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Abstract: The urban heat island effect has become a common meteorological phenomenon in urban areas in recent years. Research on urban
thermal environments has used various technologies, such as remote sensing, on-site/mobile measurement, and model simulation. This study
employed satellite images to comprehensively identify the correlations between thermal environments and the urban morphology in
Taipei, Taiwan. This study applied the local climate zone (LCZ) scheme to classify urban land types by surface characteristics. The LCZ
classification result was used as the basic unit for assessing and calculating urban forms by the landscape ecological metrics (LEM). For
the thermal environment information, this study collected air temperature data by mobile measurements and combined it with records
from weather stations. The results showed that different urban form compositions were associated with thermal environments. Built-up
areas with higher levels of edge density tended to have higher heat intensity. For two regions with the same proportion of green spaces
and built environments, the temperature varies with different configurations. This study can evaluate the urban thermal environments and
assist urban planners who do not have a meteorological background in finding urban climate issues and developing heat mitigation strategies.
DOI: 10.1061/JUPDDM.UPENG-4890. © 2024 American Society of Civil Engineers.
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Introduction

In Taipei, Taiwan, more than 98% of the population lives in an
urban planning district (Department of Civil Affairs, Taipei City
Government 2022); building volume is increasing, while the total
area of green spaces is decreasing; the urban thermal stress has
thus become a major threat to sustainable urban development
(Ren et al. 2013; Chen et al. 2017; Lin et al. 2017; Chen et al.
2019a).

In addition, warmer conditions are already causing several is-
sues around the world, including public health, where previous
studies have shown that an increase in the frequency and severity
of heat waves can lead to an increase in illness and death, especially
among young children, the elderly, and the poor (Kovats and Hajat
2008; Campbell et al. 2018; Dong et al. 2020; Ebi et al. 2021;
Arsad et al. 2022). As global temperatures rise, crops are wilting
due to high temperatures, and agricultural yields in more countries

are beginning to be affected (Zhao et al. 2017; Becker et al. 2023;
Hung et al. 2023). Even in terms of public safety, high temperatures
can cause people to become more agitated and stressed, which can
lead to an increase in violent crime (Tiihonen et al. 2017; Harp and
Karnauskas 2020), and it is also worth recognizing that as global
warming progresses, the proportion of natural disasters, such as ex-
treme flooding, will also increase significantly (Schiermeier 2011;
Tabari 2020; Gu et al. 2022; Alifu et al. 2022). Therefore, under-
standing the relationship between urban landforms and the urban
climate and developing a strategy to mitigate adverse thermal envi-
ronments are essential.

In urban areas, the urban heat island (UHI) has been a significant
climate phenomenon in recent years, and numerous cities including
St. Lawrence in Canada (Oke 1973), Phoenix in the United States
(Baker et al. 2002), Nagpur in India (Kotharkar and Surawar 2016),
and Tainan (Chen et al. 2018) and Taipei (Chen et al. 2019b) in Tai-
wan are suffering from heat stress due to intensive development.
Many countries, including Hong Kong (Jia and Wang 2021), Tai-
wan (Lin et al. 2017), Singapore (Teo et al. 2022), China (Qin et al.
2023), and Australia (Heshmat Mohajer et al. 2022), are developing
approaches for identifying hotspots to slow down the increase and
mitigate thermal loads. Based on local knowledge of urban climate
conditions, governments and urban planners can identify areas with
the highest thermal stress and adopt regulations to mitigate the ther-
mal load through urban planning and building renovation.

Studies evaluating urban climates have used various urban pa-
rameters such as population density, total building area, surface im-
permeability, land use, land cover, and geographical features and
have proven that urban landforms contribute to variations in
urban climate (Oke 1988; Honjo et al. 2015; Wei et al. 2016;
Zhou et al. 2017; Shih 2017; Zhang et al. 2017; Giridharan and
Emmanuel 2018). However, if the study only focuses on intuitive
factors, such as the percentage of area and density in the region,
but ignores the state of urban form composition, such as the distri-
bution features and the level of connectivity with the surrounding
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area, it will lead to differences in the thermal environments of dif-
ferent morphological features in the same area or density. There-
fore, morphological characteristics are included in this study for
the association with the thermal environments. In addition, investi-
gation of the cause of thermal stress is complicated for areas with
insufficient data. For example, obtaining sufficient information
on climate and the urban built environment in every city has
been difficult because it has either been lacking or controlled by
the government due to security issue or privacy protection issues
(Figueiredo and Martina 2016; Oraskari and Törmä 2017; Chen
et al. 2019a).

Therefore, this study employed free Landsat-8 satellite images,
which are easily downloadable, to obtain information about the
built environment and used meteorological information obtained
by the Taiwan Central Meteorological Bureau to understand the re-
lationship between urban morphology and climate.

Another issue is that mixed land use in cities makes it difficult to
quantify urban patterns and analyze the relationship between ther-
mal environment and land use (Hu and Jia 2010; Su et al. 2010;
Kim et al. 2019). Information on land use composition is also not
three-dimensional, even though a city’s three-dimensionality is a
crucial factor affecting the thermal environment (Yahia and Johans-
son 2014; Yang et al. 2018; Chen et al. 2020; Yang et al. 2020).

Therefore, this study assessed the urban thermal environment in
Taipei using two systems: local climate zone (LCZ) classification
and landscape ecological metrics (LEM) and developed an ap-
proach that can be used to comprehensively evaluate not only
land use but also morphology to investigate urban thermal environ-
ments. The approach uses accessible satellite images and the LCZ
scheme that interprets urban development patterns into three-
dimensional information as a foundation to analyze land configura-
tion characteristics using the LEM.

By using the proposed method of first classifying the urban grid
into different LCZs and then analyzing the grid distribution pattern
of each LCZ through the LEM, it will be possible to more clearly

identify the impacts of urban form and the characteristics of their
composition on thermal conditions in different regions and recom-
mended building configurations and suitable layouts of green space
to reduce the urban thermal load in the future.

Methods

Study Area

Taipei is a big city with compact, developed urban areas. The city is
approximately 271.8 km2 in size (Fig. 1), with a 2.69 million pop-
ulation in 2017 (Department of Civil Affairs, Taipei City Govern-
ment 2017). Taipei, located in a subtropical monsoon climate, has
the highest population density in Taiwan. Because of its topograph-
ical characteristics, hot air tended to be trapped in the basin area in
summer, resulting in a higher city temperature than the surrounding
area. According to meteorological statistics published by the Cen-
tral Weather Bureau from 1981 to 2010, the average annual temper-
ature is 23°C, with the hottest month being July, which has an
average monthly temperature of 29.6°C. The coldest month is Jan-
uary, with an average monthly temperature of 16.1°C (CWBT
2011).

In this study, Taipei was used to investigate the relationship be-
tween urban morphology and climate. As Taipei’s development in-
tensity is high, it is essential to pay attention to heat mitigation in
current warming trends.

Local Climate Zone

The descriptions and definitions of various artificial and natural en-
vironments vary by country. Therefore, to establish an urban clas-
sification approach that can be adapted by each user, standard
climatic and environmental factor guidelines had to be systemati-
cally established.

Fig. 1. Location of Taipei. (Map from the National Land Surveying and Mapping Center, Taiwan MAP Service.)
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Unlike other classification systems, the scheme mainly uses dif-
ferences in the built-up environment to sort land in more detail and
introduces density, openness, height, category of use, and natural
environment density (Stewart and Oke 2012; Stewart et al.
2014). LCZ has often been used in studies to determine the
urban environment’s impact on thermal environments (Bechtel
et al. 2015; Cai et al. 2016; Kaloustian and Bechtel 2016; Beck
et al. 2018). In this study, LCZ was used as a primary patch to con-
struct each LEM range and quantify the various LEM indicators.

Local Climate Zone Classification System
Stewart and Oke (2012) proposed the first local climate zone sys-
tem. They performed a series of quantifications and verifications
of related data and information, including sky visibility, building
height, street aspect ratio, building projected area, impervious
floor area ratio, average building height, and surface roughness.
LCZ classification is used to divide the urban pattern into 17
types of areas by using Landsat-8 images. The classification and
naming form was LCZx, where x denotes Numbers 1‒10 in
built-up areas and Letters A to G in nonbuilt-up areas (Stewart
and Oke 2012).

In this study, data from the Landsat-8 satellite on July 7, 2017
were used to classify LCZs. The satellite has a resolution of
30 m, carries 11 spectral bands, and passes over the same area
every 16 days. The classification results also exclude the error
value caused by cloud and fog conditions.

Classification Process
The LCZ classification process was based on the World Urban
Database and Access Portal Tools (WUDAPT) project. The entire
system uses the satellite image as the basic reference layer and
employs Google Earth and the supervised classification method to
frame the demonstration area manually. The final classification
process was performed and automated using SagaGIS software
(vesrion 2.2.0). The resolution of LCZ classification was 100 m×
100 m in this study to prevent a small scale from leading to

environmental illusions and a large scale from decision errors
(Bechtel et al. 2015).

Combined Use with Landscape Ecology Metrics
This study integrates similar urban patterns to reduce the impact of
analysis of classification errors in LEM’s subsequent calculation.

The original 17 surface LCZ types were further classified into 7
general surface types according to their characteristics. Building
density and building use characteristics were summarized into ge-
neral categories, including densely built areas, open built areas,
lightweight construction areas, suburbs, industrial areas, planting
areas, and water bodies (Fig. 2).

Landscape Ecology Metrics

LEM is an algorithm that quantifies specific spatial patterns, char-
acteristics of patches, and classes of patches (Turner et al. 2001;
Leitão and Ahern 2002; Uuemaa et al. 2009, 2013); it has been
used to explore the relationships between the climate, geography,
ecology, economy, society, and culture of the landscape condition
(Forman 1995; Syrbe and Walz 2012; Frank et al. 2012; Zhang
et al. 2013; Kong et al. 2014).

Landscape ecology argues that landscape structure influences
ecological processes (Naveh and Lieberman 1985; Turner 1989;
Wu 2000). The LEM was originally designed to quantify the
changes in biological habitats and ecological environments. The
field of landscape ecology has been increasingly applied to urban
areas for describing landscape structure and land-use changes.

In this study, the LEM was used to quantify the characteristics
of land patterns and attempted to identify urban structures by using
the four LEM indexes—percent landscape (PLAND), large patch
density (LPI), edge density (ED), and fractal dimension–area-
weighted (FRAC_AM)—to investigate whether an area composed
of multiple LCZs has different effects on the urban thermal envi-
ronment with air temperature (Ta) under differing content struc-
tures and patterns.

Fig. 2. Comparison between the LCZ basic classification and advanced classification.
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Matrix Size
The matrix size of the landscape is affected by a particular
study area. This study aimed to explore differences in urban
land types, and the resolution of the landscape unit LCZ was
100 m, which can easily present the morphology feature on an
urban scale.

In this study, when defining the size of the landscape matrix
and considering the basic unit of an LCZ of 10,000 m2, the land-
scape matrix sizes of 160,000 m2 (400 m× 400 m), 640,000 m2

(800 m× 800 m), and 2,560,000 m2 (1,600 m× 1,600 m) were
employed in the analysis to confirm the correlation with Ta
(Fig. 3). The results revealed that a matrix of 2,560,000 m2

would lead to the lack of a single type category in calculating
the index. The 160,000 m2 matrix size would be affected by
the unit of the LCZ, and LEM calculations would be strongly af-
fected by a single surface type.

Besides, the 400- and 1,600-m landscape ranges were compared
with the 800-m landscape range. In the grid, the LEM calculation
value of the 800-m landscape range was positively correlated
with the temperature and could reflect a more prosperous landscape
composition; therefore, the grid size of the landscape range used in
this study was 800 m.

Level Description
The spatial structure of the LEM was divided into two levels in this
study: the class and patch levels. A landscape matrix was defined as
the range 800 m× 800 m, and thus, a landscape contained 64 LCZ
units because LCZ with a resolution of 100 m was used as the
surface-type unit. The patch level is the minimum level of the
LEM and describes each unit’s appearance in the landscape
(Fig. 4).

The class level was based on the seven major surface types of
LCZ after secondary classification, indicating that at least one
and up to seven surface types coexist in a landscape. The category
hierarchy was used to describe the individual characteristics—
PLAND, LPI, ED, and FRAC_AM—of each surface type in a land-
scape and quantify the surface differences other than differences in
area. Therefore, in a landscape, the class level index had a particular
value in each class.

Indicator Explanation
The LEM analysis revealed various landscape characteristics ac-
cording to differences in the spatial scale of the indicators. As de-
scribed in section “Level Description,” this study extracted the

class level to analyze urban-scale environmental factors. The anal-
ysis of class-level indicators described the spatial distribution of a
class in a landscape. Therefore, when calculating the LEM, spatial
pattern distribution values were obtained for all landscape types.
This study used PLAND, LPI, ED, and FRAC_AM. PLAND and
LPI represent the proportion of a type of area in a landscape,
whereas ED and FRAC_AM reveal the type of distribution shape
in a landscape (Table 1).

PLAND represents the percentage of an area in a landscape and
ranges between 0 and 1. LPI represents the block group with the
largest area in a landscape and ranges between 0 and 100. ED indi-
cates the degree of contact in a landscape and ranges between 0 and
100. FRAC_AM represents the shape complexity in a landscape
and ranges between 1 and 2.

Calculation Tool
This study calculated the LEM using the FRAGSTATS software
(version 4.2.1) package (McGarigal and Marks 1995). This soft-
ware can calculate map files in various ways, and this study used
ArcGIS to process the gridded surface classification map files in
image batch processing for calculation, generated various LEM dis-
tribution maps, and quantified the LEM values in each grid.

Obtaining the Urban Thermal Environment

Meteorological Stations
This study’s temperature information was obtained from 14 mete-
orological stations of the Taiwan Central Meteorological Bureau in
Taipei [Fig. 5(a)] in July 2017. The data were then processed
through the inverse distance weighted (IDW) interpolation to ob-
tain Taipei’s overall air temperature.

Mobile Measurements
In addition to collecting the Ta from weather stations, this study
manually performed mobile measurements to verify the Ta and per-
form related analysis. The measurements were made by a private
car equipped with measuring instruments, including a thermometer
and global positioning system. The sensor was equipped with a
ventilation shield to prevent the sun from shining directly on the
sensor to get a good temperature information quality, and adequate
ventilation was maintained to achieve a balanced air temperature
measurement [Fig. 5(b)].

To reduce errors in the temperature and location measurements
caused by the instrument’s reaction time, this study controls the car
driven during measurement at slower than 20 km/h. The route sur-
rounded the entire developed area of Taipei, but roads were occa-
sionally blocked, and the car could not enter the northern
mountainous area. The main route surrounded the city’s built-up
area.

Results

Initial Mapping Results

LCZ Distribution
The surface LCZ classification of Taipei is displayed in Fig. 6.
Throughout Taipei, the LCZs comprised LCZA (dense trees) in
the south and north, whereas a developed corridor runs east to
west through the city. The major built-up areas were LCZ2 (com-
pact high rises), LCZ6 (open low rises), and LCZ9 (sparse

Fig. 3. Landscape grid size specification. (Image courtesy of the
USGS, Landsat-8.)
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buildings). Most of the LCZs in the nature areas were LCZA (dense
trees) or LCZG (water).

The classified images revealed the urban development trend in
Taipei. The built-up areas were concentrated in the center and
west, whereas the northeast and southeast were mostly mountain-
ous and suburban areas.

The built environment close to the mountainous area was mostly
classified as an open built area, and the east‒west axial areas in
which development has been concentrated were mostly classified
as densely built areas. Few large green spaces exist in the city.
Other green spaces were mostly scattered in small parks. The
water body areas were mainly rivers.

Table 1. Calculation equation of the class-level index

Class
level Index Meaning

Area PLAND
Percent landscape

Proportion of the patch= a/A× 100%
a= class area; and A= landscape area

LPI, large patch density A measure of the largest patch area of the type =
Max(a1, . . . , an)

Aa= class area; and A= landscape area

Shape ED, edge density The sum of the length of all patch edges divided by the total area of the landscape =
∑m
k=1

eik/A
e= class edge length; and A= landscape area

FRAC_AM, fractal dimension_ area
weighted

A measure of departure from Euclidean geometry

E = kaFd/2, Fd = 2 ln
P

k

( )
/ ln (A)

e= class edge length; and a=Class area, k= 4

Fig. 4. LEM patch and class level demonstration.
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LEM Composition
This study investigated the impact of the urban built environment
on a city’s thermal load. Therefore, before the analysis, the standard
of the Taipei built environment was first defined.

Seven surface types were identified, five of which were types of
built-up environments. Given this and the 800-m landscape grid
spatial characteristics, this study defined a built environment as ei-
ther a landscape containing three or more surface types or a land-
scape with an area at least 25% of Types 1–5.

The highest area ratios were densely built areas (Type 1) and
green belts (Type 6). These two types accounted for most of the en-
vironment in Taipei, and the city’s climate environment would thus
be most strongly affected by these types. Therefore, in the
follow-up analysis, this study focused on the compact built-up
and plant areas in the built environment using four class-level indi-
cators to describe the relationship between land pattern distribution
and Ta (Fig. 7).

Air Temperature Distribution
This study used weather station data and mobile measurements to
obtain Ta information. Fig. 8 presents the temperature distribution
in Taipei based on the average daytime data from 08:00 to 16:00 in
July 2017.

As revealed by the Ta distribution map, Ta ranged from 23.4°C
to 35.5°C. The high-temperature trend was closely related to the
distribution density of the built environment (Fig. 8). The high-
temperature area was concentrated in the center and west of Taipei,
whereas the mountainous areas in the north and south had lower
temperatures.

The temperature distribution also shows that the air temperature
in the densely built environment areas was higher; the temperature
was lower only around the riversides and near mountains.

Air Temperature in the LCZs

The Ta distribution in July daytime (08:00–16:00) in each LCZ re-
gion (Fig. 9) indicates that LCZ1 had a higher temperature than
similarly highly built-up areas because the compact obstacle

(a) (b)

Fig. 6. LCZ classification results in (a) 17 types; and (b) 7 general surface types.

(a)

(b)

Fig. 5. (a) Location of Taipei Weather Stations; and (b) mobile mea-
surement with equipment.
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provided by LCZ1 led to poor ventilation and increased anthropo-
genic heat storage in the area.

The built-up blocks with high temperatures were LCZ1–3,
LCZ8, and LCZ10. In addition to the high temperature in LCZ1–
3 caused by high building density, LCZ8 and LCZ10 were indus-
trial blocks and hotspots, respectively. Furthermore, plant blocks
provided cooling resources.

LCZA had the lowest temperature in the entire class. Other low-
temperature areas were LCZB–D, which were natural environ-
ments. However, LCZE, classified as artificial pavement, accounted

for the highest temperature in the plant block classification because
of pavement’s low water permeability and high heat storage
capacity.

Relationship between the Landscape Ecology Index
and the Thermal Environment

In this study, summer day Ta was used as the main parameter to
represent the urban thermal environment. The major integrated
LCZ classifications each represented a type of urban area, and cor-
relation analysis was performed by considering densely built areas
and green spaces, which were the most common in the city and
would have the most substantial effect on the urban climate. For
the quantification of urban types, please refer to the class-level in-
dicators’ description in section “LEM Composition.” The four se-
lected indicators—PLAND, LPI, ED, and FRAC_AM—were used
to evaluate the relationship between landscape ecology index and
the thermal environment by simple regression analysis.

Impact of the Built-Up Environment on the Thermal
Environment
The relationship between Ta and LEM revealed that densely built
areas accounted for approximately 0%–90% of a landscape area,
and all four parameters of the densely built areas—the area-related
PLAND and LPI and shape-related ED and FRAC_AM—were

Fig. 7. Calculation method of LEMs. (Image courtesy of the USGS, Landsat-8.)

Fig. 8. Air temperature distribution map in Taipei. Fig. 9. Distribution of air temperature in different LCZs.
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positively linearly correlated with Ta, with high correlation coeffi-
cients for the area-related indicators (Fig. 10).

The coefficient of determination (R2) between Ta and PLAND,
LPI, ED, and FRAC_AM was 0.74, 0.68, 0.57, and 0.55, respec-
tively. This result revealed that the greater the total of densely
built areas in the city, the higher the connectivity and the higher
the contact with other urban types, causing a more significant ther-
mal load. The chart for Ta versus PLAND shows densely built
areas in a landscape; an increase of 10% in area percentage was cor-
related with a temperature increase of approximately 0.5°C.

Influence of Green Spaces on the Thermal Environment
Green spaces in the built environment of Taipei accounted for
0%–40% of a landscape area; compared with the densely built
areas, the proportion was approximately half. PLAND, LPI, ED,
and FRAC_AM were all negatively correlated with Ta, unlike
densely built areas. All correlation coefficients were large (Fig. 11).

The coefficient of determination (R2) between Ta and PLAND,
ED, LPI, and FRAC_AM was 0.52, 0.2, 0.52, and 0.25, respec-
tively. Therefore, the greater the area of green spaces in the city
and the higher the connectivity, the greater the contact with other
urban types, resulting in a better cooling effect on the area. In the
chart of Ta versus PLAND, a 10% increase in green spaces was
correlated with the approximately 0.3°C cooling effects. The
range of confidence for the area ratio was within 40%.

Class-Level Distribution Characteristics and Air
Temperature

The densely built areas and green areas were the two largest areas
in Taipei’s built environment, and their impacts on the thermal en-
vironment were the opposite. The Ta characteristics caused by the

distribution of densely built areas and green areas were crucial.
Dense buildings were positively correlated with temperature,
whereas green areas were negatively correlated with temperature
overall.

For both densely built and green areas, the area-related indica-
tors had strong correlations with Ta; however, the shape-related in-
dicators also had a certain influence. If two landscapes had the
same area, their form was the main reason for temperature effects.
Urban morphology had a strong influence on summer daytime
temperature.

The class-level correlation analysis revealed that the larger the
area of densely built areas in the city and the higher the connectivity
with a more significant interface with other urban types resulted in a
higher thermal load on the area. In contrast, green spaces resulted in
the opposite thermal effect. Green belts must be connected but scat-
tered throughout the landscape. The contact between green spaces
can have a continuous cooling effect on the city. If green spaces are
too concentrated in one area, the cooling effect is limited to that
area and cannot spread outward.

Application to Urban Planning Recommendations

Due to the topographical characteristics of the Taipei basin, natural
ventilation is constrained in the city. In addition to being highly de-
veloped and having a dense population, the city has poor overall
thermal comfort. Therefore, this study performed LEM analysis
to identify different landscape types and used the features to sum-
marize the optimal types for future urban planning (Fig. 12).

Taking the scale of the landscape grid in this study as an exam-
ple, when densely built areas and green belts occupy one-quarter of
the area of a landscape grid square, this study recommends that the
schematic presented in Fig. 13 can be used for conceptual design

Fig. 10. Correlation distribution of types and temperatures in densely built areas.
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planning. For dense construction areas, buildings should be con-
structed in uniform blocks (rectangles or squares), external contact
boundaries should be minimized, and the optimal result should be
obtained using a single large block. For green belt areas, contact
should be high (suitable organic shapes), and green belts should
be linked to create corridors or be placed similarly to a checker-
board to promote cooling.

In addition to changing the style of development, increasing the
proportions of open building environments and reducing the num-
ber of overly dense building areas can create green corridors and
slow the accumulation of heat while maintaining the city’s develop-
ment intensity.

Discussion

Improvement in the Definition and Data Acquisition
of the Urban Built Environment

Previously, many studies on the urban built environment and ther-
mal environments have utilized the area proportion of different land
uses, such as residential, commercial, and industrial areas, as a fac-
tor, and the area of land cover, such as buildings, green spaces, and
water bodies in the analysis of explain the relationship between sur-
face features and temperature (Eliasson and Svensson 2003; Fed-
dema et al. 2005; Buyadi et al. 2013; Deng et al. 2013; Chen

Fig. 11. Correlation distribution of types and temperatures in green areas.

Fig. 12. Arrangement of the pattern of thermal conditions for built-up and green areas.
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et al. 2017, 2018; Lu et al. 2021). However, these approaches have
been effective in some cities because the built environment be-
comes more and more complex under urbanization, including
mixed land use and the formation of diverse buildings and neigh-
borhoods of different heights and densities.

The past conception of the urban built environment has to be re-
considered and redefined, and the methodology of using area ratio
to investigate the impacts of the thermal environment has to explore
the impacts due to the distribution pattern and morphological char-
acteristics at a more profound scale. Therefore, by combining the
two systems of the LCZ and LEM in this study, it is possible to sug-
gest that, for the same area of land, the centralization of residential
areas will have the potential to reduce the overall average temper-
ature of the city, and for the same area of land, the green space
should be distributed more sporadically in each area of the city to
reduce the average temperature of the whole city, and so on. This
is a conclusion that could not be reached by using area ratio
alone in the past, and it is also an effective way to provide more di-
versified and sustainable suggestions for urban development and
urban planning.

The advantage of this study is also in the accessibility of urban
built environment information. Previously, detailed layers were
needed to quantify the built environment information in a region,
which was often time-consuming and had to be purchased, whereas
in this study, the urban pattern training and classification can be
done quickly and free of charge through satellite information,
which greatly saves the cost of funds and time, and the data can
be updated instantly in different time intervals so that it can be ap-
plied to different periods in the different research areas.

Application Restrictions

Data have not usually been easy to obtain, and this study used a
combination of the LCZ and LEM to develop a method suitable
for determining urban development and distribution characteristics
to discuss their impact on the thermal environment.

However, the LCZ classification system is limited by differ-
ences in the subjective cognition of system’s trainers. Even if def-
initions exist for environmental parameters, the supervised
classification and selection of areas will still differ due to users’
cognitive differences, potentially resulting in classification errors.

Also, in research and analysis, the LEM is affected by the clas-
sification of surface types. Therefore, the local built environment’s
characteristics must be considered when using the analysis method
employed in this study. Not all areas will have the same result.

Therefore, although the LEM can quantify the urban built envi-
ronment and determine the effects of different arrangements and
environments on the urban environment, in subsequent analysis, re-
search can go beyond classification type to select areas using more
urban morphology detail.

In the analysis process, the analysis items corresponding to dif-
ferent indicators must be tested individually, and the significance of
various indicators must be explored. The analysis results should be
verified using actual scenarios to prove the impact of urban
structures.

Conclusions

This study employs urban structures to understand the relationship
of these structures with the urban thermal environment and estab-
lishes a basis for urban planning improvement based on the differ-
ences in urban land types.

To quantify differences in urban structure and type, this study
employs urban form as the leading environmental observation fac-
tor and LCZs, which combine land morphology with three-
dimensional classification, to classify urban forms at 100-m resolu-
tion. The LCZs are originally classified into 17 types, which this
study streamlined into 5 types according to land pattern and land
use. The classification results are then used as the basic unit
patch for calculating the following four LEM class-level indicators
at 800-m resolution: the area-related indicators PLAND and LPI
and the shape-related indicators ED and FRAC_AM. These

Fig. 13. Distribution of the influence of densely built areas and green space on temperature.
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indicators are used in quantitative analysis of the impact of the
urban environment on thermal environments.

The research results reveal that the city’s thermal environment
was affected by different urban forms and different LCZs produced
different air temperature distributions in the hot season. For exam-
ple, the average temperature in densely built areas is lower than in
low-rise buildings and natural areas. The LEM is used to explore
the urban pattern and composition methods and reveal that the lay-
out and distribution of dense building areas in the built environ-
ment affected the thermal environment’s difference. An increase
in the four indicators results in a temperature rise. In the relatively
green spaces in the urban built environment, the four indicators are
negatively correlated with temperature. If the thermal environment
is taken into urban planning consideration in the urban built envi-
ronment, the planning for building areas and green belts should be
completely different.

This study suggests that if subsequent urban planners take the
urban thermal environment as the foundation, it should be possible
to refer to the densely built areas’ dense distribution and reduce
their contact with the surrounding environment. By contrast,
green belts can be highly connected but scattered to improve con-
tact with the surrounding environment, achieving a continuous
cooling effect on the city in the hot season.
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