7/ land

Article

Evaluation of Urban Commercial Land Use Intensification
Based on Land Parcels: Taking Wuxi City as an Example

Haocong Wang 12, Kening Wu 1'*(, Zhe Feng 10, Huafu Zhao !, Hua Ai ® and Chao Meng 3

check for
updates

Citation: Wang, H.; Wu, K; Feng, Z.;
Zhao, H.; Ai, H.; Meng, C. Evaluation
of Urban Commercial Land Use
Intensification Based on Land Parcels:
Taking Wuxi City as an Example.
Land 2023, 12, 1608. https://doi.org/
10.3390/1and 12081608

Academic Editors: Walter T. De Vries,
Fei Li, Basanta Paudel and Xufeng Cui

Received: 18 July 2023
Revised: 9 August 2023
Accepted: 12 August 2023
Published: 15 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Faculty of Land Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China;
wanghaocong@cugb.edu.cn (H.W.); zhefeng@cugb.edu.cn (Z.E); zhaohuafu@cugb.edu.cn (H.Z.)

2 Land and Water Division (NSL), Food and Agriculture Organization of the United Nations (FAO),

00153 Rome, Italy

Land Intensive Utilization Center, China Land Surveying and Planning Institute, Beijing 100035, China;
aihua@mail.clspi.org.cn (H.A.); mengchao@mail.clspi.org.cn (C.M.)

*  Correspondence: wukening@cugb.edu.cn

Abstract: Intensive land use assessment is a key research topic in urban land use, and most of
the existing studies focus on macro-level assessment. There is a lack of research on the micro-level
assessment of intensive urban land use, especially at the parcel level. The objective of this research is to
propose a method for the parcel-based evaluation of urban commercial land intensification. The study
uses a multidimensional evaluation framework and index system, comprehensive evaluation, and
spatially exploratory analysis of urban commercial intensive land use based on “building intensity,
use efficiency, compatibility, and diversity”. The study finds that (1) the average value of intensive
use of urban commercial land is 13.01, the standard deviation is 5.11, and the median value is 13,
which generally indicate a medium level. (2) The degree of intensive use of commercial land has
obvious characteristics of a high, medium, and low level. The study shows that when evaluating
the degree of land use intensification at the parcel level, it is also necessary to consider the influence
of the compatibility and diversity of external land use. The research results can provide a basis for
spatial planning and the optimal design of urban land resources to improve urban vitality.

Keywords: evaluation of land use intensification; commercial land; land parcel; Wuxi City

1. Introduction

Intensive urban land use is an important strategy to ensure sustainable urban devel-
opment and is an important component of the United Nations Sustainable Development
Goals (SDGs) [1-3]. As one of the non-renewable resources, land in urban centers is under
increasing pressure in terms of area, transport, and landscape. Only with a higher level
of intensive land use is it possible to fulfill its core service function [4]. Therefore, urban
centers place the greatest demands on high-density land use. However, during urban
development, extensive land use patterns have led to urban sprawl [5]. With the accelera-
tion of industrialization and urbanization, the contradiction between urban expansion and
land use has intensified, leading to smart growth [6-8], compact development [9,10], infill
development [11,12], multifunction intensive land use [13], and other ideas for sustainable
development and modern urban planning [14-17]. Intensive urban land use is considered
a key initiative to curb urban sprawl and promote sustainable urban development [18].
In addition, the extent of intensive urban land use has a significant impact on urban vi-
tality [19]. The issue of intensive urban land use has gained increasing attention among
scholars and practitioners [20].

Commercial land is the building land with the highest land price, the most obvious
gain of extreme difference, and the most significant regional difference, and its intensive use
has a great impact on the overall land use of the city [21]. As the population concentrates
in cities, irrational land use regulations and planning lead to urban sprawl. Within cities,
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problems such as idleness and the inefficient use of commercial space are particularly
prevalent. This has not only led to ineffective investment in urban public facilities and
increased the burden on urban businesses [22]; the loss of urban vitality has also led to
the great waste of natural resources and seriously affected the sustainable development of
cities [23]. Thus, it is crucial to consider how to improve the level of the intensive use of
urban commercial land scientifically and efficiently [24,25].

The evaluation of the intensive use of commercial areas is the basis of improving land
use planning and optimizing the design of commercial areas. In recent years, some scholars
have proposed diversified use characterized by three-dimensional and four-dimensional
spatial use to achieve the intensification of spatial use, which has introduced new elements
into the meaning of intensive urban land use [26]. From an assessment scale perspec-
tive, such assessment generally includes macro assessment (comprehensive assessment
of national, regional, or urban land use intensification) [24,27-30], mid-range assessment
(assessment of actual land use classification or thematic assessment) [31-33], and micro as-
sessment (assessment of commercial land) [34,35]. The evaluation of land use intensification
mainly consists of the evaluation of the current situation, policy discussion, and analysis
of the factors influencing urban land use. At the macro level, studies have focused on the
analysis and evaluation of urban land use policies, such as the feasibility analysis of urban
intensification policies in England [36] and the evaluation of the compactness of urban
development in the UK [37]. Other studies focus on examining land use intensification in a
particular city or region, such as Singapore’s Jurong Island [38], Tehran, Iran [39], Hamburg,
Germany [40], Washtenaw, Michigan, USA [41], Gangnam, Seoul [42], and Hong Kong,
China [26]. It is clear that research at the macro and meso levels has been very productive.
Only a few studies have examined the evaluation of land use intensification from the micro
perspective [34]. The studies on land use intensification at specific sites have analyzed
horizontal and vertical forms regarding the input and output statuses of each floor to obtain
a comprehensive overall picture of intensification [39]. It can be seen that there is still a lack
of research evaluating the intensive use of urban land at the microscopic level. In particular,
a systematic evaluation system based on the evaluation of intensive urban land use at the
parcel level has not yet been developed and applied in practice.

The issue of the intensification of land use in cities is a central topic in urban research
and management [43—45]. In recent years, commercial land use has gradually become the
focus in evaluating land-intensive uses in cities [21]. However, most of the existing studies
have focused on the evaluation of land use intensification at the city level. Because the
characteristics of the sparing and intensive use of different spatial scales and different types
of land can vary greatly, a single land use policy cannot be used to promote the intensive use
of urban land [25,46]. The results of existing studies cannot be used to guide the behavior of
specific parcel-based urban commercial land use at the micro level or city level [47]. Rather,
the study of intensive commercial land use at the parcel level seeks to analyze and evaluate
the use of each individual parcel. This can not only provide fundamental data for the
design of urban business districts but also insights for the preparation of spatial planning
as well as the optimization of the arrangement of urban land resources to increase urban
vitality [19,48,49]. In addition, studies have found significant externalities of commercial
land use [50]. The mixed use of different types of commercial land can have both positive
and negative effects on urban vitality. When evaluating intensive commercial land use, it
is important to consider not only the extent of per capita use but also the externalities of
commercial land use. However, the impacts of the externalities of commercial land use
have not been considered in previous assessment frameworks.

As one of the “1 + 7” cities in the Shanghai metropolitan area (Shanghai, Wuxi, Suzhou,
Nantong, Ningbo, Jiaxing, Huzhou, Zhoushan) in the regional development pattern of
the Yangtze River Delta, the city of Wuxi has a thriving industry and vibrant economy;,
accounting for 5.0 percent of the land area and 4.7 percent of the population, with a total
economic output of 1.27 percent of the country. After Shanghai, Suzhou, Nanjing, and
Hangzhou, Wuxi is the fifth city in the Yangtze River Delta with an economic output of over
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one trillion dollars. Wuxi has a high proportion of commercial land in the city center, and
the use of commercial land has a significant impact on the intensive land use in the city. In
addition, Wuxi has long faced resource scarcity, high-intensity land development, and a low
ecological capacity [51]. Therefore, a scientific evaluation of the extent of intensive urban
commercial land use in Wuxi can support the optimization of the urban construction land
structure and the promotion of the new development of land with low utility value. It also
serves as a reference for other highly urbanized areas to conduct parcel-based assessments
of intensive commercial land use.

The objective of this research is to propose a method for the parcel-based evaluation
of urban commercial land intensification. The result of this evaluation can provide the
government and planners with a scientific basis for the optimal allocation and management
of urban commercial land. Compared with previous studies, the contribution of this work
lies in the following aspects: (1) the systematic discussion of the meaning and evaluation
dimensions of the intensive use of urban commercial land; (2) the construction of a multi-
dimensional evaluation framework and indicator system for the intensive use of urban
commercial land based on construction intensity—use efficiency—sustainability—diversity.

2. Conceptual Framework and Methodology
2.1. Parcel-Based Index System for Evaluation of the Intensification of Urban Commercial Areas

In contemporary theories of urban planning, early urban planning concepts mainly
emphasize function and the pursuit of an ideal urban condition [46]. With the rapid devel-
opment of global urbanization and the use of a large amount of open space, the intensive
use of urban land has become more important [52,53]. Planners promote the intensification
of urban land use through zoning and measures such as use control. However, because
urban land use functions are composite, it is not possible to increase the degree of intensive
land use by simply increasing inputs [54]. The impact of urban land use externalities has
been highlighted by planning scholars [50]. Commercial land use is particularly obvious.
The agglomeration of commercial land uses can lead to complementary commercial func-
tions, thereby increasing urban vitality. In contrast, the mutual exclusion of commercial
forms can lead to the inefficient use of commercial land [55]. Academia has not yet devel-
oped a unified understanding of the economical and intensive uses of commercial land.
This has also led to a lack of precise guidelines in planning practice to promote the intensive
use of commercial land.

Based on the basic characteristics of agricultural land, the law of diminishing returns of
land shows that the input and output of land do not always have a positive relationship, and,
for parcels in different spatial locations in cities, the degree of intensive use does not increase
with the increase in the input of productive resources [43]. For a parcel of land, there are
many factors that characterize intensive use, such as the comprehensive floor area ratio,
the building density, the occupancy rate of commercial properties, the degree of functional
compatibility between the use of the land and surrounding parcels, and the diversity of
commercial uses. As one of the forms of building land, commercial land plays an important
role in the social and economic development of cities [21]. The intensive use of commercial
land is an organic integration that considers the intensity of building use in the physical
dimension, the input-output efficiency in the economic dimension, and the diversity and
compatibility of commercial land use in terms of types of commercial activity [4]. Therefore,
this study considers the factors affecting the effectiveness of the intensive use of urban
commercial land from multiple dimensions and constructs a multidimensional evaluation
framework and index system for the intensive use of urban commercial land based on
“construction intensity, utilization benefits, compatibility, diversity” (Figure 1).
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Figure 1. Evaluation framework.

2.1.1. Construction Intensity

For each type of land use within its possible intensity of use threshold, the optimal
intensity of land use increases with the average productivity of society and the level of
urban development, which means that the difference in land use intensity criteria reflects
the difference in the level of intensive land use [35]. In essence, the floor area ratio of
large functional buildings represents the degree of spatial concentration of urban functions
and indicates the dominant development direction of urban functions in a city center [56].
Based on the results of existing studies, the combined floor area ratio and building density
are chosen to characterize the building intensity of an individual commercial area.

VR = TAB/PS 1)

BD = BBA/PS @)

VR denotes the combined floor area ratio, TAB represents the total building area
within the commercial land parcel, PS represents the parcel size of the land, BD denotes the
building density, and BBA represents the area of the building footprint within the parcel of
commercial land.

2.1.2. Utilization Efficiency

Utilization efficiency can reflect the degree of land use intensification, and the higher
the utilization efficiency per unit area, the higher the degree of land use intensification [26].
Therefore, the land use efficiency of individual commercial sites is also an important com-
ponent of land use intensification. For commercial land, the degree of land use efficiency is
characterized in various ways [21]. It is true that most studies have used the land output
per unit area as a measure of the degree of intensive use of commercial land. However,
due to the great differences in the degree of development and industrial structures, it is
not possible to directly measure the degree of intensive use of commercial land in different
cities using the economic output per unit area. For different cities, the degree of intensive
land use of different properties can be objectively read by whether the property is vacant
or not [46]. For this reason, this study chooses the occupancy rate of commercial properties
as an indicator of the efficiency of commercial land use to objectively assess the degree of
intensive use of commercial space.

RR = LCP/TCP 3)

The occupancy rate (RR) represents the occupancy rate of commercial real estate,
which is mainly determined by field study statistics. LCP represents the area of leased
commercial properties, and TCP represents the total area of commercial properties.
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2.1.3. Compatibility

Most of the existing assessments of land use intensification focus on the indicators
of input-output aspects of land use. These assessments cannot effectively show the inter-
dependent influence relationships between different land uses. Land use is characterized
by significant externalities, and each commercial enterprise has a significant influence on
the choice of business type of adjacent commercial land [57]. For this reason, compatibility
among land parcels must be considered when assessing the effectiveness of land use inten-
sification at the micro level, particularly on a parcel-by-parcel basis [4]. This study mainly
considers the characteristics of externality arising from the process of commercial land use
and constructs indices to evaluate the compatibility of commercial land use by relying on
the measure of compatibility of mixed land use [50].

The commercial land use compatibility index (COM) is expressed as the ratio between
the actual compatibility value and its theoretical maximum value among parcels in the area
of influence. ,

L cij
n

COM=1-— 4)

where ¢;; is the compatibility relationship between parcels i and j; n is the number of parcels
within the influence of parcel I, and 1 is the maximum score value of parcel incompatibility.

2.1.4. Diversity

The diversity index is mainly borrowed from the landscape index measure in land-
scape ecology, which is based on information theory and used to measure the complexity
of the structural composition of a system [58]. For urban commercial land use, complex
land use is a common form of land use. In order to accurately represent the degree of
parcel-based intensification of commercial land use, the degree of diversity of commercial
land use must be included in the evaluation index system. There are many measures of
diversity, generally based on measures from landscape ecology, such as the richness index,
the Shannon entropy index, the Simpson index, etc. From the perspective of commercial
land use characteristics, this diversity index should, on the one hand, reflect the richness
characteristics of the land use or functional types and, on the other hand, consider the
area attributes of land use, i.e., reflect the unit characteristics among the different types [4].
With this in mind, we choose the Shannon entropy index as the measure because it can
effectively account for both richness and uniformity characteristics, and thus better meets
the requirements in characterizing land use diversity in commercial land use.

Thus, the indicators of commercial land use diversity based on the Shannon entropy
index are as follows.

DIV = — i piln(p;) 5)
=

where 7 is the total number of land use or function types; p; is the probability of occurrence
of type i (usually estimated as the proportion of the number of raster or image elements of
this type). For a given 1, the DIV indicator reaches its maximum value (D1V};5x) when the
proportion of the area for each type of land use or function is the same (i.e., the uniformity
is maximum, p; = 1/n).

DIVyax = — é<111> ln(i) = In(n) (6)

1

2.1.5. Comprehensive Evaluation

After establishing the measurement index system for conservation and utilization, it
is necessary to standardize these indicators because the value ranges and units of each
indicator are not uniform. In this study, the index values are standardized to the interval
[0, 1] using the extreme difference standardization method [59].
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After the standardization process is completed, these individual indicators must be
aggregated into a comprehensive index, and, in this process, the appropriate distribution
of weights is an important component. In previous studies, there are usually two meth-
ods used to determine the weights: the subjective assignment method and the objective
assignment method. The former is highly subjective and the results obtained are easily
influenced by the level of knowledge of decision makers, while the latter is a horizontal
comparison between indicators and cannot reflect the degree of importance of different in-
dicator dimensions [21]. Considering the respective advantages and disadvantages of these
two types of methods, the authors opt for a combination of both, namely expert judgment
and gray correlation, to determine the weights. This can compensate for the shortcomings
of the above subjective and objective methods by fully utilizing the subjective information
of the experts” empirical judgment results, while using mathematical models to objectively
calculate the indicator weights [4]. The individual calculation steps are as follows.

(1) Judgement of weights by experts based on experience. There are m experts who make
empirical judgements on the weights of n indicators at the same time, thus forming
the empirical judgement data column for the indicator weights.

X110 Xim
X=|: "~ )

Xnl - Xnm

(2) Determine the reference sequence. The largest weight value from X is selected as the
“common” reference weight value, thus forming the reference data column Xj.

Xo = (xo1, X02, -+, Xom) 8
(3) Find the distance between each indicator series and the reference data column Xj,.

m

Doi = Y _ (o — xix)’ 9)
k=1

(4) Find the weights of each indicator and perform the normalization operation.

1
_ 1
Y= T Dy, (10)
w;
w* — Wi 11
: Z?:l w; (1)

where xg; denotes the reference weight value of the kth indicator in the reference
series, x;; denotes the empirical judgment of the ith expert on the weight of the kth
indicator, Dy; denotes the distance between the ith indicator series and the reference
series, w; is the weight value of the ith indicator, and w;* is the normalized indicator
weight value.

After the above process, the weight values of each individual indicator can be obtained.
Afterwards, the individual indicators are weighted and summed according to the following
formula to obtain a comprehensive indicator value for the intensive use of urban commercial
land based on the parcel.

n
IU = f(VR,BD,RR,COM,DIV ) = Y IU;-w; = VR X Wy + BD X Wpg + RR X Wy + COM X Weos + DIV X wgp, (12)
i

where VR, BD, RR, COM, and DIV are the individual indicators for the evaluation of
intensive urban commercial land use; wyy, Wy, Wrr, Weom, and wy;, are the weights of
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each individual indicator, respectively; and IU refers to the integrated indicator value of
intensive urban commercial land use based on the land parcel.

2.2. Exploratory Spatial Data Analysis (ESDA)

The ESDA method [60] is used to analyze the spatial agglomeration effect of commer-
cial land intensification created by the spatial distribution characteristics of commercial
land use behavior and the spatial spillover effects of the degree of commercial land intensi-
fication. The global spatial autocorrelation uses the global Moran’s I index to test whether
spatial dependence is positive in the distribution of spatial elements. Moran’s I is defined

as follows:
[ n Y g Wilxi — %[ x; — x| (13)
oy Xy Wy iy — 7
where x; and x; are the observed values in parcel i and j, respectively; X is the mean of the
observed values in the parcels; W;; refers to the binary spatial weight matrix, and 7 is the
total number of observed spatial units. For this analysis, the radius used for clustering is
3355 m, which is produced by the ArcGIS software platform.
Local Indicator of Spatial Association (LISA) reflects the extent to which commercial
land parcels differ from or are consistent with their neighboring spatial units in terms of
intensive use. The LISA model is expressed as follows:

n(x; —X) ¥ Wij (xj —

= Yl —%)°

%) =Z;i ) W;iZ; (14)
j

where Z; and Z; are the normalized forms of x; and x;. A positive I; indicates significant lo-
cal clusters, where the similarity value in the local space tends to agglomerate (high—high or
low-low clusters). A negative I; indicates significant local spatial outliers, where the similar
value of the local space presents a discrete distribution (high—low or low-high clusters).

2.3. Study Area

The city of Wuxi is located in the southeastern part of Jiangsu Province and belongs
to the corridor between the rivers and lakes of the Yangtze River Delta. The geographical
coordinates of the city are longitude 119°33/~120°38' east and latitude 31°07'~32°02' north.
To the east is Suzhou, 128 km from Shanghai; to the south and southwest is the border with
Zhejiang Province and Anhui Province; to the west is Changzhou, 183 km from Nanjing; to
the north is the Yangtze River; on the other side of the river is the city of Jingjiang, which
belongs to Taizhou City. The total area of the city is 4627.47 square kilometers. The study
area is located in the central urban area of Wuxi, including Liangxi District, Huishan District
(Yangiao Street and Chang’an Street), Xishan District (Dongting Street and Dongdongtang
City), Xinwu District (Jiangxi Street, Wangzhuang Street, and Meicun City), and Binhu
District (Haili Street, Liyuan Street, Lihu Street, Rongxiang Street, and Taihu Street), with
an area of 368.24 km? (Figure 2).

2.4. Data Collection and Processing

Commercial land data were extracted from the Wuxi municipal cadastral database
to reflect the data available at the time of the assessment (including the area of buildings,
number of floors, etc.). The map was overlaid with the current land use map in China’s
2000 national geodetic coordinate system and checked for flatness. The basic data needed
to evaluate the intensive use of commercial land, such as building intensity, use efficiency,
compatibility, and diversity, were collected through visits to the Wuxi Development and
Reform Commission, the Bureau of Industry and Information Technology, the Bureau of
Natural Resources, and other departments, as well as through field research.
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Figure 2. Study area.

3. Results

3.1. Statistical Information on Commercial Land Parcels

The study area is divided into 1664 commercial sites, with a total area of 18.12 km?,
which represents 8.91% of the perimeter of the study area (Table 1). In terms of number,
Liangxi District is the most numerous, and in terms of area, Liangxi District and Xinwu
District occupy the first two positions, indicating that the commercial sites in the old city
are more mature and established but relatively small and fragmented in area, while the
commercial areas in the new district are contiguous and larger in area, so that the site area

is also larger (Figure 3).

Legend

Commercial Land
Urban Land

210 2 4 6 8
I powntown e ilometers

Figure 3. Commercial land distribution map.
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Table 1. Summary of commercial land

use statistics.

Administrative Quantity Area Proportion

District (Pieces) (km?) (%)

Binhu 190 212 11.68

Huishan 179 1.57 8.67

) Jingkai 96 1.20 6.60
Commercial Liangxi 743 5.56 3071
land Xishan 217 3.16 17.45
Xinwu 239 4.51 24.88
SUM 1664 18.12 100.00

3.2. Evaluation Findings
3.2.1. Construction Intensity

The average plot ratio is 1.97 (Table 2). In terms of spatial distribution, the plot ratios
show a gradient from the city center to the outskirts. The plot ratio of commercial land in
the city center essentially reaches 5.0 or more, while the plot ratio of commercial land in
the distant suburbs remains below 1.5 (Figure 4a). Moreover, the plot size and plot ratio
show a significant negative correlation as far as the plot size is concerned. The larger the
site area, the lower the plot ratio of commercial sites.

Table 2. Summary of evaluation findings.

Max Min S.D. Med Aver
Volume ratio 15.37 0.04 1.81 1.40 1.97
Building density 100.02 3.84 25.11 56.92 59.10
Utilization efficiency 0.98 0.00 0.19 0.93 0.90
Compeatibility 24.41 0.08 1.90 0.73 1.24
Diversity 12.46 0.04 1.61 1.37 1.86
Intensive urban commercial land use 24.00 2.00 5.11 13.00 13.01

Legend Legend

Volume ratio
I 0. 011381 - 0.760716
I 0. 760717 - 1.500599

1.500600 - 2.

910 - 3.

2 10 2 4 6 8
e e e I<ilomEters.

(a) Volume ratio

Figure 4. Cont.

(b) Building density
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Figure 4. Evaluation findings.

The highest building density of commercial land in Wuxi is 100.02 and the lowest
is 3.84, with a standard deviation of 25.11 (Table 2). Overall, the building density is also
high in the city center and low in the suburbs. However, compared with the land ratio, the
building density does not show a clear central concentration in space (Figure 4b).

3.2.2. Utilization Efficiency

The evaluation results show that commercial land use in Wuxi is highly effective. The
highest commercial land occupancy rate is 0.98, while the median and average occupancy
rates are both 0.9 (Table 2). This also reflects the developed commercial market in Wuxi
and the high efficiency of commercial land use. However, the lowest occupancy rate of
commercial land in Wuxi is 0, indicating that there is also unused commercial land in the
city. In terms of spatial distribution, there is no obvious spatial clustering of commercial
land rental rates in Wuxi. Most of the commercial sites have an occupancy rate of 92%
or more, with the exception of a few scattered commercial sites in the north, where the
occupancy rate is low (Figure 4c).

3.2.3. Compatibility

As can be seen from Equation (4), the higher the compatibility value, the less compati-
ble the commercial sites are with each other. Based on the results summarized in Table 2, it
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can be seen that the mean value of commercial land compatibility in Wuxi is 1.24, with a
median value of 0.73. This result indicates that there is a high level of compatibility between
the various types of businesses carried by commercial land in Wuxi. In addition, Figure 4d
shows that there is clear spatial clustering of the commercial land compatibility indices in
Wuxi, with the degree of compatibility of commercial sites in the city center being much
higher than the compatibility of sites in the suburbs.

3.2.4. Diversity

The results show that the highest commercial land use diversity index in Wuxi is
12.46 and the lowest is 0.04 (Table 2). The diversity of commercial land uses in Wuxi
has significant differentiation characteristics. This result indicates that there is strong
locational variability in the degree of composite use of commercial land in Wuxi. This is
also evidenced in Figure 4e. Overall, the commercial land use diversity index in Wuxi is
low, and the city center shows a depression in diversity.

3.2.5. Intensive Urban Commercial Land Use

The level of intensive use of commercial land based on the parcel is assessed according
to Equation (12). As can be seen from Table 2, the average and median intensive use of
commercial land in Wuxi is 13.01, indicating that the level of intensive use of commercial
land in the city is comparable and at a medium level overall. Except for the high level
of intensive commercial land use in the central business district, the level of intensive
commercial land use in the periphery of the central city has declined significantly Figure 4f.

3.3. Spatial Divergence Characteristics

The spatial distribution and degree of intensive use of urban commercial land are
significantly influenced by the spatial location of the city in which the parcel is located.
The result shows that the degree of intensive use of commercial land has significant spatial
differentiation characteristics. The results of the exploratory spatial analysis show that,
with the exception of the indicators of occupancy and diversity, the indicators used to
evaluate intensive use have significantly spatially divergent characteristics (Table 3).

Table 3. Summary of spatiotemporal differentiation.

Moran’s I Z p
Volume ratio 0.2134 2.0511 0.05
Building density 1.4144 13.5281 0.01
Rental rate 0.0461 0.4491 -
Compeatibility 0.2359 2.2651 0.05
Diversity 0.0892 0.8721 -
Intensiveness 1.3164 12.5918 0.01

Firstly, the floor area ratio shows significant spatial clustering characteristics. From
Figure 5a, it can be seen that the floor area ratio of commercial land in the central city
area shows a significant high-high clustering feature. This result indicates that the city
center’s commercial area has a better location advantage, with high-rise commercial office
buildings predominantly placed on commercial land. Moreover, the high floor area ratio of
commercial land in the city center has spatial spillover characteristics, which can effectively
enhance the intensive use of the surrounding land.

Secondly, the building density also has significant spatial clustering characteristics.
However, unlike the floor area ratio, the building density is characterized by low clustering
at the edge of the city center. The commercial sites away from the city center show a
low-density sprawl. Moreover, as can be seen from Figure 5b, unlike the high-high agglom-
eration characteristic of a more concentrated volumetric ratio, the low—low agglomeration
of low-density commercial land is scattered in multiple locations in urban areas away from
the city center.
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Figure 5. Spatial divergence characteristics.

The spatial clustering characteristics of compatibility are very similar to those of
the volumetric ratios. The compatibility of commercial land uses in the city center area
shows high—high agglomeration Figure 5c. This indicates that there is a high degree of
compatibility between commercial businesses in the central city. The spatial spillover of
the high compatibility of commercial land can help to further enhance the intensive use of
commercial land.

Overall, the level of intensive land use of urban commercial land in Wuxi is character-
ized by significant spatial clustering Figure 5d. Firstly, the spatial distribution of the level
of intensive land use of urban commercial land in Wuxi is relatively uneven. Commercial
land in the city center is characterized by a high level of agglomeration. Commercial land
use in the peripheral areas of the city is characterized by low concentration. Secondly, the
number of parcels with high levels of intensive land use is small and the area is relatively
small. The spatial spillover of commercial land parcels with high levels of intensive land
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use is limited. In contrast, there are many parcels with low levels of land intensive use, and
they are scattered over a wide area. The spatial spillover of commercial land parcels with
low levels of intensive land use is significant.

4. Discussion
4.1. Multidimensional Expression of Intensive Commercial Land Use

The input-output ratio is the core concept of land-intensive use evaluation. Most
of the existing studies also consider the average input—output of the area to measure the
degree of intensive use of urban land [26,56]. Without regard to spatial scale, similar
assessment concepts and approaches are able to respond objectively to the degree of
land use intensification and utilization [39,56]. The volume ratio and building density, as
indicators of land use, can reflect the degree of land use intensification more objectively.
However, the consideration of only these two indicators is not comprehensive [34]. The
intensification of commercial land use takes into account the intensity of building use in the
physical dimension, input—output efficiency in the economic dimension, and the organic
integration of the diversity and compatibility of commercial land use from the commercial
mode. The impact of land use externalities must also be included in the assessment of
intensive commercial land use [50]. As noted in this study, a large area of commercial land
on the edge of downtown has a relatively high floor area ratio and development density.
However, due to the lack of reasonable commercial planning, these areas suffer from the
problem of commercial compatibility [13]. As a result, the overall intensive use is not
very high. For example, the downtown core area leads the region in terms of the floor
area ratio and occupancy rate, but it is obvious that the diversity index of downtown is
very low, which limits the intensive use of the downtown core area. From this, it can be
seen that the evaluation of intensive land use based on parcels must consider not only the
average land use of parcels, but also the relationships between parcels and the relationships
between parcels and regions. When evaluating the intensification of commercial land use,
compatibility and diversity between parcels must be considered [61].

4.2. Location Has a Significant Impact on Commercial Land Use Intensification

The influence of location on urban commercial land use is very large. Therefore, the
degree of intensive commercial land use under the influence of location factors also shows
clear spatial differentiation characteristics [21]. Overall, the degree of intensive commercial
land use in Wuxi City shows a clear spatial downward trend from the core to the peripheral
areas. In particular, it can be seen that the core area of the central city has a significantly
high concentration of intensive commercial land use, while the peripheral area of the central
city has a significantly low concentration. In addition to the rental rate and diversity index,
the volume ratio, development density, and compatibility also exhibit significant spatial
cluster characteristics. The core area of the central city is a more developed commercial
area, where there are more commercial spaces and where a high volume ratio is more
common. In contrast, the development density has significantly less clustering. Because
areas distant from the city center tend to have less commercial development, the demand
for commercial space is not as strong as in the core areas of the city center [43]. As a result,
the density of commercial development in the outlying areas of downtown is relatively low.
The study also shows that the volume ratio, development density, rental rate, compatibility,
and diversity must be considered together when assessing the level of intensive commercial
land use. However, the above indicators show similar spatial clustering characteristics.
This also shows that location factors significantly affect the amount of commercial land
use. Therefore, when planning commercial land use and developing optimization plans for
intensive land use, it is necessary to consider the influence of location on commercial land
use [46].



Land 2023, 12, 1608

14 of 17

4.3. Implications for Spatial Planning

Spatial planning is the fundamental basis for all forms of territorial development,
protection, and construction activities [48]. It is also an important means for the state
to guide and monitor the development and use of urban land resources and to regulate
and optimize the spatial design [49]. Therefore, in order to comprehensively improve
the efficiency of urban land resource utilization, it is necessary to play the leading role of
spatial planning scientifically [62]. Research has shown that the degree of intensive use
of commercial land is affected by the floor area ratio, building density, compatibility, and
diversity. Therefore, not only the floor area ratio, building density, and other controlling
elements of each commercial land must be considered in the preparation of national land
use planning. The study found that the lack of compatibility and the diversity of the
spatial arrangement of commercial areas lead to a loss of urban vitality [50]. Therefore, the
compatibility and diversity of commercial enterprises must also be taken into account when
preparing land use plans or urban renewal programs. In addition, the spatial spillover effect
of the degree of intensification of an individual commercial use must not be ignored [21].
Only when the per capita input index of an individual commercial site and its potential
externalities are taken into account can the degree of intensification of commercial land use
be effectively improved.

5. Conclusions

Assessing the degree of intensification of urban land use on the basis of the plot scale
is a difficult problem in this field of study. When discussing the degree of intensification
of commercial land use at the microscopic level, it is necessary to consider not only the
indicators related to average land use but also other factors that affect the degree of
intensification of land use. In this paper, we construct a system to evaluate the intensity of
commercial land use that integrates the indicators of the volume ratio, building density, use
efficiency, compatibility, and diversity. An empirical study was conducted in downtown
Wuxi as a case study area. The research results show that the mean values of the volume
ratio of commercial space, building density, use efficiency, compatibility, and diversity in
Wuxi City are 1.97, 59.1, 0.9, 1.24, and 1.86, respectively. The mean value of the intensive
use of commercial land in the city is 13.01, with a standard deviation of 5.11 and median
value of 13, which generally indicate a medium level. The degree of intensive use of
commercial land has obvious characteristics of high, medium, and low levels. Except for
the high intensity of commercial land use in the central business district, the intensity of
commercial land use decreases significantly at the periphery of the central city. The results
of the study can help city managers or planners to optimize commercial land use in terms
of land use per capita or in terms of the compatibility or diversity of commercial land types,
based on the different intensities of commercial land use and its different indicators in
different regions.

In addition, the impact of the externalities of commercial land use must be considered
in the development of urban plans. In this study, it was also found that in addition to the
average indicators of land consumption, such as the volume ratio, building density, and
use efficiency, these can objectively respond to the degree of intensive commercial land
use. When evaluating the intensification of land use at the parcel level, it is also necessary
to consider the impact of external land use. The study shows that the degree of intensive
commercial land use in Wuxi City is favored by the high compatibility among different
types of enterprises located on commercial land. However, the diversity of commercial land
use in Wuxi City is characterized by significant differentiation. The low diversity in the
central business district affects the level of intensive commercial land use throughout the
study area. In addition, the spatial clustering characteristics of the different indexes show
significant differences. The development density is also high in the city center and low in the
suburbs. However, compared to the volume ratio, the development density does not show
a clear central concentration in the study area. The commercial land compatibility indexes
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are highly spatially clustered in Wuxi City, and the degree of commercial land compatibility
in the central city is much higher than the compatibility of the land in the suburbs.

The contribution of this study is to develop an area-based evaluation approach for
the intensive use of commercial land in the city. This evaluation approach is not only able
to reflect the influence of the average area input of commercial land on intensive use. In
addition, this system can also consider the external effects of neighboring commercial uses.
However, a limitation of this work is that it only examines the evaluation of the intensive
use of commercial land based on land size, without analyzing the applicability to other
types of land. As with residential and industrial areas, it is necessary to determine which
factors must be considered when evaluating compatibility and diversity. This will greatly
affect the usefulness and accuracy of the assessment. Future research can further validate
this evaluation system using different cities and different land use types.
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