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Abstract

This paper reviews the research progress and prospects of urban heat island effect, and
systematically analyzes and evaluates the formation mechanism, influencing factors and
mitigation measures of urban heat island effect from three aspects: observation,
simulation and mitigation. Urban heat island effect is a typical environmental problem
in the process of urbanization, which has important impacts on the climate, ecology,
energy, health and other aspects of the city. The research of urban heat island effect has
important theoretical significance and practical value, and provides scientific basis and
guidance for the sustainable development of the city.The paper summarizes the main
strategies of land use planning optimization for heat island effect, including increasing
green space coverage, improving surface albedo, optimizing urban morphology and
structure, etc., analyzes their mechanism and applicability conditions, evaluates their
effects and influencing factors, and discusses their applicability and sustainability. The
strategies of land use planning optimization for heat island effect need to select and
combine the appropriate strategies according to the specific situation and goal of the city,
so as to achieve the best effect. At the same time, the strategies of land use planning
optimization for heat island effect need to coordinate and integrate with other urban
planning and management objectives and measures, so as to avoid conflicts and negative
effects, and improve the applicability and sustainability of land use planning
optimization for heat island effect.
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1. Introduction

Urban heat island (UHI) is a phenomenon that the temperature in urban areas is higher than
that in rural areas, which is a typical environmental problem in the process of urbanization[1].
UHI not only affects the climate and ecology of cities, but also affects the energy consumption
and health and comfort of human beings[2]. Therefore, exploring the formation mechanism and
influencing factors of UHI, and taking effective cooling measures, are of great significance for
improving the sustainable development capacity of cities (Figure 1).

Land use planning is one of the important factors affecting UHI. By rational land use patterns
and structures, UHI can be effectively alleviated and the ecological environment quality of cities
can be improved. Land use planning not only determines the spatial form and functional
distribution of cities, but also affects the surface characteristics and energy balance of cities.
Different land use types have different albedo, evapotranspiration, heat capacity and thermal
conductivity, which lead to different surface temperatures and heat fluxes. Therefore, analyzing
the influence mechanism and degree of land use planning on UHI is an important content of
urban thermal environment research[4].
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The purpose of this paper is to review the research progress of the impact analysis of land use
planning on UHI at home and abroad, and systematically sort out and summarize the basic
concepts, formation causes, influencing factors and evaluation indicators of UHI, the
relationship, influence mechanism and degree of land use planning and UHI, and the principles
and methods of land use planning optimization, and point out the shortcomings of existing
research and future research directions, providing reference and reference for the
improvement and optimization of urban thermal environment.
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Figure 1. Relevant energy flows for the urban heat island [3]

2. Basic Concepts of Heat Island Effect

2.1. Spatial Scale of Heat Island Effect

According to the spatial scale of heat island effect, the evaluation indicators can be divided into
macro scale, meso scale and micro scale. The macro scale indicators mainly reflect the average
temperature difference between urban and rural areas, such as urban heat island intensity
(UHII), urban heat island area (UHIA), etc. The meso scale indicators mainly reflect the
temperature distribution and change within the city, such as urban heat island gradient (UHIG),
urban heat island peak (UHIP), etc. The micro scale indicators mainly reflect the thermal
environment and comfort at the building or street level[5], such as surface temperature (ST),
wet bulb globe temperature (WBGT), physiological equivalent temperature (PET), etc[6].

2.2. Temporal Scale of Heat Island Effect

According to the temporal scale of heat island effect, the evaluation indicators can be divided
into daily scale, seasonal scale and annual scale. The daily scale indicators mainly reflect the
diurnal variation characteristics of heat island effect[7], such as daily maximum urban heat
island intensity (DMUHII), daily minimum urban heat island intensity (DMIUHII), daily urban
heat island intensity change rate (DUHIICR), etc. The seasonal scale indicators mainly reflect
the seasonal variation characteristics of heat island effect, such as seasonal maximum urban
heat island intensity (SMUHII), seasonal minimum urban heat island intensity (SMIUHII),
seasonal urban heat island intensity change rate (SUHIICR), etc. The annual scale indicators
mainly reflect the interannual variation characteristics of heat island effect, such as annual
maximum urban heat island intensity (AMUHII), annual minimum urban heat island intensity
(AMIUHII), annual urban heat island intensity change rate (AUHIICR), etc.
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2.3. Temperature Level of Heat Island Effect

According to the temperature level of heat island effect, the evaluation indicators can be divided
into surface heat island, near-surface heat island and atmospheric heat island[8]. The surface
heat island indicators mainly reflect the temperature difference between urban and rural
surfaces, such as surface urban heat island intensity (SUHII), surface urban heat island area
(SUHIA), etc. The near-surface heat island indicators mainly reflect the temperature difference
between urban and rural near-surface air, such as near-surface urban heat island intensity
(NSUHII), near-surface urban heat island area (NSUHIA), etc.

3. The Relationship between Land Use Planning and Urban Heat Island
Effect

The influence mechanism of land use planning on urban heat island effect. Land use planning
affects the formation and development of urban heat island effect by changing the physical
characteristics and energy balance of urban surface[9, 10]. The main influence mechanisms are
as follows:

3.1. The Influence of Land Use Types

Different land use types have different characteristics of albedo, evapotranspiration, heat
capacity and thermal conductivity, which affect the distribution and change of radiation,
sensible heat and latent heat fluxes of urban surface (Figure 2)[11]. Generally speaking, natural
ecological land (such as forest, grassland, water, etc.) has higher albedo and evapotranspiration,
lower heat capacity and thermal conductivity, which can reduce the temperature and heat
island intensity of urban surface. On the other hand, artificial construction land (such as
residential area, industrial area, commercial area, etc.) has lower albedo and
evapotranspiration, higher heat capacity and thermal conductivity, which can increase the
temperature and heat island intensity of urban surface. Therefore, land use planning should try
to increase the proportion and continuity of natural ecological land, reduce the proportion and
density of artificial construction land, so as to alleviate the urban heat island effect[12].
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Figure 2. Map of the daytime / nighttime SUHI in different global climate zones[13]

44



Frontiers in Science and Engineering Volume 4 Issue 2, 2024
ISSN: 2710-0588

3.2. The Influence of Land Use Structure

Land use structure refers to the spatial distribution and combination mode of urban land use,
which affects the shape and flow of urban surface and air. Generally speaking, the irregularity
and complexity of urban surface, as well as the height and density of urban buildings, will
increase the roughness and turbulence of urban surface, affect the radiation and convective
heat exchange of urban surface, and increase the temperature and heat island intensity of urban
surface. On the contrary, the regularity and simplicity of urban surface, as well as the low and
sparse urban buildings, will reduce the roughness and turbulence of urban surface, promote
the radiation and convective heat exchange of urban surface, and reduce the temperature and
heat island intensity of urban surface. Therefore, land use planning should try to optimize the
shape and flow of urban surface and air, reduce the roughness and turbulence of urban surface,
so as to alleviate the urban heat island effect.

3.3. The Influence of Land Use Dynamics

Land use dynamics refers to the temporal change and transfer process of urban land use, which
affects the thermal inertia and thermal lag of urban surface. Generally speaking, the rapid
change and expansion of urban land use will increase the thermal inertia and thermal lag of
urban surface, resulting in the temperature and heat island intensity of urban surface more
obvious at night and in winter.

4. Land Use Planning Optimization

The research methods of land use planning optimization for heat island effect mainly include
statistical analysis, remote sensing inversion, numerical simulation, etc[14]. Statistical analysis
is to use descriptive statistics, correlation analysis, regression analysis and other methods to
explore the relationship and influence degree between land use planning and heat island effect,
evaluate the effect and applicability of land use planning optimization for heat island effect,
which has simple operation and strong applicability, but it is difficult to reveal the causal
relationship and influence mechanism between land use planning and heat island effect.
Remote sensing inversion is to use radiation correction, atmospheric correction, land surface
temperature inversion and other methods to obtain the indicators of land surface temperature
and heat island intensity in urban areas, simulate the scenarios and changes of land use
planning optimization for heat island effect, which has high spatial resolution and wide
coverage, but it is affected by many factors, and has low accuracy and reliability, and requires
complex parameter estimation and model selection[15]. Numerical simulation is to establish
the energy balance equation of urban surface, simulate the temperature and heat flux changes
of urban surface, analyze the influence factors and mechanisms of land use planning
optimization for heat island effect, predict the effect and sustainability of land use planning
optimization for heat island effect, which has high accuracy and strong explanatory ability, but
it requires a lot of input data and computing resources, and has high complexity and difficulty,
and requires reasonable assumptions and verification.

4.1. The Main Strategies for Optimizing Heat Island Effect

The main strategies for land use planning optimization for heat island effect mainly include
increasing green space coverage, improving surface albedo, optimizing urban morphology and
structure, etc[16]. Increasing green space coverage is to increase the natural ecological land
(such as forest, grassland, water, etc.) in the city, increase the evapotranspiration of urban
surface, reduce the sensible heat flux of urban surface, thereby reduce the temperature and
heat island intensity of urban surface, improve the urban thermal environment and human
comfort, and promote the service and function of urban ecosystem. The main strategies for land
use planning optimization for heat island effect. The main strategies for land use planning
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optimization for heat island effect mainly include increasing green space coverage, improving
surface albedo, optimizing urban morphology and structure, etc. Increasing green space
coverage is to increase the natural ecological land (such as forest, grassland, water, etc.) in the
city, increase the evapotranspiration of urban surface, reduce the sensible heat flux of urban
surface, thereby reduce the temperature and heat island intensity of urban surface, improve
the urban thermal environment and human comfort, and promote the service and function of
urban ecosystem. Improving surface albedo is to increase the albedo of artificial construction
land (such as residential area, industrial area, commercial area, etc.) in the city, reduce the
radiation absorption and emission of urban surface, thereby reduce the temperature and heat
island intensity of urban surface, improve the urban thermal environment and human comfort,
and reduce the urban energy consumption and greenhouse gas emission. Optimizing urban
morphology and structure is to optimize the spatial layout and building form of the city, reduce
the roughness and turbulence of urban surface, promote the radiation and convective heat
exchange of urban surface, thereby reduce the temperature and heat island intensity of urban
surface, improve the urban thermal environment and human comfort, and increase the urban
spatial efficiency and function.

4.2. The Influencing Factors of Optimizing Heat Island Effect

The effect of land use planning optimization for heat island effect refers to the degree of
reduction of urban surface temperature and heat island intensity, and the degree of
improvement of urban thermal environment and human comfort, achieved by the strategies of
land use planning optimization for heat island effect. The effect of land use planning
optimization for heat island effect is influenced by many factors, mainly including the following
aspects:

4.2.1. The Selection and Combination of Optimization Strategies

Different land use planning optimization strategies for heat island effect have different effects
and applicability conditions, and need to select and combine the appropriate land use planning
optimization strategies for heat island effect according to the specific situation and goal of the
city, so as to achieve the best effect. Generally speaking, the strategy of increasing green space
coverage is suitable for the situation where the natural ecological land in the city is less, the
urban thermal environment is poor, and the urban ecosystem is weak, which can effectively
reduce the temperature and heat island intensity of urban surface, improve the urban thermal
environment and human comfort, and promote the service and function of urban ecosystem.
The strategy of improving surface albedo is suitable for the situation where the artificial
construction land in the city is more, the urban energy consumption is high, and the urban
greenhouse gas emission is large, which can effectively reduce the temperature and heat island
intensity of urban surface, improve the urban thermal environment and human comfort, and
reduce the urban energy consumption and greenhouse gas emission. The strategy of optimizing
urban morphology and structure is suitable for the situation where the spatial layout and
building form of the city are chaotic, the roughness and turbulence of urban surface are high,
and the urban spatial efficiency and function are low, which can effectively reduce the
temperature and heat island intensity of urban surface, improve the urban thermal
environment and human comfort, and increase the urban spatial efficiency and function[17].

4.2.2. The Climate Conditions and Geographical Location of the City

The climate conditions and geographical location of the city affect the radiation and convective
heat exchange of urban surface, thus affecting the effect of land use planning optimization for
heat island effect. Generally speaking, the more favorable the climate conditions and
geographical location of the city are for the radiation and convective heat exchange of urban
surface, the better the effect of land use planning optimization for heat island effect is. For
example, the higher the temperature, the lower the humidity, the larger the wind speed, the
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lower the latitude, the higher the altitude, and the flatter the terrain of the city, the better the
effect of land use planning optimization for heat island effect is.

4.2.3. The Development Level and Scale of the City

The development level and scale of the city affect the population density and energy
consumption of the city, thus affecting the effect of land use planning optimization for heat
island effect[18]. Generally speaking, the higher the development level and scale of the city, the
larger the population density and energy consumption of the city, and the worse the effect of
land use planning optimization for heat island effect. For example, the higher the economic
development level, the higher the industrialization and urbanization level, the larger the
population size and density, the larger the energy consumption and greenhouse gas emission
of the city, and the worse the effect of land use planning optimization for heat island effect.

5. Conclusion

This paper reviews the research progress and prospects of urban heat island effect, and
systematically analyzes and evaluates the formation mechanism, influencing factors and
mitigation measures of urban heat island effect from three aspects: observation, simulation and
mitigation. Urban heat island effect is a typical environmental problem in the process of
urbanization, which has important impacts on the climate, ecology, energy, health and other
aspects of the city. The research of urban heat island effect has important theoretical
significance and practical value, and provides scientific basis and guidance for the sustainable
development of the city.

The paper summarizes the main strategies of land use planning optimization for heat island
effect, including increasing green space coverage, improving surface albedo, optimizing urban
morphology and structure, etc, analyzes their mechanism and applicability conditions,
evaluates their effects and influencing factors, and discusses their applicability and
sustainability. The strategies of land use planning optimization for heat island effect need to
select and combine the appropriate strategies according to the specific situation and goal of the
city, so as to achieve the best effect. At the same time, the strategies of land use planning
optimization for heat island effect need to coordinate and integrate with other urban planning
and management objectives and measures, so as to avoid conflicts and negative effects, and
improve the applicability and sustainability of land use planning optimization for heat island
effect.
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