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Abstract: Urban style is the comprehensive expression of the material environment, the associated
cultural connotation and social life. Under the influence of globalization and rapid urban expansion,
many cities around the world show a global convergence in style, which poses a challenge in
terms of satisfying both function and local identity. However, the current insufficiency of research
on the quantitative evaluation of urban style makes it hard to have a full grasp on how urban
style can instruct land use and landscape planning strategies. In this paper, we propose Suitability,
Aesthetics and Vitality as three core dimensions of urban style, and construct a quantitative evaluation
framework for urban style evaluation at the street level. Taking a street in Hengyang County, China
as an example, the method’s operability is demonstrated, and the results show that urban style
performance is closely related to building construction periods, trends of urban expansion, and the
natural environment. Improvement strategies include harmonizing urban spatial form, increasing
the diversity of land use, and moderately improving the quality of building facades. This method can
be applied at a greater scale to effectively reflect local characteristics and relevant problems. It can
also provide an objective basis for future planning and construction.

Keywords: urban style; quantitative evaluation; landscape planning; land use

1. Introduction

Many cities around the world have formed unique features in the long process of
development, often leading them to become places where people are willing to live and
travel. However, since the end of the 20th century, the urban style crisis has plagued
the development of many cities. With the rapid development of urbanization and the
influence of cultural values brought by globalization, urban space is expanding rapidly
and in a disorderly fashion, and materials that carry a long history throughout civilization
are constantly being replaced [1]. Poor landscape design with similar appearance, the rigid
imitation of foreign concepts and forms, and the false imitation of traditional forms often
appear in urban construction [2]. These phenomena destroy the historical features of the
city and produce similarities in terms of their characteristics, which leads to the gradual
disappearance of the characteristics of the city itself [3]. In this context, in order to create
a suitable living environment, the urban landscape must be optimized, and the urban
context continued; therefore, the study of urban style has gradually attracted the attention
of scholars [4].

Urban style is regarded as the individual image formed in the process of urban devel-
opment and the comprehensive expression of urban material environment, social life and
cultural connotation, which includes material elements such as architecture, street, land-
scape, natural environment and public space in the city, as well as non-material elements
such as citizen activities, economic development, history and culture [4–6]. Among these
elements, architecture is the most significant element in shaping and expressing urban
style [7]. Evaluation refers to the use of standards to judge the value of something for a
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certain purpose, which can be qualitative or quantitative [8]. Urban style evaluation can
help planners understand the current situation of urban style and provide a basis for design
and construction [9].

So far, the research on urban style evaluation is still very limited. In the Chinese
literature, some scholars have put forward methods of evaluating urban style at the
overall level, established evaluation systems with the elements of urban style as eval-
uation factors, and evaluated it using the Comprehensive Evaluation Method [10] and the
Importance-Performance Analysis (IPA) method [11]. These two methods are able to reflect
the overall performance and spatial distribution of urban style. However, the evaluation
process depends on experts’ judgement and questionnaire surveys completed by the public,
thus introducing great subjective factors.

In the international literature, there is a lack of research directly taking urban style as
the evaluation object. Relevant research appears more frequently within similar research
fields or from similar perspectives. Many elements of urban style are used as the research
content of the built environment, including architecture, land, roads, accessibility and
so on [12,13]. The evaluation of the built environment focuses on the aspects of urban
form, land use, and accessibility, and studies the relationship between various elements
and the performance of urban health [14], the economy [15], activity–travel behavior [16],
sustainability [17] and vitality [18]. The research results can usually be used to guide the
rectification strategy of built environments. Urban landscape is another field similar to
urban style, and studies the physical environment and spatial form of the city at the macro
and micro levels [19]. At the macro level, scholars analyze the types of urban landscape and
the rationality of spatial allocation through the evaluation of landscape patterns [20,21]. In
addition, the quality and performance of urban landscape in terms of aesthetics, sensitivity,
ecology, and sustainability have been evaluated at the overall level [22–26]. At the micro
level, it is mainly the visual quality of specific landscape elements, such as architectural
landscape, roads, plants and water bodies, that is studied [27–30].

Urban streets are considered to be representative of urban landscapes, determining
the perception of visual quality of urban style [7]. Because urban elements at the street
level are more closely related to people, the purpose of urban style evaluation is usually
to explore its impact on people’s feelings and behavior. In research at this level, the built
environment and greening landscape are the focus of attention [31–34]. The evaluation
of street environmental style mainly focuses on its performance in terms of visual beauty,
comfort, and vitality [35–38].

It can be seen that the existing research literature on the evaluation of urban style
is relatively lacking. The existing research methods rely heavily on people’s subjective
comments and lack objective and scientific quantitative indicator systems and evaluation
methods, which makes it difficult for the evaluation results to reflect the real performance
of urban style, and very limited to providing help for future planning. The main reasons for
this phenomenon are as follows: (1) Most of the current evaluation methods take urban style
elements as evaluation factors or indicators. However, the range of urban style elements is
too wide, such that when constructing the evaluation system, there may be problems of
incomplete evaluation factors and unclear evaluation focus; (2) some elements of urban
style, especially non-material elements, are difficult to analyze quantitatively, which makes
the selection and calculation process of indicators very difficult and hinders the operability
of evaluation. Although there have been some quantitative evaluation methods proposed
and achievements made in similar fields, there are still differences with urban style in
terms of research content and focus. For instance, the evaluation of the built environment
tends to focus on the functionality of the urban environment, while the evaluation of the
urban landscape focuses on visual beauty. In addition, they are both lacking in terms of the
expression of social life in urban style.

Based on the above discussion, this paper aims to propose an urban style evaluation
method with the following characteristics:
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1. Appropriate evaluation indicators. Giving the urban style evaluation framework a
solid theoretical grounding implies that indicators should be selected to ensure that
the theoretical features of the urban space are comprehensively covered.

2. Quantitative evaluation process. The process of evaluation methods should focus on
quantitative methods to improve the scientificity and objectivity of the evaluation results;

3. Evaluation results with high reference value. The evaluation results should be able to
express the overall performance of the urban style and the performance of various
indicators, and reflect their geospatial features, so that practical and effective planning
strategies can be formulated.

2. Methodology
2.1. Theoretical Analysis

Jacobs [39] believes that cities are a combination of specific forms and activities. The ur-
ban form is the product of design work meeting urban functions and aesthetics. Functions
provide a suitable living environment for residents, and aesthetics create visual satisfaction.
Activity is another important part of urban performance. It is what makes a city a living
organism rather than a static and lifeless material environment, and is often measured in
terms of urban vitality. Jacobs believes that urban planning must focus on promoting and
maintaining vitality. It can be inferred that, from her point of view, a high-performance
urban style should show the three characteristics of Suitability, Aesthetics, and Vitality.
Montgomery [40] puts forward a similar view, suggesting that urban spaces are composed
of form, impression, and activities. In his theory, urban form is determined by scale, inten-
sity, permeability, etc.; impression refers to citizens’ visual and psychological recognition
of the environment; and activities involve street life, events, transactions, etc. Lynch [41]
proposed five performance dimensions of the spatial form that comprises cities, namely,
vitality, sense, fit, access, and control. Among them, access and control represent people’s
ability to contact other things and the management of space. Greene [42] believes that
urban style is an environmental visual image reflecting a unique quality. He emphasized
the important position of visual aesthetics in urban design and believed that the ultimate
goal of urban design is to improve the function and aesthetic quality of the architectural
environment. Gehl [43], looking at the human dimension of urban planning, suggested
that urban planning should pay more attention to crowd activities and urban life, with the
goal of developing a vibrant, safe, sustainable and healthy city. Taylor [44] regards cities
and towns as places for social activities in any urban landscape, and believes that the type
and intensity of activities, as well as changes in these factors over time, are very important
to people’s sensory experience.

In addition, due to human activities, cities are experiencing a series of environmental
problems. Planning based on environmental performance has attracted the attention of ur-
ban researchers [45,46]. Urban overheating caused by global warming and the phenomenon
of urban heat islands (UHIs) is a key environmental problem [47], and has a significant
impact on urban systems, citizen life, and the ecosystem [48,49]. In related theories, urban
form is considered to be an explanation of urban climate change [50]. Changes in urban
surface temperature and the thermal environment will deeply affect people’s comfort in
the environment [51].

According to the above theories, it can be seen that Suitability, Aesthetics and Vitality
are the main style performance indicators of the urban environment. They can be used
to reflect the characteristics of the city in terms of form and activity, and represent the
comprehensive performance of the static and dynamic style of the city. Psychological
impression comes from the Suitability and Aesthetics of the urban form, and so it can be
attributed to these two aspects. The impact of urban environmental performance mainly
lies in people’s comfort in the environment, which can be considered an aspect of urban
Suitability. Based on the above considerations, we summarize the performance of urban
style into three main dimensions: Suitability, Aesthetics, and Vitality.
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We examined the literature on the evaluation of Suitability, Aesthetics and Vitality in
the context of urban style in order to select indicators suitable for this paper.

Suitability is often used as one of the key expressions of urban quality of life. It is
widely used to evaluate the overall performance of urban land and environments, so as to
inform urban planning and strategies for environmental protection [52–54]. Huang [55]
believes that the Suitability of the urban living environment includes ecological comfort
and regional livability. From the perspective of urban style, this paper defines Suitabil-
ity as the degree of comfort of the urban spatial environment resulting from the urban
morphological characteristics. In the quantitative study of Suitability, scholars usually
put forward specific evaluation indicators related to aspects such as urban density, urban
interface, accessibility, and greening, and measure those indicators using different methods.
Mercader-Moyano [56] proposed specific indicators based on the dimensions of urban
design, accessibility, comfort, and architecture for the evaluation of the perceived Suitability
of urban and residential environments. The scores of each indicator were obtained through
questionnaire survey, and then the weights of indicators and dimensions were determined
by establishing a multi-dimensional environmental evaluation system. Gao [57] used data
analysis methods such as type analysis, multi-scale analysis and indicator map visualiza-
tion to evaluate the impact of urban form on environmental quality through indicators such
as urban density, accessibility, functional combination, and urban interface. In addition,
methods of evaluating the urban spatial environment through computer vision technology
based on machine learning models have also been widely used, taking map street view
images as data. The main measurement indicators include urban interface coverage, urban
interface density, building facade quality (BFQ), street openness, and green visual ratio
(GVR) [31,58]. In the study of environmental performance, the relationship between urban
form and the urban climate environment is usually studied by dividing the study area
into zones, such as precinct exploitation zones (PEZ) and local climate zones (LCZ) [59,60].
LCZs are usually described on the basis of building height, building density, and land
cover type [61]. Land surface temperature (LST) is used to evaluate thermal environment
performance in LCZs [62].

Aesthetics are a result of the urban landscape, especially the urban landscape at
the street level. The relevant research mainly focuses on the quantitative analysis of
architectural form characteristics, greening quality, and land use. The characteristics of
architectural form mainly include building area, building height, building facade, and
so on, which are calculated in urban units to draw Aesthetics performance maps for
analysis. Zhang [19] selected several indicators—building area, building form variation,
and building height—from the two-dimensional and three-dimensional forms of buildings,
measured the indicators at the scale of the city block, and then evaluated the beauty of
the urban landscape by means of a comparison between indicators and cities. Xing [63]
divided the city into landscape parcels, and measured the urban landscape by calculating
the building density (BD), average building height (ABH), proportion of non-built-up area,
and urban facility ratio for each of the parcels. In terms of greening, GVR is the most
commonly used indicator for quantitative evaluation of street greening. It can express the
proportion of street greening from the perspective of pedestrians. In research based on
the GVR, multiple sampling points are usually set in the research area, and then the GVR
is calculated on the basis of street view images or site photos at the sampling points, and
the GVR performance map of the city is finally drawn [64,65]. Stessens [66] proposed a
qualitative evaluation method. In this method, greening indicators, such as natural diversity,
biodiversity, quietness, and historical and cultural values, as well as user perception
indicators, such as cleaning and maintenance, facilities, and sense of security, are scored
on the basis of a questionnaire survey, and then the quality of the urban green space is
evaluated through data analysis. On a more microscopic level, Chen [67] evaluated the tree
landscape through indicators such as tree species diversity, tree size and tree performance,
also in the form of a sampling survey.
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The Vitality of urban style has also received a lot of attention. In research into urban
Vitality evaluation, the evaluation indicators mainly put forward are related to aspects
of land function, accessibility, urban form, and socio-economic indicators. In terms of
land function, land function mixture (LFM) and land function density (LFD) based on
urban POI data are commonly used indicators to measure the diversity of function [68,69].
Accessibility indicators include traffic accessibility (TA), service facility accessibility, etc.,
because locations that include traffic and service facilities usually exert the effect of crowd
aggregation, and thus possess high street Vitality. The calculation of this indicator is based
on POI data, and the time required to travel from a certain point on the street to the nearest
facility is calculated using the relevant analysis tools in ArcGIS software. The indicators of
urban form include BD and road density, and socio-economic indicators usually include
population density (PD). After calculating the indicator values by means of a formula or
software, different models can be used to analyze the correlation between these indicators
and Vitality, including regression models, the 2SFCA model, the PPM model, and the
spatial TOPSIS model [12,18,70,71].

It can be seen that in these three dimensions, there exist generally recognized indicators
and a rich variety of quantitative evaluation methods, thus providing a reference for this
study. For each dimension, there are some frequently used indicators. In addition, the same
indicators have also been applied to the evaluation of different dimensions, which shows
that the three dimensions do not exist completely independently, but have a certain overlap
in terms of their research content and elements.

Another statement of Jacobs provided the idea for the research method presented in
this paper, that is, the main visual scenery of the city comes from the streets. On the one
hand, streets are an important part of urban built environments, having an important value
in the areas of transportation, aesthetics, public health, and neighborhood interaction. At
the same time, they are also the main element of urban image perception [72]. They are
highly representative of the image and architectural activities of the city. On the other hand,
taking streets as the research level will result in rich and stable data sources, especially in
research into the urban environment and landscape, which requires the use of street view
image data, thus improving the feasibility and accuracy of the research [31,65]. Therefore,
in this study, we chose the street as the research level in order to reflect the urban style
performance in the region through and evaluation of the style of the urban street network
and its buffer zone.

2.2. Research Framework

According to the above theoretical analysis, we define Suitability, Aesthetics and Vital-
ity as the three dimensions for the evaluation of urban style at the street level, and propose
a quantitative evaluation framework (Figure 1). Under each dimension, specific indicators
are selected, calculated, and normalized. The normalized values are then superposed to
give the general performance of the corresponding dimension. The performances of the
three dimensions are then also averaged to produce an overall urban style performance
value. In a case study, this paper, on the basis of the development background of the city,
reveals some urban style features and relevant problems, and then formulates some future
planning strategies.
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Figure 1. The research framework.

2.3. Criteria for Evaluation Indicator Screening

Complex urban morphological features were mapped into the indicator system with
reference to criteria, and two-level criteria were followed in order to simplify complex urban
style features from different dimensions into evaluation indicators [50,59]. At the system
level, we focused on the criteria of completeness, nonredunance, and operability [50]. In
addition, at the indicator level, we followed the criteria of physical consistency, spatial
consistency, measurability, legality, and comparability [50].

2.4. Indicator System for Quantitative Evaluation of Urban Style

According to the previous review of the relevant research and the indicator screening
principles described above, we finally constructed the following urban style quantitative
evaluation indicator system (Table 1). The indicator system includes three levels. The first
level is the three dimensions of urban style, the second level is the different performance
aspects under each dimension, and the third level is the specific evaluation indicators of
all aspects.

Table 1. Indicator system for quantitative evaluation of urban style.

Dimensions Aspects Indicators Description Formula or Explanation

Suitability

Urban Form

Building Density
(BD)

Ratio of the total base area
of all buildings within the
land scope to the planned

construction land area

BD = Sb/ Su
where Su and Sb are the area of the street

unit and the total building base area
within its scope

Street Aspect Ratio (SAR)
Ratio of street width to

interface height of
street buildings

SAR = D/H
where D is the width of the street and H

is the average of building interface
height in the street unit
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Table 1. Cont.

Dimensions Aspects Indicators Description Formula or Explanation

Street Interface Density (SID) Continuity and enclosure
degree of street interface

SID =∑n
i=1 Wi/2Lu

where Wi is the projected length of the
interface of building i in the street unit,

Lu is the length of the street unit

Urban Environment Environmental Performance
(EP)

Quality or comfort level
produced by the

built environment

0 to 10 score based on LST and
LCZs classifications

Aesthetics

Architectural Form

Aesthetics Feeling of
Architectural Style (AFAS)

Aesthetic feeling provided
by different

architectural styles

AFAS =∑n
i=1 Ai/n

where Ai is the aesthetic feeling of
building i in the street unit, and n is the

number of building in the street unit

Average Building Height
(ABH)

Average height
of buildings

ABH =∑n
i=1 Hi/n

where Hi is the height of building i in the
street unit, n is the number of buildings

in the street unit

Building Facade Quality (BFQ)
Construction and

maintenance quality grade
of building facade

BFQ =∑n
i=1 Qi/n

where Qi is the facade quality of building
i in the street unit, n is the number of

buildings in the street unit

Greening Quality

Green Coverage Index (GCI)
Proportion of green

coverage area in the site to
the total area

GCI = Sg/Su
where Sg is the area of green projection in

the street unit, Su is the area of the
street unit

Green Visual Ratio (GVR)

Proportion of green area
seen in pedestrian field of

vision to total field
of vision

GVR = Ag/Au
where Au is the pixel area of the

pedestrian perspective image of the
street unit, and Ag is the green pixel area

of the image

Vitality

Street Function

Land Function Mixture (LFM)
Relative percentage of two
or more land use types in

the area

LFM = −∑M
i=1 PilnPi

where P is the proportion of the number
of class i POIs to the number of all POIs
in the street unit. M is the number of POI

types in the street unit

Land Function Density (LFD) Density of various POI
points around the street

LFD = Np/Lu
where Np is the number of POIs in the

street unit, Lu is the length of the
street unit

Accessibility

Traffic Accessibility (TA)

Walking time from the
edge of the road to the
nearest bus station and

subway entrance

Origin–Destination Cost Matrix Network
Analysis based on ArcGIS software

Hot Spot Accessibility (HSA)
Walking time from the
edge of the road to the

nearest activity hot spot

Origin–Destination Cost Matrix Network
Analysis based on ArcGIS software

Population Population Density
(PD)

Ratio of population to area
in the region

PD = S
PSu

where S is the residential building area in
the street unit, P is the per capita

residential building area of the city, and
Su is the area of the street unit

2.4.1. Suitability

Suitability is used to measure the comfort of the spatial environment resulting from
the characteristics of the urban spatial form. We classify Suitability into two aspects: urban
form and urban environment. The former is expressed by BD [57], SAR [73], and SID [31,74],
and the latter is expressed by environmental performance (EP). BD is a common indicator
for evaluating the built environment of a city, and can reflect the space compactness and
open space rate of a block. SAR is an important index for expressing street size and spatial
openness. An appropriate SAR is conducive to pedestrians’ perception of street space.
The SID can reflect the degree of enclosure of the street interface and affect the shape and
comfort of street space. EP is proposed to describe the quality or comfort level produced
by the built environment, and is assigned a score from 0 to 10 based on the LST and
LCZ classifications.
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2.4.2. Aesthetics

Aesthetics measures the visual quality of the street environment. We classify it into
two aspects: architectural form and greening quality. Architectural form is evaluated
on the basis of three indicators: AFAS, ABH and BFQ. Inspired by Zhang’s [7] quantita-
tive approach to architectural style, which was originally used to evaluate architectural
style as a combination of traditional and modern buildings, we put forward AFAS as
an indicator for quantifying urban Aesthetics as a combination of traditional buildings,
commercial buildings, residential buildings, public buildings, etc., each of which make
a different contribution to the global style of the city. ABH expresses the global outlook
given by building height, and is one of the most typical features of urban morphology [19].
The BFQ [31] is used to express the construction and maintenance quality of building
facades, and is an important standard for measuring building Aesthetics. In terms of
greening quality, we selected two common indicators: GCI and GVR [12,65]. They reflect
the proportion of greening landscape in the street space in the horizontal and vertical
dimensions, respectively.

2.4.3. Vitality

Vitality aims to measure the atmosphere of public activity in the street space. We
classify it into three aspects: street function, accessibility, and population. For street
functions, we use LFM [75] and LFD [19], two indicators that reflect the diversity and
aggregation of street functions. Accessibility is expressed by TA and HSA [76], which
respectively reflect the walking time from somewhere in the street to the nearest bus stop,
subway entrance, or activity hotspot. Population is expressed using PD [18].

2.5. Main Data Types

The data used in the evaluation method based on the above indicator system comprise
four main types: urban spatial data, architectural data, image data, POI data and official
report data (Table 2).

Table 2. Main data types used in the evaluation method.

Data Types Data Subtypes

Urban Spatial Data urban road network GIS data, urban road network CAD data
Building Data building GIS data, building height data
Image Data street view images, remote sensing images, site photos
POI Data POI data containing name, type, location, longitude, and latitude, etc.
Official Report Data data of per capita residential building area of the city

2.6. Measurement of Indicators

In the process of indicator calculation, we use ArcGIS 10.6 software to grab the sam-
pling points along the road centerline in the urban road network. There is no fixed require-
ment for the spacing of sampling points, which can be determined according to the scope
and accuracy requirements of the research. Considering the research methods of some
scholars, the spacing of sampling points is usually between 20 m and 100 m [7,77,78]. In
this paper, the interval of sampling points is set as 30 m; 30-m ranges composed of 15 m
before and after each sampling point were taken as the length, and the range comprising
the first row of houses along the street and the street space itself was taken as the width, so
as to form street units with the sampling point as its geometric center. Then, we measured
all the indicators in the indicator system within each street unit, and recorded the indicator
values in the attribute table for that sampling point (Figure 2).
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Figure 2. Schematic diagram of sampling points and street units.

2.6.1. Measurement of Suitability Indicators

Indicators under the Suitability dimension include BD, SAR, SID and EP, which need
to be measured on the basis of urban spatial data and building data. The effective area
for calculating the BD is the building area located within the street unit (Figure 3a). The
calculation of the SID takes the length of the street interface in the street unit as the effective
length (Figure 3b). The calculation of SAR, which is the ratio of street width to interface
height of the street buildings, SAR = D/H, requires building height data and street width
data [38].

Figure 3. Measurement schematic diagram of: (a) BD; (b) SID.

In the measurement of EP, we use ABH, BD, sky view factor, SAR, GCI, street orienta-
tion, land cover types, etc., to classify street units into different LCZs [79]. With reference to
the research results of nearby cities, we evaluated the EP value of each LCZ according to
the LST in the results (Table 3). In this study, we referred to Chen’s [79] research, in which
the city studied is about 200 km away from our study city. At the same time, the climate
types of the two cities are both Subtropical Monsoon Climate. Therefore, we think Chen’s
research results can be used as a reference for the measurement of EP value in this paper.
We used the summer LST of the LCZs in the literature as the basis for the EP measurement
of the LCZs in this paper.

Table 3. LCZ classification types and EP value.

Building LCZs Explanation EP Nature LCZs Explanation EP

LCZ 1 Compact high-rise 4 LCZ 11 Dense trees 6

LCZ 2 Compact multi-floor 1 LCZ 12 Scattered
trees 6

LCZ 3 Compact mid-rise 1 LCZ 13 Scrub 5
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Table 3. Cont.

Building LCZs Explanation EP Nature LCZs Explanation EP

LCZ 4 Compact low-rise 1 LCZ 14 Low plants 5

LCZ 5
Compact

low-middle-rise
mixed

2 LCZ 15 Bare paved 3

LCZ 6 Open high-rise 2 LCZ 16 Bare soil 3
LCZ 7 Open mid-rise 4 LCZ 17 Water 10
LCZ 8 Open low-rise 1

LCZ 9 Lightweight
low-rise 5

LCZ 10 Large low-rise 0

LCZ 11
Large

low-rise mixed
with plant

3

LCZ 12 Sparsely built 5

2.6.2. Measurement of Aesthetics Indicators

The indicators under the Aesthetics dimension include AFAS, ABH, BFQ, GCI and
GVR. The calculation of architectural form indicators is mainly based on architectural data,
sourced from architectural GIS data and site research.

Perception-based qualities are usually more qualitative, and they are more often
measured using an approach that uses human judges to evaluate these qualities [80].
Although there are subjective factors in this judgmental approach, the reliability of the
resulting values is usually considered to be acceptable, and is quite high in some cases [81].
Therefore, in the calculation of aesthetic feeling and building facade quality, we invited
30 experts to formulate scoring and rating standards on the basis of their own judgment.
We invited 30 doctoral students from Central South University who had studied in their
respective fields for more than 10 years to participate in this task. To reduce the bias due to
different majors, 15 of them were majoring in architecture, urban planning, and landscape,
and the other 15 were majoring in civil engineering, traffic engineering, art design, software
engineering, and public management.

Since architectural style is usually determined with respect to its function, before cal-
culating the AFAS, we first divided the common architectural styles in the city into 7 types
and 14 sub-types according to their function (we also included public squares/parks and
undeveloped land as two special types, so as to cover almost all the common architectural
and landscape styles in the street area). Then, we invited the participants to rate the level of
Aesthetics of 14 seed types. The score ranged from 0 to 10, where 0 represented the lowest
level of Aesthetics and 10 represented the highest. Finally, the scoring results were counted,
and the final Aesthetics score of each seed type was obtained by calculating the average
(Table 4). This score represents the AFAS of a certain architectural style, and the overall
AFAS of the street unit is the average value of all elements within that range.

Table 4. Aesthetics scores of architectural types.

Type Subtype Score

Residence
Multi-Story Residential 4
High-Rise Residential 5

Villa 6

Commercial Buildings
Commercial Street 6

Shopping Mall 7
Hotel 7

Public
Buildings

School 7
Hospital 4

Service Building 5
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Table 4. Cont.

Type Subtype Score

Office Building 6
Traditional Style Architecture Traditional Style Architecture 8

Industrial Building Industrial Building 2
Public Squares/Parks Public Squares/Parks 10

Undeveloped Land Undeveloped Land 0

For the BFQ, we used the judgment method again to formulate its rating standard. The
above participants were invited to formulate the rating standards for the quality of building
facade, mainly with respect to materials, industrial precision or process, maintenance, and
use requirements [31]. In addition, the grading of quality corresponds to the BFQ of a
single building (Table 5, Figure 4).

Table 5. Rating standard for BFQ.

Grade Title 2

1 Point

The exterior wall of the building is made of exposed cement or brick;
The architectural form and construction technology are backward;

The walls and building components show obvious fading, corrosion,
aging, and even damage and deformity;

It is difficult for the building to meet the requirements of use.

2 Points

The architectural form and construction technology are relatively old;
There is a small amount of corrosion and aging on the building walls

and components;
The building can still meet the requirements of normal use.

3 Points

The building facade is clean and tidy;
The architectural form and construction technology are relatively

new, and some parts have certain modeling characteristics;
The building wall materials are of high quality and various colors.

4 Points

The architectural form and construction technology are novel;
The building wall materials are of high quality and various colors;
The building possesses characteristics of fashionable and beautiful

urban architecture.

Figure 4. Example of BFQ grade.

ABH is the average height of all buildings in a street unit. The GCI and GVR were
calculated on the basis of remote sensing images and street view images, respectively. We
used GIMP 2 and AutoCAD 2010 software to process the images, calculate the green pixel
area in the image, and then calculate the GCI and GVR of each street unit (Figure 5).

2.6.3. Measurement of Vitality Indicators

Indicators under the Vitality dimension include LFM, LFD, TA, HSA and PD, which
are calculated using POI data and the data for per capita residential building area. The
LFM and LFD are calculated directly by means of a formula, depending on the type and
quantity of the POI in the street unit. The calculation of TA and HSA is based on the
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Origin–Destination Cost Matrix Network Analysis Tool of ArcGIS 10.6, which is used to
obtain the walking distance from the sampling point to the nearest traffic facilities and
activity hot spots, and then further calculates the walking time based on the average
walking speed of pedestrians of 1 m/s. The population is calculated by the ratio of the
residential building area in the unit to the per capita residential building area of the city. In
addition, the PD is calculated by dividing the population by the area of the street unit.

Figure 5. Measurement diagram of GCI and GVR.

2.7. Normalization

Before normalization, we need to define two concepts, indicator value and its per-
formance value. The indicator value is the specific value of an indicator measured and
calculated in a street unit. The performance value refers to the performance level of the
dimension represented by the indicator value. The process of normalization includes two
steps. The first step is to analyze the relationship between the changes in each indicator
value and its performance value, and to clarify the change trend, interval and threshold;
the second step is to normalize all performance values through appropriate calculation
methods on the basis of the first step.

2.7.1. Relationship between Indicator Value and Its Performance Value

Existing research literature, industry design specifications, questionnaire survey, and
reasoning are employed as the main basis for the first step described above. Therefore,
we define the performance of each indicator value as a value between 0 and 1, where
0 represents the worst performance and 1 represents the best.

• Building Density

The development situation of various countries and cities varies greatly, and their
requirements for urban compactness also differ. Therefore, it is difficult to describe the
Suitability of BD using fixed standards. In the previous literature, few scholars have put
forward relevant conclusions. Therefore, the division and description of the BD indicator
interval should be performed with reference to the design codes and standards of specific
countries or regions. Taking China as an example, the BD in cities generally does not
exceed 45%. With increasing BD, street space becomes more compact, and Suitability
declines. Therefore, we believe that there is a negative correlation between the BD and its
performance value in the range of 0–45%, and the performance value when the BD exceeds
45% was set to 0.

• Street Aspect Ratio

The Japanese scholar who first proposed the SAR, Yoshinabu [82], suggested that
when D/H = 1, there is a certain symmetry between height and spacing, and that values of
D/H are mostly between 1.5 and 2. When D/H is less than 1, space produces a sense of
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oppression, while when D/H is greater than 4, the sense of the existence of space is very
weak. Accordingly, we set the performance value of SAR in the range of 1–2 as 1, and the
further away the value is from this range, the weaker the Suitability, until the performance
value reaches 0 when the SAR exceeds 4.

• Street Interface Density

Yoshinabu believed that the closed space and contour formed through the continuous
interface is the visual effect of squares and streets, and is necessary [82]. Zhou determined
the statistics for great streets in many cities around the world [74]. The results showed that
among the streets formed by manual planning, spaces with SID of 70–85% were the best.
Accordingly, we set the performance value of SID of 70–85% as 1. At the same time, we
believe that the SID is positively correlated with its performance value when it is less than
70%, and negatively correlated with its performance value when it is more than 85%.

• Environmental Performance

The LST in summer is negatively correlated with EP. We set the lowest LST perfor-
mance in the study area to 10 points and the highest LST performance to 0 points to obtain
the value of EP. Then, the value of EP was normalized to between 0 and 1.

• Aesthetics of Architectural Style and Building Facade Quality

The values of AFAS and BFQ themselves represent the level of Aesthetics performance,
so they are positively correlated with their performance values in the whole range. We set
10 points in the AFAS and 4 points in the BFQ as performance values of 1.

• Average of Building Height

By studying the relationship between building height and the sense of oppression,
Zarghami concluded that when the building height is between 30 and 45 m, the sense of
oppression to pedestrians increases rapidly with the height, and after reaching 45 m, the
sense of oppression increases slowly [83]. Combined with the performance of street aspect
ratio, when the building height is 12–21 m (4–7 floors), a more pleasant street space will be
produced. Therefore, we believe that street building height is positively correlated with
performance value in the range of 0–12 m, reaches its best performance value when it is
12–21 m, and is negatively correlated with its performance value when it exceeds 21 m. At
the same time, we set the performance value to 0 when the building height exceeded 45 m.

• Green Coverage Index

For the interval division and description of GCI, we also took the local design codes
and standards as the judgment basis. Taking China as an example, the relevant planning
standards stipulate that the GCI of urban roads with a red line width of 30–45 m should
reach 15%. In the provisions for another similar indicator, the green space ratio (GSR), it is
pointed out that the GSR of residential areas consisting of multi-story houses should not be
less than 30%. Generally, the requirements for the GCI of street space will be lower than
those in residential areas. Therefore, we believe that the GCI is between 0–30%, and that
its performance value is positively correlated; the performance value is set to 1 when GCI
exceeds 30%.

• Green Visual Ratio

The generally accepted conclusion in the relevant research literature is that people
feel most comfortable when the GVR somewhere in the street is greater than 0.25 [84,85].
Liu [84] used 25%, 70% and 90% as thresholds to score the GVR. Sun [85] used 20%, 40%
and 50% as thresholds to divide the GVR values into intervals. It can be seen that the GVR
is positively correlated with its performance value. Accordingly, we set the performance
value of GVR above 25% as 1, and there is a positive correlation between GVR and its
performance value between 0 and 25%.

• Land Fuction Mixture and Land Function Density
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LFM and LFD have generally been proven to be positively correlated with the Vitality
of urban space [68,86,87]. From the literature, we find that the LFM of many metropolises is
more than 0.9 [12]. Therefore, we set the performance value when the LFM exceeds 0.9 as 1.

There are few research conclusions on evaluation of LFD. We tried to obtain its thresh-
old by reasoning. Assuming that the measured LFD result of a 20-m-long street unit is 1,
this would meean that there are 20 shops (POI points) in the unit. Taking the width of each
shop as 4 m, two floors on both sides of the street unit would be required to accommodate
all of them. Combined with life experience, the block space in such a case will usually have
high vitality and popularity. On the basis of the above reasoning, we set the performance
value as 1 when the LFD value exceeds 1.

• Traffic Accessibility and Activity Accessibility

Ten-minute walking time is often used as a threshold for studying the relationship
between TA and travel mode [88]. In addition, some scholars have proposed that the
ideal travel time for citizens to go to retail and entertainment centers is 10 min, while an
acceptable time is 20 min [89]. Accordingly, we set the performance value to 1 when the
accessibility did not exceed 10 min and to a value of 0 when the accessibility exceeded
20 min. There was a negative correlation between the accessibility and its performance
value betwen 10 and 20 min.

• Population Density

Li’s [90] research showed that population had a positive impact on urban vitality.
Therefore, we believe that population density will be positively correlated with vitality
performance. In addition, Na’s [91] research shows that when population density at the
street level exceeds 30,000/km2, its impact on urban vitality becomes very small. Therefore,
when population density exceeds 30,000/km2, we set the performance value to 1.

2.7.2. Normalization Method

Singh [92] defined normalization as the re-scaling of indicator data to give them a
comparable unit. Based on the statistical measurement of the original (un-normalized) data,
many methods have been proposed to normalize the data to within a specified range. In this
study, we chose the minimum–maximum normalization method, which can linearly reduce
the non-normalized data to the predefined upper and lower limits [93]. The calculation
formula is as follows:

x′i,n =
xi,n −min(xi)

max(xi)−min(xi)
(nMax− nMin) + nMin (1)

where min and max represent the minimum and maximum values of the ith feature,
respectively. The lower and upper limits of the rescaled data are expressed by nMin and
nMax, respectively.

According to the relationship between changes in the indicator value and changes in
performance value, three cases and their calculation formulas for the process of normal-
ization can be deduced (Table 6), and all performance values were scaled to between 0
and 1.

Table 6. Three cases and calculation formulas of normalization.

Positive Correlation Negative Correlation Constant Value

Calculation Formula x′ = x−xmin
xmax−xmin

x′ = xmax−x
xmax−xmin

x′ = a

Explanation
where Xmax and Xmin are the

maximum and minimum values
of indicator data in this interval

where Xmax and Xmin are the
maximum and minimum values
of indicator data in this interval

where a is the fixed value of X’ in
this interval, which is 0 or 1 in this
study, indicating the worst or the

best level
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2.8. Overlay Analysis

According to previous research on the relevant theories of urban style, in this paper, we
believe that Suitability, Aesthetics and Vitality have the same importance in the performance
of urban style, because they reflect different attributes of urban style, and these attributes
are not comparable. Similarly, there is an equal relationship between indicators within
the same dimension. According to this view, we superimpose the performance values of
the normalized indicators. The specific method is as follows: taking the sampling point
as the unit, we calculate the average value of the performance values of each indicator
under the Suitability dimension, and this is taken as the value of Suitability; similarly, we
can calculate the Aesthetics and Vitality values of the sampling point. Then, we further
calculate the average of the three values found for Suitability, Aesthetics and Vitality in the
unit, and this is taken as the final value of urban style performance.

2.9. Application of Research Methods

The method studied in this paper involves the quantitative evaluation of urban style
at the street level. Although we chose a street as the research case, this method can be
applied to research of urban areas or the whole urban area. Equidistant street units can
be used to calculate the urban style indicators in the urban road network and its buffer
zone, thus reflecting the performance and distribution of the whole urban area at the
indicator level, the dimension level, and the overall level of urban style, and identifying
the characteristics of and existing problems with urban style, which is the real application
value of this method. At the same time, because this method can be popularized in the
form of indicator systmes and evaluation standards, it can not only be used to evaluate the
absolute performance of the style of a city, but also for the comparison and grading of the
styles of different cities.

2.10. Limitations

This study still has some limitations. In the process of normalization, we tried to
summarize the change relationship between the indicator values and their performance
values based on conclusions in the existing literature combined with design specifications,
document investigation, and reasoning. Although we obtained effective information using
these methods, these results are not absolute. In different countries and regions, the
requirements for the same indicator value may vary greatly, which is closely related to
factors such as level of urban development, regional characteristics, history, culture, and
living habits. At the current stage of this research, we cannot do more research on this
problem because of its complexity and the time required. In future research, we will further
explore this issue and obtain more scientific and reliable research conclusions that can be
more widely used.

3. Study Area and Data Sources
3.1. Study Area

Hengyang County is located in the south of China and belongs to Hengyang City,
Hunan Province. By the end of 2020, the permanent resident population of Hengyang
County was about 888,400. Hengyang County is mainly hilly and surrounded by mountains
on three sides. Zhengshui River, a tributary of Xiangjiang River, flows through the main
urban area, bringing good landscape resources to the city. Since the 1950s, the urban area
of Hengyang County has expanded from the west bank of the Zhengshui River to the
east bank along Zhengyang street. As the main road running through the county from
east to west, Zhengyang Street occupies a high position in the history, development and
transportation of the city. The study area we selected is the section of Zhengyang street
from the east bank of Zhengshui River to Hongshan Road (hereinafter we will simply call it
“Zhengyang Street”) (Figure 6). Now the blocks on both sides of this section have become
the old urban area, and the new urban area is continuing to develop to the east and north
along it. Under the influence of superior natural environmental conditions and the urban
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development period featuring the alternation of new and old, Zhengyang Street shows
diversity in the elements and characteristics of urban style, which also makes it a more
suitable sample for our study (Figure 7).

Figure 6. The location of the study area.

Figure 7. Aerial view of the study street and blocks.

3.2. Data Sources

The data used in this study include urban spatial data, architectural data, image data,
POI data and data on the per capita residential building area of the city. The urban spatial
data and architectural GIS data were derived from the research results of Hengyang County
urban style planning in 2016, and updated with reference to Baidu Maps in China in 2021;
the street view images and remote sensing images were also obtaine dfrom Baidu Maps in
China in 2021; POI data were obtained from Gaode Map in China in 2021, and included
14 types (Figure 8); the building height data and site photos were collected by the research
team; and the data for per capita residential building area of the city was obtained from the
Statistical Yearbook of Hengyang City.
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Figure 8. Types and quantities of POI data in the study area.

3.3. Sampling Points and Street Units

Zhengyang Street is about 4020 m long. We captured 133 sampling points at a spacing
of 30 m and obtained 133 street units (Figure 9). Due to the change in road width, 53 of the
resulting street units had a size of 30 m × 66 m, while the size of 80 units was 30 m × 90 m.

Figure 9. Sampling points and street units of the study street.

4. Results
4.1. Performance of Individual Indicators

From the box plot of the indicator data (Figure 10), it can be seen that most of the
12 indicators have an average value of more than 0.5, which shows that the overall perfor-
mance of the indicators is good. In terms of their average values, the ABH, TA and HSA
have excellent performance. This is closely related to the historical development of the
street, as well as its location. The buildings in the old urban area are mainly multi-story
buildings with relatively high construction ages. The abundance of bus stops and activity
hot spots results in the area having good accessibility performance. The SAR, SID, GVR
and PD also have good performance. This is due to the good urban form and greening
quality. The performances of BD, EP, BFQ and LFM are not good, with the performance
of BD being the lowest among all indicators. The high compactness and construction age
of the old urban area affect the performance of building density and building appearance
quality to a certain extent. Many of the units are in compact mid-rise LCZs, so the EP has a
low performance. The performances of EP, AFAS, ABH, LFM, TA and HSA change slightly,
and the overall level is relatively balanced. The performances of BD, SID, GVR, LFD and



Land 2022, 11, 453 18 of 28

PD change greatly, which is related to differences in performance between different sections
of the street. The specific performance and spatial distribution of each indicator can be
further understood from the performance of individual indicators (Appendix A).

Figure 10. Box plot presenting indicator data.

4.2. Performance of Urban Style Dimensions

According to the performance value of each dimension calculated after the superposi-
tion performance values of the indicators, we found that all three dimensions of Zhengyang
Street have average performances exceeding 0.5, thus reaching above the medium level.
Among them, the performance of Suitability is slightly lower than that of Aesthetics and
Vitality, and the performance of Vitality is the best (Figure 11). At the same time, the range
over which the performance of Suitability changes within the street is the greatest, and the
ranges over which the performances of Aesthetics and Vitality change are small.

Figure 11. Box plot indicating urban style performance in each dimension.

According to the general characteristics reflected in the performance map of each
dimension, taking the intersection of Xiangyang South Road (Point A) and Chuanshan
Square (Point B) on Zhengyang Street as reference points, we divided the street into the
west section, the middle section, and the east section in order to facilitate the description of
the characteristics ofdifferent sections of the street (Figure 12).

Suitability has a good performance in the west and middle sections of the street,
where areas with performance values between 0.4 and 0.8 account for the majority, and
the performance of a few areas is between 0.2 and 0.4, on the whole showing a stable
characteristic. The performance of Suitability in the east section of the street fluctuated
gradually, and the overall level has a downward trend. Combined with the performance of
individual indicators, the east half of the street shows low levels in the SAR, SID and EP
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indicators (Appendix A), which is related to the reduction of the number of buildings and
the increase in the amount of open space area in the east section of the street.

Figure 12. Suitability performance of Zhengyang Street.

The performance of Aesthetics is more stable than that of Suitability. The areas with
Aesthetics performance above 0.6 account for the vast majority, showing a high level overall
(Figure 13). Nevertheless, the low performance of AFAS and BFQ should be recognized,
as well as the ups and downs of GCI. The performance of AFAS and BFQ is attributed
to the lack of diversification of architectural types in the old urban area, as well as the
generally old architectural form and appearance. The Aesthetics performance of a small
area in the west section of the street is low, which is related to the insufficient performance
of greening quality in this area. From the perspective of the whole street, ABH and GVR,
which generally perform well, improve the overall Aesthetic performance. In addition to
the appropriate building height in the old urban area mentioned above, the abundant green
landscape is also an important factor.

Figure 13. Aesthetics performance of Zhengyang Street.

The overall performance of Vitality is the highest among the three dimensions, but
there are still significant differences between different parts (Figure 14). It can be seen that
the Vitality of the west and middle sections of the street is generally high, and the regions
with a Vitality performance value above 0.6 account for the vast majority, with many of
their performance values being above 0.8. The Vitality performance of the streets in the
east section decreases significantly, and the closer to the east section, the lower the Vitality
performance. In terms of specific indicators, the overall performance of LFM is low, and the
performance value is generally lower than 0.6. The overall performance of LFD is better,
but it shows a significant decline in the east section of the street. To some extent, this reflects
the lack and imbalance of land use performance within the street. The low efficiency of
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urban land use is generally a result of rapid urbanization, which affects the sustainable
development of cities [94,95]. The results calculated for indicators related to land use can
serve to guide us in adjusting the types and quantities of land functions at the street level,
so as to improve regional Vitality and intensive land use rate and to achieve improved
social and economic conditions. In addition, the closer it is to the east end, the farther it is
from the activity hotspot, which is also a factor in the decline of accessibility and Vitality.

Figure 14. Vitality performance of Zhengyang Street.

4.3. Overall Performance of Urban Style

According to the urban style performance map (Figure 15) obtained after the super-
position of the performance values of the three dimensions, we find that the urban style
performance of the west section and the middle section of Zhengyang Street is generally
high, with most areas having a style performance greater than 0.6. At the junction of
the street sections, the performance value is relatively low, which is related to the large
opening and the lack of urban style elements at the node. The urban style performance
of the east section of the street is significantly decreased, and areas closer to the end have
lower performance values, with the lowest dropping below 0.4. Combined with the above
dimensional performance results, the decline of urban style performance in the east section
mainly comes from the decrease in Suitability and Vitality in that region. We find that there
are significant differences in urban style performance between different areas of the street,
which usually occur in areas where the form or quantity of urban style elements change. In
the middle section of the street, between point A and point B, there are very few obvious
changes in the street form and the surrounding natural environment, which corresponds to
the stable performance of the urban style. To a certain extent, this shows the authenticity
and effectiveness of the research results on the expression of urban style. It can be spec-
ulated that if applied to larger-scale urban research, the evaluation results could help to
clarify the spatial pattern and types of urban style and to reasonably divide the style zoning.
This will provide favorable support and a basis for land use zoning, because the residence,
commerce, industry, and green space functions in each area will be reasonably planned. At
the same time, correct guidance in urban style planning with respect to architectural form
and landscape form could better show the effect of land use planning.
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Figure 15. Overall performance of the urban style of Zhengyang Street.

5. Discussion
5.1. Guidance of the Research Results in Planning

From the perspective of the dimensions and distribution of the city, this paper reflects
the overall situation of the steam street. Combined with the development background
of Zhengyang Street, the research results and future planning guidance strategies will
be discussed.

As the main road connecting the new and old urban areas in the urban area of
Hengyang County, the factors influencing its urban style are complex. The west sec-
tion of the street is connected with Xidu Town, the birthplace of the county on the west
bank of the Zhengshui River. It is the first construction area to have arisen in the process of
the expansion of the county to the east bank (Figure 16). Therefore, the west section of the
street carries over some characteristics of the west bank in terms of urban style, and creates
a good spatial environment in terms of street scale, building volume, and building layout.
Therefore, the overall Suitability of this section of the street is relatively high. However, due
to the relatively old construction age, in addition to some new residential and commercial
buildings, the architectural quality in this area is not high, and the architectural form is
old, resulting in a lack of visual attractivenes in the overall street style. Fortunately, the
good performance of greening quality adds scenery to the street environment. At the same
time, due to the existence of a large number of residential buildings and the richness of the
businesses along the street, this street section shows good Vitality. Therefore, we believe
that the goal of the west section of the street in future development should be to strengthen
the improvement of architectural quality on the premise of maintaining the Suitability of
the existing street form. A few aging and seriously damaged buildings will be demolished
or reconstructed over time. In new projects, priority can be given to commercial buildings
or public buildings with high levels of Aesthetics, so as to improve the current situation, in
which the image characteristics of the area are not prominent, and its recognizability is low.

Due to its superior location and architectural style, this area is located in the middle of
the old urban area, which has a relatively high-quality architectural atmosphere. The two
activity hotspots—the Commercial City and the Chuanshan Square—not only improve the
street landscape, they also greatly improve the Vitality of the street. In addition, the area
also has good performance in terms of greening quality. However, whether along the street
or within the block, the high building density has a certain impact on the Suitability of the
environment. We believe that the development of the middle section of the street would
optimize the existing spatial environment and further improve the business atmosphere
and the urban Vitality. On one hand, the density of the street space can be reduced by
means of open spaces to reduce the sense of oppression along the street interface. On the
other hand, by improving the diversity of land use and promoting the Vitality of the streets,
Xinzheng Street, which has a prominent business atmosphere in the north, has become the
overall business district of the old urban area.
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Figure 16. Current situation of urban structure in Hengyang County. (Source: This figure is adapted
based on the original figure in Research on the Landscape Planning of Hengyang County [96]).

The east section of the street is closely connected with the new urban area, and the
south side of the street faces the Zhengshui River, so it has good architectural visual quality
and natural environmental conditions. However, due to the restrictions of the construction
conditions of the land along the river, the number of buildings in this area is small and the
commercial atmosphere is low, leading to poor performance in urban Vitality. In addition,
although the street section has more green area along the river, there is no refined design.
We believe that in the future development of the east section of the street, full use should be
made of the advantages of its natural environmental conditions in improving the landscape
quality of the sections along the river, creating a pleasant landscape belt, and shaping
the landscape characteristics of the area, thereby improving the overall Aesthetics and
urban Vitality.

5.2. Implications in Urban Planning and Design

In recent years, digital technology based on computer application and multi-source
data has been widely used in urban planning and urban design in developed countries. It
not only provides effective technical support, but also provides a new research perspective.
The quantitative evaluation of urban style is in line with this development trend. With the
large scale, complexity, and accuracy of the objects of urban planning and design, existing
qualitative research methods have had difficulties providing effective support. The research
method proposed in this paper changes the previous method of taking the elements of
urban style as the evaluation factor, and constructs a quantitative evaluation indicator
system from the main dimensions of urban style. At the same time, the measurement
data of the indicators are based on multi-source data, which makes the data collection and
measurement process efficient, accurate, and objective, and makes it possible to perform
research on large-scale urban spaces. The research results accurately and effectively reflect
the features and deficiencies of the urban environment through specific numerical and
spatial visualization, and provide effective guidance for urban style planning. Because
urban style planning and urban design have a lot in common in terms of their study content,
this research method can also be applied to the basic work of urban design, which will
help to improve the accuracy, scientificity, and feasibility of research into the current urban
situation, and contribute to the goal of shaping a residential environment with regional
characteristics, cultural connotations, and beautiful landscapes.
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6. Conclusions

This study provides a new method for urban style evaluation. Using multi-source
data and taking a main road in Hengyang county as an example, the specific performance
and the spatial distribution of urban style were obtained and analyzed. The results show
that the spatial differences in terms of urban style are closely related to the construction
cycle, the urban expansion trend, and the natural environment, which shows that urban
style effectively reflects the multi-dimensional process of urban development.

In terms of the dimensions covered, urban style in this study is understood to mainly
consist of three dimensions (Suitability, Aesthetics, and Vitality). Each of these dimensions
was evaluated based on the spatial indicators by which they are determined or influenced.
For instance, the Suitability dimension is influenced by BD, SAR, SID, and EP; meanwhile,
AFAS, ABH, BFQ, GCI and GVR determine the aesthetic performance, and LFM, LFD,
TA, HSA and PD influence the level of Vitality. Unlike the majority of studies related to
urban style, which have focused on assessing those constituents separately (for instance
built environment, vitality [14–17], and urban landscape [19,30]), this paper gathered them
all under the same indicator system so as to provide a comprehensive evaluation tool for
urban style at the local scale.

The second important aspect of the evaluation work discussed in this paper is the
objective calculation of various indicators versus subjective appreciation. The method used
in Chongqing, China by Zhang [97] was based on a questionnaire survey and expert scoring.
In Longsheng County, China, Rui [11] used the IPA method to score the “Importance
Performance” of urban style, also using a questionnaire survey. It can be argued that expert
scoring and social surveys can, instead of being used directly for an overall apprehension
of the urban style, be integrated, as in this paper’s methodology, to provide quantitative
grounds for the normalization of the specific indicators considered and the validation of
their correlation to urban style; however, the evaluation process of specific indicators with
respect to the overall performance should be completely data based.

The third and most important aspect is the spatial features of urban style. In this paper,
a grid-based calculation method was used to provide a detailed view of the spatial variation
of various indicators. While quantitative methods, such as that used by Zhang [97] to
evaluate the urban style of Chongqing City, can give a global apprehension of urban style
through overall scoring and classification (Excellent, Good, Average, or Poor) and can be
used for general comparisons between urban areas, using multi-source data processing with
ArcGIS, as done in Guangzhou city by Su [10], can instead express the spatial characteristics
of urban style, and a score map of the current urban style can be obtained for the purposes
of spatial structure analysis. Nevertheless, the spatial featuring of urban style as proposed
by Su is based on the subjective scoring of the influence radius of spatial elements. In
this paper, we argue that a more accurate evaluation can be achieved by measuring the
relevant spatial indicators (building density, vegetation cover, etc.) in a relatively fine grid
(30 m × 30 m) whereby the superposition of different indicators can result in expressing
various dimensions of urban style.

In terms of applications, the quantitative evaluation method proposed in this paper,
by showing the spatial distribution of weak and strong urban style performances, can
provide more specific directions for improvement through future planning and design than
qualitative assessment could provide. For example, the results of the Hengyang case study
helped in the development of planning strategies with respect to maintaining urban spatial
form, improving landscape quality, and increasing land use diversity for clearly identified
and specific road sections. This method can also be applied on a wider urban scale in order
to quantitatively evaluate the whole urban area.

It should be pointed out that this study has several limitations. In particular, the
normalization of the performance of each indicator is quite challenging, given the very
limited documentation available on the quantitative evaluation of urban style. Efforts have
been made to base the indicator normalization on sound research conclusions, but there
is a clear need to pursue research on this matter so as to further improve the accuracy
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of urban style evaluation. With regard to the complexity of urban constituents and the
current trend of urban environmental quality studies from a multi-disciplinary perspective,
further studies on the quantitative evaluation of urban style should focus on enriching and
diversifying the evaluation content and the relevant indicators.
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