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Population  

(Metropolitan Region)
4,540,000 (United Nations, 2016)

Area (Metropolitan  

Region)
2,037 km2 (Demographia, 2016)

Income per capita US$54,420 (World Bank, 2017)

Climate zone Cfb – Temperate, without dry season,  

warm summer (Peel et al., 2007)

Australia is particularly vulnerable to the extreme weather  

events associated with anthropogenic climate change. The City

of Sydney and other local government areas that comprise  

Australia’s largest conurbation – the Sydney metropolitan area –

are actively collaborating on mitigation and adaptation strategies.

Cities must deal with an additional phenomenon, which exac-

erbates the effects of global warming. The urban heat island

(UHI) effect occurs when a city area experiences significantly

warmer temperatures than the surrounding countryside. This

localized warming is due to the absorption and trapping of inci-

dent solar radiation by buildings and paved surfaces, together

with the anthropogenic heat production characteristic of densely

urbanized areas. Rising city temperatures can lead to adverse con-

ditions such as risks to public health, poor air quality, and high

energy use. Several recent studies have elaborated prediction

models in order to quantify and address this phenomenon (e.g.,

Grimmond et al., 2010, Mirzaei and Hahighat, 2010). A sustain-

able approach to urban development appears as a key driver to

ameliorate UHI effects and reduce building energy consumption.

Research has found that temperatures in Sydney have been

rising for the past 40 years above what would be expected

through global warming. By 2050, the global warming effect in

combination with the UHI phenomenon could increase Sydney

temperatures by up to 3.7°C (Argüeso et al., 2013). Along with

the many efforts being made to address the UHI effect in

Australian cities, the present study aims to investigate how the

urban planning process in the city of Sydney can actively

incorporate climatology data in order to reach a more sustainable

urban development and measure its impact on the environment.

ARC3.2 Climate Change and Cities Annex 5 Case Study Annex

Case Study 2.D Figure 1 The urban heat island effect inSydney.

Source: Sharifi and Lehmann, 2014



This research has been undertaken thanks to a collaborative

agreement with researchers from the National University of

Singapore who have developed a web-based application

(STEVE Tool: The Screening Tool for Estate Environment

Evaluation) able to bridge the gap between urban climatology

and the urban planning process.

The STEVE Tool is a software tool that can estimate the out-

door thermal comfort (temperature and humidity) performance

of developments based on urban form, vegetation, and weather

data. It incorporates an empirical model for air temperature

prediction with the main objective of evaluating the impact of

development on the air temperature and, ultimately, on the UHI

phenomenon. It consists of three interfaces: estate existing con-

dition, estate proposed masterplan, and a calculator for air tem-

perature prediction. Based on input of urban morphology and

climate data, the STEVE Tool can calculate the air temperature

of an existing or planned urban development.

This application has been initialized for Singapore conditions.

However, the tool itself appears amenable to initialization for

any latitude, provided the data are available. To investigate the

tool’s adaptability to the Sydney urban context, two scenarios

were tested for the same central Sydney location. The first one

corresponds to the site before redevelopment, with no vegetation

and low building density. The second scenario responds to the site

masterplan, incorporating new buildings and landscape features.

The hypothesis is that urban morphology and greenery can modify

the air temperature and potentially help mitigate the UHI effect.

The project involved the following steps:

1.   Site   selection.   A   recently   redeveloped   area   in inner

Sydney,  the Central Park precinct, was selected for the first

application of the STEVE Tool. Central Park is a 5.8 hectare  

urban renewal project 2 kilometers from the Sydney Central  

Business District (CBD). Formerly dominated by a brewery 

operation, the new development features medium- and high-

rise mixed-use buildings and a large park.

2. Creation of a 3D model of the site. 3D models of the pre-

and post-development scenarios (see Case Study 2.D Figure

2) were built following the architectural drawings (noting that

as the project is staged, some works are yet to be completed).

3. Insertion into the model of the species indicated in the

proposed landscape plans. Since the plants specified in the

plans are mostly Australian and the STEVE Tool has been

originally designed for the Singaporean context, new species

had to be added to the tool database. This can be done by pro-

viding specific data about the species: girth, Leaf Area Index

(LAI), and type of vegetation (whether it is a tree or shrub)

for each new item. With the species added, the final model

was ready to be tested for different scenarios.

4. Export of both scenarios to the STEVE web application and

comparative analysis of air temperature results. The final

stage of the study will evaluate the differences in modeled air

temperature and compare these with empirical data collected in

previous projects on this site. The software allows the user to

insert climate-related values such as the existing air tempera-

ture and the solar radiation for any given location. According

to these variations, the STEVE Tool will recalculate the air

temperature, taking urban morphology parameters (buildings,

vegetation and streets) intoaccount.

The results of this project are based on the study of the influ-

ence of two major variables relevant to UHI mitigation: the

influence of vegetation and the influence of urban morphology

on air temperature. Outcomes are expected to be consistent with

previous tests of the STEVE Tool in Singapore. Further applica-

tions of the tool in Australia will require deeper modification of

the program through the calculation of specific air temperature

prediction models for each city’s conditions based on collection

of empirical meteorological data.
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(a) (b)

Case Study 2.D Figure 2 Sydney’s Central Park: 3D models of the estate’s existing condition and the estate’s proposedmaster plan.



Case Study 2.D Figure 3 shows resulting temperature maps for

a similar study undertaken in Singapore, where different climate

parameters have been tested for the same urban scenario. The

UHI phenomenon can be visualized in the areas colored in red.

Expected Outcomes

The initial conditions scenario shows a low-density urban

form with low building heights, which can result in higher

daytime air temperatures. As discussed by Jusuf et al. (2011),

low building density combined with an absence of vegetation

increases solar gain. However, a sparse configuration of build-

ings (high sky-view factor) facilitates heat release from urban

surfaces in the absence of trapping structures.

The post-development scenario responds to the site mas- ter

plan, incorporating new buildings and landscape features as

shown in Case Study 2.D Figure 2. Following the architec- tural

and landscaping plans, the increased building density will be

accompanied by the existence of a large park and significant

plantings of several tree species. According to Jusuf and Wong

(2011), increased building height may not always lead to higher

ambient air temperatures when an optimum distribution of green-

ery, building configuration, and a ratio of paved to unpaved sur-

faces is met. Higher buildings can provide shade and moderate

air temperature, reducing the daytime UHI; conversely, they can

increase the nocturnal UHI by trapping heat at night. Vegetation

can play a decisive role in developments combining high build-

ings and substantial open space because it provides shading and

evaporative cooling. An additional model of the estate’s pro-

posed master plan but excluding greenery will be tested to fur-

ther evaluate the influence of vegetation on ambient temperature.

Case Study 2.D Figure 3 Temperature maps produced by the STEVE Tool for Singapore conditions.

Source: Jusuf and Wong, 2012
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Conclusion

The STEVE Tool has the potential to be of major relevance

to cities aiming for more sustainable urban form. Through its

straightforward implementation, planning professionals can

experiment with different design options to help reduce ambient

air temperature in densely populated spaces. Together with mea-

sures to address anthropogenic heat production, the STEVE Tool

can have substantial impact on the mitigation of the UHI effect

through facilitating more efficient urban design.
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