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The urban heat island (UHI) effect refers to the phenomenon where central urban areas
exhibit higher temperatures than surrounding suburban areas due to concentrated human
activities and building structures. This effect significantly impacts urban environments, the
quality of life of residents, and energy demands. With the continuous advancement of
urbanization, the UHI effect is becoming increasingly severe, making it a focal point in the
fields of urban planning and architectural design. However, existing studies often rely on
macro-climatic data and lack a thorough analysis of the thermodynamic properties at the
urban micro-scale, failing to fully reveal the mechanism behind the impact of architectural
layout on the UHI effect. This study begins with a thermodynamic perspective, exploring
the changes in thermal stability of the boundary layer in different urban areas under the
UHI effect through the heat flux equation. It analyzes the impact of different architectural
layouts on the urban thermal environment. The research demonstrates that urban heating
disturbances and the average state induced by the UHI effect have distinct regional
characteristics in terms of boundary layer thermal stability. Furthermore, by utilizing
spatial autocorrelation analysis and the principle of hot and cold spot identification, this
paper deeply investigates the spatial autocorrelation and its evolution in urban architectural
layouts, assessing the potential of architectural layouts in mitigating the UHI effect. These
findings provide new perspectives and tools for urban planning, contributing to the
optimization of the urban thermal environment, enhanced energy efficiency, and improved

resident comfort.

1. INTRODUCTION

As the process of urbanization accelerates, the phenomenon
of the UHI effect has become increasingly prominent, exerting
profound impacts on urban climate, residents' comfort, and
energy consumption [1, 2]. The UHI effect refers to the
significant increase in temperature in urban center areas
compared to suburban areas, caused by heat emitted from
human activities and dense urban buildings [3-6]. In urban
planning, the impact of architectural layout on the UHI effect
is particularly crucial as it determines the distribution and flow
of urban heat. Therefore, studying the correlation between
architectural layout and the UHI effect from a thermodynamic
perspective holds important theoretical and practical
significance for mitigating the UHI effect and guiding urban
planning [7, 8].

However, existing research methods have certain flaws and
deficiencies. Traditional studies often focus on the statistical
analysis of macro-climatic data, overlooking the dynamic
changes in thermodynamic parameters at the urban micro-
scale [9-15]. Moreover, the lack of in-depth discussion on the
response mechanism of the UHI effect under different
architectural layout scenarios makes it difficult for research
findings to be directly applied in urban planning practices [16-
22]. Thus, it is necessary to adopt new analytical methods to
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more accurately simulate and assess the impact of architectural
layout on the UHI effect.

This paper aims to delve into the thermodynamic
characteristics of the UHI effect in urban planning and its
impact on architectural layout through two main contents.
Firstly, based on the heat flux equation, this paper analyzes the
characteristics of changes in the thermal stability of the urban
boundary layer, revealing how the UHI effect alters the
thermodynamic equilibrium state of various urban areas.
Secondly, utilizing the principle of spatial autocorrelation
analysis, this paper investigates the spatial autocorrelation and
evolution characteristics of architectural layout, assessing its
response and regulation potential for the UHI effect. This
research not only adds a thermodynamic perspective to the
study of the UHI effect in the field of urban planning but also
provides new theoretical foundations and design tools for
optimizing the thermal environment in future urban planning.

2. ANALYSIS OF BOUNDARY LAYER THERMAL
STABILITY IN DIFFERENT URBAN AREAS BASED
ON THE UHI EFFECT

With the acceleration of urbanization, the UHI effect is
increasingly becoming an obstacle to urban sustainable
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development. Understanding and mitigating this effect is of
great significance for improving the quality of urban life.
Based on thermodynamic principles and using the heat flux
equation as an analytical tool, this paper examines how urban
heating disturbances and the average state of the UHI effect
impact the thermal stability of urban boundary layers. Thermal
stability is an indicator of atmospheric layer stability, whose
changes can reflect the response and heat transmission
capacity of different areas. By analyzing the changes in
boundary layer stability caused by urban heating and the UHI
effect, sensitive areas affected by architectural layout can be
identified, and the potential efficacy of different architectural
layouts in mitigating the UHI effect can be assessed. This
method allows researchers to understand and predict the
specific impact of architectural layout on the urban thermal
environment from a micro-scale, thereby guiding decision-
making in urban planning.

2.1 Construction of the atmospheric heat flux equation

The heat flux equation for turbulent atmospheres can depict
the vertical and horizontal transport of heat under the influence
of turbulence in complex urban surface conditions. The heat
flux equation must be accurate enough to include the diversity
of urban topography and the dynamic changes in
meteorological conditions. The equation considers factors
such as the layout, height, volume, and surface materials of
buildings, and how these factors affect the absorption, storage,
and emission of heat. Assuming that the vertical turbulence
coefficient is represented by j, the expression for the heat flux
equation in a turbulent atmosphere is given as follows:

(1

Further, the perturbation method is adopted to decompose
the complex turbulent airflow into more manageable basic
airflow and perturbed airflow. This paper focuses on local
factors such as urban architectural layout, which may cause
significant changes in local airflow. The basic airflow
represents the average state of flow, while the perturbed
airflow represents deviations from this average state, often
related to local heat sources or geometrical irregularities. In
this step, perturbations are introduced into the heat flux
equation, allowing the equation to describe the actual,
inhomogeneous, nonlinear UHI effect, thus more accurately
simulating and understanding the airflow and heat exchange in
the urban thermal environment. Assuming the basic airflow is
represented by (i,¢7) and the perturbed airflow by (i',¢"), and
letting '¢=¢™+¢', the following can be obtained by substituting
into the above equation:
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To linearize the heat flux equation for ease of analytical and
numerical solutions, this paper further decomposes the
equation based on basic quantities, perturbation quantities, and
the interaction between basic quantities and perturbation
quantities, deepening the mathematical description of the UHI
effect. This decomposition not only helps understand how heat
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is distributed under static conditions but also reveals how heat
distribution changes when the urban environment is disturbed
by factors such as building construction or natural climate
changes. Especially, the interaction terms between basic
quantities and perturbation quantities represent the nonlinear
characteristics of the UHI effect, which are crucial for
predicting and controlling the urban thermal environment. The
decomposition results in:
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2.2 Analysis of thermal stability in urban boundary layers

By applying the assumption of horizontal invariance and
uniform distribution of perturbed wind fields in the turbulent
atmospheric heat flux equation involving interactions between
basic and perturbation quantities, the three-dimensional
problem is transformed into a more manageable one-
dimensional or two-dimensional problem. This means that
wind-driven turbulence effects are consistent across different
urban areas. Then, using mathematical and numerical
solutions, the heat flux equation is solved to obtain a
quantitative description of stability within the boundary layers
of various urban areas. Specifically, let 0¢'/Oc=b, assuming
0¢'/Oa, i' are not functions of height, and let the thermal
perturbation stability of urban boundary layers be represented
by 0¢'/Oc. The effect of horizontal perturbation airflow and
perturbation temperature gradient on 0¢'/Oc is represented by
Nclji'0¢'/oa. The effect of vertical perturbation airflow on
stability is represented by e"/?. Thus, after solving the heat
flux equation, the following can be obtained:
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Figure 1. Schematic diagram of thermal disturbance stability
characteristics in urban boundary layers

In summary, from the perspective of urban planning in UHI
effect research, the thermodynamic disturbances caused by
urban heating and the resulting temperature difference
between urban and rural areas have a differentiated impact on
the stability of boundary layers in different urban areas.
Specifically, heating in urban areas typically leads to an
increase in temperature in the upper boundary layer, thereby
weakening the intensity of vertical airflows. This makes the
atmospheric layer structure in urban central areas more stable



compared to suburban areas, although the overall stability in
city centers is still weaker than in suburbs. However, this
change in stability is not absolute. The enhancement of vertical
disturbances, especially in areas with significant UHI effects,
may lead to local updrafts, which are likely to further weaken
the layer stability in central areas, or even exacerbate weather
instability in the short term. Figure 1 presents a schematic
diagram of thermal disturbance stability characteristics in
urban boundary layers.

Specific analysis of architectural layout cases in practice
can consider factors such as building height, density, layout,
and green space configuration on the impact of the UHI effect.
For example, in designed urban renewal projects, adjusting the
height and density of buildings to optimize airflow channels
can reduce heat accumulation in urban central areas, thereby
lowering disturbance temperatures and enhancing atmospheric
stability in that area. Additionally, by increasing urban green
spaces, especially in city centers and downwind areas, the
surface evaporation and plant transpiration can be enhanced,
helping to lower surface temperatures and promote vertical
heat dispersion, further stabilizing the boundary layer. By
simulating and analyzing the impact of different architectural

layouts on the thermal stability of urban boundary layers, the
potential effects of architectural layout adjustments on
mitigating the intensity of heat islands, and influencing
precipitation distribution and duration can be predicted.

2.3 Impact analysis of disturbance fields and urban
environment interaction

This section focuses on applying the heat conduction
equation to urban environments to quantitatively measure the
impact of the UHI effect on urban climate. By collecting and
analyzing meteorological data, such as temperature, humidity,
wind speed, etc., a thermodynamic model of different urban
areas can be constructed. In the model, by time-averaging the
terms in the heat flux equation, steady-state thermodynamic
behavior is isolated, thereby ignoring short-term climate
fluctuations. Specifically, by time-averaging the heat flux
equation in turbulent atmospheres, the aim is to strip away the
noise of random fluctuations on the UHI circulation impact, to
more clearly observe and describe the average effect of the
UHI effect. Figure 2 presents an example of the distribution of
disturbance temperatures in a specific region.
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Figure 2. Distribution of disturbance temperatures in a specific region

Based on this, further analysis is conducted on the
relationship between average thermal stability, average
disturbance airflow, and the average environmental
temperature. Assuming the average wind field (i7,4)~0, the
average thermal stability of the boundary layer is represented
by 0¢~/0c, resulting in the following equation:

0P | =
i 2a +q e 0 @)

Assuming ¢"#0, the equation transforms to 0¢ /0c=-i"0¢~
/@al/q". Furthermore, this paper specifically considers the
mechanism of action of urban boundary layer airflow on the
UHI effect and, based on the direction of airflow, analyses
how airflows drive heat and disturbances from dense urban
centers to suburbs or green areas, that is, from hot areas to cold
areas, and vice versa.

(1) When -0¢7/0a>0, i.e., in the first case, warm air may
exacerbate disturbances in cold areas, leading to a decrease in
thermal stability in that area. This may trigger a local increase
in environmental temperature, thereby intensifying the UHI
effect. At this time, upstream of the city, >0, ¢"<0, 0¢™/0c<O0;
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downstream of the city, i"<0, ¢""<0, also 0¢~/0c>0.

(2) When -0¢/0a<0, i.e., in the second case, cooler air may
be introduced into hot areas, helping to alleviate the UHI effect
in that area. At this time, upstream of the city, 7'>0, ¢"<0, 0¢™
/6c>0; downstream of the city, i"<0, g"<0, 0¢ /0c<0.

Further, this paper aims to explore the dynamic
characteristics of the UHI effect by understanding the
interrelationship between average thermal disturbance
stability and average airflow (such as prevailing winds) and
average horizontal disturbance temperature. Disturbance
stability refers to changes in atmospheric layer stability under
local climate conditions, directly affecting temperature
distribution and airflow patterns. In urban environments, the
distribution and height of buildings differ, leading to uneven
distribution of sunlight and shadows, thus creating thermal
inhomogeneity. Prevailing winds can carry and disperse these
thermal disturbances, so the direction and strength of average
airflow will determine the propagation of thermal disturbances.
Meanwhile, different areas of the city show different average
horizontal disturbance temperatures due to their physical
properties and human activities. Time-averaged turbulence
heat flux analysis of these averages can reveal how heat
propagates with airflow in the city and predict the



development trend of the UHI effect under different urban
planning scenarios. Figure 3 intuitively displays the airflow
conditions between buildings with different aspect ratios.
Specifically assuming (i",¢")=0, let the average thermal
disturbance stability of urban boundary layers be represented
by 0¢"/0c, after time averaging the terms in Eq. (5), we have:
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Further expanding the analysis of the UHI effect,
considering the role of updrafts and downdrafts within the
urban boundary layer on the UHI effect. Updrafts, usually
associated with low-pressure systems, cause gases to rise,
lowering temperatures near the ground, helping to disperse
heat generated by the city, and may counteract or slow down
the UHI effect. Conversely, downdrafts, usually associated
with high-pressure systems, cause gases to descend, increasing
temperatures near the ground, potentially exacerbating the
UHI effect. Figure 4 intuitively shows how to use high-rise
building layouts to improve ventilation at lower levels.
Assuming large-scale environmental movements of ascent or
descent, i.e., ¢'#0, the equation can change to 0¢~/Oc=-i"0¢"
/Oalq .

(D) ¢>0, i.e., upward movement disperses heat. If the
upstream of the prevailing wind is cold advection, >0, 0¢"
/0a>0, thus 0¢"/0c<0, i>0, 0¢"/0a<0, the average disturbance
layer structure tends to be unstable; if the downstream of the
prevailing wind is warm advection, then 0¢"/0c>0, the average
disturbance layer structure tends to be stable.

(@) ¢<0, ie., downward movement brings heat
accumulation, opposite to the first case, where the upstream of
the prevailing wind tends to be stable, the downstream tends
to be unstable.
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Figure 3. Airflow conditions between buildings with
different aspect ratios

In urban planning, these analytical results can be fully
utilized to assess the effectiveness of different planning
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schemes in using upward movements to disperse heat or
avoiding heat accumulation brought by downward movements.

/
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Figure 4. Using high-rise building layouts to improve
ventilation at lower levels

3. SPATIAL AUTOCORRELATION AND EVOLUTION
ANALYSIS OF ARCHITECTURAL LAYOUT IN
URBAN PLANNING

The analysis of spatial autocorrelation and its evolution in
urban planning's architectural layout is essential as it reveals
how the distribution of buildings affects the urban thermal
environment and identifies which layout patterns are most
effective in mitigating the UHI effect. Through detailed
studies of architectural layouts, it is possible to understand
how different combinations and arrangements of buildings
interact with their surrounding environment, leading to the
aggregation or dispersion of heat within the city.

3.1 Spatial autocorrelation analysis

Combining the development patterns of the UHI effect and
the analysis of thermal stability in the urban boundary layer
based on the UHI effect, this paper employs the Global
Moran's I and Local Moran's I indices for spatial
autocorrelation analysis of architectural layouts to guide urban
planning. The Global Moran's I index assesses whether the
spatial distribution pattern of building layouts across the entire
study area exhibits systematic clustering or dispersion, thereby
determining whether the UHI effect is overall influenced by
architectural configurations. Meanwhile, the Local Moran's 1
index focuses on detecting local spatial heterogeneity,
identifying areas with high thermal stability clusters (hot spots)
or low thermal stability clusters (cold spots).

After calculating the thermal stability of each area within
the urban boundary layer using the collected climate and
building data through a thermal balance model, the Global
Moran's I index is used to analyze the spatial autocorrelation
of thermal stability across the entire city, identifying whether
the overall spatial distribution pattern is random. Assuming the
total number of spatial units is represented by v, the measure
values of spatial units u and k by a, and a;, and the spatial
weight matrix by q.u, the calculation formulas for the Global
Moran's I index are:

V2% (3, -a) (3 -a)
Dt D O (3 -ay
D2t (3 -3)(3,-7)
T2 D G

©)




(10)

~ 1w
a:VZu:la“ (11)

Further, the Local Moran's I index is applied for local
spatial autocorrelation analysis to identify local hot spots
(high-high cluster areas) and cold spots (low-low cluster areas)
within the city. This step reveals the local clustering
phenomenon of the UHI effect in the city, providing targeted
spatial areas for further analysis. Assuming the variance is
represented by 77, the calculation formula for the Local
Moran's I index is:

Uu — (aUT_Za) (12)

Zk Ok (ak —5)

Visualize the statistical results of Global and Local Moran's
Iin GIS, creating spatial distribution maps of thermal stability.
Further, using GIS tools to overlay architectural layouts with
the spatial distribution of thermal stability, analyzing the
spatial correlation between the two.

3.2 Hot/Cold spot evolution analysis
Further, the Getis-Ord Gi* index is applied for hot spot

analysis, identifying statistically significant areas of high or
low value clustering by comparing the thermal stability within

a local area against the average level for the entire study region.

Assuming different spatial units are represented by u, k, the
attribute value of spatial unit/patch k by ay, the spatial weight
matrix of spatial units u, k£ by q.u, and the total number of
spatial units/patches by v, the statistical formulas are as
follows:

H* — z:z:lqu,kak _'&z\;:lqu,k

v v 2
e (X ) (13)
v-1
A: Zkzlak (14)
v
T= Z\li:la13 —52 (15)
\} v-1

Mapping the results onto a map visually displays hot and
cold spot areas. Analyzing the evolution of hot and cold spots
over time can identify stability trends and their possible
driving factors. Combining historical urban planning and
construction data, further analysis can be conducted on how
changes in architectural layouts affect the spatial distribution
and intensity of the UHI effect.

4. EXPERIMENTAL RESULTS ANALYSIS

Figure 5 presents the change in the Landscape Shape Index
(LSI) index for various regions of a city from 2003 to 2023,
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representing the very low temperature area, low temperature
area, sub-moderate temperature area, moderate temperature
area, high temperature area, and very high temperature area
respectively. The graph shows a significant decrease in the LS/
index for very low and low temperature areas, especially
between 2003 and 2013. This indicates an increase in the
impact of the UHI effect in these areas, leading to a rise in their
temperatures. The sub-moderate and moderate temperature
areas' LS/ index gradually increased over these 20 years,
indicating ongoing urban expansion and an increase in
building density. However, this increase was relatively stable,
reflecting gradual adjustments in urban planning to adapt to
and mitigate the impact of the heat island effect. On the other
hand, the LSI index for high and very high temperature areas
showed little change, especially between 2013 and 2023,
suggesting that the heat island effect in these areas has reached
a relatively stable state, with effective measures taken in urban
planning and architectural design to mitigate it.
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Figure 5. Change in LS/ of a city's regions from 2003 to
2023
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Figure 6. Change in SHAPE MN Index of a city's regions
from 2003 to 2023

Figure 6 shows the change in the SHAPE MN index for
various regions of a city from 2003 to 2023. During this period,
the SHAPE MN index for very low temperature areas dropped
from 9 to 5, indicating that the shape of these areas became
more regular due to increased planning and development,



which helps reduce the heat island effect. The SHAPE MN
index for low temperature areas rose from 15 to 21, indicating
that the landscape shape in these areas became more complex,
due to preservation of natural urban terrain or small-scale
development. The SHAPE MN index for moderate
temperature areas decreased from 25 to 21, meaning that the
urban layout became more regular through urban planning
interventions to mitigate the heat island effect in that area. The
sub-moderate temperature area index increased from 18 to 22
and then dropped to 15, showing significant development and
planning changes before 2013, but a more regularized layout
by 2023. The high temperature area's SHAPE MN index
increased from 9 to 24, indicating increasing complexity. This
is because high temperature areas, typically city centers or
industrial zones, become denser and more irregular over time.
The very high temperature area's SHAPE MN index decreased
from 7 to 5, indicating measures taken to plan a more regular
urban layout in these areas to try to reduce the heat island
effect. The changes in shape indices from 2003 to 2023, apart
from the rising index in high temperature areas, indicate that
urban planning is evolving towards more regular and effective
layouts, improving thermal stability in the urban boundary
layer and mitigating the heat island effect.

Further in-depth analysis of the thermodynamic
characteristics of the UHI effect focused on the changes in
thermal stability in the architectural layout within urban
planning. The spatial transition matrix of building distribution
based on thermal stability shown in Figure 7 reveals that from
2003 to 2013, there was a significant reduction in low
temperature areas (about 130km?), mainly transitioning to sub-
moderate temperature areas by 55km? and to moderate
temperature areas by 9km? Moreover, the sub-moderate
temperature area received the largest influx of warming areas,
reaching 140km?. This data reflects the shrinkage of low
temperature areas and the expansion of sub-moderate and
moderate temperature areas during this period. However,

between 2013 and 2023, the increase in moderate temperature
areas was more pronounced, totaling 159km? with 55km?
coming from the sub-moderate temperature area. This phase
saw a rapid expansion of the moderate temperature area and a
reduction in the sub-moderate and high temperature areas,
indicating a significant growth rate in the moderate
temperature area compared to the 2003-2013 period. The
evolution of the UHI effect over time highlights the important
role of urban planning and architectural layout in regulating
the urban thermal environment. Data from 2003 to 2013 show
a gradual reduction in cooler areas and the initial spread of the
heat island effect, while the transition rates from 2013 to 2023
reveal significant enhancement in thermal stability in the city's
moderate temperature areas through effective planning
strategies. This trend indicates that optimizing architectural
layout with consideration for thermodynamic properties can
effectively mitigate the heat island effect and improve urban
environmental quality.

Transition Area

Figure 7. Spatial transition matrix of building distribution
based on thermal stability in a city
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Figure 8. Evolution of the center of gravity for building distribution based on thermal stability in a city from 2003 to 2023
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Figure 9. Moran's scatter plot of building distribution based on thermal stability in a city from 2003 to 2023

Further, through a centroid shift analysis model, the
evolution of the center of gravity for building distribution in
different temperature areas over two decades was detailedly
tracked. Between 2003 and 2013, the center of gravity for
building distribution in very low temperature areas noticeably
shifted from the northeast to northwest, indicating the trend
and direction of urban development in cooler areas.
Meanwhile, the very high temperature area experienced the
second most significant centroid shift, reflecting an
intensification of the heat island effect in city centers or
industrial zones. However, between 2013 and 2023, the center
of gravity for building distribution in sub-moderate
temperature areas moved further, mainly towards the
southwest, suggesting that urban planning during this period
focused more on directing development towards relatively
moderate areas to achieve enhanced thermal stability and
reduce the heat island effect. These experimental results reveal
the dynamic relationship between urban thermal stability and
building distribution. The trend of centroid shifts over the two
periods indicates that urban development and expansion were
consciously directed away from high heat load areas to
mitigate the adverse effects of the heat island effect. Especially
in the last decade, urban planning has favored development
towards areas with relatively suitable temperatures, which is
associated with adjustments in urban planning policies and a
deeper understanding of the heat island effect. Identifying this
trend is crucial for guiding future urban planning and
architectural layout design, helping to push urban
development towards more sustainable and ecologically
friendly directions (Figure 8).

Utilizing GeoDA and ArcGIS 10.3 platforms, this paper
constructed a spatial weight matrix and established a
temperature lag model to capture and express the thermal
stability intensity of urban boundary layers and the spatial
differentiation characteristics of architectural layouts more
finely. By calculating and analyzing the Global Moran's 1
index, the study quantified the spatial autocorrelation between
thermal stability and building distribution. Figure 9 shows that
in 2003, 2013, and 2023, the Global Moran's I indexes were
0.8324, 0.7677, and 0.6547, respectively. These positive
values, all greater than 0.5, indicate significant spatial positive
correlation in the thermal characteristics of urban areas
throughout the study period, i.e., similar thermal values tend
to cluster spatially. However, the index shows a declining
trend over time, indicating that while regional thermal
clustering still exists, its intensity is gradually weakening,
possibly due to urban expansion, increased building density,
and the impact of human activities on the surface environment.
The spatial distribution and changing trends shown by Moran's
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scatter plots provide an intuitive perspective for understanding
the evolution of the UHI effect. Over the span from 2003 to
2023, although there is a certain degree of spatial clustering of
the heat island effect among urban areas, this clustering is
gradually slowing down, likely due to factors such as
increased green spaces in urban planning, improvements in
building materials and design, and urban sprawl.
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Figure 10. Temporal and spatial distribution proportion map
of cold and hot spots based on thermal stability in a city's
regions from 2003 to 2023

Further, by analyzing the distribution of cold and hot spots
from 2003 to 2023 in a city, the evolution of the spatial pattern
of the UHI effect was revealed. In 2003, a widespread cold
spot area in the southern part of the city accounted for 46%,
showing better thermal stability, while hot spot areas
accounted for 43%, mainly concentrated in the densely built
and bedrock-exposed areas of the city's north. Over time, data



from 2013 showed a decrease in cold spot areas to 38% and an
increase in hot spot areas to 45%, reflecting the negative
impact of expanded building land and reduced green spaces on
the heat island effect. By 2023, the proportion of cold spot
areas slightly rebounded to 42%, while hot spot areas
decreased to 38%, possibly related to urban greening measures
and adaptive improvements in building planning. Despite this,
the transition from cold spots to hot spots and insignificant
areas in the southern region due to urban expansion is still
observable. Combining these experimental results, it can be
concluded that urban planning and architectural layout
significantly influence the regulation of the UHI effect. Over
20 years, the spatial distribution of cold and hot spots in the
city experienced significant changes, with the reduction of
cold spots and expansion of hot spots closely related to
changes in land use during urbanization. Particularly, the
reduction of cold spots in the city's south due to rapid
expansion of built areas and reduced green spaces, while the
northern region maintained hot spot status due to exposed
bedrock and low vegetation coverage. Although the proportion
of cold spots slightly rebounded by 2023, it still reflects the
thermal environmental issues present in modern urban
development (Figure 10).

5. CONCLUSION

This paper first analyzed changes in thermal stability in the
urban boundary layer based on the heat flux equation, focusing
on how the UHI effect alters the thermodynamic equilibrium
state of different urban areas. Then, using principles of spatial
autocorrelation analysis, it studied the spatial autocorrelation
and evolution characteristics of architectural layouts, thus
assessing the responsiveness and regulatory potential of
architectural layouts to the heat island effect.

The experimental section, through plotting changes in the
LSI and SHAPE MN index, reflected changes in the shape
index of urban areas under the heat island effect. Analysis of
the spatial transition matrix of building distribution based on
thermal stability reflected the dynamic changes in building
distribution over time. The evolution of the center of gravity
for building distribution based on thermal stability from 2003-
2023 revealed spatial trends in urban development. Moran's |
scatter plots were drawn to explore the spatial clustering
characteristics of building distribution, and cold and hot spot
analysis revealed the spatiotemporal changes in building
distribution based on thermal stability.

The study shows that the thermodynamic characteristics of
the heat island effect in urban planning are closely related to
architectural layouts, and urban planning interventions can
significantly improve thermal stability. Spatial autocorrelation
analysis of architectural layouts revealed the regularity and
adjustment space of building distribution, indicating that
proper planning can effectively regulate the heat island effect.
The changes in LSI and SHAPE MN index demonstrate
progress in urban planning in improving shape indexes and
reducing heat island intensity. The spatial transition matrix and
center of gravity analysis revealed the dynamic process of
urban development and pointed out directions for planning
improvements. Overall, this paper demonstrated the
importance of considering the heat island effect in urban
planning through theoretical analysis and empirical research,
provided specific planning suggestions, and offered
theoretical and methodological support for the sustainable
development of future cities.

527

For future urban planning, this paper will apply
thermodynamics and spatial analysis methods more
extensively to optimize urban layouts and mitigate the heat
island effect. Further research on the impact of new materials,
green buildings, and urban greening on the heat island effect
will seek comprehensive solutions. Attention will be given to
the long-term trends of climate change on the urban thermal
environment and how socio-economic factors interact with
urban thermodynamic characteristics.
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