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The urban space thermal environment (USTE) is spatially expressed as the horizontal and vertical distributions of the

surface temperature and atmospheric temperature fields. With the urban space temperature field as the core, the USTE is

the physical environmental system in which the underlying surface, atmospheric transmission and solar radiation are

influenced by humans and their interactions with nature. The urban thermal environment has significant impacts on the

urban climate and micrometeorology; it is an important indicator used to measure the state of the urban ecological

environment, and its temporal and spatial evolution processes are closely related to societal and economic activities.
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1. Introduction

In recent years, with the acceleration of urbanization and the rapid development of industry, populations have been

migrating to cities , resulting in various urban ecological and environmental problems . Among them, the urban thermal

environment has become particularly prominent, attracting widespread attention from many scientists . Urban thermal

environment issues affect people’s living comfort, the urban climate, the atmospheric environment, and biological habits,

often lead to enhanced energy consumption and greenhouse gas emissions, and increase the incidence and mortality of

thermal environment-related diseases .

The urban space thermal environment (USTE) is spatially expressed as the horizontal and vertical distributions of the

surface temperature and atmospheric temperature fields . With the urban space temperature field as the core, the USTE

is the physical environmental system in which the underlying surface, atmospheric transmission and solar radiation are

influenced by humans and their interactions with nature . The urban thermal environment has significant impacts

on the urban climate and micrometeorology; it is an important indicator used to measure the state of the urban ecological

environment, and its temporal and spatial evolution processes are closely related to societal and economic activities 

. Therefore, studying the USTE and spatially quantitatively analyzing the distribution of the urban spatial temperature

field, considering the effects of temporally and spatially varying processes, is of great importance to urban ecological

security and sustainable development.

The current methods for quantitatively studying three-dimensional USTEs include ground observation, remote sensing,

and numerical simulation . USTE research based on ground observations has provided effective estimates of the

distribution and spatiotemporal dynamics of station temperatures at different time scales, but the spatial representation of

these discretely distributed weather stations is poor. Although USTE research based on remote sensing can retrieve the

surface temperature field and the surface ecological parameters, the heat transfer among different underlying surfaces is

not considered. Numerical simulation can be used for the three-dimensional simulation of USTEs . Computational

fluid dynamics (CFD) is one of the most commonly used numerical simulation methods and can be used to simulate the

motion of turbulent fluids. Combining the advantages of fluid mechanics and heat transfer, CFD can simulate the physical

processes of heat conduction and heat convection among underlying surfaces in a city at a fine scale .

However, few studies have summarized the current status of research on the urban thermal environment based on CFD

methods or the integration of CFD and remote sensing. Therefore, a timely review of research on CFD simulations of the

USTE is valuable for further understanding the mechanisms of the USTE, improving urban planning and design, mitigating

negative changes to the urban thermal environment, and quantitatively evaluating the urban thermal environment and

human comfort levels. Thus, we summarize the current research status of CFD-based urban thermal environment

problems over the past two decades, the related methods of USTE monitoring based on CFD models, the influential

factors and corresponding relationship between CFD and the USTE, and the progress achieved with USTE mitigation

measures. Future research directions and research focuses based on CFD methods are proposed.
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2. Quantitative Simulations of the USTE Based on CFD Considering the
Underlying Surface Dynamics

The high-temperature thermal environment in urban areas is a negative effect produced by the process of urbanization.

The corresponding formation mechanism is complex and significantly regional. The main factors that influence the USTE

include changes in the natural attributes of the underlying surface of the city, anthropogenic heat emissions, and air

pollution. In particular, the changes in the urban underlying surface are important contributors to the urban heat island

effect . The changes in the underlying surface of a city mainly include changes in land use/land cover (LULC), the

structure of the underlying surface, and the spatial geometric topological relationships among different underlying surface

components . The rapid development of urbanization has resulted in a large number of natural surfaces being

replaced by urban impervious surfaces, which are the main contributors to the urban thermal environment; moreover,

reductions in vegetation and water bodies, which play important roles in mitigating negatives changes in the urban thermal

environment, have occurred .

2.1. Relationship between Changes in LULC and the USTE

The rapid development of urbanization has led to dramatic changes in LULC. The conversion of cultivated land, bare soil,

and other natural land types into urban residential areas, industrial areas and commercial business districts has resulted

in the replacement of the natural surfaces of cities with impervious surfaces. As a result, the physical properties of the

underlying surface, such as the albedo, emissivity, thermal inertia, specific emissivity and thermal conductivity, have

significantly changed . These changes have led to a decline in the self-moderating ability of the urban thermal

environment.

Changes in urban LULC have significantly affected the heat exchange between the surface and the atmosphere .

Research on the relationship between surface radiation and the energy balance based on CFD simulation has also

attracted widespread attention from scholars . Takahashi et al. (2004) used CFD numerical simulation methods to

simulate the changes in the energy flux among soil, vegetation, the atmosphere and buildings and the heat exchange

among various influential factors. The simulation results showed that when large numbers of green areas and water

bodies are converted to urban land, the surface temperature will increase, resulting in direct changes to the USTE .

2.2. Relationship between the Underlying Surface Structure and the USTE

The changes in the underlying surface structure mainly include changes in urban vegetation coverage, water coverage,

and building area caused by replacing natural permeable surfaces with urban impervious surfaces (often made of cement,

asphalt, concrete and other building materials). This process will result in a positive effect for the USTE in the following

two aspects. On the one hand, impervious surfaces have a stronger ability to absorb solar radiation than do natural

surfaces. In addition, in the urban canopy space, part of the solar radiation reflected from the ground is absorbed in the

process of reflection between buildings, which is the main energy source of the USTE . On the other hand, the density

of buildings in metropolitan areas is high, the number of high-rise buildings is large, and the surface roughness is high,

resulting in poor urban ventilation, which causes heat to accumulate over a short period of time. If the heat cannot be

appropriately discharged, the urban temperature will continue to rise and remain at a high level, thereby increasing the

intensity of the USTE.

Reasonable underlying surface types and layout structures are important factors that need to be considered to alleviate

the USTE . Dimoudi et al. (2014) changed the roads and streets in a model from cement mixed with clay to cold

materials, used CFD to simulate the temperature field distribution, and found that the surface temperature dropped by 6.5

°C . According to the results of CFD simulations of wind and heat environments, Fatima et al. (2017) found that hot

spots in high-temperature areas in cities have a certain correlation with low wind speeds . Undeveloped areas, such as

natural soil, grassland, woodland, and cultivated land areas that have been artificially developed, are characterized by

good water permeability and can convert absorbed solar radiation energy into latent heat energy, which can effectively

mitigate the rate of increase in surface temperature. Radhi et al. (2015) analyzed the distributions of, and differences in,

the wind and heat environments between natural islands and human-made islands based on CFD simulations. Compared

to uninhabited natural islands, artificial islands are mostly composed of various buildings and roads with impervious

underlying surfaces, which are characterized by poor water permeability and air permeability and become hot faster than

other surfaces. Under the same thermal environment requirements, the cooling capacity of human-made islands has

increased by 14–26% . Therefore, the proportion and layout of different underlying surfaces should be reasonably

established in the relevant design and construction stages to optimize the urban wind and heat environments.
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2.3. Relationship between the USTE and Urban Green Spaces and Waterbodies

A change in the underlying surface of a city can change the distribution of latent heat and sensible heat, potentially

leading to the formation urban heat island effects . Many scientists have explored the relationship between different

land use types and heat island effects by integrating CFD and RS/GIS technologies . Studies have shown that the

types of land used for urban construction and transportation are significantly positively correlated with the urban heat

island effect, and cultivated land, forest land, water bodies and other land use types are significantly negatively correlated

with the urban heat island effect . In the case of the same green area, for every 1% increase in the impervious

surface area surrounding a green area, the cooling range of the green area will decrease by approximately 4.01 m . Lin

et al. (2007) used the regional atmosphere simulation system MM5 to simulate the urban heat island effect in Beijing; their

results showed that water bodies and green spaces have a good control effect on the temperature near the ground .

Huang et al. (2020) simulated the wind and heat environments in Taiwan through a CFD model. They obtained

quantitative indicators to improve the thermal environment and found that the green area ratio should be at least 60% to

significantly improve the thermal effect . Therefore, the type of urban green space, vegetation coverage, and spatial

layout can all affect the urban thermal environment .

The area percentages of green space and different vegetation types affect the distribution of the thermal environment.

Therefore, the quantitative impact of urban green plants on the USTE has become a hotspot in CFD-based thermal

environment research in recent years. Zhang et al. (2017) found that the spatial cooling effect of a green belt becomes

weaker as the area decreases . When the proportion of green space reaches 20–35%, the cooling effect will be

significantly enhanced, and as the green space proportion increases, the thermal comfort index will increase .

However, the cooling distance range of a green space generally stays between 150 m and 250 m . Liu et al. (2012)

simulated the impact of different vegetation types on the urban wind and heat environments based on CFD and found that

shrubs hinder the flow field more-so than do trees. Because shrubs have a stronger impact on wind speed than trees, it is

not advisable to position too many shrubs upwind of areas that require ventilation .

Under the same area conditions, various green space morphological characteristics have different effects on the thermal

environment. In terms of mitigating the effects of the thermal environment, wedge-shaped and radially distributed green

spaces have the best cooling effect . The cooling effect of strip-shaped areas is relatively poor, but if the distribution

can be well matched with ventilation corridors, these areas can also produce an excellent cooling effect . A dotted

green space pattern can break up high-temperature urban heat island areas and has displayed advantages in improving

the thermal environment and microclimate in local areas of a city . In the case of the same green area, the cooling

range of the green area decreases as the shape index increases and as the perimeter of the green area increases .

3. Anthropogenic Heat Emissions and the USTE

During the rapid process of urbanization, the heat generated by human production and activities, including the heat

generated by transportation, energy consumption and industrial production and the heat released by the electrical

appliances used in daily life , has enhanced the urban thermal environment and significantly impacted the local urban

climate . Most urban heat island centers are located in populated residential areas, industrial areas, and urban central

business districts, and the intensity of heat islands is greatly affected by human activities, making it difficult to estimate

anthropogenic heat.

In the field of urban microclimate research, there are three main methods used to calculate anthropogenic heat ,

including the source inventory method, the energy balance equation method, and the numerical model simulation method.

Fan et al. (2005) used the PBL model in the MM5 climate simulation package to study the thermal environment in

Philadelphia and found that anthropogenic heat has a significant impact on the urban heat island effect, especially at night

and in winter . To introduce anthropogenic heat emissions into the CFD numerical simulation process, He et al. (2007)

added anthropogenic heat to the surface energy balance equation and atmospheric heat conservation equation in a

certain proportion based on a multiscale model; then, the urban thermal environment in Nanjing, Jiangsu Province,

eastern China, was simulated based on the multiscale model system. They found that the contribution of anthropogenic

heat source emissions to the urban heat island reached 29.6% . Qian et al. (2020) generated a gridded anthropogenic

heat flux benchmark dataset with a spatial resolution of 1 km based on machine learning; they found that the

anthropogenic heat emissions in the city center were 60–190 W/m , and the largest value of anthropogenic heat

emissions in the industrial zone was 415 W/m  . These research results show that anthropogenic heat has become a

major component of urban thermal environment research.
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At present, most studies on USTEs based on CFD simulations at the block scale or macroscale do not consider the

influence of anthropogenic heat emissions, which is a possible reason for the low simulation accuracy of these CFD

models. However, at the microscale, a few scholars have performed research on indoor human thermal comfort

considering the heat generated by the human body.

Recently, few studies have considered the influence of anthropogenic heat emissions when using CFD methods to

simulate the USTE. Determining how to quantify anthropogenic heat emissions and couple them with thermal environment

simulation models based on CFD is important for accurately simulating the USTE; this topic should be addressed in future

research in this field. Therefore, at the block scale and macroscale, anthropogenic heat includes not only the heat emitted

by humans but also the heat generated by human activities, such as transportation and industrial production. However,

the estimation of anthropogenic heat is complicated. Coupling anthropogenic heat emission predictions with CFD

simulation models is one of the challenges faced in the current research on CFD-based USTE simulations.

4. Research on Mitigation Measures for USTEs Based on CFD Simulations

The urban thermal environment is influenced by the wind environment, solar radiation, anthropogenic heat, geographic

and topographic features, underlying surface thermal properties, heat conduction and thermal radiation among

components of the underlying surface, and atmospheric heat convection at different altitudes . To quantify and mitigate

negative effects on the USTE, many scientists have performed studies on cooling cities and increasing ventilation in urban

areas. Lai et al. (2019) summarized and described the cooling effects on the urban thermal environment and mechanisms

of the four main mitigation strategies of changing the urban geometry, increasing vegetation, permeable surface and water

bodies . The influencers and mechanisms of the USTE have been analyzed from multiple dimensions and

perspectives, and corresponding methods and measures have been proposed to control the USTE according to the

characteristics of different cities. These measures mainly include the planning and layout of green plants and water

bodies, the rational planning of building complexes, the reasonable layout and optimization of urban ventilation corridors,

and the use of green and energy-saving building materials (as shown in Table 1).

Table 1. Research on control methods for the urban thermal environment based on CFD.

Mitigation Measures Focus Typical Reference

Waterbodies

Water area and proportion Tominaga 2015

Water morphological
characteristics Montazeri 2017

Vegetation and green
spaces

Vegetation type Gülten 2016; Dimitris 2017; Gromke 2015

Vegetation form and layout Liu 2012; Li 2016; Du 2019; Vuckovic 2018; Zhou 2016; Lin 2019

Green area and proportion Wang 2019; Huang 2020; Liu 2019

Building layout and
materials

Building layout Schrijvers 2020; Peng 2017; Liu 2020; Allegrini 2017

Building materials
Maragkogiannis 2014; Dimitris 2017; Gagliano 2017; Ferrari

2020; Santamouris 2018; Allegrini 2017; Dimoudi 2014;
Priyadarsini 2008

Planning of the underlying
surface

Chen 2018; Li 2008; Hsieh 2016; Kubilay 2019; Yi 2018; Zhou
2018

Planning and design of
ventilation corridors

Planning and design of urban
ventilation corridors

Ashie 2011; Hsieh 2016; Wu 2009; Tominaga 2008; Antoniou
2017; Allegrini 2014

4.1. Water Bodies for Controlling Heat in the USTE

Water bodies have a large specific heat capacity, and the rate of temperature increase is slower for water than for

buildings and other surface components in cities. Under the actions of evaporation and transpiration, a water body

exchanges heat with the atmosphere close to the water surface by absorbing heat and converting solar radiant energy

into latent heat. Under the influence of the wind field, the cold air in the upper layer of the water body exchanges heat with

the surrounding airflow, making the temperature around the water body much lower than that in areas with buildings .

As a heat sink, the cooling effect of a water body is related to its area, shape, and distance from a target. Yang et al.

(2015) used a CFD model to simulate a river and the wind-heat environment under different building layouts. They found

that when the angle between a building and a river is in the range of 45–90°, the outdoor thermal environment effect is
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minimal. In terms of the building height layout, a layout from low to high is better than a layout with a constant height .

Du et al. (2019) used a CFD model to simulate the influence of water bodies with different morphological characteristics

on the heat island effect . The results showed that a water body with a complicated outer contour provides a better

cooling effect than a water body with a uniform outer contour. Notably, the outer surface of a complex contour is larger,

which enables the water body and the air to fully exchange heat. The cooling effect that a water body can provide is also

affected by the distance to the target. The closer the target is to the water body, the better the cooling effect. When a

building is far from a water body, the cooling effect is weakened. Ashie et al. (2009) found that the area within a range of

100–200 m on both sides of a river is obviously affected by the cold wind that blows across the river; in contrast, the

temperature in inland areas was higher .

The efficiency with which water bodies mitigate the effects of the USTE is affected by the combined effects of wind speed,

wind direction, external shape, spatial location and area. Tominaga et al. (2015) simulated the cooling effect of water on

the thermal environment of buildings based on CFD simulations. The results showed that the maximum cooling effect at

pedestrian height can reach 2 °C, and the average cooling effect is approximately 0.5–1 °C. With a wind speed of

approximately 3 m/s at a height of 10 m, the cooling effect caused by evaporation spreads more than 100 m downwind

. Hsieh et al. (2016) conducted a CFD simulation study of the ventilation environment in Shanghai and found that in

urban planning, placing a water body upwind in the dominant wind direction can effectively alleviate the local heating

effect . Song et al. (2011) proposed a new calculation method for heat transfer and moisture transfer between water

bodies and the atmosphere to study the impact of urban water bodies on the humidity and thermal environments of

surrounding buildings .

From the current literature, the quantitative relationship between the shape of a water body and the cooling range under

different wind speeds has not been clarified. In addition, the high-humidity environment formed by the evaporation of

water will also affect the comfort of humans. Therefore, the quantitative relationship between these factors and comfort

evaluations are important research topics related to the effects of water bodies on the urban thermal environment. When

considering the mitigation of the thermal environment by a water body, the relationships among the water body, the wind

speed and direction, and the building layout should be considered to control the spatial thermal field.

4.2. Green Space and Vegetation for Controlling the USTE

The central role of green space and vegetation in mitigating the heat island effect has attracted widespread attention from

scholars . The recent research has focused on the mechanism and influence of green plants in the urban thermal

environment , the simplification of the vegetation model and its coupling with CFD , and the relationship

between the USTE and various vegetation parameters, such as the relationships between the intensity of urban heat

islands and vegetation index values , vegetation abundance , and the standardized compactness index .

The mechanism by which green vegetation mitigates the heat island effect is mainly reflected by the following two factors

. On the one hand, vegetation absorbs part of the solar radiation for photosynthesis and reflects part of the solar

radiation from its leaves . The temperature difference caused by trees by blocking solar radiation and absorbing energy

can reach 6 °C . On the other hand, the transpiration of vegetation absorbs most available heat and creates a latent

heat flux, which slows the increase in temperature. Under the combined effect of tree transpiration and shading, the

outdoor thermal comfort index can be effectively improved . In addition, the cooling effect of green land vegetation is

based on different principles at different heights. At a height of 2 m, cooling is achieved by shielding solar radiation and

exchanging latent heat. At a height of 10 m, cooling is achieved by heat exchange between vegetation and the

atmosphere .

Increasing the vegetated area and optimizing the green space structure and layout are two important measures to

mitigate the USTE. Enlarging the area of an urban green space is an effective way to mitigate the urban heat island effect.

The change in the leaf area index has a significant impact on the thermal comfort of the human body. The increase in the

greening rate will lead to a decrease in the air temperature and the physiological equivalent temperature . Lin et

al. (2020) noted that for every 10% expansion in street vegetation coverage, the air temperature at the pedestrian level

(height) will drop by 0.15 °C . However, when the built-up area or urban land area is limited, it is not economical to rely

on increasing the green area to alleviate the thermal environment problem. The most important task is rationally

optimizing the structure and pattern of the green area in a limited region to achieve maximum utility. Du et al. (2019) found

through CFD simulation that the layout of green vegetation with complex shapes has the best cooling effect in alleviating

the effects of the thermal environment .

When seeking to control the thermal environment based mainly on vegetation in specific areas, various factors, including

the proportion of green area, the type and spatial layout of greenery, the coordination and layout of green buildings and
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the wind field, must be comprehensively considered to achieve the best mitigation efficiency. To reduce the USTE, most

research shows that an increase in urban green space is more effective than other surfaces with high albedo, but the

research of Yuan et al. (2017) found that excessive greenery will itself have a negative effect on the microclimate of the

city by reducing ventilation . In addition, climate factors are also an important influencing factor of USTE . Alexandri

and Jones (2008) developed a comprehensive simulation study of USTE, their results depicted that a greater reduction

can be achieved in urban air temperature under a hotter and drier climate through using a green wall and green roof. They

also found that, from the simulation, the same configuration of green wall and green roof, the reduction of air temperature

in Moscow, Russia was below 4 K, while the value of Riyadh, Saudi Arabia, was above 11 K .

4.3. Building Layout for Controlling the USTE

The layout of the urban structure greatly influences the urban heat island effect . Ali et al. (2016) applied CFD

simulations in urban planning and landscape design at the scale of individual buildings and communities . During urban

planning, the spacing and orientation of buildings are calculated based on meteorological data. The overall layout and

orientation of buildings generally conform to the prevailing wind direction in summer. This design can enhance the

ventilation performance of buildings, thereby making the heat distribution more even because the wind can effectively

dissipate heat. Thus, creating potential ventilation corridors is important for improving a USTE. Lin et al. 2017 introduced

the concept of heat balance, expounding the influence of urban built environment factors on each component of energy

flux (including net radiative flux, anthropogenic heat, convective (or turbulent) sensible heat flux, latent heat flux, stored

energy, and net horizontal heat advection). Based on the perspective of urban geometry (Including land use intensity,

building form, canyon geometry, space enclosure and descriptive characteristics) and vegetation, the impact of these

influencing factors on the urban thermal environment on pedestrian height (at pedestrain level) is quantitatively studied

. Chen et al. (2004) simulated the outdoor wind and heat environments based on CFD and found that the outdoor

temperature in residential areas is closely related to the architectural layout of these areas . The downwind temperature

in residential areas was higher than that in other areas, and the thermal environment was poor. Yang et al. (2011) found

that the building layout, building density and green space proportion are the main factors that influence the thermal

environment in residential areas during the day .

The number of buildings and the height of buildings are important factors that affect the urban wind and heat

environments. In the use of CFD to simulate the thermal environment of buildings of different densities, it was found that

increasing the number of buildings and reducing the height of buildings are conducive to creating a good wind

environment . Yang et al. (2015) simulated aspects of the residential outdoor environment (such as temperature,

humidity and wind speed) in Shenzhen city, southern China, under different architectural layouts based on CFD

technology . The effects of a river and building layout on the outdoor thermal environment around riverside residential

buildings were explored. Notably, when the vertical projected area of a building facing the prevailing wind was reduced, a

ventilation and cooling corridor was created for winds in the direction of the river. In coastal cities, where high-rise

buildings have low building ratios, sea breezes can flow through large spaces between buildings to lower the temperature

. Therefore, to a certain extent, it is possible to reduce the building ratio by establishing high-rise buildings to effectively

reduce the ambient temperature and control the thermal environment .

The aspect ratio of buildings is another important factor that influences the urban thermal environment. Specifically, solar

radiation plays a leading role in influencing the energy budget of buildings with different aspect ratios. As the aspect ratio

increases, the effects of longwave radiation and heat flow conduction are continuously improved. Due to shading effects,

the differences in the temperature distribution in space increase. The average radiant temperature can be 10 °C higher

than the air temperature, and the radiant temperature in the direct sun area can reach up to 70 °C. When the aspect ratio

reaches 2, sensible heat exchange is more obvious than heat conduction  because as the height of the building

increases, the solar radiation cannot reach the average height of the street or even the ground, radiation is reduced, and

heat flow conduction increases.

4.4. Green Building Materials for Controlling the USTE

Research on the use of green building materials to control the thermal environment has shown that the selection of high-

reflectivity building materials and pavement materials for the exterior walls and roofs of buildings has a significant effect in

alleviating severe thermal environmental conditions . For example, placing green vegetation on roofs has a positive

effect on temperature, wind speed, and humidity . Ferrari et al. (2020) performed CFD-based simulations of the wind-

heat environment and found that the combination of high reflectivity and water-permeable pavement materials can reduce

the surface temperature and create a comfortable thermal environment. In the case of low wind speeds, the use of high-

reflectivity white asphalt compared to black asphalt can reduce the air temperature at a height of 1.5 m by 5 °C .
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4.5. Ventilation Corridors for Controlling the USTE

Based on the wind field and USTE from CFD simulations, planning an urban ventilation corridor and analyzing the

corresponding mechanism are hotspots of current research. The use of CFD simulations to accurately predict the wind

environment in urban street canyons has achieved good performance , as demonstrated by wind tunnel tests. Shou et

al. (2018) combined CFD and GIS technology to quantitatively study potential ventilation corridors in Changchun city .

Hsieh et al. (2016) used the FAI and LCP to predict city ventilation corridors by using ArcGIS and CFD technology to

simulate and confirm the direction of ventilation corridors . Ng et al. (2011) conducted a study in an area with low

roughness to estimate urban ventilation corridors .

The ventilation environment can be adjusted to mitigate thermal environment problems. Good ventilation can reduce the

heat accumulation in the center of an urban heat island, alleviate the urban heat island effect , and improve the comfort

of the thermal environment . Wind is the medium for heat exchange between a cold source and a heat source, and the

main mechanism in alleviating the thermal effect is reflected by the following two factors. On the one hand, wind can

effectively dissipate heat; on the other hand, wind can evenly distribute the cold air generated by water evaporation and

vegetation transpiration. To mitigate the heat island effect, a reasonable ventilation corridor can be specifically designed

according to different types of land use. Cold sources, such as green space and water bodies, should be built in the

upwind areas of ventilation corridors, and the air will then flow through the low-temperature areas to cool the areas

downwind.
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