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Abstract: The Urban Heat Island (UHI) has become increasingly important due to the increased vulnerability of urban 
areas to UHI effects and thermal risk for urban residents. In Australia, extreme heat and overheated outdoor environments 
adversely affect the well-being of the urban population, energy consumption for cooling, sustainability and liveability of 
cities. This paper examines microclimate characteristics of three Australian cities, namely, Darwin, Alice Springs, and 
Western Sydney using the microclimate model ENVI-met. The simulations involve urban environments both in the existing 
situation and after application of appropriate mitigation strategies in a representative warm summer day. This evaluation is 
of importance due to the potential of mitigation strategies to decrease the ambient temperature and provide comfort for 
residents. This study involved a selection of mitigation strategies (e.g., urban greenery, cool material, water-technologies, 
solar control, and combinations). Microclimate models were developed to assess the influence of the proposed mitigation 
strategies to reduce urban heat from these cities. This study found a possibility to decrease the maximum temperature of 
Darwin City up to approximately 2.5°C. In Alice Springs, the achieved decrease of the maximum ambient temperature is 
close to 1.2°C. In Western Sydney, a combination of the proposed strategies shows a reduction of 1.4°C. 
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1. INTRODUCTION

Urban climate is the result of the thermal balance between solar gain and heat losses by convective heat exchange between 
ground, buildings and atmosphere; and by the generation of anthropogenic heat (i.e. a result of human activities such 
as space heating and cooling and vehicle exhausts) in the cities. Urbanization is known to induce local climate change 
phenomena, such as the Urban Heat Island (UHI) effect (McCarthy et al., 2010; Santamouris et al., 2015). UHI is the more 
documented phenomenon of climate change (Santamouris et al., 2017a). It happens when the city absorbs and release 
more heat than the non-urban surrounding environments often by 3-4 °C, and may exceed 10 °C (Santamouris, 2014). 
This is further exacerbated by the global climate change that leads to the increase of the ambient temperature and the 
frequency of heat waves (Asimakopoulos et al., 2012; Founda, 2011). The contribution of UHI to the temperature rise 
has severe consequences on thermal comfort, energy consumption for cooling, peak electricity demand, health, and the 
economy affecting the sustainability and liveability of cities negatively. UHI experimental data for 101 Australian and Asian 
cities (Santamouris, 2015) shows the magnitude of the temperature rise is significant, varying from 0.4 °C to 11 °C. Urban 
overheating is a significant problem for major Australian metropolitan areas (Santamouris, 2015). Urban areas are particularly 
impacted by heat waves which is a serious threat for residents. By 2070, Sydney residents are expected to experience at 
least twice as many very hot days (days over 35°C), while residents of Darwin and Alice Springs could find very hot days 
happening for up to two-thirds and about half of the year, respectively (Wang and McAllister, 2011). In Sydney, the situation 
is complicated by warm winds blowing from inland during summer, while the same Western areas are invested by cold 
winds in winter (Santamouris et al., 2017b). 

To counterbalance the impact of urban overheating, mitigation techniques has been identified and tested in previous 
studies (Akbari and Kolokotsa, 2016). These mitigation strategies include the use of advanced materials for the urban 
environment (Doulos et al., 2004; Zinzi, 2010), urban greenery (Hien and Yu, 2012; Zoulia et al., 2009) and green roofs 
(Niachou et al., 2001; Theodosiou, 2009), use of solar control systems, and dissipation of the excess heat in low temperature 
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environmental heat sinks (Mihalakakou et al., 1994; Tzaferis et al., 1992). Santamouris et al. (2017a) compared the mitigation 
potential of these mitigation technologies using performance data from real scale urban rehabilitation projects. According to 
the same study, the average maximum temperature drop calculated for all projects is close to 2 K, while the corresponding 
decrease of the average ambient temperature is close to 0.74 K. In this study, we assess the local microclimate in Western 
Sydney, Darwin and Alice Springs, and evaluate the efficiency of mitigation strategies in reducing ambient temperature, 
considering the use of a) urban greenery, b) cool roofs and pavements and c) application of water-based system, d) use of 
solar control, e) wind break, and f) combination of strategies. 

2. METHODS

2.1 Simulation areas, and mitigation scenarios 

The local microclimate in Darwin City Centre, Alice Springs and Western Sydney has been simulated using ENVI-met V4.1.3 
for the unmitigated and mitigated scenarios. This program is a three-dimensional microclimate model based on computational 
fluid dynamics and thermodynamics. It is designed to simulate the influence of buildings, the surface characteristics, plant, 
soil and climate interactions in an urban environment (Bruse, 2004; Bruse and Fleer, 1998). This tool is used to simulate the 
distribution of the main climatic parameters in the urban environment. The mitigation scenarios have been designed based 
on the specific climatic condition and context of the cities, and therefore these are different for Darwin, Alice Springs, and 
Sydney (Table 1). The areas considered in this study are Darwin and Alice Springs City Centre, Northern Territory (NT), and 
eight precincts in Western Sydney, New South Wales (NSW). The precincts include Bankstown, Campbelltown, Canterbury, 
Holsworthy, Horsley Park, Olympic Park, Penrith, and Richmond. We simulated Darwin and Alice Springs City Centres (780 
m x 1,390 m, and 1422 m x 1464 m, respectively), while in Western Sydney an area of 858 m x 780 m was considered for 
each selected precinct. The spatial resolution used in the simulations is 6 m horizontally. The grid at the z-axis is telescopic 
with a thicker cell near the ground, allowing a better accuracy for edge effects.

Table 1: Mitigation scenarios.

Scenario Darwin Alice Springs Sydney 

Unmitigated (reference) Albedo: walls, roofs, and concrete 
pavements = 0.2; asphalt 
pavements = 0.05; soil=0.15. 
Greenery less than 10% of non-
building area. 

Albedo: walls and roofs=0.2; 
Asphalts Albedo=0.05; Concrete 
pavements=0.15; soil=0.15

Albedo: walls, roofs, and 
concrete pavements = 0.2; 
asphalt pavements = 0.05; 
loamy soil=0.15. Grass used as 
greenery. 

Greenery 1) Greenery 30% of the total 
pavements and open spaces 
2) Greenery 20% of the total 
pavements and open spaces

NA Increased urban greenery by 
planting of 192 mature trees in 
the area 

Green roof Green roof in all buildings NA NA

Cool materials 1) Cool roof
2) Cool pavement
3) Global Albedo=0.6, greenery 
less than 10% of non-building 
area 
4) Global Albedo=0.4, greenery 
less than 10% of non-building 
area

Increase of the reflectivity of the 
horizontal urban surfaces in the 
city to 0.5 and the buildings to 0.6

Increased global albedo=0.5 
by applying cool roofs and 
pavements 

Wind break NA Planting 121 mature trees to 
protect the city from hot winds

NA

Water 10 fountains in the CBD every 
18m

56 water fountains every 42m in 
56 locations of CBD

16 water fountains/precinct 

Greenery and water NA NA Combination of the two scenarios 

Cool materials and 
water 

NA NA Combination of the two scenarios 

Combined 1) Area albedo = 0.6, greenery 
30%, and shading (reduction of 
incident solar radiation on streets 
and car parks by 30% via shading) 
2) Area albedo = 0.6, Greenery 
30%, Shading, and water fountain

Global albedo of building=0.6, 
global albedo of pavements=0.5, 
shading (reduction of incident 
solar radiation on streets and car 
parks by 90% via shading), wind 
break (planting 121 mature trees), 
water (application of 56 water 
fountain)

NA

S. Haddad, R. Paolini, A. Synnefa and M. Santamouris



579

The geometry of buildings and urban areas was identified from Google Map. For the modelling of the vegetation in the 
unmitigated scenario, two different simple plant types have been employed: tree 15m tall, very dense foliage, distinct crown 
layer, and grass with average density. However, in Alice Springs, 5m tall trees with light foliage (albedo=0.2) was used as a 
typical tree in Alice Springs (i.e., Eucalyptus). 

As part of a larger study, experimental campaigns were conducted in Alice Springs and Darwin, which involved aerial 
infrared (IR) surveying via drone technologies and terrestrial meteorological monitoring of air temperature, humidity, wind 
speed and direction, and radiation measurements. The data obtained from the field measurement were used to compare 
with the simulation results to calibrate the microclimate model and the simulation tool. Simulations were performed for the 
unmitigated scenario for the same day and boundary condition of monitoring period. Results highlight the robustness of the 
model to predict the urban microclimate in the investigated cities. 

2.2 Weather data and boundary condition

Simulations were performed for a representative warm summer day. Hourly averages of air temperature and relative humidity 
for the simulated day were provided by the selected nearby weather stations. The climatic data in Darwin and Alice Springs 
was obtained from the Airport weather stations as a reference (Table 2), while in Western Sydney the input parameters 
and boundary conditions were defined based on the data obtained from Bureau of Meteorology (BoM) synoptic stations 
(Australian Bureau of Meteorology, 2017) located close to the selected precincts. A simple model forcing was applied which 
allows to dynamically change the meteorological background values for air temperature and relative humidity within a 24-
hour cycle. 

Table 2: Bureau of Meteorology (BoM) weather stations providing the data used in the study.

Lat Long Location Altitude Distance from the simulated precinct

Darwin -12.411 130.878 Coast 30.4 m 6 km

Alice Springs -23.7951 133.889 Inland 546 m 12 km

Western Sydney

Bankstown -33.918 150.986 Inland (20-30 km from the coast) 6.5 m 5 km

Campbelltown -34.062 150.774 Inland (20-30 km from the coast) 112 m 3 km

Canterbury -33.906 151.113 Inland (20-30 km from the coast) 3 m 2 km

Holsworthy -33.993 150.949 Inland (20-30 km from the coast) 68.2 m 3 km

Horsley Park -33.851 150.857 Inland (20-30 km from the coast) 100 m 2 km

Olympic Park -33.834 151.072 Inland (20-30 km from the coast) 4 m 3.5 km

Penrith -33.720 150.678 Inland (~ 50km from the coast) 24.7 m 4 km

Richmond -33.600 150.776 Inland (~ 50 km from the coast) 19 m 3.5 km

3. RESULTS

3.1 Evaluation of the mitigation potential of the proposed strategies during warm season

Meteorological data including hourly values of the ambient temperature, relative humidity, wind speed and wind direction, 
collected at the BoM stations, have been analysed. Based on the specific climatic characteristics and overheating problems 
in the case studies, mitigation scenarios have been designed to assess the potential of various technologies and design 
solutions to mitigate urban overheating.

The spatial distribution of the ambient temperature, the distribution of the surface temperature, and wind speed and 
direction have been calculated for each scenario. Simulations have been performed for the summer-time prevailing synoptic 
condition. The following sections describe the results of simulations in each city.

3.1.1 Results of simulations in Darwin

Darwin suffers from high ambient temperatures and poor outdoor thermal comfort conditions. The aim of the mitigation 
technologies is to decrease the heat gains and increase the heat losses in the city. Ambient temperatures may exceed 37°C, 
while humidity easily exceeds 80 %. In parallel, because of the positive thermal balance, the City Centre area presents about 
2 – 3 °C, higher temperature than the airport area. This is mainly due to the high surface temperatures of the urban fabric 
(values exceeding 60°C have been recorded) that release heat in the ambient air, reduced wind speeds and the lack of the 
cooling effect of the sea breeze, and the increased anthropogenic heat. 

Mitigation of urban overheating in three Australian cities 
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Simulations were performed for two prevailing wind speed values. The ambient temperature varies between 32°C - 
36.4°C and about 32.8°C - 36°C in the City Centre when the simulations run for the wind speed values of 5m/s and 1m/s, 
respectively. The maximum surface temperature of asphalt pavements (parking area) is above 55°C for both wind speed 
values. Figure 1 shows the simulation domain for the combined scenario with the water-based system and distribution of 
ambient temperature drop in the combined scenario when wind speed was considered as 5m/s. 

Figure 1: Simulation domain for the combined scenario with water-based system (a), the distribution of the ambient temperature 
reduction in Darwin City Centre for the combined scenario with water-based system (b).

The results have shown that the proposed mitigation technologies can decrease the maximum ambient temperature from 
36.5°C to 33.7°C. The achieved reduction of the maximum ambient temperature is close to 2.8°C, while the corresponding 
decrease of the minimum temperature is close to 3.1° C compared to the reference scenario representing the actual 
situation. The maximum temperature drop is achieved through the combination of the various mitigation technologies, while 
the minimum performance corresponds to the use of only cool roofs. Some of the considered mitigation scenarios were 
shown to have a significant local maximum temperature reduction (i.e., evaporative systems and greenery). It should be 
noted that the reduction of the maximum ambient temperature corresponds to the maximum temperature in the reference 
scenario minus the maximum temperature in the mitigated scenario. The local temperature drop refers to the temperature 
difference calculated between each mitigation scenario and the reference scenario in the same spot. Figure 2 summarises 
the maximum temperature reduction and maximum local temperature reduction when wind speed was taken as 5m/s. 

Figure 2: Reduction of maximum temperature and maximum local temperature drop using mitigation technologies in Darwin
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3.1.2 Results of simulations in Alice Springs

The ambient temperature varies between 35.0°C and 42.3°C in Alice Springs for the wind speed values of 4m/s in the 
unmitigated scenario. The maximum surface temperature of asphalt pavements (parking area) is 63.8 °C. The results have 
shown that the proposed mitigation technologies can decrease the maximum ambient temperature from 42.3 °C to 41.1°C. 
The minimum ambient temperature in the simulated area can be decreased from 35.0 °C to 24.7°C. The achieved decrease 
of the maximum ambient temperature is close to 1.2°C, while the corresponding decrease of the minimum temperature 
is close to 10.3 °C compared to the reference scenario representing the actual situation (Table 3). Further, the combined 
scenario results in a maximum local temperature drop of approximately 15.9 °C. The distribution of ambient temperature 
reduction in Alice Springs considering all mitigation scenarios is presented in Figure 3.

Table 3: Summary of the mitigation results.

Reference and Mitigation 
Scenario

Ta, AVG (°C) Ta, MAX (°C) Ta, MIN (°C)
∆Ta, 
AVG (°C)

∆Ta, 
MAX (°C)

∆Ta, 
MIN (°C)

MAX 
∆Ta (°C)

Reference 39.0 42.3 35.0 -  -   - - 

Wind break-Whole CBD 39.0 41.9 35.1 0.0 0.5 0.0 1.7

Cool material-Whole CBD 38.1 41.1 34.8 0.8 1.2 0.2 2.9

Water-Whole CBD 38.7 42.3 26.5 0.3 0.0 8.5 13.8

Shading-Whole CBD 38.8 42.3 35.0 0.2 0.0 0.0 4.8

Shading-Shaded area 37.3 41.3 35.6 1.1 0.1 0.5 4.8

Combined-Whole CBD 37.7 41.1 24.7 1.3 1.2 10.3 15.9

*Ta: Ambient Air temperature (°C)

Figure 3: The distribution of the ambient temperature reduction: combined (a), shading (b), water (c), cool material (d), wind break (e). 
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The maximum temperature drop is achieved through the combination of the various mitigation technologies, while the 
minimum performance corresponds to the use of only wind break. Evaporative systems and shading, which are implemented 
in specific zones and not in the whole city area, were shown to have a significant maximum local temperature reduction. 
The maximum surface temperature drop is achieved when shading, cool pavement technologies, and combination of 
technologies are implemented. The local reduction of the surface temperature produced by these technologies may exceed 
26°C. Lower surface temperatures correspond to improved thermal comfort levels as the emitted infrared radiation and the 
heat transferred by convection from the opaque surfaces is significantly reduced.

3.1.3 Results of simulations in Western Sydney

The average temperature reduction over the simulated area, (from 10 am to 5 pm) achieved for each mitigation scenario and 
each selected location is summarized in Table 4. All the UHI mitigation strategies examined here have been found effective 
in reducing the ambient temperature in Western Sydney. More specifically, results reveal that the average temperature over 
the simulated area (between 10 am and 5 pm) decreased from 0.2°C to 1.4°C. The application of water technologies and 
greenery resulted in a reduction equal to 0.2°C. The combined application of greenery and water technologies showed a 
reduction of 0.4°C. The implementation of the cool roofs and pavements resulted in a reduction equal to 1.2°C, and the 
combined application of water technologies and cool roofs and pavements led to a reduction equal to 1.4°C, over the 
whole simulated area. Although water-based technologies resulted in a low reduction of the average temperature over 
the whole considered area, they provided a significant local cooling effect. Considering the scenarios that use water-
based technologies, the average maximum reduction of temperature achieved locally reached 9 -10°C for all locations and 
between 10 am to 5 pm.

Table 4: Average temperature reduction (over the simulated area, from 10 am to 5 pm) for each mitigation scenario and each selected 
location.

Location
Greenery Cool material Water

Water and 
Greenery

 Water and Cool

 
Ta

* Ref Ta

∆Ta, 
AVG 
(°C) 

Ta

∆Ta, 
AVG 
(°C)  

Ta

∆Ta, 
AVG 
(°C)  

Ta

∆Ta, 
AVG 
(°C)

Ta

∆Ta, 
AVG 
(°C)  

Canterbury 35.4 35.0 0.4 34.2 1.1 35.2 0.2 34.9 0.5 34.1 1.3

Bankstown 37.6 37.4 0.2 36.5 1.2 37.4 0.2 37.1 0.5 36.3 1.3

Olympic Park 36.3 36.1 0.1 35.1 1.2 36.1 0.2 35.8 0.4 34.9 1.4

Penrith 39.3 39.2 0.1 38.0 1.3 39.1 0.2 38.9 0.4 37.8 1.5

Horsley Park 37.8 37.7 0.1 36.7 1.1 37.6 0.2 37.5 0.4 36.5 1.3

Holsworthy 37.1 37.0 0.1 36.0 1.1 36.9 0.2 36.7 0.4 35.8 1.3

Campbelltown 37.5 37.4 0.1 36.4 1.2 37.4 0.2 37.2 0.3 36.2 1.3

Richmond 39.1 39.0 0.1 38.0 1.1 39.0 0.1 38.9 0.3 37.8 1.3

Average     0.2   1.2   0.2   0.4   1.4

*Ta: Ambient Air temperature (°C)

It has been shown that the combination of mitigation strategies reduced the surface temperatures. The use of water-
based technologies combined with greenery decreased the surface temperature by 8-12°C, although higher reductions 
were observed locally where trees were planted. Cool roofs and pavements and their combination with water technologies 
reduced the surface temperatures by 9-12°C on average. As expected, the use of water technologies had a negligible effect 
on surface temperatures.

4. CONCLUSION

We simulated urban heat mitigation with microclimate modelling considering different strategies for three Australian cites; 
Darwin. Alice Springs, and Western Sydney. In Western Sydney, eight large-scale precincts were selected, while in Darwin 
and Alice Springs, the City Centres were studied. Results show the importance of urban materials, wind speed and 
direction, sea breeze, and anthropogenic heat on the temperature distribution in the cities. In all three cities, the maximum 
temperature drop is achieved through the combination of the various mitigation strategies appropriately selected for each 
location. Evaporative systems, which are implemented in specific zones of the study area, were shown to have a significant 
maximum local temperature reduction, although the mitigation impact for the whole investigated area is very low. This study 
found a possibility to decrease the maximum temperature of Darwin city up to approximately 2.5°C. In Alice Springs, the 
achieved decrease of the maximum ambient temperature is close to 1.2°C. In Western Sydney, a combination of proposed 
strategies shows a reduction of 1.4°C.
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In Darwin, the potential of the considered scenarios to decrease the ambient temperature varies considerably as a 
function of the synoptic weather conditions. The combined use of cool material, greenery, shading, and water-based 
system is the most effective strategy to reduce the ambient temperature in the city. In Alice Springs, the combined use of 
reflective materials, shading, windbreak, and water-based system to improve the microclimate of urban areas is the most 
effective mitigation strategy. In Western Sydney, the maximum temperature reduction is achieved with the combination 
of cool materials and water. Considering the average over the simulated area, the average reduction is 1.3 ± 0.1 °C in all 
precincts, except in Olympic Park and Penrith, where the reduction accounts for 1.4 ± 0.2 °C and 1.5 ± 0.2 °C, respectively. 
The average reduction during the hottest hours of the day accounts for 1.2 ± 0.1 °C.
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