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Abstract: Reasonable evaluation of the intensive urban land use has emerged as an important
issue and hot topic for urban development. This paper aims to construct a unified framework for
evaluating the intensive use of urban land and analyzing its influence channels. It combines the
advantages of the approach of the indicator system and that of efficiency measurement, and provides
an empirical test to apply this analytical framework using the panel data of 38 districts and counties
in Chongqing, China, ranging from 2009 to 2018. To achieve our goals, we used the panel data model
and stochastic frontier analysis (SFA) model with decomposed technical inefficiency. Our results show
that: (1) the level of intensive use of urban land in all districts and counties of Chongqing is steadily
increasing, and the gap among regions is narrowing, (2) all districts and counties of Chongqing
face severe and increasing difficulty in improving their intensive urban land use, and, (3) currently,
the degree of external dependence is not a stable influential factor for land-use efficiency and intensive
potential in these districts and counties, and improving the land use structure, increasing population
density, strengthening fiscal expenditure on education, and promoting transportation convenience can
markedly reduce land use inefficiency and simultaneously increase intensive land use. In conclusion,
the framework for evaluating intensive use of urban land based on the SFA model with decomposed
technical inefficiency can better integrate intensive land-use evaluation and the factor analysis process,
and retain the scalability of factor analysis. For all districts and counties in Chongqing, we clarify
several effective channels to promote the intensive use of urban land, which provides reference and
technical support for formulating land policies.

Keywords: evaluation of the intensive urban land use; intensive use level; technical efficiency;
intensive use potential; technical efficiency loss; factor analysis

1. Introduction

To pursue a sustainable development has become a widespread consensus among global
cities. The post-2015 United Nations sustainable development agenda clarifies the urban sustainable
development as “to make cities and human settlements inclusive, safe, resilient and sustainable” [1],
thus the sustainable development in cities involves in the coordination development of three key
systems: economy, society, and environment [2]. As an essential element in production, Land resources
underpin urban development. Empirical studies find that unreasonable urban sprawl is the important
reason for the increasing of urban social and environmental costs, which definitely hinders the process
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of sustainable development [3,4]. Therefore, scientific and reliable intensive use of urban land can serve
as the crucial principal to encounter the challenge and contradiction for sustainable urban development.

Unlike the developed and highly urbanized regions in Europe or North America, China is currently
at a stage of rapid urbanization as the largest developing country worldwide, the booming economy
and the massive migrants to the city have led cities to expand sharply their way outward. As a result,
the use of land resources is also promptly growing in China. According to statistics from China’s
Ministry of Natural Resources, China’s urban construction land area reached 395,700 km2 in 2017,
an increase of 18.58% from 2009, and the urbanization rate increased from 48.34% to 58.52% during the
same period. In recent years, however, unreasonable management of urban land has caused blind
and excessive expansion during the process of urban development in China, triggering prevalent
metropolitan problems such as conflicts between land supply and demand, excessive occupation of
arable land and destruction of the ecological environment [5–9]. The intensive use of land resources
has, therefore, gradually become the basic requirement of intensive growth of the urban economy and
the fundamental way of building a resource-saving society. As the essential work of the intensive use
of urban land, how to evaluate that of the urban land has naturally become a research focus and drawn
continued attention of scholars.

It is crucial to grasp the content of the intensive use of land to evaluate that of the urban land
reasonably. Some scholars have delved into the nature of the intensive use of urban land from
the perspectives of resource input, land use pattern, and comprehensive benefits of land use [10],
emphasizing that this form of intensive use is to improve the efficiency of land resource utilization
by reasonably allocating input resources and optimizing the use of land resources against resource
scarcity [10,11]. There is, though, an optimal level of this type of land use thanks to the diminishing
marginal returns with the increase of input elements [12]. Existing literature shows that the content
of evaluation on the intensive use of urban land includes two aspects, i.e., the level of and the
potential for intensive land use. The latter measures the difference between the current level and
the optimal level, under certain economic and technical conditions and to the requirements for
urban planning, thus complementing the former [13]. As for evaluation approaches, scholars often
use methods based on indicator systems, including multi-factor comprehensive evaluation [14–18],
fuzzy evaluation [19,20], entropy weight [6,21], PSR (pressure—state—response) [22], PCA (principal
component analysis) [23,24], artificial neural network [25,26], and multi-objective decision [27],
to evaluate directly the level of and potential for the intensive use of urban land. Nevertheless,
such methods are intrinsically restricted by the selection of relevant evaluation indicators as they are
too subjective to be of remarkable practical guiding significance [13]. At the same time, the indicator
systems for different research objects are highly heterogeneous and vary greatly because of the specific
characteristics of the research objects, making it difficult to form a unified and widely applicable
evaluation system [28]. On the other hand, more and more scholars have begun to pay attention to
the inner link between the intensive use of urban land and the efficiency of land use, believing that
promoting the former is also a process of improving the latter while the loss of the latter indicates the
existence of excessive investment of resources and potential for the former. With the assistance of
various efficiency measurement methods of urban land use, including technical efficiency measurement
based on stochastic frontier analysis (SFA) [13,29,30], data envelopment analysis (DEA) [31–35],
and total factor productivity (TFP) [36,37], scholars have not only conducted a more objective and
rigorous quantitative evaluation of the level of and potential for the intensive use of urban land,
but also provided empirical evidence for the interoperability between the evaluation and efficiency
measurement of this form of land use. Subjective as it is, the index-system evaluation method,
combined with urban development stages and planning goals, is still conducive to analyzing the
driving factors of the intensive use of urban land from the economic, social, environmental, and policy
aspects. The method thus contributes to clarifying the influence channels of the level of and potential
for this type of land use. On the contrary, current literature on evaluating the intensive urban land use
based on efficiency measurement only focuses on the objective measurement of its level and potential
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from the perspective of input and output, but does not involve investigations into the influence
mechanism and channels, thus being flawed in the analysis process.

The SFA-based technical efficiency method has become hugely popular in efficiency measurement
because it has the advantage of separating random disturbances from technical inefficiency, which conduces
to better accuracy in technical inefficiency measurement [38]. Battese and Coelli [39] linearly expanded
the “technical inefficiency” items in the SFA model [40] by adding the process of exploring possible
variation channels of the items. This provides an opportunity for the efficiency measurement evaluation
and influence factor analysis of the intensive urban land use at the same time. Nevertheless, the existing
related research gives no attention to this perspective and there are also no corresponding empirical tests.
As for the form, the non-input output factors affecting production activities directly put an effect on
the technical efficiency of the urban land use through technical inefficiency items, which represents the
level of urban land-use efficiency. In the meantime, this impact will also be passed on to the evaluation
of the potential for the intensive urban land use through the measurement of technical efficiency loss.
Hence the SFA-based technical efficiency model with the expansion of technical inefficiency items can
unify the evaluation of the intensive urban land use and the analysis of relevant influence channels.
In this way, it not only maintains the objectivity of the efficiency measurement method but also absorbs
the advantages of the previous indicator system evaluation method in analyzing impact mechanisms,
thus providing a more comprehensive analytical framework for evaluating the intensive urban land
use. In addition, as for regional distribution, the existing literature mainly focuses more on the central
and eastern cities and urban agglomerations of China, and less on western ones. Actually, there are
stark disparities among these regions in such aspects as economic development, geographic location,
spatial structure and ecological environment, and the corresponding evaluation and influence channels
are bound to be different. Hence, the related research urgently needs to be enriched. At the same
time, in terms of evaluation scale, the current research literature on the intensive urban land use in
West China concentrates on two yardsticks, one at the extreme of regional space above the provincial
level [41,42] and the other extreme, the microscopic urban functional zones [43], lacking literature on
the in-between.

Based on the above two considerations, we used the panel data of 38 districts and counties in
southwest China’s Chongqing to measure their level of and potential for the intensive use of urban
land and explored possible influence channels on them, while empirically testing the more objective
and unified analysis framework provided by the Battese and Coelli model [39]. The paper provides a
more complete and clear way of understanding the evaluation process of the intensive urban land use,
which facilitates the practice and management of the intensive urban land use and, to some extent,
remedies the research limitations on regions and yardsticks.

2. Research Area and Methods

2.1. Research Area

Chongqing is the only municipality directly under the Central Government in the central and
western regions of China and also one of the important national central cities. It covers an area of
82,400 km2 and has 38 districts and counties under its jurisdiction (Figure 1 shows the geographical
location of Chongqing and its corresponding land use status in 2018. The land use remote sensing
monitoring data and administrative boundary data are obtained from the Resource and Environment
Science and Data Center, Chinese Academy of Sciences.). In 2018, the permanent population of
Chongqing exceeded 31 million, with a density of 376.46 people per km2, ranking 11th in China.
The terrain of Chongqing gradually lowers from north and south to the Yangtze River reaches.
The northwest and central parts of Chongqing are dominated by hills and low mountains with slopes,
thus known as “the mountain city.” Specifically, the mountainous areas account for 76% while the river
valley and flat plain area only account for 2%. Accordingly, the geographical conditions of Chongqing
are more severe than the plains in China.
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When investigating the evolution of Chongqing’s land use structure, however, some scholars
found that Chongqing faces rapid urban expansion and gradually declining compactness in the
expansion process [44]. Then, the need to optimize the allocation of elements, rationally plan the
structure of urban land use, promote the intensive use of urban land, and boost economic and social
development with higher quality has become all the more urgent for this area. In this context, it is crucial
to evaluate rationally the intensive urban land use in districts and counties of Chongqing, to reveal
their spatial and temporal evolution characteristics, and to explore the reasons for their changes.

2.2. Methods

2.2.1. Technical Efficiency Model and the Level of the Intensive Urban Land Use

Considering that the panel data covers the trend factor (time) information and also has relatively
minor constraints for the assumption about parameter distribution in the parameter estimation process,
we chose the panel data model. Following the setting of Battese and Coelli’s (1992) framework [38],

yit = f (xit; β)· exp(vit − uit)uit = ui·ηit ηit = exp(−ηt), t ∈ %(i) (1)

where xit and yit denote the input and output vectors associated with the production unit i (i =
1, 2, . . . , N) at time t (t = 1, 2, . . . , T) respectively, β represents a vector of unknown parameters to
be estimated, and %(i) is the duration of the production unit i in the observation period T. Besides,
vit represents a random shock in the production activities, and uit is a non-negative technical inefficiency
item. When uit is 0, it indicates that production unit i is on the frontier of production, otherwise it
represents the efficiency loss when production unit i is not in fully effective production at time t. ηit is
then the time-variation trend of technical inefficiency item. Here, vit and uit are independent of each
other: vit is assumed to be independent and identically distributed N

(
0, σ2

v

)
, and the density function

of uit is also independent and identically distributed and follows a non-negative truncated (at zero)
normal distribution.

The setting of the production function in the model adopts the form of trans-log production
function. This setting can not only deal with unbalanced panel data, but also comprehensively reflect
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the interplay among input elements and trends, transcending the limitation of the Cobb-Douglas
function in which the elastic sum of input elements is 1. So, there is,

lnyit = β0 +
N∑

n=1

βnlnxnit +
1
2

N∑
n=1

M∑
m=1

βnmlnxnitlnxmit

+
N∑

n=1

βnttlnxnit + βtt + βttt2 + vit − uit

(2)

N indicates the number of input elements; time t (t = tcurrent − tbase) is the proxy variable in the technical
change, represented by a quadratic nonlinear function [45]. εit = vit − uit means mixed error terms.
However, since vit and uit cannot be estimated directly, Battese and Coelli (1992) also transformed
the parameter.

σ2
ε = σ2

v + σ2
u,γ = σ2

u/σ2
ε (3)

Here, the statistic γ is used to identify the contribution of the volatility stemming from non-input
output factors (affecting the technical inefficiency item) to the overall error. When γ is large and
significant, it is necessary to bring in technical inefficiency.

To measure the land-use efficiency more reasonably from the input-output perspective,
we employed the land input scale to unitize each variable, with LL, KL, and WL representing
labor, capital, and energy input per unit land area, respectively, and GDPL representing the GDP
output per unit land area. Then we gained the trans-log regression model, as follows:

lnGDPRLit= β0 + β1lnLLit + β2lnKLit + β3lnWLit + βtt +
1
2
β11(lnLLit)

2 +
1
2
β22(lnKLit)

2

+
1
2
β33(lnWLit)

2 +
1
2
βttt2 +

1
2
β12lnLLitlnKLit +

1
2
β13lnLLitlnWLit

+
1
2
β23lnKLitlnWLit + β1ttlnLLit + β2ttlnKLit + β3ttlnWLit + vit − uit

(4)

Accordingly, we calculated the technical efficiency (TE) of the production unit i at time t and used
it to measure the level of the intensive urban land use,

TEit =
E(yit

∣∣∣xit, vit, uit)

E(yit
∣∣∣xit, vit, uit = 0)

=
yit

y∗it
=

f (xit; β)·exp(vit − uit)

f (xit; β)·exp(vit)
= exp(−uit) (5)

2.2.2. Loss of Technical Efficiency and Potential of Urban Land Intensive Use

Technical efficiency measures the output ratio of a certain production unit to the production frontier
unit under a given input. When there is a loss of technical efficiency, it means that the existing resources
are redundant and the utilization efficiency is on the decline, preventing the input-output efficiency
of the production unit from reaching the optimal level. There is, therefore, room for saving input
resources and for growth in the output of production units. The existing literature has also proposed
two measurement methods of potential for the intensive urban land use, i.e., land-saving potential and
output growth potential [13,30]. In the interest of length limit, we drew on the land-saving potential to
explore the potential for the intensive urban land use of each district or county in Chongqing.

With Formula (5), the technical efficiency loss (TEL) of urban land use can be calculated,

TELit = 1− TEit = 1− exp(−uit) (6)

Accordingly, the calculation formula of urban land-saving potential is,

LandSavingit = landit × TELit = landit ×
{
1− exp(−uit)

}
(7)
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2.2.3. Factor Analysis on the Level of and Potential for the Intensive Urban Land Use

Exploring the driving factors of the intensive urban land use is instrumental in deepening the
understanding of its internal mechanisms and basic evaluation process, so as to make its future changes
and development trends somewhat predictable. Accordingly, sustainable utilization measures can
be formulated to promote the intensive use of urban land. Since the factors influencing the intensive
urban land use are numerous and complex, apart from the channels analyzed via the indicator system
evaluation method, we also noted that factors affecting the technical efficiency of urban land use could
similarly impact the level of and potential for the intensive urban land use. The existing literature
explores the factors impacting the evaluation of the intensive urban land use mainly from the angles of
economy, society, environment, institution, accessibility, and technology [24,34,46–51]. On that basis,
we selected the following factors with the available data, taking into account the geographical features
and economic and social development stages of Chongqing.

1. Land use structure: the urban land of Chongqing is evenly spread and the stock land is
inefficiently utilized [44]. Blind over-expansion of the city engenders waste of resources, incompatible
with the loading capacity of the resources and environment. Hence, we selected the land use structure
to measure the rationality of the expansion speed of urban construction in districts and counties of
Chongqing, expressed by the proportion of the land area for construction to total land resources in
each district or county.

2. Population density: it reflects the tension between people and land, expressed by the number
of people per square kilometer. When the population density is low, the increase in population density
may increase the urban economic scale, whereas congestion and information friction caused by high
population density adversely impact urban economic development. Although Chongqing is relatively
densely populated, the specific impact of the density still entails testing.

3. Openness: external dependence represents the degree of economic openness and reflects the
open environment of districts and counties in Chongqing. As an inland area with a height of openness,
the development of Chongqing benefits from its unique open environment. In the process of promoting
the intensive urban land use, it is vital to consider the impact of economic openness, expressed as the
ratio of total import and export to GDP.

4. Transportation convenience: transport infrastructure is the artery of urban development.
Some scholars used urban road scale per capita to represent the factor of transport infrastructure [46],
but the former can only measure the degree of congestion within the city, rather than the convenience
of regional economic and social interaction between the city and the outside. As Chongqing is located
in the hinterland of Southwest China, the degree of convenience in transportation plays a pivotal role
in its economic development. Then we used highway density (highway mileage per square kilometer
(including expressway, I–IV levels highway mileage)) to quantify it.

5. Education expenditure intensity: technical progress depends on the gradual accumulation of
intangible human capital such as knowledge and experience. In consideration of data availability,
we used the intensity of education expenditure as a proxy variable for technology.

The linear expansion of technical inefficiency in Battese and Coelli model [39] suggests that the
influence factors of technical inefficiency acts on the level and potential for the intensive urban land
use through technical efficiency and its loss, thus unifying the efficiency measurement and channel
analysis of this form of land use,

uit = zit· δ+ Wit (8)

where, zit is a set of explanatory variables of technical inefficiency terms, δ is the corresponding coefficient
to be estimated, and Wit is the residual term. Combined with the above analysis and selection process
of influence factors, LandS, PopD, Open, Transp, and EduExp were used to represent land use structure,



Sustainability 2020, 12, 8623 7 of 19

population density, economic openness, convenience in transportation, and education expenditure
intensity respectively. The factor analysis equation of technical inefficiency is as follows,

uit = δ1lnLandSit + δ2lnPopDit + δ3lnOpenit + δ4lnTranspit + δ5lnEduExpit + Wit (9)

3. Data Sources and Descriptive Statistics

The research data comes from China City Statistical Yearbook, China County Statistical Yearbook,
Chongqing Statistical Yearbook, and several sources from the Chongqing Municipal People’s Government,
Chongqing Municipal Bureau of Planning and Natural Resources, Chongqing Municipal Water
Resources Bureau. (According to the existing statistical data of all districts and counties in Chongqing
that can be disclosed in line with the law, the fossil energy consumption data is not available;
the electricity consumption data is based on the power supply company, which has inter-provincial
and inter-regional power supply problems and does not match the research unit. Given that water
resources are inputs and necessities for production and life, the water consumption of the secondary
and tertiary industries was used as a proxy variable for energy consumption in each district or county).
Data observation ranges from the year of 2009 to 2018.

We obtained 5 input-output variables, of which the number of employees, fixed capital investment,
water consumption in the secondary and tertiary industries, and construction-use area were taken as
input variables of labor, capital, energy, and land utilization, respectively, and GDP in the secondary
and tertiary industry as the output variable. Meanwhile, we deflated GDP and fixed capital investment
according to the circumstances in the year of 2010. Descriptive statistics of variables are shown in
Table 1.

Table 1. Statistical description of variables.

Variables Description Mean Median Standard
Deviation Minimum Max

Input-Output

Land area for construction km2 160.01 153.79 73.51 17.94 417.08
GDP in 100 million Yuan 315.29 217.11 277.41 19.55 1235.61

Fixed capital investment in 100 million Yuan 295.92 238.12 209.7 29.92 1264.53
Water consumption 10 thousand tons 11,107.9 7581.49 14,867.05 537 98,051

Number of employees 10 thousand units 32.64 29.23 16.62 6.17 75.68

Influential Factors

Land use structure % 13.25 9.34 13.12 1.19 77.22
Population density 10 thousand/km2 0.28 0.22 0.1727 0.10 4.00

Openness % 13.69 2.81 36.53 0.01 254.95
Transportation convenience km/km2 18.80 15.57 13.95 3.06 90.99

Education expenditure intensity %/km2 32.96 29.48 18.66 4.03 113.99

4. Empirical Analysis

4.1. Technical Efficiency Measurement

Table 2 shows the regression results of the technical efficiency model. Specifically, model 1
considers both the impact of technical changes and the interaction terms (including quadratic terms)
between variables, but the coefficient value of technology inefficiency (η) in the results is small and
insignificant, in opposition to the assumption that the model may have technical changes. Model 2
only considers the influence of variable interaction terms, excluding technical changes; yet the fixed
capital input coefficient of the model is negative, inconsistent with the fact. The empirical results of
models 3 and 4 are relatively ideal. Neither of them considers the effects of variable interaction terms;
instead, they only distinguish the existence of technical changes. The results show that the technical
inefficiency value (0.77) in model 3 is notably lower than that (2.40) in model 4, after considering
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technical progress (the coefficient is significantly positive in the model). The implication is that model
4 greatly overestimates the impact of technical inefficiency on account of ignoring technical progress,
thereby deviating the measurement of the land use potential of each district or county from the actual
value. It should also be noted that the results of models 1 and 2 show that the coefficient of the
quadratic term of labor input per unit of land is significantly positive, indicating that the “labor”
element is in a utility-increasing stage during the observation period and has a scale effect, thus one
of the effective ways for all districts and counties to increase the current level of intensive use of
land by promoting employment to increase labor input. Model 5, therefore, also adds the influence
of the quadratic term of the labor factor on the basis of model 3 and finds that the corresponding µ
and γ have decreased, further correcting the technical inefficiency estimated in the model. Based on
comprehensive and comparative analysis, we can see that the setting of model 5 is the most reasonable.
The value of the statistic γ is 0.8527, implicating that the technical inefficiency accounts for 85.27% of
the total disturbance, or, the major part of the disturbance stems from technical inefficiency.

Table 2. Regression results of the technical efficiency model.

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Const. 3.9219(3.26) *** 3.7454(3.15) *** 1.5073(7.45) *** 3.5162(6.34) *** 2.5939(7.30) ***
LnLL 1.7265(3.57) *** 1.6115(3.56) *** 0.2715(6.18) *** 0.2548(5.89) *** 1.0909(4.60) ***
LnKL −0.6425(−1.45) −0.3902(−1.58) 0.1416(3.89) *** 0.1316(3.56) *** 0.1675(4.62) ***
LnWL −0.0257(−0.09) 0.0210(0.07) 0.0937(3.46) *** 0.0989(6.34) *** 0.0823(3.05) ***

t 0.1327(2.06) ** 0.0570(7.28) *** 0.0576(8.39) ***
LnLL2 0.1945(3.41) *** 0.1942(4.00) *** 0.1271(3.05) ***
LnKL2 −0.0064(−0.08) −0.0184(−0.54)
LnWL2 −0.0049(−0.26) −0.00004(−0.00)

t2 0.0003(0.17)
LnLL×LnKL −0.1385(−1.31) −0.1305(−2.42) **
LnLL×LnWL −0.0409(−0.77) −0.0106(−0.21)
LnKL×LnWL 0.0973(1.63) 0.0344(1.16)

LnLL×t −0.0043(−0.26)
LnKL×t −0.0143(−0.73)
LnWL×t −0.0132(−1.46)

µ 0.7882(4.38) *** 0.6539(4.36) *** 0.7666(5.79) *** 2.4003(4.49) *** 0.5425(4.35) ***
η −0.0075(−0.48) 0.0264(2.72) *** 0.0323(4.91) *** 0.0317(5.10) *** 0.0408(5.32) ***
σ2
ε 0.1971(2.75) *** 0.1328(3.24) *** 0.1256(3.73) *** 0.1244(4.19) *** 0.1097(3.31) ***
γ 0.9247(32.17) *** 0.8839(23.45) *** 0.869(23.49) *** 0.869(25.99) *** 0.853(18.22) ***

Log likelihood 169.4734 165.1070 153.1337 153.1937 159.4391

Note: ** and *** in the table represent the significance levels of 5% and 1%, respectively. The values in parentheses
are the corresponding t statistics.

4.2. Evolution of the Level of Intensive Urban Land Use

We use technical efficiency to measure the level of intensive use of urban land in each district
or county of Chongqing. On the whole, the average level of intensive use in Chongqing increased
from 0.4479 in 2009 to 0.5891 in 2018, with an average annual growth rate of 1.57 percentage points,
revealing a steady growing trend. Take 2018 for example: 20 districts and counties reported a lower
level of intensive land use than the average. Although the lowest level in Wuxi County was only 0.3315,
as opposed to the highest 0.9884 in Yuzhong District, reflecting a huge gap, the difference between the
two narrowed slightly from 0.7601 in 2009 to 0.6527 in 2018. In general, therefore, the intensive use of
urban land in all districts and counties of Chongqing has been steadily increasing year by year, and the
regional gap has also narrowed.

On the other hand, Figure 2 shows the level of urban land intensive use in districts and counties
categorized into different groups according to their technical efficiency. (Owing to length limit,
the districts and counties in Chongqing fall into groups according to the level of intensive land
use (technical efficiency) in 2018, and the average value is taken by groups. The specific division
from high to low is: 0.9~1.0, Yuzhong, Jiangbei, Jiulongpo, and Nan’an districts; 0.8~0.9, Shapingba,
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Dadukou, and Fuling districts; 0.7~0.8, Bishan and Wanzhou districts; 0.6~0.7, Beibei, Yubei, Ba’nan,
Yongchuan, Rongchang, Tongliang Qianjiang, and Dazu districts; 0.5~0.6, Changshou, Hechuan,
Nanchuan, Wulong, Qijiang, and Jiangjin district as well as Zhongxian County; 0.4~0.5, Kaizhou,
Liangping, and Tongnan districts. As well as Dianjiang, Fengjie, Xiushan, Shizhu, Pengshui, Fengdu,
Yunyang, and Chengkou counties; 0.3~0.4, Youyang, Wushan, and Wuxi counties. For complete data,
please contact the authors). It can be seen that the three groups below the average level witness the
greatest ten-year improvement—sequentially 0.1281, 0.1335, 0.1305 corresponding to groups of 0.5~0.6,
0.4~0.5, 0.3~0.4. In terms of concentration, in 2018, the level of intensive land use in 15 districts and
counties ranged from 0.5 to 0.7, but the number of districts and counties below 0.7 accounted for more
than three-quarters, indicating large leeway to improve the level of utilization efficiency for most
districts and counties. Figure 3 shows the technical efficiency of land use in all districts and counties
in 2018. From the perspective of the location, the districts and counties with the intensity above 0.6
basically concentrated in the west of Chongqing except Wanzhou and Qianjiang districts and roughly
radially distributed from the city proper.
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4.3. The Measurement and Analysis of the Potential for the Intensive Urban Land Use

From the evolution trend of the average land-saving level in Figure 4, it can be found that the
potential for intensive land use of all districts and counties in Chongqing sees a moderate downward
trend, which negatively corresponds to the level of intensive use calculated by technical efficiency.
In 2018, the land-saving potential of Chongqing was 2581.41 km2, down by 286.90 km2 from the
2868.31 km2 in 2009. The annual decrease in these years averaged 1%, reflecting the severity and
persistence of the process to improve the land-use efficiency. The chart shows that on average,
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the potential of each district or county is in the range of 70~80 km2 during the observation period,
and the years with a faster decrease in potential are 2011~2015 and 2016~2018, with an average annual
decline of 1.29% and 1.98%, respectively.Sustainability 2020, 12, x FOR PEER REVIEW 10 of 19 
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Equation (6) shows that the land-saving potential of each district or county is jointly determined
by the related land-use scale and efficiency. With districts and counties grouped by the same criteria,
Figure 4 shows the land-saving potential of the 7 groups. Although the group 0.5~0.6 is in the middle
level of land-use efficiency, the land-saving potential of it is much higher than the other groups.
The reason is that the land-use scale of Jiangjin, Qijiang, and Hechuan districts in the group is large
and therefore increases the absolute value of saving potential of this group. The group 0.4~0.5 ranks
second, slightly higher than the groups 0.3~0.4 and 0.6~0.7, which is also due to the dominant role
of the land-use scale. Though the land-use efficiency of the latter two differs greatly, the land-saving
potential of the two has remained basically the same since 2013, as the larger land-use scale of Yubei and
Yongchuan districts also raises the potential value of this group in 0.6~0.7 group. Then the group 0.7~0.8
follows closely and the land-saving potential is also above 60 km2. Next, the land-saving potential of
the groups 0.8~0.9 and 0.9~1.0 is far lower than the others. One reason is that these two groups cover
six of the nine main districts of Chongqing and their economic and social development and resource
input are comparatively advantageous, resulting in the relatively high land-use efficiency. A second
factor is the small land-use scale within these two groups, especially in Yuzhong and Dadukou districts
(no more than 55 km2). Judging from the extreme values, the gap between the maximum and minimum
land-saving potentials also slightly narrows from 193.63 km2 to 179.25 km2. In addition, except groups
0.5~0.6 and 0.8~0.9 which slightly reverse in 2010 and 2010~2011 respectively, the land-saving potential
of each group during the observation period steadily decreases. Of course, these also imply large room
to improve land-use efficiency for all districts and counties of Chongqing.

The value of the land-saving potential reflects the room that can be improved by the intensive use
of urban land in each district or county, highlighting the plight of improving the land-use efficiency.
The proportion of potential for the intensive urban land use, calculated according to the ratio of
land-saving potential to the land input area, directly reflects the difficulty of improving land-use
efficiency of districts and counties in different years. A comprehensive analysis of the two perspectives,
therefore, helps to understand the potential for this kind of intensive use more specifically.

Figure 5 shows the proportion of potential for the intensive urban land use in each group.
In general, the proportion of all districts and counties decreased year by year. The average potential
proportion of these jurisdictions dropped from 52.21% in 2009 to 41.09% in 2018. At the same time,
the proportion of overall potential for intensive land use of Chongqing (the ratio of the sum of the
land-saving potential of each district and the sum of input land area) went down from 51.99% to
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39.68%. Since the larger the proportion, the greater the room to improve the intensive urban land
use and the easier to boost efficiency, improving the efficiency of land use in Chongqing gradually
became more difficult along with the increase in the potential for this form of land use. In terms of
regional difference, the gap between the highest and lowest proportion of for intensive land use of
these areas also witnessed a trend of shrinkage over time, indicating a gradual convergence in terms of
the difficulty in improving efficiency. For all groups, the sorting between these groups was exactly the
opposite of that of technical efficiency. This resulted from the level of urban development, since the
higher the degree of urban development, the higher the efficiency of land use, and the more difficult it
is for further improvement.
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Figures 6 and 7 show the scale and proportion of urban land-saving potential of districts and
counties of Chongqing in 2018. Under the dual influence of land input scale and utilization efficiency,
Yubei, Jiangjin, Hechuan, and Kaizhou districts had relatively large potential for intensive land use,
all with over 100 km2, indicating that insufficient allocation on factors of production and excessive
land exploitation in these areas were more serious than in the others. Additionally, the proportion
of land-saving potential in the six districts of the city proper and Fuling District was less than 20%,
for which improving the degree of intensive land use will become tremendously thorny.
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5. Factor Analysis

5.1. Factor Analysis on the Intensive Urban Land Use in Chongqing

As mentioned above, the influence factors of technical inefficiency have an effect on the level of
and potential for the intensive urban land use through technical efficiency and its loss. Table 3 shows
the results of the factor analysis of “technical inefficiency as the explained variable”.

Table 3. Regression results of the factor analysis on the intensive urban land use.

Variables FE RE Variables One-Step

Const. −0.967 *** (−6.40) −0.342 *** (−3.72) Const. −0.902 *** (−6.78)
LnEduEpx −0.033 ** (−2.56) −0.033 ** (−2.44) LnEduEpx −0.231 *** (−3.66)

LnOpen 0.006 (1.64) 0.004 (1.10) LnOpen −0.003 (−0.45)
LnTransp −0.092 *** (−5.47) −0.144 *** (−10.40) LnTransp −0.018 ** (−2.31)
LnLandS −0.417 *** (−9.49) −0.265 *** (−9.47) LnLandS −0.065 ** (−2.25)
LnPopD −0.566 *** (−15.39) −0.476 *** (−14.44) LnPopD −0.255 *** (−4.61)
R Square 0.789 0.785 Log Likelihood 119.56

Hausman test χ2 = 41.01, choose FE model

Note: **, and *** in the table represent the significance levels of 10%, 5% and 1% respectively. The values in
parentheses are the corresponding t statistics.

The Hausman test shows that for each district or county with notable individual characteristics,
the fixed effects model (FE) is appropriate and the following analysis is based on FE and the regression
results. First, the signs of the coefficients of the average education expenditure intensity, transportation
convenience, land use structure, and population density are all negative, with the significance level
lower than 5%. This suggests that the percentage increase of these four types of factors will slash the
technical inefficiency and then improve the technical efficiency of land use in all districts and counties.
More specifically, the coefficient of the education expenditure intensity is 0.03, meaning that for every
one-percentage increase in that intensity, the technical inefficiency of land use decreases by 0.03%,
and transportation convenience by 0.09%. This manifests that raising expenditures in education and
speeding up and optimizing the construction of transportation infrastructure can effectively improve
the level of the intensive urban land use in all districts and counties. Second, the impact of land use
structure and population density on the technical inefficiency is relatively massive, up to 0.42 and
0.57 respectively.
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The reason is that the intensive use of urban land pertains to the stage of urban development. First,
the land use structure reflects, to a certain extent, the stage of urban development and also measures the
rationality of the expansion speed of urban construction. Second, effective urban planning markedly
reduces the technical inefficiency of land use and increases the level of intensive use. And third,
population density reflects the tension of the relationship between humankind and land. From previous
calculations of technical efficiency, we can see the current supply of urban labor in Chongqing
apparently has a scale effect, so the increase in population density also significantly promotes the
intensive use of urban land. On the other hand, it should be noted that the regression coefficient of
openness is positive and the magnitude is 0.006. This positive sign indicates that the open environment
of each district or county may reduce the land-use efficiency. The reason for it may be that the higher
the city’s external dependence, the greater the impact of external demand on production activities and
the greater the external risk it bears. Meanwhile, in market competition, external products may form a
crowding-out effect on local output, which in turn will diminish its land-use efficiency. The coefficient
of external dependence, however, is not statistically significant, and the influence of it is relatively small.

In terms of model estimation, the Battese and Coelli [39] model adopts a two-step method,
i.e., estimating the technical efficiency model first and then conducting factor analysis on the technical
inefficiency term. Coelli and Battese [52] improved the estimation method, using a one-step method
to estimate the above two processes at the same time to make up for the estimation bias caused by
different distribution of the error terms in the previous method. To ensure robustness of the results,
we also used the one-step method to test whether the estimation of the technical inefficiency model was
robust. The results showed that the education expenditure intensity coefficient climbed up noticeably
and the regression coefficients of other factors lessened. This emphasizes again the importance of
strengthening talent cultivation and promoting the intensive use of urban land from the technical
aspect. In addition, the signs of factors were consistent with the results of the two-step method except
the sign of openness that changed insignificantly.

Combining the results of the two-step method, we confirm that openness is not a significantly
robust factor; hence, the efforts to create an open environment and promote import and export have
no significant effect on the intensive use of urban land in each district or county of Chongqing at the
current stage.

5.2. Heterogeneous Analysis on Sub-Regions

Furthermore, we investigated the heterogeneous influences of previous factors via the division of
the urban functional areas in Chongqing. (In 2020, in order to accelerate the promotion of high-quality
urban development, the Chongqing Municipal People’s Government redefined the functional urban
area of the city and divided it into three sub-regions, namely, the main city metropolitan area,
northeastern-Chongqing town cluster, and southeastern-Chongqing town cluster. Specifically, the main
city metropolitan area includes Yuzhong, Jiangbei, Shapingba, Jiulongpo, Nan’an, Beibei, Yubei, Banan,
Changshou, Jiangjin, Hechuan, Yongchuan, Nanchuan, Qijiang, Dazu, Bishan, Tongliang, Tongnan,
and Rongchang districts; northeastern-Chongqing town cluster: Wanzhou, Kaizhou, and Liangping
districts as well as Chengkou, Fengdu, Dianjiang, Zhongxian, Yunyang, Fengjie, Wushan, and Wuxi
counties; southeastern-Chongqing town cluster: Qianjiang, Wulong, Shizhu, Xiushan, Youyang,
and Pengshui counties.) Table 4 shows the “one-step” regression results of factor analysis of three
sub-regions of Chongqing.
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Table 4. “One-step” regression results of factor analysis for sub-regions of Chongqing.

Variables Main City Metropolitan Area Northeast Chongqing Southeast Chongqing

Const. 1.1642 *** (4.45) 0.7425 *** (2.75) −2.9503 *** (−6.32)
LnEduEpx −0.3374 *** (−5.41) −0.2857 *** (−5.27) −0.3234 *** (−5.75)

LnOpen −0.0361 * (−1.84) 0.0014 (0.12) 0.0038 (0.32)
LnTransp −0.0566 ** (−2.27) −0.1786 ** (−2.14) −0.0934 ** (−2.17)
LnLandS 0.0267 (0.71) −0.1729 *** (−2.59) −0.2659 ** (−2.18)
LnPopD −0.0598 *** (−2.89) −0.3502 *** (−4.38) −1.4556 *** (−6.48)

Log Likelihood 58.9379 56.0646 67.3775

Note: *, **, and *** in the table represent the significance levels of 10%, 5% and 1% respectively. The values in
parentheses are the corresponding t statistics.

Firstly, the coefficients of education expenditure in all sub-regions are around−0.3 and significant at
the 1% level, suggesting that augmenting fiscal expenditure in education is an important way to promote
the intensive use of urban land. Secondly, economic openness does not show statistical significance
in the southeastern and northeastern regions of Chongqing; yet for the main city metropolitan area,
the coefficient of openness is −0.036 and significant at the 10% level, thus indicating that economic
openness can, to a certain extent, promote the intensive use of urban land in this sub-region. This form
of land use there, however, is not significantly influenced by the land structure, demonstrating that
the construction-land expansion rate there is in equilibrium at this stage. The positive coefficient,
though, implies that further excessive urban expansion may hinder the intensive use of urban land.
Thirdly, the transportation infrastructure in southeastern and northeastern Chongqing, driven by
economic backwardness, is relatively behind that of the main city metropolitan area. Hence, the per-unit
increment in transportation infrastructure has a greater impact on the intensive use of urban land,
as shown by the larger size of the regression coefficient of transportation. In addition, the influence
of population density shows obvious heterogeneity in these three sub-regions. Located in Wuling
Mountains, the southeastern region of Chongqing sees seriously limited socio-economic development,
and the per-unit increase in population density has the most obvious effect on the intensive use of
urban land. In comparison, the main city metropolitan area has the highest population density but
the impact of it is least. In the aggregate, the results of this part show that population density has a
positive effect on land intensive use in all regions of Chongqing.

6. Results, Conclusions, and Discussion

6.1. Results and Conclusions

With the help of the SFA model with decomposed technical inefficiency, this study not only
provides a more objective analysis framework for the intensive urban land use and its potential
evaluation from the perspective of input and output, but more importantly, the analysis framework
also integrates the exploration of influence channels of the level of and potential for the intensive use
through technical inefficiency term. It absorbs the advantages of the index system evaluation method
while retaining the scalability of factor analysis, thus forming a more complete research paradigm.
In order to test this framework, we used panel data from 38 districts and counties in Chongqing
and further consolidated the empirical foundation for applying technical efficiency measurement to
evaluating the intensive use of urban land. The empirical findings are as follows.

(1) The results of technical efficiency measurement showed the level of the intensive use of urban
land in all districts and counties increased steadily from 2009 to 2018. On the whole, the average level
of intensive land use in Chongqing increased by 14.12 percentage points and the max-min gap within
the region was bridged by 10.74 percentage points. On the other hand, although the potential of the
intensive urban land use characterized by the land-saving potential in all districts and counties saw a
steady decline, the potential scale of Chongqing only reduced by 10%, indicating grimness in improving
land-use efficiency. At the same time, the overall proportion of land-saving potential dropped by
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12.31 percentage points to 39.68%, signifying a gradual increase in the difficulty in improving the
efficiency of land use.

(2) By selecting appropriate factors, we also analyzed the impact of non-input output factors on
technical inefficiency, which temporarily influenced the level of and potential for the intensive urban
land use. Our results showed that the degree of external dependence was not a stable factor affecting
land-use efficiency and intensive use potential of each district or county, but the intensity of education
investment, transportation convenience, land use structure, and population density (labor supply)
could significantly improve land-use efficiency.

(3) Furthermore, we also studied the heterogeneous effects of these factors in different functional
regions of Chongqing and found that economic openness had a moderate influence on promoting the
intensive use of land in the main city metropolitan area. For economic openness to have a greater role,
the government, therefore, could formulate reasonable open-up policies. For regions in southeast and
northeast Chongqing, the key to enhancing the intensive use of urban land is to accelerate infrastructure
construction and direct the inflow of people for more supply of laborers.

We therefore conclude that the framework provides a process of intensive land-use evaluation and
the influence channel analysis in an integrated manner, helping us to better develop a more objective
and comprehensive understanding of intensive use of urban land. Additionally, at the current stage
of urban development in all districts and counties of Chongqing, the effective and stable channels to
increase the level of the intensive urban land use are to increase social education expenditures, enhance
human capital stock to promote technical progress, speed up developing infrastructure to improve
transportation convenience, rationally plan urban expansion and optimize land resource allocation,
and earnestly guide and guarantee the employment of the labor force. These findings are instructive
for local government to form sound policies on the management of urban land resource and to achieve
a sustainable development pattern.

6.2. Discussion

Intensification (potential) and efficiency (loss) have conceptual and logical linkages, this study
utilizes the technical efficiency measurement method by incorporating the idea behind the indicator
system evaluation method and constructs a unified analytical framework for the intensive urban land use.
Through an in-depth study of a typical region in China, our research reflects the urgency of promoting
the intensive use of urban land and maintaining sustainable urban development for China. Although
we have explored the possible influences on the intensive use of urban land from several socio-economic
aspects, the issue to improve the intensive use of urban land needs to be treated with a comprehensive
and integrated thinking, incorporating social benefits, economic benefits, ecological benefits, etc. In fact,
many scholars have examined the socio-economic effects of urban land intensification as well as its
ecological effects. Socio-economic development, ecological protection, and intensive land use have a
symbiotic and coupled relationship [6,15,50,53,54], and the coordinated development of these three
elements forms the basis of sustainable development of cities [55–58]. The government, as the leader
of urban development, should also pay more attention to this relationship when making the policies,
so as to scientifically and effectively promote a resource-saving and environment-friendly society.

It should be pointed out that our study still has some shortcomings and defects. First, the technical
efficiency model measures the input and output efficiency of urban land use [13]. As mentioned
previously, the land output should consider undesired output with negative externalities from the
perspective of comprehensive ecological benefits. In fact, this is also what many scholars conduct
when measuring land-use efficiency for cities nationwide [46]. Therefore, the use of technical efficiency
methods to assess the level of and potential for the intensive urban land use naturally needs to be
included in the scope of related research. Owing to the unavailability of relevant indicator data,
this study has not been able to carry out this part of the work.

Secondly, the characteristics and changing process of the intensive urban land use are closely
related to the spatial and temporal scales, and thus the driving factors of the intensive urban land
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use are different at different scales [59]. This is why we explored the significance of these factors
by taking all districts and counties as a whole after selecting non-input output factors to estimate
this kind of intensive use. This kind of analysis, though, has great limitations and is incapable of
reflecting the heterogeneities of influence factors in different districts and counties (or different areas).
For example, population density is a prominent factor affecting the intensive use of urban land.
Some literature proposes that population density has an “inverted U-shaped” relationship with urban
land-use efficiency [46], which indicates that the increase in population density can boost labor supply
and output, but an excess of density also leads to slower information diffusion of production activities,
lower operating efficiency, and other costs. Our research finds that the population density plays a
positive role on the whole or three sub-regions, but given the influence of population density under
different city sizes [23,58,60,61], it is also an operational direction for analyzing the heterogeneous
impacts of population density on land-use efficiency in different areas of Chongqing.

As pointed out in the introduction, there are many ways to measure urban land-use efficiency,
including technical efficiency and production efficiency. As a matter of fact, the former is only one
aspect of the latter, which also comprises allocation efficiency considering the price factor. Furthermore,
it is also necessary to introduce ecological factors when using eco-efficiency to measure the intensive
urban land use. At the same time, the SFA-based technical efficiency measurement is merely one
of the many efficiency measurement methods and the specific model itself may have shortcomings.
For example, the Malmquist index has the advantage of decomposing technical efficiency into pure
technical efficiency and scale efficiency over the SFA model, facilitating detailed understanding of
technical efficiency [35], but it is impossible to further analyze the influence mechanism as the latter
does. The choice of a model, therefore, is still subject to the specific subject matter.

In the final analysis, it is noteworthy that urban construction land includes industrial, commercial,
and residential land, among which there are significant differences in terms of land-use function,
resource consumption, output benefit, etc. Consequently, the results of the intensive land-use evaluation
and analysis of influence factors for various types of land are also inevitably different. Currently,
there are relevant studies on urban industrial land in the literature [61–64], yet with few discussions
on the characteristics of commercial and residential land and intensive use evaluation [65]. Further
research could thus be conducted in this direction.
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