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Abstract: Urban land intensive use is an important part of regional planning and plays an important
role in the sustainable development of cities. However, the research on how to measure urban land use
intensity is still controversial. This paper gives a perspective of multi-objective decision to explore the
criterion of urban land use intensity in the process of urbanization. The theory of factor substitution
was applied to analyze the mechanism of urban land intensive use in different urbanization stage.
Additionally, the matching degree model (MDM), curve estimation model, and multi-objective
programming model were employed in the case study of Wuhan urban agglomeration to give a
multi-objective decision on urban land intensive use. The results show that the level of urban land
intensive use lagging behind the level of urbanization development in more than 60% of the counties.
When the level of urbanization is less than 30%, 30–70% and greater than 70%, the optimal intensity
of urban land use characterized by fixed investments of unit land is 2.6252, 4.6132, and 6.7648 million
RMB respectively. Based on optimal intensity, the counties in Wuhan urban agglomeration were
divided into key development zone and optimized development zone. Finally, different management
strategies were designed for different zones for urban land intensive use.

Keywords: urban land; factor substitution theory; optimal intensity; MDM; multi-objective decision;
Wuhan urban agglomeration

1. Introduction

Urban expansion has been the focus of attention in the process of urbanization and industrialization
in countries throughout the world [1–4]. From the perspective of regional planning, there are two
modes of city expansion, one is “exogenous” and the other is “endogenous”. The exogenous mode
refers to expanding laterally on an urban scale, while the endogenous form refers to intensifying
urban land use [5]. Accompanying the exogenous mode is often the occupation of numerous
high-quality cultivated land, the destruction of the ecological environment, and the intensification
of social contradictions [6–9]. Consequently, it is often considered as an unsustainable mode for city
development. By contrast, endogenous form has becoming the preferred pattern for urban smart
growth in the current and future. Therefore, urban land intensive use has been getting more and more
concern in the study of urban expansion. Based on the literature review, urban land intensive use
is widely researched in urban planning, landscape analysis, and land use management. The related
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research can be summarized in five aspects: First, the discussion of the basic connotation of intensive
use of urban land. For example, mixing residential, commercial, and other uses at higher densities
was considered as achieving an intensification of land use. Optimized land use structure, and higher
inputs and outputs are also deemed as land intensive use [10,11]. The second is the evaluation of
urban land use intensity based on different scale units and land types. The scale of evaluation includes
national, provincial, municipal, and even specific land types, such as industrial land, residential land,
and commercial land [12–14]. Third, quantitative analysis of influencing factors of the intensive use of
urban land using various model methods. Industrialization, urbanization, economic development level,
location, transportation, and policy were thought to significantly impact factors on urban land intensive
use [15–18]. The fourth is the exploration of the intensive utilization path and mode of construction land
in the process of urbanization. Smart growth, compact development, and multifunctional intensive
land use were proposed as the important modes for urban land intensive use [19–22]. The fifth
is the research for evaluation and improvement of the intensive utilization policy of urban land.
Composite indicator management policy, more scientific urban master planning, and strict industrial
land policy were put forward to promote urban land intensive use [23–25]. Through the analysis of
the literature, it can be found that the evaluation of intensity is the core issue of urban land intensive
use research. How to measure urban land use intensity scientifically and accurately is the fundamental
problem of other related research. Based on the lens of urban planning, urban land is the transmission
and presentation of urban functions in the process of urbanization. Accordingly, urban land intensive
use level should be compatible with the level of urbanization. That is to say, the judging criteria for
intensive use of urban land should consider urbanization factors. Regrettably, the research on urban
land intensive use has only focused on evaluation indicators and models, but ignored the urbanization
process. Consequently, it is difficult to accurately judge urban land use intensification and identify the
optimal intensification by the existing research.

With the rapid advancement of urbanization processes, China’s urban land is expanding at
a crazy speed compared with Western countries. According to the statistics, during the years of
2000–2011, urban population in China increased 50.5% while urban land expanded 76.4% at the same
time. Referring to Chinese scholars’ calculations, from 2006 to 2030, for every one percentage point
increase in China’s urbanization rate, the required land for construction will reach 3.46 × 103 km2.
However, China has the strictest farmland protection system in the world. Under the double pressures
of economic development and land resource constraints, the intensive use of urban land is becoming
the only way to improve China’ urbanization quality. The central government has therefore proposed
to save and intensive use land resources, and take a new-type urbanization path to coordinate land use
and urbanization. Therefore, the issue of land intensive use in China should be particularly concerned.
The efficient and intensive use of urban land directly affects China’s sustainable development.

In view of the shortcomings of the existing research, this paper starts with the analysis of the
mechanism of land intensive use, and rethinks the evaluation criteria of land intensive use. It proposes
to identify the optimal intensification through multi-objective comprehensive decision-making.
The paper is organized as follows: The next section analyzes the mechanism of urban land intensive
use through behavioral economics and factor substitution theory. Following, we consider urbanization
as an important parameter for intensive use of urban land. The evaluation criteria and definition of
optimal intensity for urban land intensive use is to be discussed in section ‘Evaluation Criteria of
Urban land Intensive Use and The Optimal Intensity’. Meanwhile, the characteristic index system of
optimal intensity is constructed as well in this section. In the section ‘Methodology and Materials’,
a matching degree modeling approach is to be employed to judge the matching status between urban
land intensive utilization level and urbanization level. Moreover, a multi-objective decision modeling
approach is to be applied to calculate the dynamic optimal intensity of urban land. Wuhan urban
agglomeration in China is to be taken as an empirical study, and a set of related data is to be collected.
The section ‘Results and Discussion’ shows the intensive utilization status of urban land in Wuhan
urban agglomeration under the new evaluation standard and the calculation result of optimal intensive
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degree in different urbanization stages. Finally, we conclude our study and suggest the possible issues
for future study.

2. Mechanism of Urban Land Intensive Use: Perspective of Behavioral Economics and Factor
Substitution Theory

According to scholars’ definition of urban land intensive use [20], the intensive use of construction
land is essentially reflected by the input interrelationship between construction land, labor, and physical
capital, and their output benefits. As we know, under the same conditions, the output benefits are
often directly determined by the input level, and the input level is subject to the development stage of
urbanization. Based on this, we try to apply economic theory that the factor input and substitution
principle to explain the mechanism of urban land intensive use under different stages of urbanization
development. On referring to the Northam S-curve, urbanization can be divided into three stages,
which include the initial stage, accelerated development stage, and stable development stage. As shown
in Figure 1, the L-axis represents the input of the urban land, the F-axis is the labor input, and the
K-axis is the fund, technology, and other physical capital investment. In the initial stage of urbanization
(Figure 1a), there is a sufficient supply of urban land and a low cost of labor. However, capital is
a relatively scarce factor compared to construction land and labor. Consequently, the promotion of
urbanization depends more on construction land and labor input instead of capital and technology.
As shown in the Figure 1, the change from point A1 to A2 means that the improvement in urbanization
rate from Q1 to Q2 relies on the significant increase in construction land investment from L1 to L2,
while the physical capital input has only slightly increased from K1 to K2. That is to say, in the
initial stage, urbanization is mainly driven by land investment, resulting in a low degree of intensive
utilization of urban land.

Figure 1. Mechanism of urban land intensive use explained by factor input and substitution theory
in different urbanization stage: (a) Initial stage; (b) Accelerated development stage; (c) Stable
development stage.

At the accelerated development stage (Figure 1b), with the continuous accumulation of funds
and the rapid development of technology, the physical capital elements have become more abundant
than the previous stage. Meanwhile, the irrational expansion of construction land and the pressure
of cultivated land protection have forced the government to control the supply of construction land.
Land has therefore become a relatively scarce resource. So there is a substitution phenomenon in factor
input, which more physical capital inputs have replaced construction land inputs. The driving force
of urbanization has shifted from land to capital and technology in this stage, and the level of urban
land use intensity has also increased. The change from point A1 to A2 in the figure represents that the
substantial increase in physical capital input from K1 to K2 has brought about a raise in the level of



Sustainability 2018, 10, 3874 4 of 15

urbanization from Q1 to Q2, while the increment rate in construction land input is smaller than that in
physical capital.

During the stabilization phase of urbanization (Figure 1c), innovation and wealth have become
the dominant factors driving urbanization. On the one hand, compared with the first two stages,
the innovation of technology and the agglomeration of social wealth have made urbanization basically
free from the constraints of land factor input. On the other hand, the cost of new construction
land has become very high due to the limited land resources and the sharp increase in land value.
The factor substitution effect forces urbanization to be based on the redevelopment and utilization of
stock construction land. Moreover, this also makes it necessary to increase the investment in wealth,
technology, and talents of the unit construction land. As a result, the degree of intensive use of urban
land has been continuously improved, and even excessive utilization has occurred. In the figure,
the urbanization process from Q1 to Q2 just with a certain amount of construction land input, which is
driven by the massive expansion in input of other factors.

From the perspective of behavioral economics, the input decision-making behavior of the above
production factors is actually the result of marginal cost and marginal output equilibrium. Taking the
inputs of urban land (L) and capital (K) as examples: Assuming that the cost of inputting one unit of
urban land and one unit of capital is PL and PK respectively. With the change in the relative prices
of the two, the proportion of their investment has been adjusted accordingly. As shown in Figure 2,
there are two scenarios:

Figure 2. Mechanism of the alteration in production factor input explained by marginal cost theory.

Accelerated development stage scenario: To maintain the current urbanization level Q1, as the
contradiction between supply and demand of urban land becomes increasingly prominent and its
relative price continue to rise, it is necessary to readjust the allocation ratio of urban land and capital
to minimize costs. C0 is the original equal cost line, and C1 is the equal cost line after the increase
in relative price of urban land. At this point, the equilibrium of the two factors changes from E0 to
E1, while the capital input increases from K0 to K1, and the urban land input decreases from L1 to
L0. Assuming that MPK and MPL represent the marginal output of capital and construction land
respectively, then the optimal combination of the two elements should meet the follow condition:

MPK/MPL = PK/PL, (1)

Under this scenario, urbanization shows the characteristic of reducing the production factors of
urban land by the increase of capital, resulting in a rise in the intensity of urban land use.

Stable development stage scenario: In order to improve the urbanization level from Q1 to Q2, it is
necessary to increase the input of production factors. Due to the rise in the relative price of urban land,
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the rational choice for the combination of production factors should be to increase capital investment
rather than to expand the scale of construction land. As a consequence, the capital input increases
from K0 to K2, and the equilibrium of the factor allocation changes from E0 to E2, while the input of
urban land remains unchanged at L1. Under this circumstance, the promotion in output level of one
unit urban land mainly is attributed to the increase in capital input. At the same time, the total amount
of construction land is used to encourage the vacant land in the city to be fully developed and utilized.
Accordingly, the combined effect of the two aspects has enhanced the intensive use of urban land.

Overall, from the perspective of behavioral economics and factor substitution theory, the intensity
of land use changes with the level of urbanization. The essence of this change is due to the relative
scarcity and cost of urban land and physical capital, labor, technology, management innovation
and other factors. It is the result of decision-making under the equilibrium of marginal cost and
marginal output.

3. Evaluation Criteria of Urban Land Intensive Use and the Optimal Intensity

Comprehensive analysis of the existing literature on the intensive use of urban land and the
regulations promulgated by Chinese government, most of which only consider the situation of land use
but ignore the differences in regional economic and social development when determining intensive use
evaluation criteria. The evaluation method is usually as follows: Through the extreme value method
or the ideal value method to standardize the evaluation index. Then, calculate the intensive utilization
index. And the index score is graded as the criterion for urban land intensive use. However, such
judging criteria may lead to the following problems in research: Firstly, the evaluation score must be a
relative value if the extreme value method is used for standardization. It is impossible to simultaneously
analyze the inter-annual variation of a certain regional intensive degree and the difference of intensive
utilization levels in different regions. Secondly, if the ideal value method is employed, then how to
determine the ideal value often lacks a scientific method.

The mechanism analysis of urban land intensive use has shown that the intensity of urban land
use has theoretically increased with the improvement of urbanization level. And the limited land
resources makes urban land intensive use an inevitable choice for city sustainable development.
Actually, the main goal of urban land intensive use is to promote regional economic, social and
ecological sustainable development in the process of urbanization. However, land intensive use saves
land resources by increasing land use intensity, but it may also cause problems such as space congestion
and environmental pollution. Obviously, the ideal state is the coordination between the urban land
use intensity and the level of urbanization from the perspective of regional sustainable development.
Therefore, it is more scientific and reasonable to use the matching status of intensive utilization level
and urbanization level as the criterion for evaluating the intensive use of urban land in the region.

Accordingly, by this standard, it is not difficult to speculate that there should be a corresponding
optimal degree of urban land in the different stages of urbanization. In fact, the research of relevant
scholars has realized the existence of the optimal intensity. Nevertheless, because of the rapid
development of technology, the static equilibrium of urban land use intensity is often quickly broken
by technological progress. It is difficult to find a clear equant equation due to the constant changes
in its theoretical equilibrium. Consequently, the judgment conditions and methods of the optimal
intensive degree have not given. In reality, the problem caused by deviating from the optimal intensive
degree in urban development is extremely prominent: For instance, the low level of construction land
intensive use leads to insufficient urban space utilization, waste of land resources, and even results
in “ghost towns”; Instead, if the intensity is too high, the urban space will be crowded, and the per
capita possession of public facilities will be insufficient, also people’s living comfort will be reduced.
Hence, exploring the optimal urban land use intensity is of great significance for the rational allocation
of land resources in the region and the healthy development of urbanization.

The optimal intensive degree of urban land use is dynamic process according to existing research.
We consider that it should correspond to the level of urbanization in this paper. Furthermore, with the
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economic and social development, the measurement of land use efficiency has already become the
optimization of comprehensive benefits such as economy, society and ecology instead of the simple
economic output. When Theodor Brinkmann first proposed the concept of intensity, its essential
definition was the consumption of physical capital, labor, and interest on per unit land area. Based
on this, the connotation of the optimal intensity can be defined as: In a certain urbanization stage,
the total amount of physical capital input on per unit construction land under the optimal balance of
economic benefits, social benefits and ecological benefits.

Characterizing optimal intensification through reasonable indicators is the basis for quantitative
exploration of optimal intensity. At present, the evaluation indicators widely used for economic benefits
of land use mainly include GDP of unit area, non-agricultural output value or scalable industrial
output value per unit construction land, fiscal revenue per unit area, etc.; The social benefit evaluation
indicators include population density in construction areas, per capita construction area, employment
rate, proportion of public facilities in construction areas, Engel coefficient, etc.; The evaluation indexes
of ecological benefits mainly include green coverage rate of construction areas, compliance rate of
industrial wastewater discharge, average ecological service value, industrial waste per unit area, and
industrial solid waste generated per unit area [21–26]. Drawing on the indicators proposed by scholars,
the characteristic index system of optimal intensity for urban land was constructed as shown in Table 1.

Table 1. Characteristic index system of optimal intensity for urban land.

Layer of Characterization Characteristic Index Why Choose the Index

Intensity Fixed investments of unit
construction land

It is the most commonly used index in the
evaluation of intensity of construction land.
In scholars’ research, this index often with the
largest weight, and the most representative of
the input intensity of construction land.

Economic Benefits GDP per capita of
secondary/tertiary industry

It takes into account both the economic
output of construction land and the
development of regional economy.

Social benefits

Non-farm payrolls in unit
construction land

It is the index with the highest frequency of
social benefit evaluation for land use intensity,
and it is also the most direct measure of the
employment ability of the population.

Per capita urban land space

It is a comprehensive indicator of the per
capita construction area and the proportion of
public facilities used in construction areas,
reflecting people’s comfort in life.

Ecological benefits The intensity of pollutant emission
of unit construction land

It is the most commonly used indicator for the
evaluation of ecological benefits of land use
intensity. The data is relatively easy to obtain.

According to the connotation of the optimal intensity and the selected index system, the optimal
intensity of urban land can be considered as an optimal fixed investment of unit urban land.
This is achieved by the largest per capita GDP in the secondary and tertiary industries, the largest
non-agricultural employment provided by the unit construction land, the largest space for per capita
urban land and the minimum pollutant emission intensity per unit construction land.

4. Materials and Methods

4.1. Study Area

The urban agglomeration is the main form of urbanization in China. It is also the region with
the strongest demand for construction land. The ability to coordinate the intensive use of urban
land and urbanization in urban agglomeration will largely determine the quality of urbanization in
China. Based on this, Wuhan urban agglomeration was chosen as an empirical study. Wuhan urban
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agglomeration is located in the middle reaches of the Yangtze River, with a total land area of
5.81 × 104 km2. It is also known as the ‘1 + 8’ urban agglomeration due to the combination of
Wuhan City and eight other cities within a radius of 100 km. Wuhan urban agglomeration is the largest
economy in central China and is an important strategic fulcrum for the rise of Central China. At the
same time, Wuhan urban agglomeration is also a pilot and demonstration area for the synthetically
reform of the China’s resource-efficient and environment-friendly society. Under the background of
the Yangtze River Economic Belt construction, Wuhan urban agglomeration will further develop into
a key junction and an important growth pole in the Yangtze River Economic Belt for the interactive
development of the East, Central, and West of China. Since 2000, the construction land in the Wuhan
urban agglomeration has been rapidly expanding. The total area of construction land has increased
from 7.97 × 104 hm2 in 2000 to 19.39 × 104 hm2 in 2012, with an average annual increments of
9155.36 hm2. With the acceleration of the urbanization process in Wuhan urban agglomeration,
the demand for construction land in each region will continue to increase in the future. The limited
land resources determine that Wuhan urban agglomeration will face severe man-land conflict issues.
Therefore, the study on the intensive use of urban land in Wuhan urban agglomeration has a strong
typicality. The location map of Wuhan urban agglomeration is shown in Figure 3.

Figure 3. The location of Wuhan urban agglomeration.

4.2. Data

According to the characteristics of urbanization stage of Wuhan urban agglomeration, we selected
typical years of 2000 (the year when the urbanization rate of Wuhan urban agglomeration is less
than 30% and it is considered as the initial stage of urbanization), 2009 (the year when the society is
affected by the global financial crisis) and 2012 (the year when the urbanization rate of Wuhan urban
agglomeration is greater than 50% and it is considered as an important turning point in urbanization)
for conducting research. The data includes land use data and socio-economic data of Wuhan urban
agglomeration in 2000, 2009, and 2012. Among them, the land use data comes from the ‘Land
Use Change Survey Data’ published by the Department of Land and Resources of Hubei Province.
The socio-economic data comes from China City Statistical Yearbook, Hubei Statistical Yearbook,
and the Statistical Yearbook of cities in Wuhan urban agglomeration. In terms of data processing,
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since Huangshigang District, Xisaishan District, Xialu District, and Tieshan District of Huangshi City
are all relatively small, if these four regions are all studied as independent county units, there may be
large estimated deviations in the overall research results. Therefore, using geographical unit merger
method, the four districts were used as a unified evaluation unit ‘Huangshi urban area’, and then a
total of 45 objects of study were eventually formed.

4.3. Matching Degree Model

How to calculate the matching degree between urban land intensive use and urbanization?
Learning from the relevant methods in the exploration of the relationship between different objects,
the matching state of the two can be used as a reference to the concept of ‘coupling’ in physics.
Therefore, MDM was constructed for measuring the relationship between the intensity of urban land
use and urbanization.

D =

[
Uk

i × Lk
i

(αUi + βLi)
2k × (αUi + βLi)

] 1
2

, (2)

C =
Li
Ui

, (3)

In the model, D is the matching degree coefficient of urban land intensive use and urbanization in
a region. The larger the value of D, the better the matching state of the two. Ui is the urbanization
level of the region i, and Li is the intensive utilization level of the urban land of this region; α, β are
random coefficients, and α + β = 1; k is the adjustment coefficient, and 2 < k < 8; refer to related
research [27,28], where α = β = 0.5 and k is 5. C is the relative level coefficient of urban land intensive
use and urbanization in a region. It can further distinguish the specific relative level characteristics of
the two. The division criteria of model results is shown in Table 2:

Table 2. Criteria of matching level of urban land intensive use and urbanization.

D Value C Value Specific Relative Level Characteristics Match State

0 ≤ D ≤ 0.45

C ≤ 0.8
The level of intensive use of construction land lags behind
the level of urbanization, and the use of construction land
tends to be extensive (Type I)

Rivalry0.8 < C < 1.2
The level of intensive use of construction land is optimized
simultaneously with the level of urbanization, and the use
of construction land tends to be intensive (Type II)

C ≥ 1.2
The level of intensive use of construction land is ahead of
the level of urbanization, and the use of construction land
tends to be excessive (Type III)

0.45 < D < 0.65

C ≤ 0.8
The level of intensive use of construction land lags behind
the level of urbanization, and the use of construction land
tends to be extensive (Type IV)

Running-in0.8 < C < 1.2
The level of intensive use of construction land is optimized
simultaneously with the level of urbanization, and the use
of construction land tends to be intensive (Type V)

C ≥ 1.2
The level of intensive use of construction land is ahead of
the level of urbanization, and the use of construction land
tends to be excessive (Type VI)

0.65 ≤ D ≤ 1

C ≤ 0.8
The level of intensive use of construction land lags behind
the level of urbanization, and the use of construction land
tends to be extensive (Type VII)

Matched0.8 < C < 1.2
The level of intensive use of construction land is optimized
simultaneously with the level of urbanization, and the use
of construction land tends to be intensive (Type VIII)

C ≥ 1.2
The level of intensive use of construction land is ahead of
the level of urbanization, and the use of construction land
tends to be excessive (Type IX)
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Through the MDM, the variable of urbanization level can be added to the evaluation criteria for
intensive use of urban land, so that the relative advance or lagging relationship between urban land
intensive use and urbanization can be accurately judged. Accordingly, scientific countermeasures can
be suggested to achieve regional intensive urbanization and coordinated development.

4.4. Multi-Objective Decision Model

Through the above analysis on the definition of optimal intensity and its characterization index,
the calculation of urban land optimal intensity has actually become a multi-objective planning problem.
The next step is to build the appropriate objective function and the constraint function to construct a
Multi-Objective Decision Model. We need to find the correspondence between dependent variable
of the fixed investments of unit construction land and the independent variables GDP per capita of
secondary/tertiary industry, non-farm payrolls in unit construction land, per capita urban land space,
the intensity of pollutant emission of unit construction land respectively. In this paper, 11 kinds of
curve estimation models in the regression analysis function of SPSS software are applied to perform
curve estimation for the above groups of variables. According to the significance (Sig.) and the
correlation coefficient (R2) to judge the pros and cons of the model, and to select the best-fit model
to form the objective function [29]. For the constraint function, some binding indicators of regional
land use can be selected, such as the total size of urban land determined by the plan, the total amount
of new urban land, and the per capita urban land. Besides, existing studies have shown that in
multi-objective planning, it is generally difficult to find an optimal solution that satisfies all constraints
so that each objective function reaches a maximum or minimum value. It is usually to find the Pareto
optimal solution or the weak Pareto optimal solution as the optimal solution to the desired objective
function [30]. Consequently, the ‘ideal point’ method of LINGO software can be employed to estimate
the Pareto optimal solution of the optimal intensity in Multi-Objective Decision Model.

5. Results and Discussion

The coordination level between urbanization and intensive utilization in Wuhan urban
agglomeration were estimated using the Equations (2) and (3) in order to evaluate the intensity of
regional urban land use. According to the criteria of matching level in Table 2, the spatial differentiation
of the matched development stages and types of construction land intensive use and urbanization in
Wuhan urban agglomeration during the year 2000, 2009, and 2012 was shown in Figure 4.

The results show that the coordinated development of construction land intensive use and
urbanization in Wuhan urban agglomeration can be divided into seven types and three stages.
From the development stages, the number of antagonistic counties in Wuhan urban agglomerations
has decreased from 37 in 2000 to 15 in 2012. The number of counties in running-in period has increased
from 8 to 25, and the number of counties in a matched state has increased from 0 to 5. In general,
the counties in adjustment period and coordinating state continue to increase while the counties
in an antagonistic state continue to decrease. The matching between urban land intensive use and
urbanization presenting a coordinated development trend. From the perspective of development types,
in the year 2000, nearly 80% of the counties in Wuhan urban agglomeration were in the category of
construction land intensive use level lagging behind the urbanization development level. It indicated
that urban land was in an extensive use mode in most areas during the initial stage of urbanization.
By 2009, the number of counties in this type has been reduced by half, which is due to the state’s
policy of ‘Land bid invitation, auction and listing system’ in 2004. This policy effectively curbed
the waste of construction land. However, under the pressure of GDP growth slowdown after the
financial crisis, local governments have returned to the development mode of promoting economic
growth through large amount of land sales. As a result, the level of construction land intensive use has
declined again while the level of urbanization continues to increase rapidly. By 2012, the proportion
of the counties in which the level of construction land intensive use lagging behind the level of
urbanization development has increased to more than 60%. In general, there were very few counties in
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the simultaneous optimization of urban land intensive use and urbanization, and were all in the state
of rivalry or running-in stage. The results show that there is still much room for improvement in the
coordinated development of urban land intensive use and urbanization in Wuhan urban agglomeration.
Furthermore, there is less counties which the level of construction land intensive use precede the
level of urbanization. Its only 2009, due to the impact of the economic crisis, the intensive use of
urbanization was slowed down and the intensive use was relatively advanced, making this type
account for 40%. But, this type has an increasing trend in general, indicating that the phenomenon of
excessive use of construction land in the future urbanization process of Wuhan urban agglomeration
will probably increase.

Sustainability 2018, 10, x FOR PEER REVIEW  10 of 15 

crisis, the intensive use of urbanization was slowed down and the intensive use was relatively 

advanced, making this type account for 40%. But, this type has an increasing trend in general, 

indicating that the phenomenon of excessive use of construction land in the future urbanization 

process of Wuhan urban agglomeration will probably increase.  

 

Figure 4. Matched development level of urban land intensive use and urbanization in Wuhan urban 

agglomeration. 

According to Northam S-curve, the level of urbanization in each county of Wuhan urban 

agglomeration is divided into three stages in 2000, 2009 and 2012, respectively: urbanization rate is 

less than 30%, urbanization rate is between 30 and 70%, and urbanization rate is greater than 70%. 

According to the proposed indicator of the optimal intensive degree of urban land, the 

multi-objective function formed is as follows: 

(1) Urbanization rate is less than 30% 

Objective function: 

2

2

2

Maximize economic benifits ( ) ( 0.043 47.974 146.786)

( ) (0.675 53.992)
Maximize social benifits

( ) ( 0.00082 0.531 29.89)

Maximize ecological benifits ( ) ( 0.007 5.321 8

f x Max x x

f x Max x

f x Max x x

f x Min x x

   

 


   

   

：

：

： 5.702)









, (4) 

(2) Urbanization rate is between 30 and 70% 

Objective function: 

Figure 4. Matched development level of urban land intensive use and urbanization in Wuhan
urban agglomeration.

According to Northam S-curve, the level of urbanization in each county of Wuhan urban
agglomeration is divided into three stages in 2000, 2009 and 2012, respectively: urbanization rate is
less than 30%, urbanization rate is between 30 and 70%, and urbanization rate is greater than 70%.
According to the proposed indicator of the optimal intensive degree of urban land, the multi-objective
function formed is as follows:

(1) Urbanization rate is less than 30% Objective function:
Maximize economic benifits : f (x) = Max(−0.043x2 + 47.974x + 146.786)

Maximize social benifits :

{
f (x) = Max(0.675x + 53.992)
f (x) = Max(−0.00082x2 + 0.531x + 29.89)

Maximize ecological benifits : f (x) = Min(−0.007x2 + 5.321x − 85.702)

, (4)
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(2) Urbanization rate is between 30 and 70% Objective function:
Maximize economic benifits : f (x) = Max(0.042x2 + 60.382x + 1518.311)

Maximize social benifits :

{
f (x) = Max(0.0007x2 + 0.337x + 58.645)
f (x) = Max(−0.00055x2 + 0.323x + 72.477)

Maximize ecological benifits : f (x) = Min(0.000136x2 + 3.716x + 80.049)

, (5)

(3) Urbanization rate is greater than 70% Objective function:
Maximize economic benifits : f (x) = Max(−0.025x2 + 126.775x + 1789.103)

Maximize social benifits :

{
f (x) = Max(−0.0000902x2 + 0.053x + 97.379)
f (x) = Max(−0.000132x2 + 0.136x + 70.134)

Maximize ecological benifits : f (x) = Min(−0.00018x2 + 0.571x + 12.528)

, (6)

In the above objective function, the per capita construction land area is not as large as possible.
Referring to the standard stipulated in the ‘National New Urbanization Plan (2014–2020)’, urban per
capita construction land area strictly controlled within 100 m2. Thereby, adding the per capita
construction land area is less than or equal to 100 m2 in the constraint function. In addition, the total
amount of regional construction land determined by the regional land use general plan is also an
important condition of the constraint function. The optimal land use intensity in each urbanization
stage of Wuhan urban agglomeration calculated by LINGO software is shown in Table 3.

Table 3. Optimal intensity of urban land use in Wuhan urban agglomeration.

Level of Urbanization (%) Less Than 30% 30~70% Greater Than 70%

Intensity of construction
land (10,000 yuan/ha) 262.52 461.32 676.48

According to optimal intensity of urban land in different urbanization stage, counties with a
urbanization level of less than 30%, urbanization level of 30–70%, and urbanization level of more than
70% in Wuhan urban agglomeration is classified as key development zone (which the intensive use
of construction land lags behind the optimal intensity) and optimized development zone (which the
intensive use of construction land exceeds the optimal intensity), as shown in Table 4.

Table 4. Zone division of urban land utilization in Wuhan urban agglomeration.

Urbanization Level Key Development Zone Optimized Development Zone

Less than 30% Caidian
Xinzhou, Macheng, Qichun, Huangpi,
Tongcheng, Yangxin, Hanan, Xishui,

Liangzi lake, Tuanfeng

30–70%

Wuxue, Jiayu, Chongyang, Chibi,
Hanchuan, Qianjiang, Anlu,

Huangmei, Tianmen, Xiantao,
Hongan, Xiaonan, Xianan, Jiangxia

Dongxihu, Huarong, Daye, Dawu,
Yingshan, Yingcheng, Luotian,

Xiaochang, Yunmeng

Greater than 70% Hongshan, Echeng, Huangshi,
Qingshan

Jianghan, Hanyang, Wuchang,
Qiaokou, Jiangan

Regions with different urbanization levels have different characteristics in intensive use of
construction land. Accordingly, regional differentiation management should be implemented.

Key zones for development are those where the land use intensity does not reach the optimal
intensity. When the level of urbanization is lower than 30%, only the Caidian District of Wuhan City
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is in the key development area. This is mainly because the Caidian District belongs to the Wuhan
suburban area. The economic development level and fixed investments are significantly smaller than
those in central Wuhan. At the same time, the area of construction land is too large, resulting in a
relatively small in fixed assets for per unit construction land. To improve the intensity of urban land
use, the region should give full play to the advantages of land use resources. While undertaking
industrial transfer in Wuhan’s central urban areas, it should appropriately set the bar to entry higher
for the supply of construction land, and increase the investment in fixed investments for construction
land. When the urbanization level is between 30 and 70%, key zones for development includes a large
number of counties in the Wuhan urban agglomeration. It shows that the level of intensive use of
construction land in these areas has not kept pace with the development of urbanization. The fixed
investments per unit construction land are still insufficient; the benefits of intensive use of construction
land have not been fully realized yet. These areas should be strictly controlled the total amount of land
for construction use, and the investment should be further increased and optimized on the existing
construction land to increase the land supply threshold; when the level of urbanization exceeds 70%,
the urbanization of the county within the key zones for development is already at a relatively high
level. It is necessary to take the limitations of the characteristics of each county in consideration
when improve the land use intensity. For example, Hongshan District is a typical connected belt of
urban-rural with a large area of construction land (the region with the largest construction land in
the Wuhan urban agglomeration) and Qingshan District, a typical heavy industrial area, is an old
industrial base in central China. The characteristics of these regions make the fixed investments for
per unit construction land in these county is relatively low. More attention should be paid to the
application of high and new technology in development in these areas. Existing construction land with
inefficient use should be redeveloped, so as to increase the level of intensity of regional construction
land, and to maximize the overall benefits of the land use.

The optimized development zone means that the intensity of regional land use has exceeded the
optimal intensity under a certain level of urbanization, and construction land tends to be over-utilized.
In the optimized development zone, the counties with an urbanization level of less than 30% have
shown that their fixed investments in construction land is excessive relative to their urbanization
level. These regions should be appropriately increased the supply of new construction land,
encouraged to develop advantageous industries in combination with regional characteristic resources,
to ensure economic growth and upgrade the level of urbanization; The optimized development
areas with urbanization levels of between 30 and 70% are mostly counties with small construction
land area. Therefore, the fixed investments for unit construction land has acquired a comparative
advantage. In fact, these counties have great potential for intensive use of construction land, and they
should tap into the potential of stock construction land. At the same time, they should replace
the rural construction land through measures such as the increase or decrease of urban and rural
construction land, thus providing space for urban development. The optimized development zone
with urbanization level of more than 70%, where the level of land use intensity and urbanization has
reached a higher level. The structure of construction land should be further optimized in conjunction
with the development of regional industries. In addition, the transformation of inefficient urban land
use should be strengthened to promote the three-dimensional development of construction land.

6. Conclusions

Urban land intensive use is a critical issue in regional planning and is of great significance to the
sustainable development of a city. Literature review indicates that the research on the evaluation of
urban land use intensity still needs to be improved. This paper analyzed the mechanism of urban
land intensive use, and we believe that the intensive use of urban land should be measured from the
matching state of intensity and urbanization. Based on this, a multi-objective decision method was
employed to explore the optimal intensity, which was concerned in regional planning. Finally, Wuhan
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urban agglomeration was chosen as the study area in the empirical research section. There are five
findings in this study:

(1) The factors substitution theory can well explain the mechanism of urban land intensive use.
Land use intensification changes with the relative price of capital, land, labor, and other factors
in different stages of urbanization. The essence of this change is the decision-making under the
equilibrium of marginal cost and marginal output.

(2) The intensity of urban land use has theoretically increased with the improvement of
urbanization level. Therefore, it is more scientific and reasonable to use the matching status of
intensive utilization level and urbanization level as the criterion for evaluating the intensive use of
urban land. Furthermore, there should be a corresponding optimal degree of urban land in the different
stages of urbanization. We construct a characteristic index system of optimal intensity for urban land
use including economic benefits, social benefits and ecological benefits.

(3) The matching degree model (MDM), curve estimation model, and multi-objective
programming model were employed in the case study of Wuhan urban agglomeration to give a
multi-objective decision on urban land intensive use. Empirical research results show that the level of
urban land intensive use lagging behind the level of urbanization development in more than 60% of
the counties in 2012. There is still much room for improvement in the coordinated development of
urban land intensive use and urbanization. When the level of urbanization is less than 30%, 30–70%,
and greater than 70%, the optimal intensity of urban land use characterized by fixed investments of
unit land is 2.6252, 4.6132, and 6.7648 million RMB respectively in Wuhan urban agglomeration.

(4) According to the optimal intensity of urban land use, the counties in Wuhan urban
agglomeration can be divided into two zones, namely key development zone and optimized
development zone. There are different management strategies for different zones. For key development
zone, it should appropriately set the land supply threshold higher, strictly control the total amount of
land for construction use, and fully redevelop the land which is being inefficiently used. For optimized
development zone, urban land structure needs to be further optimized, and three-dimensional
development of construction land should be promoted.

(5) The multi-objective decision is an exploration on the study of urban land intensive use.
The classification criteria and the characterization index system, objective functions, and constraint
functions used in the model are not yet perfect. In particular, some comprehensive indicators,
which reflect ecosystem service, should be added in the characterization index system. Consequently,
further improvements and corrections are still needed in future research.
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