function

F1: Production function

F11: Food production per unit area
(t/ha) + Total grain output/sown area of grain 0.0720

F12: Effective Irrigation Rate (%) + Effective irrigation area/cultivated land area 0.1365

F13: Contribution of Agricultural
Management (%) +

Agricultural added value/added value agriculture,
forestry, animal husbandry, and fishing 0.0639

F14: Agricultural added value per unit
area (yuan/ha) + Agricultural added value/cultivated land area 0.1371

F2: Social function

F21: Per capita cultivated land area
(ha/person) +

Cultivated land area/number of Agricultural
Employees 0.1335

F22: Cultivated land pressure index −

(Food self-sufficiency ratio × per capita food
demand)/(yield per unit area of grain sowing surface
× planted area ratio of food crops and all crops ×
multiple crop index × per-person cultivated land)

0.0414

F23: Agricultural mechanization level
(kW/person) −

Total power of agricultural machinery/Number of
Agricultural Employees 0.0246

F24: Proportion of population engaged
in planting +

Number of population engaged in planting/rural
employees 0.0909

F3: Ecological function

F31: Fertilizer load per unit of
cultivated land (t/ha) −

Fertilizer application rate(convert into
purification)/Cultivated land area 0.0796

F32: Carbon fixation and oxygen
release (t/ha) + (CO2 Absorption +O2 Release)/Cultivated land area 0.0954

F33: Diversity index of farmland
ecosystem +

=−
∑

bilnbi, bi is the ratio of sown area of various
crops to total sown area of crops. 0.0289

F34: Capacity of water resources
protection +

Crop canopy rainfall interception + soil water
storage 0.0961

Note: The property “+” means that the indicator is positive, that is, the larger the indicator, the higher the function level. The property “−” means that the indicator is negative, that is, the
larger the indicator, the lower the function level. Value of weights is determined by the following Entropy method.
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(1) Standardization of indicator data. Because of the differences in index dimension, the range
transformation method was used to standardize the processing. The formula for calculating the
positive index was as follows:

Xi j =
xi j −min

(
xi j

)
max

(
xi j

)
−min

(
xi j

) . (2)

The formula for calculating the negative index was as follows:

Xi j =
max

(
xi j

)
− xi j

max
(
xi j

)
−min

(
xi j

) , (3)

where xi j is the original indicator value and Xi j is the normalized index value.
(2) Determining indicator weights. Entropy method is an objective weight determination method,

which determines the weight according to the degree of correlation between the indicators and the
amount of information they contain. This method can eliminate the artificial subjective influence and
overlap of information between multiple indicators to a certain extent, so we used it to determine the
weight of indicators [36,37]. The calculation formula is shown in Equation (4):

wi j =
1− e j

n−
∑n

i=1 e j
. (4)

In the equation, e j = −
1

ln m
∑m

i=1 Pi j ln Pi j,Pi j =
Xi j∑n

i=1 Xi j
, n is the number of evaluation indicators, m

is the number of evaluation units, e j is the entropy of the jth indicator, Pi j is the proportion of the
standardized value of the ith evaluation unit index in the jth index to the entire evaluation index
sequence, and we assume that when Pi j = 0, Pi j × ln Pi j = 0. w j is the weight value of the jth indicator.

(3) Calculating the weighted score of the evaluation index. The weighted score of each evaluation
index was calculated by the comprehensive index model method. The calculation formula is shown in
Equation (5):

Fi =
n∑

j=1

Xi j ×wi j, (5)

where Fi is the weighted score of the cultivated land function of the ith evaluation unit. We calculated
the production function index, social function index, ecological function index of cultivated land and
cultivated land multifunction index.

(4) Measuring coefficient for importance of multifunctional cultivated land. On the basis of indexes
of production, social, and ecology, and multifunctional indexes of cultivated land, the coefficient for
importance of multifunctional cultivated land was measured according to Equation (6):

FIi = Fi/
m∑

i=1

Fi. (6)

The meaning of the letters in formula (6) is the same as mentioned above.

2.3. Methods for Calculating the Cost of Multifunctional Cultivated Land Protection

The cost of multifunctional cultivated land protection refers to the necessary inputs for cultivated
land protection to achieve specific functions of cultivated land, including the input cost and opportunity
cost of cultivated land protection [38]. The input cost was the human and capital input of the cultivated
land protection implementers, including the direct use for cultivated land consolidation, cultivated
land restoration, the development of an irrigation system, and soil improvement. Investment in
agricultural science and technology innovation and cultivated land ecological protection was also
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included. Opportunity cost was the economic loss caused by the cultivated land protection and the
inability to use cultivated land in areas with better economic benefits.

Among the various ways of land use, construction land has the highest income. To ensure food
security, the government has strictly controlled the use of basic farmland. We calculated the difference
between the net income of converting cultivated land into construction land and the income of using
cultivated land for grain production, that is, the opportunity cost of multifunctional protection of
cultivated land [38]. The calculation formula is shown in Equation (7):

OCL = CLI−GLI, (7)

where OCL is the opportunity cost of cultivated land protection each year; CLI is the net income
from converting cultivated land into construction land each year; GLI is the net income of cultivated
land used for grain production each year. The net income obtained from converting cultivated land
to construction land comes from the basic transfer fee of construction land in last-grade cities and
towns, which is converted into annual net income according to the income reduction method. The net
income of cultivated land used for grain production is equal to the total income minus the total cost.
Its statistical data were obtained directly from the National Collection of Cost–Benefit Data of Agricultural
Products.

The cost of multifunctional protection cultivated land in the Wuhan Metropolitan Area was
obtained by using the method mentioned above, and the cost coefficients of corresponding functional
protection were calculated according to Equation (8):

CIi = Ci/
n∑

i=1

Ci, (8)

where CIi is the cost factor and Ci is the cultivated land protection cost of the ith evaluation unit. We
separately measured the input costs of cultivated land production, social and ecological function
protection, and total input costs of cultivated land multifunctional protection. We also measured the
opportunity cost of multifunctional cultivated land protection.

2.4. Value Coefficient Measurement and Effectiveness Analysis of Cultivated Land Multifunctional Protection

According to the above research method, we calculated the coefficient of cultivated land function
importance and the corresponding cost coefficient. Furthermore, according to Equation (1), the value
coefficient of multifunctional cultivated land protection was calculated. Suppose there is a linear
value standard line, with the horizontal axis as the cost factor and the vertical axis as the function
importance factor, it is a diagonal line with an angle of 45 degrees to the coordinate axis. When the
value coefficient is equal to 1, the value coefficient point of the evaluation unit is on the standard
line. It was shown that the multifunctional cultivated land protection was effective. When the value
coefficient was greater than 1, the evaluation unit value point was at the top left of the standard line. It
was shown that a higher level of functionality was achieved with a defined cost commitment. When
the value coefficient was less than 1, the evaluation unit value coefficient point was at the bottom right
of the standard line. It was shown that protecting a given level of functionality requires a higher cost.
The “most suitable region” method was proposed by Professor Tanaka of the University of Tokyo
at the International Academic Symposium organized by the Society of American Value Engineers in
1973. Considering the nonlinear relationship between function and cost, we used the “most suitable
region” method [39] to analyze the effectiveness of cultivated land multifunctional protection. The
best suitable region consists of two hyperbolas [31]: C =

√
f 2 − 2S and f =

√

C2 − 2S, which surround
the value standard line (V = 1) and face the coordinate origin. S is calculated by the empirical formula

S =
∑n

i=1|FI2
−CI2|

2n . We set the names of the top left and bottom right of this region to “functional structure
optimization region” and “functional level improvement region”. Based on this method, we divided
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the research unit into three regions: (1) Region I (the most suitable region). The coefficient of the
cultivated land function importance of the evaluation unit in this region is approximately equal to
the cost coefficient. The cultivated land function and cost of these evaluation units are matched; (2)
Region II (optimization region for functional structure). The cultivated land function coefficient of the
evaluation unit in this region is greater than the cost coefficient. This can be caused by two reasons:
first, the evaluation unit has played a higher level of functionality at a lower cost; another possibility is
that the function of cultivated land manifestation in the evaluation unit does not meet the necessary
functional requirements, and the actual input cost is not the cost of achieving the necessary function;
(3) Region III (improvement region for functional level). The coefficient of cultivated land function
importance of the evaluation unit in this region is less than the cost coefficient. In order to protect
the functions of cultivated land, the input cost is high. In the case of controlling the input cost, it is
necessary to increase the quantity level of multifunctional cultivated land.

3. Study Area and Data

3.1. Study Area

According to the United Nations Economic and Social Development World Urbanization Outlook 2014,
more than half of the urban population currently lives in large cities with populations of more than
500,000 [40]. This shows that metropolitan has become a new stage of development in the process
of urbanization in the world. In China, the Wuhan Metropolitan Area is an important part of the
Yangtze River Economic Belt, and it is located in the central east of Hubei province, middle reaches
of the Yangtze River, which consists of the capital city, Wuhan, and 48 other counties within 100 km
around Wuhan, like Huangshi, Xiaogan, Huanggang, Xianning, Xiantao et al. In 2016, the Wuhan
Metropolitan Area was 57,800 km2 and half of this was flat plain. The west part of Wuhan Metropolitan
Area belongs to the Jianghan Plain, which is the important commercial grain base; 30% and 20% of it is
made up by hills and mountains, respectively, mostly located in the north, northeast, and south of the
study area. As the pilot area of resource-saving and environment-friendly society, the location of the
Wuhan Metropolitan Area has prominent advantages and abundant regional hydrothermal resources.
Thus, it has become China’s important agricultural production area and central development area
and the focus of the Development strategy of the Yangtze River Economic Zone and the Rising of Central
China Strategy. It has made the Wuhan Metropolitan Area have the most important influence on the
development of Hubei province and central China (Figure 2).Sustainability 2019, 11, x FOR PEER REVIEW 9 of 19 
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Wuhan Metropolitan Area only accounts for 31.09% of the total area of Hubei Province, but it
houses half of the province’s population and 60% of its Gross Domestic Product (GDP). With the
development of new urbanization, the pressure of cultivated land protection in the Wuhan Metropolitan
Area is increasing. According to the data from the Second National Land Survey, the quantity of
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cultivated land in Wuhan Metropolitan Area has declined about 7.7% from 1995 to 2015. The scarcity
of cultivated land resources will be an important bottleneck for the economic and social development
of the Wuhan Metropolitan Area [41]. Hence, we chose the Wuhan Metropolitan Area as the study
area, as it is important to explore a way to improve the efficiency of cultivated land protection and the
method to coordinate the relationship between cultivated land protection and economic development.

3.2. Data

The data needed in this paper are mainly basic statistical data and annual financial data. Specifically,
the data of cultivated land area, population, and crop production are from the Statistical Yearbook
of Hubei Province, Hubei Rural Statistical Yearbook, Hubei Water Resources Bulletin, and the statistical
yearbook of counties (cities and districts) in the Wuhan Metropolitan Area. The data of cost and
income came from the official website of the Hubei Finance Department, Hubei Agricultural Department,
Hubei Water Conservancy Department, and relevant departments of the local governments, as well as the
National Compilation of Cost–Benefit data of Agricultural Products and Reference Land Price Query System of
Hubei province.

In order to make the research comparable, this paper adjusted some urban areas of Wuhan,
Huangshi, and Ezhou and divided the Wuhan Metropolitan Area into 36 evaluation units. All the data
were based on 2016.

4. Results

4.1. Coefficient for Importance of Multifunctional Cultivated Land

Using the above methods, we measured the production function index, social function index,
ecological function index, and multifunction index of cultivated land in 36 evaluation units of the
Wuhan Metropolitan Area. Then, we calculated the coefficients for importance of production function,
social function, ecological function and multifunction of cultivated land in each evaluation unit
(Figure 3).

The importance of cultivated land production function is high in the center and west of Wuhan
Metropolitan Area, and these area like Anlu, Yunmeng, Hanchuan, Huangpi, Caidian, and Jiangxia,
mostly in Jianghan Plain, have rich soil, high irrigation guarantee rate, and superior agricultural
production conditions. The areas in the eastern and southern Wuhan Metropolitan Area located in
the mountainous and hill areas have low importance of cultivated land production function, such as
Xian’an, Yangxin, Tongshan, Chongyang, and Hongan, etc. (Figure 3a).

The cultivated land social function level is high in the west and low in the east, and it also shows
spatial differentiation with high levels in the suburbs and low levels in the urban areas (Figure 3b).
Tianmen, Qianjiang, Xiantao, Anlu, Jiayu, and other areas where social function are high have better
cultivated land conditions, and these areas are far from the urban areas. Using cultivated land in these
areas for agricultural production can obtain a relatively stable income, so its social function level is
high. The cultivated land in urban areas, such as Huangzhou, Tuanfeng, Wuhan municipal district,
and Huangshi municipal district has superior location conditions, economic environment, and perfect
agricultural infrastructure. It has liberated more agricultural labor, giving them more opportunities to
engage in non-agricultural production, so the social function level of cultivated land is weak.

The importance of cultivated land ecological function also presents a relatively obvious spatial
distribution law. For example, Macheng is surrounded by mountains on three sides, which is an
important ecological barrier and has a good stabilizing effect on the water conservation capacity of
cultivated land. Xiantao and Tianmen are located in the Jianghan Plain, with a wide variety of crops
and a strong diversity of farmland ecosystems. Therefore, cultivated land in these areas presents high
level of ecological and production functions. Huangpi district of Wuhan is one of the first agricultural
tourism demonstration sites in China, and its ecological function occupies a dominant position.
Huangzhou, Wuhan municipal district, and Tuanfeng are municipal districts and suburbs. In recent
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years, the economic development speed is faster and the urbanization process is accelerating (Figure 3c).
The cultivated land system in these regions is fragmented because of its superior location and easily
occupiable construction land, showing obvious instability, so the ecological function is insufficient.
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The spatial differentiation of the importance of multifunctional cultivated land in the Wuhan
Metropolitan Area is high in the west and low in the east, and high in the north and low in the
south (Figure 3d). The areas with high importance of multifunctional cultivated land are mostly
in the Jianghan Plain, and the production function, social function, and ecological function can be
coordinated and developed with good cultivated land condition. The areas with low importance of
multifunctional cultivated land are mostly in the mountainous and hilly areas. Although the level of
ecological function is high in these areas, the low production function and social function make the
multifunctional cultivated land unable to manifest well.

4.2. Coefficient for Costs of Multifunctional Cultivated Land Protection

In recent years, the government has invested a large amount of special funds for the quantity,
quality, and ecology of cultivated land protection. Specifically, agricultural support protection subsidies
and basic farmland protection funds reflect the state and government investment in the protection
of cultivated land production functions. Agricultural insurance premium subsidies and agricultural
machinery purchase subsidies reflect the investment in the social function protection of cultivated
land. Farmland water conservancy facilities construction funds and water and soil conservation
comprehensive management funds reflect the protection of cultivated land ecological functions.
Considering the above six special funds, we calculated the coefficient for costs of multifunctional
cultivated land protection and analyzed its spatial differentiation according to Equation (8) (Figure 4).
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(c) coefficient for input cost of ecological function; (d) coefficient for total input cost of multifunctional
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There are regional differences in input cost coefficients of cultivated land production function,
social function and ecological function protection. The areas with higher coefficient for input cost of
production function are concentrated in Luotian, Yingshan, Wuxue, and Huangshi municipal districts
in the east of the Wuhan Metropolitan Area, while those in the west are relatively low (Figure 4a).
The coefficient for input cost of social function in the west and southwest is higher than in the east
and northeast (Figure 4b). The coefficient for the input cost of ecological function is quite different.
The high value areas is mainly distributed in the central and western regions, such as Huangzhou,
Huangshi municipal district, and Tuanfeng (Figure 4c). In general, the coefficient for the total input
cost of multifunctional cultivated land protection in the Wuhan Metropolitan Area is higher in the east
and in the south, and lower in the west and in the north (Figure 4d).

The opportunity cost of cultivated land protection is mainly the risk of constructing cultivated
land, which is an important factor to measure the effectiveness of cultivated land protection [38].
Considering that the opportunity cost cannot be divided into the functions of cultivated land protection,
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we calculated the total cost coefficient based on the input cost and opportunity cost of the cultivated
land multifunctional protection. The results show that coefficient total cost of multifunctional cultivated
land protection presents a circle law that gradually declines in the Wuhan municipal district. The
farther away from the Wuhan municipal district, the lower the total cost coefficient of cultivated land
multifunctional protection, and there is a low spatial differentiation law in urban and high-suburban
areas (Figure 4e).

4.3. Effectiveness of Multifunctional Cultivated Land Protection

Based on calculation of the coefficients for the importance of cultivated land function and the
corresponding cost coefficients, we calculated the value coefficient for multifunctional cultivated land
protection according to Equation (1). Based on the most suitable region method mentioned above, 36
evaluation units in the study area are divided into the “most suitable region”, the “optimization region
for functional structure” and the “improvement region for functional level” (Figure 5).
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Figure 5. Effectiveness of multifunctional cultivated land protection in the Wuhan Metropolitan
Area. (a) Effectiveness of multifunctional cultivated land protection (only considering input cost);
(b) effectiveness of production function protection; (c) effectiveness of social function protection; (d)
effectiveness of ecological function protection; (e) effectiveness of multifunctional cultivated land
protection (considering both input cost and opportunity cost).
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The results show that most of the evaluation units in the study area are in the most suitable region
considering the input cost (Figure 5a). This shows that the multifunctional cultivated land protection
in most areas of the study area matches the corresponding cost, which is the effective region. Based
on the results of Sections 5.1 and 5.2, it is found that the coefficient for importance of multifunctional
cultivated land protection in these area which are in the most suitable region is not all at a high level
in the Wuhan Metropolitan Area. However, the Simpson reciprocal index in most of these areas is
high, and the input cost is in a relatively middle position. (The formula of Simpson reciprocal index is
SRIi =

1∑
(Fi j/N)

2 , where SRIi is the Simpson reciprocal index of the i-th evaluation unit. The bigger the

index is, the richer and more even the cultivated land function will be [42,43]; Fi j is the j-th weighted
score of function in the i-th evaluation unit; N is the total score.) This shows that the effectiveness of
the multifunctional cultivated land protection is related to not only the coefficient for the importance of
multifunctional cultivated land protection and input cost coefficient, but also the richness and evenness
of the cultivated land function. That is to say, it has a certain relationship with the multifunctional
in structure.

The “optimization region for functional structure” is in the eastern part of the Wuhan Metropolitan
Area, including Tianmen, Hanchuan, Xiaonan, Xiantao and so on. The value coefficients for
multifunctional cultivated land protection in these areas are greater than 1. This means that the
coefficient for the importance of multifunctional cultivated land protection is higher and the input
cost is lower. Combined with the one-dimensional function protection effectiveness analysis, it
is found that the above evaluation units have different effectiveness in the protection of different
functions in terms of one-dimensional function protection effectiveness (Figure 5b–d). For example, the
effectiveness of production and social function protection are in the “optimization region for functional
structure”, while the effectiveness of ecological function protection is in the “most suitable region” in
Xiaonan. In Hanchuan, the effectiveness of production function and social function protection is in the
“optimization region for functional structure” and the “improvement region for functional level”, and
the effectiveness of ecological function protection is in the “most suitable region”. It was found that
the production function level of the areas which are in the optimization region for functional structure
is in the forefront of the Wuhan Metropolitan Area, and the social function and ecological function are
relatively strong. However, we found that the Simpson reciprocal index of these areas in this region is
low, which indicates that there is a trade-off between the production function, social function, and
ecological function protection of cultivated land in this region.

The “improvement region for functional level” is distributed in the western and southern parts
of Wuhan Metropolitan Area, mainly including Luotian, Yingshan, Qichun, Tongshan and so on.
The coefficient for the importance of multifunctional cultivated land protection is less than the cost
coefficient. Under the condition of controlling input cost, it is necessary to improve the quantity level of
multi-function cultivated land. These areas in the “improvement region for functional level” is mostly
located in mountainous and hilly areas. The coefficients for the importance of production function
protection are all in the “improvement region for functional level”, and coefficients for importance of
the social function and ecological function protection are mostly in the “most suitable region” and the
“improvement region for functional level”. The production, social function and multifunction level of
cultivated land of these areas are at a low level in the Wuhan Metropolitan Area. The input cost of
cultivated land multifunctional protection is higher than other areas in the Wuhan Metropolitan Area.
Therefore, the improvement in one-dimensional function and multifunction of cultivated land and the
control of input cost have great potential.

In the Wuhan Metropolitan Area, the more developed cities and towns with intensive industrial
construction, such as Wuhan municipal district, Huangshi municipal district, and Huangzhou, have
higher land transfer income. The risk of converting agricultural land around the town to construction
land is high. Therefore, we considered both the input cost and opportunity cost, and further analyzed
the effectiveness of multifunctional cultivated land protection in the Wuhan (Figure 5e). The research
results show that after considering the opportunity cost, the Wuhan municipal district, Ezhou, and
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Huangzhou in the central part of Wuhan Metropolitan Area are in the “improvement region for
functional level”. Their coefficients for importance of multifunctional cultivated land protection are
less than the cost coefficient. Most of these areas are located in the central area of Wuhan Metropolitan
Area and they are urban areas. To achieve multifunctional cultivated land protection, we have to
pay higher opportunity costs. In the future, we should pay attention to the control of opportunity
costs. However, it should be noted that in the process of cost control, the necessary functions cannot
be sacrificed.

5. Discussion and Conclusions

5.1. Discussion

Firstly introducing value engineering theory, an analytical framework linking demand to supply
of multifunction of cultivated land, was formed to analyze the effectiveness of multifunctional
cultivated land protection in the Wuhan Metropolitan Area, China. Significant spatial differences in
the effectiveness of multifunctional cultivated land protection were found.

One of our key findings was that according to the effectiveness of multifunctional cultivated land
protection, the study area can be divided into three regions, and each region has different characteristics.
The reasons for the differences in the effectiveness of protection of multifunctional cultivated land in
these areas are also different.

Only considering the input cost, the northern parts and most of the southern parts of Wuhan
Metropolitan Area are in the “most suitable region”. In this region, the importance coefficient of
multifunction of cultivated land protection matches the cost coefficient and the effectiveness of
multifunctional cultivated land protection is high.

Most parts of the Jianghan Plain in the west of the study area are in the “optimization region for
functional structure”, where the multifunctional level of cultivated land protection is relatively high,
and the input cost of cultivated land protection is low. However, the value coefficient among cultivated
land function in production, society, and ecology has significant differences. The value coefficient of
cultivated land protection for function in production is relatively higher, while that in ecology is much
lower. That is to say, cultivated land protection is characterized by one-dimensional function, not in
a structure-optimized way, which is also shown by the low value of the Simpson Reciprocal Index
of multifunctional cultivated land. In the Jianghan Plain, there are more than 40% cultivated land
resources, an improvement in the quality of cultivated land multifunction might have great potential.
Based on the matching status of functions and costs of cultivated land in this region, the functions of
cultivated land should be further coordinated to improve the effectiveness of multifunctional protection
of cultivated land. In addition, the input cost of multifunctional cultivated land protection can be
appropriately increased to improve the richness and uniformity of various functions of cultivated land.

The “improvement region for function level” can be analyzed in the following two scenarios. (1)
When only considering the input cost of multifunctional cultivated land protection, the regions is
mainly located in the hilly areas of the mountains, where the level of multifunctional cultivated land in
amount is low, and the input cost of multifunctional cultivated land protection is relatively high. In that
case, the advantages of the ecological functions of cultivated land would be outweighed in cultivated
land protection through the transformation of traditional monoculture to ecological agriculture with
diversities, and at the same time, the awareness of farmers to participate in multifunctional cultivated
land protection and use should be improved. (2) When considering the economic cost (the input cost
plus opportunity cost), the central parts of the Wuhan Metropolitan Area is in the “improvement
region for function level”. In this scenario, the economic cost is very high near Wuhan City, due to the
high opportunity cost for cultivated land protection, and the level of multifunctional cultivated land is
relatively high. Hence, on the one hand, the amount of multifunctional cultivated land could be further
improved through increasing the added value of agricultural products in an intensive way and by
developing featured sightseeing agriculture, a manifestation of non-productive function of cultivated
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land. On the other hand, the economic cost would be decreased through urban land intensive use and
optimization of spatial structure to relieve the pressure of cultivated land protection.

As a scientific and effective method, value engineering has been promoted in many fields, such as
product manufacturing, construction engineering and so on. It is feasible and innovative to introduce
value engineering into land science, which provides a new idea to study multifunctional cultivated land
protection, and it has directive significance for the policy-making and implementation of cultivated
land protection. The difficulties of this paper are how to use the theory of value engineering focused
on function analysis from the perspectives of social need, and measuring the cost from the perspectives
of the supply side. We tried to establish an analytical framework linking demand to supply of
cultivated land functions to analyze the effectiveness of multifunctional cultivated land protection.
However, our study also has some limitations. Firstly, we measured cultivated land functions only
considering the two basic needs of survival and security. Secondly, the complex nonlinear relationship
between functions was not considered enough, each research unit was only considered as a whole
when measuring multi-function, and the geographical and spatial elements in each unit and between
different units were not considered enough. The application of value engineering in multifunctional
cultivated land still might be improved in future research. On the one hand, functional analysis of
cultivated land could be done deeply through considering the emotional and developmental need for
cultivated land at the smaller scale, such as at the rural community/village scale. On the other hand, it
would be better if the complex non-linear relationships among multiple functions of cultivated land are
in consideration, and more geographical and spatial elements considered when measuring functions.
In addition, in the future, we will try to establish a mechanism to allocate different protection funds
according to the different effectiveness of one-dimensional functional and multifunctional protection
of cultivated land in different areas. We think this has more realistic significance for the rational
distribution and utilization of cultivated land protection funds.

5.2. Conclusions

Analysis of the effectiveness of multifunctional protection of cultivated land is the key to the
development of sustainable cultivated land protection strategies and the efficient use of cultivated land
protection funds. Based on value engineering theory, at first, from the social need, we systematically
combed and divided the functions of cultivated land into functions of production, social, and ecology,
and built a relatively scientific index for assessing multifunctional cultivated land to measure the
importance coefficient of each function. Then, the input cost opportunity costs were considered, and
we measured the cost coefficient. Lastly, the value (the importance coefficient divided by the cost
coefficient) was used to analyze the effectiveness of multifunctional cultivated land protection. We
employed the “most suitable region” method to distinguish and analyze the spatial effectiveness
of multifunctional cultivated land protection, and obtained meaningful conclusions. There are
significant spatial differences in the importance of multifunctional cultivated land and cost of costs
of multifunctional cultivated land protection in the Wuhan Metropolitan Area. And according to
the effectiveness of multifunctional cultivated land protection, the study area can be divided into
three regions. Based on the analysis of the differences and causes of the multifunctional effectiveness
of cultivated land in different regions, we suggest that different policies might be implemented to
optimize the spatial layout of cultivated land protection, and to manifest and coordinate multiple
functions of cultivated land. We hope that this research will help improve the efficiency of the use of
cultivated land protection funds, and pay more attention to the matching of supply and demand in the
process of cultivated land protection. Additionally, we hope it will effectively protect the quantity,
quality, and ecology of cultivated land at a lower cost, promote the multifunctional management of
cultivated land in a sustainable way, and, finally, realize the sustainable development of cultivated
land resources.
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