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Changing urban climate and CO2 emissions: implications for the development of policies for 

sustainable cities 

 

 

ABSTRACT 

 

Current planning strategies for future urban development often target issues such as housing, transport, 

water, and infrastructure; but very few strategies comprehensively consider the urban climate and its 

interaction with the built environment. By drawing on recent research conducted in Melbourne, 

Australia, this paper demonstrates the importance of incorporating urban climate understanding and 

knowledge into urban planning processes to better develop cities that are more sustainable. Melbourne 

currently experiences the effects of a modified urban climate, with research demonstrating that urban 

areas are often warmer than surrounding rural landscapes: an effect known as the ‘urban heat island’. 

Recent studies also suggest that continuing current patterns of development without intervention would 

produce degraded urban climates with further exacerbated urban temperatures. With the urgency 

regarding the enhanced greenhouse effect, the urban heat island is an extremely important issue, as the 

growing urban population could be further exposed to elevated temperatures. Given our improved 

understanding of the interactions between the built environment and urban climates, those involved in 

urban planning and development should begin to adopt this knowledge. Many opportunities exist to 

intentionally modify the built environment (e.g. cool roofs; water sensitive urban design) to minimise the 

risks of developing unfavourable urban climates. 
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INTRODUCTION 

 

Over recent decades (>1970), scientific understanding of urban climates has developed 

significantly. While environmental sustainability policies such as sustainable water resources and 

biodiversity have been widely accepted, urban climate is still of minor consideration, despite the growing 

evidence about the importance of climate and urban interactions (Fehrenbach et al., 2001). The impacts of 

urbanisation and human activities within the built environment on many aspects of local and regional 

climates are well understood within the urban climate community. Generalisations have emerged between 

the type and shape of cities and their influence on meteorological variables such as temperature, wind 

speed and large scale circulations (Arnfield, 2003). Unfortunately, outcomes and knowledge from 

research that can potentially improve local climates and the comfort and wellbeing of urban residents are 

scarcely used in the planning process, for reasons such as communication problems, conflicting interests, 

economic costs or lack of knowledge (Eliasson, 2000). It is important for those involved in urban 

planning and policy understand possible negative climatological impacts and their causes and how these 

impacts can be mitigated.  

The aim of this paper is to demonstrate the importance of incorporating urban climate 

understanding and knowledge into urban planning processes in order to better develop cities that are more 

sustainable. By drawing on recent research conducted in Melbourne, Australia, this paper will highlight 

the interrelationship between urbanisation and the development of local unique urban climates, resulting 

from changes to the land surface. By understanding these interrelationships, and the interactions between 

the land surface and the atmosphere, an improved understanding of a city’s climate can be achieved. This 

can then aid in informing future land use and planning decisions that minimise adverse climatological 

impacts. One common climatological impact that should be considered, and is the focus of this paper, is 

the Urban Heat Island; a phenomenon whereby urban areas become warmer than the surrounding rural 

countryside, often by several degrees (Oke, 1982). 
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In 2002, the Victorian Government released a long term planning strategy for Melbourne entitled 

‘Melbourne 2030: Planning for Sustainable Growth’ (DSE, 2002). The document details policies and 

directions to manage the anticipated growth of the city by one million people and 620,000 new 

households by 2030. Melbourne 2030 aims to develop a more compact city by setting an urban growth 

boundary, clustering development and increasing the density of housing in established urban areas, and 

the development of activity centres at strategically placed nodes and surrounded by high density housing 

(DSE, 2002). This city design concept of denser urban development integrated with transit oriented 

development is consistent with the often described features of a more sustainable city (Mills, 2005; 

Newman and Kenworthy, 1999). However, Melbourne 2030 did not comprehensively address all the 

issues concerning the urban climate. This paper will demonstrate from recent research in Melbourne, that 

urban climates should be seriously considered when planning for the future of Melbourne, and indeed all 

global cities. This paper is divided into three parts using examples and data from studies in Melbourne: 1) 

the urban heat island – development and important features; 2) potential consequences of higher degrees 

of urbanisation; and 3) steps to mitigate the potential negative consequences. 
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1) THE URBAN HEAT ISLAND – DEVELOPMENT AND IMPORTANT FEATURES 

 

The Urban Heat Island 

 

The transformation of natural landscapes into complex 3D cities can dramatically alter the local 

and regional climate, The Urban Heat Island (UHI) phenomena is where urban areas become warmer than 

the surrounding rural countryside, often by several degrees (Oke, 1982) and is considered a detrimental 

impact in many cities as elevated temperatures can be dangerous for some urban dwellers. Heat stress 

associated with elevated temperatures has been linked to higher rates of human mortality and illness, 

particularly amongst vulnerable demographics such as: the elderly; lower socio-economic classes; and 

residents in high density, older housing stock with limited surrounding vegetation (Smoyer-Tomic et al., 

2003; Rankin, 1959). The form and intensity of the UHI varies temporally and spatially depending on 

local/regional meteorological, geographical, and urban development characteristics (Oke, 1987) and is a 

complex function of many interacting variables (Stewart, 2000). Some spatial temperature variability (due 

to the large areal extent of cities) may exist due to regional land and sea breezes, elevation, and frontal 

and rainfall patterns. Warming resulting from urban development is additional to the local background 

temperature, but also means that some areas may be more vulnerable to warming effects (e.g. areas with 

lower rainfall). Important generative factors of the UHI include  (Oke, 1982; Stone and Rogers, 2001; 

Arnfield, 2003):   

·  Urban materials have high heat capacities and thermal conductivities that absorb and retain solar 

radiation in the urban fabric. This heat is then released slowly at night, maintaining high urban 

temperatures compared to rural areas;  

·  Vegetation removal and high impervious surface covers increase surface runoff and reduce water 

availability in the urban landscape, limiting evapotranspiration; 

·  Anthropogenic heat release from vehicles, buildings (air conditioning) and other human activities 

warms the urban atmosphere and is a heat source not found in rural areas; 
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·  Restricted horizontal airflow due to increased friction in cities limits the ability for warm air 

within urban streets (urban canyons) to be dispersed; 

·  Reduced ability for surface cooling (long-wave radiative loss) due to the trapping of heat and 

energy within the complex heterogeneous urban landscape (limited sky view factor). 

 

Maximum UHI intensities are generally displayed during the early morning when the surrounding 

region has undergone the maximum amount of cooling, while urban areas have still retained substantial 

amounts of heat (Oke, 1982) creating temperature differences. Cloud amount and wind speed are 

important meteorological parameters because high cloud cover effectively suppresses long-wave radiative 

cooling, while high wind speeds aid ventilation and dispersion of heat (Oke 1982). Generally, UHI 

intensity increases with increasing urban density. The UHI is well illustrated in Figure 1, which presents 

an automobile transect conducted across the city of Melbourne on the 23rd March, 2006 to investigate the 

UHI intensity and spatial variations in temperature. At 0100, a maximum UHI intensity was observed of 

around 4 °C with peak temperatures found around the central business district (CBD) and surrounding 

high density development, particularly to the east of the CBD (Richmond). Of particular interest was the 

variability across the transect, especially on the south eastern leg, where for example, a small peak in 

temperature at Dandenong (approximately 30 km SE of the CBD) was observed and was associated with 

an increase in urban density. 
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Figure 1: Spatial variability of the Melbourne urban heat island at 0100, 23rd March, 2006. Maximum 

urban heat island intensity of around 4 °C with peak warming in the CBD and high density commercial 

and residential development to the East of the CBD. Recorded weather at the Melbourne Regional Office 

at midnight was 19.4 °C with a westerly wind of 3 knots. The previous day’s maximum temperature was 

27.0 °C. 

 

Urban land surface-atmosphere interactions 

 

The temperature variations illustrated in Figure 1 across the city of Melbourne are ultimately a 

result of changing land surface characteristics which affect the partitioning of energy and influence local 

climate development. Different settlement structures such as city centres, suburbs and parklands (and 

their surface characteristics) interact in a characteristic and distinct manner with the overlying 

atmospheric boundary layer, hence developing relatively distinct local climates (Fehrenbach et al., 2001). 
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Urban structure, intensity of development and type of building material all vary with land use and can 

influence UHI intensity (Stone and Rodgers, 2001). 

 To better understand the development of the local UHI and what causes this spatial and temporal 

variability, the interactions between the land surface and the atmosphere must be examined. Specifically, 

an understanding of the ‘surface energy balance’ is required as this fundamentally governs the climate at 

any particular site (Oke, 1987). The surface energy balance describes how energy in the land-atmosphere 

system is partitioned; dominated by the sites surface features (such as vegetation cover). The surface 

energy balance of an urban area is given by: 

 

Rn + F = H + LE + S 

 

where Rn is net radiation, F is anthropogenic heating, H is sensible heating, LE  is latent heating and S is 

heat storage (Oke, 1987). These energy exchanges between the land and the atmosphere are taken at the 

top of the imaginary box placed over the urban surface with its top at approximately building height 

(Figure 2).  Essentially, Rn is the total energy in the system (energy from the sun and earth’s surface), but 

is added to by heat released from anthropogenic activities (vehicles, buildings, humans). During the day, 

this energy (Rn + F) is then used in one of three ways; transferred into and stored (S) in the urban fabric 

and the building air volume; or used in evaporating moisture from the surface or used in plant 

transpiration (LE - evapotranspiration); or used in heating the atmosphere (H) (Figure 2). Turbulent 

fluxes directed away from the urban–atmosphere boundary are positive by convention. During the night, 

when solar radiation is absent, the surface cools, so Rn becomes negative and the fluxes generally reverse 

sign. A measure often used to describe the characteristic climate of a site is called the Bowen ratio (� ), 

and is the ratio of sensible heating to latent heating: 

 

�  = H / LE 
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If �  < 1 then available energy (Rn+F-S) is preferentially used in evapotranspiration (LE) and leads to a 

cool and moist climate, while if �  > 1, energy is used preferentially in heating the atmosphere (H) and 

leads to a warm and dry climate (Oke, 1987). Measurement of the surface energy balance is often 

undertaken using the eddy covariance technique (Baldocchi, 2008).  

 

 

Figure 2: Idealised description of the partitioning of energy during the day over an urban (left) and rural 

(right) surface. Arrow sizes represent the relative magnitude of the flux. Interactions take place at the top 

of an imaginary box encompassing the surface, buildings, vegetation and air volume. 

 

The UHI in Melbourne, Australia 

 

The city of Melbourne, Australia, often displays a distinct UHI signature. Historical data from 

weather stations within and around Melbourne over a 21 year period (1972-1991) showed an average UHI  

value (at 0600 LST) of 1.13 °C which varied seasonally between summer (1.29 °C), spring (1.25 °C), 

autumn (1.02 °C) and winter (0.98 °C) (Morris et al., 2001). Clear skies and low wind speeds resulted in 

an increase in UHI magnitude and under these conditions, the 21 year mean maximum UHI was 2.68 °C, 
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(Morris et al., 2001). An automobile transect across Melbourne on the 25th August 1992 during the 

evening (9 pm) found a peak warming of 7.1 °C in the CBD with smaller peaks in industrial areas and the 

medium density terrace housing in the inner northern suburbs (Torok et al., 2001). The UHI intensity in 

Melbourne has grown steadily over time. A comparative analysis of mean annual minimum temperature 

data from 1958 to 2007 (Australian Bureau of Meteorology) between the Melbourne Regional Office (a 

dense urban location in central Melbourne) and Laverton RAAF (an open rural location 18 km south-west 

of Melbourne) showed that the UHI has increased at a rate of approximately 0.2 °C per decade over the 

50 year period (BOM, 2008) as a result of increasing urban development and activity. The mean annual 

UHI over the 50 year period was 1.76 °C (BOM, 2008). 

The UHI develops as a result of differences in the surface energy balance between urban and rural 

areas (Figure 2). An example of these differences is presented in Figure 3 for a suburban location during 

summer (January) in Melbourne (Preston) and a rural location (Lyndhurst). The results are consistent with 

a reduction in surface water availability in urban areas from high surface runoff and reduced vegetation 

which leads to the partitioning of energy predominantly into H rather than LE, indicated by higher 

Bowen Ratios (Oke, 1988). Mean daytime �  in January 2004 was 2.6 over the urban landscape and 1.7 

over the rural landscape. Dry, hard, impervious surfaces with little or no vegetation limit LE, so most of 

the net radiation is either: returned to the atmosphere creating warm air that is carried from the ground 

and mixed in the surrounding air (H); or stored in the ground (S), thereby warming the surface. The high 

thermal conductivity, high heat capacity and greater volume of urban building materials allow more 

energy to be stored in the urban fabric than in rural soils. Anthropogenic heat release (F) due to the 

combustion of fuel and human metabolism adds to atmospheric heating and increases temperatures (Oke, 

1982).  
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Figure 3: Comparison of the diurnal course of medium density urban (upper panel) and rural (lower 

panel) surface energy balances for Melbourne in January 2004. Mean daytime �  (1000 – 1600) was 2.6 

at the urban location and 1.7 at the rural location for January (produced following methods in Coutts et 

al., 2007b). 
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2) POTENTIAL CONSEQUENCES OF HIGHER DEGREES OF URBANISATION 

 

As results from studies on the UHI and the surface energy balance have shown, there is a 

potential intensification of the UHI as a result of the build up of the urban landscape. This section of the 

paper evaluates the potential local and regional climatic impact of the Melbourne 2030 plan by drawing 

on recent studies of both field observations and climate modelling for the city of Melbourne. 

 

UHI variability - The influence of housing density on local climate development 

 

 Differences in surface energy balance partitioning (Figure 3), between urban and rural landscapes 

leads to UHI development, yet the intensity of the UHI varies across the urban landscape (Figure 1). This 

is due to variations in the partitioning of energy across different urban densities and urban surface 

characteristics (i.e. impervious surface area). In 2003-04, Coutts et al. (2007b) conducted a study to better 

understand how local climates vary between neighbourhoods with differing housing density in 

Melbourne. This information could be used to understand the potential climatological impacts of a more 

compact city by identifying the likely changes in the surface energy balance as future development grows 

from low to high density. The study was conducted from August 2003 to July 2004 involving the 

collection of field observations of the surface energy balance (Coutts et al., 2007b). Four sites were 

established in Melbourne to measure their surface energy balances which included three urban sites of 

increasing housing density, and one rural site (Figure 4) all of which operated simultaneously for three 

months from March 2004 to May 2004 (Table 1). Density was defined by dwelling density (ABS, 2001) 

and dominant housing types, as well as the how built up the neighbourhood was (Table 1). Good 

indicators of neighbourhood density were found to be the impervious surface area, the height to width 

ratio (ratio of building height to the width of the street) and the wall to plan area ratio (the amount of wall 

area with respect to plan area) (Table 1).  
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Figure 4: Photographs and locations of the field observational sites in Melbourne from high density to 

low density and rural (Coutts et al., 2007b, pp. 479). 
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Table 1: Defining site density: Information on neighbourhood population and dwelling density, types of 

housing and built up urban surfaces. Operational periods are also presented. 

 HIGH MEDIUM LOW  

Location Armadale Preston 
Surrey 
Hills 

Population (per km2) 3167 2939 2748 

Dwelling density (per km2) 1495 1248 1113 

Separate house (per km2) 613 872 699 

Semi-detached, row or terrace house, townhouse etc. (per km2) 220 104 248 

Flat, unit or apartment (per km2) 512 173 90 

Mean building height (m) 8.8 6.4 7.2 

Height to width ratio (H:W) 0.56 0.42 0.41 

Wall to plan area ratio 0.59 0.4 0.4 

Plan impervious surface area 67% 62% 53% 

Site operation Dec 03 – 
May 04 

Aug 03 – 
Jul 04 

Mar 04 – 
Jul 04 

 

Results from Coutts et al. (2007b) showed that the Melbourne landscape was unique in that 

during summer, the surface energy balance and the �  at the three urban sites was more similar than 

expected with �  values most often greater than two (Figure 5) and on some days as high as five (semi-arid 

regions range between two and six). This was driven by limited water availability due to dry surface 

conditions and restricted irrigation across the entire urban landscape. Hence LE was low across all 

densities, even in well vegetated suburbs. As a result, the majority of the Melbourne region during the day 

experienced warm and dry conditions during summer irrespective of local housing density. Figure 5 

highlights the ever increasing warm and dry conditions towards the end of summer and even into early 

Autumn at the urban sites. The �  at the rural site was similar to the urban sites during the mid summer 

period, as this site also had limited water availability at times. Given these findings, all urban areas, not 

just high density areas would benefit from mitigation measures to minimise adverse climate impacts.  
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Figure 5: Variation in mean daytime (1000 – 1600) Bowen ratio (ten day moving average) over the year 

from August 2003 to July 2004 at the three urban sites and daily rainfall. Bowen ratios increase towards 

late summer before declining as more moisture becomes available. 

 

 Figure 5 demonstrates that all urban areas during the day are generally warm and dry despite 

differing degrees of density. However, a closer analysis of the field data demonstrates that there are in 

fact, some differences in local climates as a result of variations in the surface energy balance from 

changing urban surface characteristics. Figure 6 presents results of temperature observations from two 

individual months (during the only period when all three urban observational sites where operating) from 

the observational study of Coutts et al. (2007b) to demonstrate the variations in temperature between the 

different densities and explain how local surface characteristics drive these differences. March represents 

a period when the Bowen Ratio was still high (Days 61 to 91) despite the conclusion of summer, and May 

represents a period before winter (Days 122 to 152) (Figure 5). Air temperatures (above the urban 

canopy) and land surface temperatures (the mean temperature of the built environment close to where 

urban residents reside) are both presented in Figure 6 and the results, in combination with additional site 

characteristics in Table 2, provide the following interesting insights into local climate and urban heat 

island development: 
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1. During both March and May, surface temperatures during the night were higher as density 

increased. The medium and high density sites adsorbed more energy (S/Rn – Table 2) during the 

day than the low density site mostly because the low density site had a higher proportion of 

pervious surface cover. Heat was trapped within the urban canopy floor, walls and air space and 

then slowly released at night. Therefore, higher density areas are likely to be exposed to higher 

urban temperatures for longer periods of the day.  

2. The pattern of higher surface temperatures with increasing density became enhanced in May, as 

the high density site continued to efficiently trap and store energy (S/Rn) during the day and 

slowly release it at night. This was due to a low pervious surface cover (35%), but also due to 

deeper and narrower urban canyons (height to width ratio 0.59 – see Table 1). Therefore, higher 

density areas are likely to be exposed to higher urban temperatures for a longer duration of the 

year.  

3. In March, surface temperatures at all the sites were higher throughout the night than air 

temperature, which means that the urban surface was still a source of heat to the atmosphere. This 

is a unique feature of urban landscapes and supports positive H during the night and UHI 

development. 

4. The high density site trapped a large amount of energy and retained high surface temperatures 

despite the highest recorded albedo (surface reflectivity) (0.19 – Table 2). This demonstrated the 

importance of canyon geometry in trapping and storing energy. 

5. In March, above canopy air temperatures at the low density site were the highest. The cause of 

this is that, because of the greater pervious surface cover, storage (S) in the landscape was 

reduced and more energy was available for heating the atmosphere (H), which increased the 

above canopy daytime air temperature. 

6. Anthropogenic heat (F) (Table 2) increased with increasing density, and contributed to heating 

the local environment. 
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Figure 6: Observations of mean above canopy air temperature (air) and mean radiant surface 

temperature (surface) at the urban observational sites during the months of March and May 2004, when 

all three sites were operating simultaneously. 

 

Table 2: Urban surface characteristics for the urban sites during the months of March and May 2004. 

Characteristics are Pervious - pervious surface cover; Albedo - surface albedo (reflectivity of the 

surface); Storage (S/Rn) - daytime urban heat storage (as a fraction of Rn from 1000 – 1600); F - mean 

diurnal anthropogenic heat flux (W m-2).  

 Density Pervious Albedo Storage (S/Rn) F 

March ‘04 High 35% 0.19 30%  10.39 

 Medium 38% 0.15 40% 9.62 

 Low 47% 0.17 22% 9.02 

May ‘04 High 35% 0.19 30% 12.29 
 Medium 38% 0.15 46% 11.38 
 Low 47% 0.17 29% 10.66 
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In summary, it is clear that the climate of a site is governed by the complex interactions 

between the atmosphere and the land surface. Surface characteristics of higher density areas (deep, 

narrow urban canyons; high impervious surface cover; and higher anthropogenic heating) are conducive 

to the development of higher local temperatures, and therefore a shift from low density to high density 

will most likely lead to an intensification of the UHI . High density areas like activity centres should 

incorporate some forms of mitigation measures to minimise adverse climate impacts. However, given the 

warm and dry conditions during the day (indicated by high Bowen ratios) across all urban sites during the 

summer, mitigation measures should be introduced across the whole urban landscape. 

 

Potential climatological impacts of Melbourne 2030   

 

The observational results indicate that Melbourne 2030’s compact city approach could lead to 

greater exposure to warm and dry conditions over longer periods of the day and year, if urbanisation 

continues to follow current development trends. To investigate this further, a study was conducted that 

attempted to simulate the potential climatological changes resulting from the Melbourne 2030 plan for the 

year 2030 (Coutts et al., 2008) using The Air Pollution Model (TAPM) (Hurley, 2005 – CSIRO). TAPM 

was modified to include four urban density classes of high, medium, low and CBD, with corresponding 

parameter datasets based on the characteristics at the observational sites from the field study described 

earlier (Coutts et al., 2007b). In the modelling study, two scenarios were investigated: A) a simulation of 

the current urban climate and UHI intensity in Melbourne; and B) a year 2030 scenario of increased 

urbanisation based on the Melbourne 2030 key directions to investigate likely future changes to urban 

climate (Coutts et al., 2008).  

To complete Scenario A, a spatial urban density map was created using dwelling density (per 

km2) (ABS, 2001) where: low density < 1000; 1000< medium density < 1500; high density > 1500; and 

the CBD was defined by the bounds of the Melbourne City Council. To complete scenario B a second 

spatial urban density database was created based on the directions of the Melbourne 2030 plan (Coutts et 
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al., 2008) which included low density development within the urban growth boundary and high density 

development surrounding each of the locations of the 26 Principal, 82 Major and 10 Specialised activity 

centres. The model was run in each scenario for the month of January (the central summer month when 

heat stress is likely to be at its greatest) from 1997 to 2004 to capture inter-annual climate variability. 

Model results for scenario A showed that the current mean daytime Melbourne UHI for January 

(1997-2004) was approximately 3-4 °C during the night (0200) and approximately 1-2 °C during the day 

(1400) (Figure 6) and were consistent with the range of observed UHI intensities (see the section The 

UHI in Melbourne, Australia and Figure 1) (Coutts et al., 2008). It must be recognised that on days 

considered optimal for UHI formation, intensities can be higher than the averages modelled in the study. 

Temperature variations were larger at night time, as seen in the field observations and largely controlled 

by urban density. Daytime temperatures were relatively uniform across the city but were higher than rural 

areas and were influenced by larger scale circulations (such as land and sea breezes). 

 



 19 

 

Figure 7: Modelled mean screen level temperature for metropolitan Melbourne, illustrating the mean 

UHI for January (1997-2004) during the night at 0200 (upper figure) and during the day at 1400 (lower 

figure) (Coutts et al., 2008). 
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 Coutts et al. (2008) compared the results from scenario B to current UHI simulations (scenario A) 

to demonstrate how temperatures across the Melbourne domain could change in 2030 if current 

development patterns were followed under this particular development scenario. The comparison showed 

that during the night (0200) for the month of January, increases in temperature were anticipated across 

much of the Melbourne region (Figure 7). Growth areas showed the greatest temperature increases along 

with the location of many activity centres and transport corridors. The maximum intensity of the UHI did 

not increase, but the spatial extent of warm urban areas did, thereby exposing more of the population to 

elevated temperatures for longer periods of the day. During the day in January, only a few areas showed 

significant warming and were located to the north and the west of the CBD (Figure 7). These are 

designated growth areas under Melbourne 2030 and showed large increases as the land was undeveloped. 

However, undeveloped land on the eastern side of the city does not show significant increases, suggesting 

regional scale climate to the west and north could support warmer urban temperatures as these areas 

receive a lower rainfall than the east, and may not feel the effects of afternoon sea breezes, and could be 

more vulnerable to the effects of urban development. 
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Figure 8: The modelled change in temperature between current and the Melbourne 2030 scenario for 

night time at 0200 (upper figure) and daytime at 1400 (lower figure). Areas within the contours are 

statistically significant at the 95% confidence level (Coutts et al., 2008). 
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Cities and global change 

 

Added to the concerns of raised urban temperatures due to urbanisation is global warming. Mean 

global temperatures over the last 100 years (1906-2005; 100-year linear trend) have increased by 0.74 °C 

(0.56 °C to 0.92 °C) largely as a result of carbon dioxide (CO2) emissions (IPCC, 2007). Urban areas 

themselves, and the associated resource demands, are responsible for a significant proportion of global 

carbon dioxide (CO2) emissions, and contribute to driving global warming. In Melbourne, the net annual 

CO2 flux from the local area of medium density suburb (Figure 4 – medium density site) was 

approximately 84.9 t CO2 ha-1 yr-1. Vehicle emissions were the major source of CO2 to the atmosphere 

and CO2 uptake by vegetation was not enough to offset the local emissions from the high traffic flows 

(Coutts et al., 2007a). 

Projections of future climate changes predict a temperature increase of up to 1 °C in Melbourne 

by 2030 (50th percentile, compared to 1990 baseline) (CSIRO & BOM, 2007).  Given the link between 

high temperatures and the increased rates of mortality, if measures are not taken to limit urban 

temperatures, urban climates could become ‘dangerous’ (Nicholls et al., 2008). While populations 

may be able to adapt to the local prevailing modification of the climate via physiological, behavioural and 

technological responses, extreme climatic events often stress populations beyond their adaptive 

capabilities (McMichael et al., 2006). High temperature extremes are likely to become more frequent, 

more intense, more widespread and longer lasting (CSIRO & BOM, 2007). While most heat wave deaths 

occur in the vulnerable, particularly elderly and people with pre-existing cardio vascular diseases (heart 

attack and stroke) or chronic respiratory diseases, people living in urban environments are at a heightened 

risk due to the UHI, compounded by climate change (McMichael et al., 2006).  
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3) STEPS TO MITIGATE THE POTENTIAL NEGATIVE CLIMATE CONSEQUENCES. 

 

Planning for optimal urban climates 

 

There is a significant amount of evidence to suggest that the design of cities has a direct influence 

on the UHI (Stone, 2005) and can either exacerbate or ameliorate the background climate. Hence, there is 

a clear role for applied urban climatology in the development of sustainable settlements (Mills, 2005).  

From an overarching climatic point of view and to avoid the environmental impacts of urban sprawl, the 

best long-term strategy for urban planning is a more compact, high density, and transit oriented city with 

mixed development, as described in Melbourne 2030.  Yet, while developing a more compact city, the 

UHI and CO2 emissions should also be considered during the planning process.  

A range of measures could be adopted to minimise: UHI intensity; CO2 emissions; and the effects 

of urban warming from future climate changes. These measures are broadly described in Table 3 and we 

illustrate how they influence portions of the energy balance and reduce CO2 emissions for improved 

climates. Efficient ways for improving a city’s climate can be achieved by increasing the partitioning of 

energy into evapotranspiration (LE) and thereby reducing the amount used in atmospheric heating (H). 

Also, measures should be taken that reduce anthropogenic heat release (F), reduce heat storage (S), and 

also reduce the total available energy input (Rn). Planning should also be focussed in a way that reduces 

urban and offsite CO2 emissions to help avoid projected summertime temperature increases and increased 

frequency of extreme temperatures (CSIRO & BOM, 2007). Naturally, the more mitigation measures that 

are implemented, the greater the amelioration felt by urban dwellers, and the less vulnerable urban 

populations will be to the effects of warming and heat extremes under climate change. 

The studies of Melbourne’s climate highlighted some measures that may be more beneficial than 

others. Firstly, surface albedo was found to be highly influential. The albedo was lower at the medium 

density site due to darker rooftop surfaces (Table 2), which meant that more solar radiation was adsorbed 

by the surface and so both net radiation and heat storage were high. As a result, surface temperatures were 
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the highest during the day and evening (Figure 6), despite the medium density site having a relatively low 

height to width ratio (Tables 1 and 2). Therefore, Melbourne neighbourhoods would benefit from 

implementation of a wide-scale ‘cool roof’ program, which encourages highly reflective and high 

thermal emittance surfaces (Table 3). This would help reduce cooling needs and energy consumption, and 

hence reduce anthropogenic heating and greenhouse emissions. However, it was also demonstrated at the 

high density site that despite the high albedo (0.19) surface temperatures could still be high (particularly 

in May), indicating the importance of canyon geometry in trapping and storing heat. The building height 

to street width ratio (H:W) should be designed and controlled appropriately to minimise heat 

trapping and promote ventilation.  

Secondly, while increasing vegetation cover is an obvious solution, results of the field campaign 

indicated that increasing vegetation did not necessarily reduce excess heating. While vegetation does help 

reduce heat storage and hence night time UHI intensity, the very low moisture availability and dry surface 

conditions from water restrictions and drought meant that evapotranspiration was very low during the 

day. Even at the low density site where vegetation cover was large, surface heating was still high. In 

regions where irrigation is feasible the benefits of vegetation will be more fully realised.  There is also 

likely to be a continued decline in rainfall in the region (CSIRO & BOM, 2007) which means that 

existing low evapotranspiration rates city wide will become even lower from further reduced moisture 

availability, increasing urban Bowen ratios. Therefore, revegetation of urban areas must be 

implemented in combination with water retention strategies, such as urban stormwater and water 

recycling, and water sensitive urban design (Table 3). Increased impervious surface area in cities 

provides a good opportunity for stormwater capture and re-use, particularly for irrigation that could help 

ameliorate the UHI (Mitchell et al., 2007). The benefits from water sensitive urban design extend beyond 

just improving climate and would enhance the environmental sustainability of the city (e.g. reduced peak 

flows). 

UHI mitigation is a cost effective measure with multiple environmental, social and economic 

benefits and strongly contributes to the development of a sustainable city. For instance, increasing 
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vegetation cover can produce large economic savings through reduced energy consumption. Such 

measures provide urban scale cooling to all urban dwellers, not just those at a higher socio-economic 

status that can afford air conditioning. Vegetation is important for carbon sequestration, and also plays a 

role for citizens by providing aesthetic pleasure, shading for communal activities and outdoor recreational 

activities, increased privacy, and habitats for wildlife (Brack, 2002). Cooling initiatives can also have 

important social and health implications, because high temperatures have also been linked to higher levels 

of aggression (Anderson and Anderson, 1998), increased smog formation (Rosenfeld et al., 1998) and the 

air pollutant ozone (O3) which can be harmful for asthma sufferers, especially in children (Stone, 2005; 

Bernstein et al., 2004). However, to achieve such multiple benefits, what is truly required is an integrated 

and strategic approach that considers all facets of sustainability, particular in considering plans and 

options for mitigation and adaptation to global warming and climate change. 

While these measures help mitigate and minimise the impacts of the UHI and global warming on 

urban populations, ‘adaptation planning’ is necessary for cities to adapt to the inevitable impacts of a 

changing climate, and reduce vulnerability (Smit et al., 1999). Adaptation planning shares many common 

features with risk management (Füssel, 2007) and involves reducing the sensitivity of a system to climate 

change; altering the exposure of a system to climate change; and increasing the resilience of a system to 

cope with climate change (Adger et al., 2005). For instance, initiatives that utilise stormwater can: help 

reduce the sensitivity of water supply systems; help cool the local microclimate thereby reducing 

(altering) the exposure to warmer temperatures (and the UHI); and improve the resilience to urban flood 

and associated social impacts (i.e. insurance). Planning professionals need to incorporate climate change 

scenarios (that could also include UHI scenarios) into both short term planning decisions and longer term 

strategic regional planning decisions, using a more integrated approach than is currently adopted in 

planning strategies such as Melbourne 2030 (Füssel, 2007; Lyth, 2006). 

 

SUMMARY AND CONCLUSIONS 

 



 26 

Planning for future urban growth within the constraints of available land, water and energy is a 

difficult task for urban planners. Given the rapid population growth in urban centres and the combined 

threat of global warming and the UHI on heat stress and mortality (Harlan et al., 2006), strategies need to 

be developed that incorporate initiatives such as those listed in Table 3 to avoid conditions that foster 

dangerous biophysical hazards (Solecki et al., 2005). Urban planners of future residential development 

must face the dual challenge of reducing the impacts of urban heat islands and future global warming 

(Luxmoore et al., 2005). Fortunately, this can be achieved, as mitigation measures for the UHI are also 

effective in reducing greenhouse gas emissions, and help cities combat and adapt to the impacts of future 

climate change (e.g. heat waves). Because growth areas and activity centres are in early stages of 

development in new and existing areas in Melbourne, there are still opportunities for measures to be 

introduced. Melbourne 2030 recognises the need for improving planning methods. For example, initiative 

1.3.3 of Melbourne 2030 aims to update current development controls and planning processes and 

develop new guidelines for more intensive development so that the planning system can promote well-

designed higher-density housing at strategic redevelopment sites (DSE, 2002). Melbourne 2030 could 

provide a good platform to introduce measures that address the multiple effects of climate change and the 

UHI. However, to achieve their full potential, UHI mitigation strategies should be implemented in the 

short term and be fully operational by 2030.  

Proceeding with urban development without an attempt to reduce UHI mitigation and CO2 

emissions could result in a bleak outlook for the well being of urban dwellers in response to increasing 

UHI intensities and global warming and contradicts the overall goal of Melbourne 2030. Consequences 

from extreme heat such as that seen during the European heat wave of 2003, particularly in the city of 

Paris, should be avoided with vigour (European Environmental Agency, 2005; McMichael et al., 2006). 

The role of adaptation planning in reducing the sensitivity of cities will be vital to build the resilience of 

urban systems to climate change impacts, particularly extreme climate events. An integrated approach to 

land use planning can help to manage contradicting goals if it is done within a broad sustainable built 

environment framework. 
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It is recognised that climate is just one of many environmental, economic and social parameters 

considered in the planning process. Barriers that constrain the inclusion of climate knowledge within the 

urban planning process must be eliminated if sustainable settlements are to be achieved for an ever 

increasing urban population. Incorporating these ideas into new and existing legislative frameworks will 

be a challenge and require the concepts, processes and conclusions presented in this study to be embraced 

by those involved in planning designing built environments to provide a more integrated policy and 

planning response. This includes multi-disciplinary approach by all practitioners involved in urban 

planning to take a climate sensitive design approach (considering the micro, local and regional scale) 

including architects, landscape architects, engineers, planning authorities, local councils, urban 

developers and climatologists and requires effective communication across disciplinary boundaries  
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No. Measure Why it works Effect 

1 
Increase 
vegetation 

Vegetation is a natural cooling mechanism as it encourages evapotranspiration, and energy is dissipated more 
through latent heating rather than sensible heating. It can also be a sink for CO2. The type of vegetation can 
also be important. 

� LE; � CO2 

2 
Water sensitive 
urban design 

Retaining water in the urban landscape enhances evaporation. Stormwater capture and re-use for irrigation 
supplies water to the landscape. Higher vegetation cover, green roofs and open space aids this. Other 
measures include rainwater tanks, buffer strips, infiltration trenches, porous pavements and rain-gardens. 

� LE 

3 
Increased 
albedo 

Highly reflective materials and light coloured surfaces such as elastomeric, polyurethane or acrylic white 
thick paints reflect greater amounts solar radiation, reducing heat storage and net radiation. � Rn; � S; � F 

4 
High thermal 
emittance 
surfaces 

Roofing material such as tiles can be coated in reflective material containing pigments that reflect in the near 
infrared. This allows traditional rooftop colours to be retained. Combined with high albedo surfaces, heat 
storage in buildings, pavements and roads can be significantly reduced. 

� Rn; � S; � F 

5 
Outdoor 
landscaping 

Vegetation placed on the east, west and north (in Australia) sides of dwellings can block solar radiation on 
buildings and reduce heat storage. Deciduous varieties drop leaves in winter so sunshine can still reach 
dwellings. Can also be a sink for CO2. 

� LE;  � S; � CO2 

6 Street design 

E-W oriented street floors are exposed to sunlight all day, while on N-S oriented streets; buildings shade the 
street from radiant heating. However, this limits favourable winter time sunshine. NW-SE and NE-SW 
oriented streets are a good compromise. Widening street widths as building heights increase allows 
ventilation to continue. H:W should be controlled appropriately. 

�  Mean Radiant 
Surface Temp; 
� S 

7 
Parkland and 
open space 

Vegetated open space can provide a cooling impact including regions down wind. Anticipated busy areas 
should have parklands situated upwind of a centre in the dominant wind direction. The region influenced by a 
park is a function of it size and design. 

� LE 

8 Green roofs 
Green roofs can reduce heat transfer into buildings and encourage evapotranspiration. Climbing plants have 
the same effect on walls. Green roofs can retain water in urban areas and decrease storm water intensities and 
nutrient loads. Can also be a sink for CO2 

� LE; � CO2; � F 

9 
Energy 
efficiency 

Using products that have excellent energy efficiency ratings reduce energy consumption and hence 
greenhouse gas emissions. Waste heat production can also is also often reduced in these products.  � F; � CO2 

10 
Evaporative air 
coolers 

Some air conditioners release waste heat outside of dwellings, increasing outdoor ambient temperatures and 
increasing cooling requirements. Passive coolers do not raise ambient temperatures and consume less energy. 
Increased water consumption is a drawback. 

� F, � CO2 

11 
Building 
design 

Well insulated roofs and walls, double glazed windows and sufficient ventilation for example can reduce 
heating and cooling needs. Specifics of building design are determined by the climate of the city e.g. 
Tropical, Desert, Temperate. 

� F; � CO2 

12 Mass transport Shifting commuter travel to public transport reduces vehicle usage which is the major urban source of CO2 
and a large contributor of anthropogenic heating. �  CO2; �  F 
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