Changing urban climate and CGQ emissions: implications for the development of piies for

sustainable cities

ABSTRACT

Current planning strategies for future urban degieent often target issues such as housing, tratispor
water, and infrastructure; but very few strateg@smprehensively consider the urban climate and its
interaction with the built environment. By drawiran recent research conducted in Melbourne,
Australia, this paper demonstrates the importan€énoorporating urban climate understanding and

knowledge into urban planning processes to beteetbp cities that are more sustainable. Melbourne
currently experiences the effects of a modifiedanrblimate, with research demonstrating that urban
areas are often warmer than surrounding rural lacajses: an effect known as the ‘urban heat island'.
Recent studies also suggest that continuing cumpetierns of development without intervention would
produce degraded urban climates with further exbheted urban temperatures. With the urgency
regarding the enhanced greenhouse effect, the uhiean island is an extremely important issue, &s th

growing urban population could be further exposedeievated temperatures. Given our improved
understanding of the interactions between the kankironment and urban climates, those involved in
urban planning and development should begin to adbis knowledge. Many opportunities exist to

intentionally modify the built environment (e.gotwmofs; water sensitive urban design) to minintise

risks of developing unfavourable urban climates.



INTRODUCTION

Over recent decades (>1970), scientific understanddf urban climates has developed
significantly. While environmental sustainabilityolities such as sustainable water resources and
biodiversity have been widely accepted, urban dinis still of minor consideration, despite thewgirgy
evidence about the importance of climate and uihi@nactions (Fehrenbach et al., 2001). The impaicts
urbanisation and human activities within the beifivironment on many aspects of local and regional
climates are well understood within the urban ctam@mmunity. Generalisations have emerged between
the type and shape of cities and their influencamateorological variables such as temperature, wind
speed and large scale circulations (Arnfield, 2003yfortunately, outcomes and knowledge from
research that can potentially improve local clirmaad the comfort and wellbeing of urban residangs
scarcely used in the planning process, for reasodls as communication problems, conflicting intexes
economic costs or lack of knowledge (Eliasson, 20Q@0is important for those involved in urban
planning and policy understand possible negatieatblogical impacts and their causes and how these
impacts can be mitigated.

The aim of this paper is to demonstrate the impodaof incorporating urban climate
understanding and knowledge into urban planninggsses in order to better develop cities that anmem
sustainable. By drawing on recent research condunot®dlelbourne, Australia, this paper will highligh
the interrelationship between urbanisation andddaeelopment of local unique urban climates, resglti
from changes to the land surface. By understanitiege interrelationships, and the interactions eetw
the land surface and the atmosphere, an improveerstanding of a city’s climate can be achieveds Th
can then aid in informing future land use and pilagrdecisions that minimise adverse climatological
impacts. One common climatological impact that $thdne considered, and is the focus of this paer, i
the Urban Heat Island; a phenomenon whereby urbeas ebecome warmer than the surrounding rural

countryside, often by several degrees (Oke, 1982).



In 2002, the Victorian Government released a l@mmtplanning strategy for Melbourne entitled
‘Melbourne 2030: Planning for Sustainable Grow{iDSE, 2002). The document details policies and
directions to manage the anticipated growth of titg by one million people and 620,000 new
households by 203Melbourne 203(ims to develop a more compact city by settingidoan growth
boundary, clustering development and increasingdesity of housing in established urban areas, and
the development of activity centres at strategycplliced nodes and surrounded by high density hgusi
(DSE, 2002). This city design concept of denseranrklevelopment integrated with transit oriented
development is consistent with the often descrifemdtures of a more sustainable city (Mills, 2005;
Newman and Kenworthy, 1999). Howevéiglbourne 2030did not comprehensively address all the
issues concerning the urban climate. This papérdeihonstrate from recent research in Melbourreg, th
urban climates should be seriously considered vgtaming for the future of Melbourne, and indedd al
global cities. This paper is divided into threetparsing examples and data from studies in Mellmuth
the urban heat island — development and imporgatufes; 2) potential consequences of higher degree

of urbanisation; and 3) steps to mitigate the p@Enegative consequences.



1) THE URBAN HEAT ISLAND — DEVELOPMENT AND IMPORTANI FEATURES

The Urban Heat Island

The transformation of natural landscapes into cem@D cities can dramatically alter the local
and regional climate, The Urban Heat Island (UHigmomena is where urban areas become warmer than
the surrounding rural countryside, often by sevdegrees (Oke, 1982) and is considered a detritnenta
impact in many cities as elevated temperaturesbeadangerous for some urban dwellers. Heat stress
associated with elevated temperatures has beeedlitik higher rates of human mortality and illness,
particularly amongst vulnerable demographics sughttze elderly; lower socio-economic classes; and
residents in high density, older housing stock Wittited surrounding vegetation (Smoyer-Tomic ef al
2003; Rankin, 1959). The form and intensity of thidl varies temporally and spatially depending on
local/regional meteorological, geographical, andanrdevelopment characteristics (Oke, 1987) arad is
complex function of many interacting variables (&g, 2000). Some spatial temperature variabitityg(
to the large areal extent of cities) may exist tueegional land and sea breezes, elevation, amdair
and rainfall patterns. Warming resulting from urldavelopment is additional to the local background
temperature, but also means that some areas manpteevulnerable to warming effects (e.g. areas with
lower rainfall). Important generative factors oftblHI include (Oke, 1982; Stone and Rogers, 2001;
Arnfield, 2003):

Urban materials have high heat capacities and #leronductivities that absorb and retain solar

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

temperatures compared to rural areas;

Vegetation removal and high impervious surface couscrease surface runoff and reduce water

availability in the urban landscape, limiting evapaspiration;

Anthropogenic heat release from vehicles, buildif@jsconditioning) and other human activities

warms the urban atmosphere and is a heat sourdeumat in rural areas;



Restricted horizontal airflow due to increasedtioic in cities limits the ability for warm air
within urban streets (urban canyons) to be displerse
Reduced ability for surface cooling (long-wave edidie loss) due to the trapping of heat and

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

Maximum UHI intensities are generally displayedidgithe early morning when the surrounding
region has undergone the maximum amount of cooliimle urban areas have still retained substantial
amounts of heat (Oke, 1982) creating temperatuffereinces. Cloud amount and wind speed are
important meteorological parameters because higldotover effectively suppresses long-wave radkativ
cooling, while high wind speeds aid ventilation agidpersion of heat (Oke 1982). Generally, UHI
intensity increases with increasing urban dendibe UHI is well illustrated in Figure 1, which pesgs
an automobile transect conducted across the ciiedhourne on the 8March, 2006 to investigate the
UHI intensity and spatial variations in temperatuke 0100, a maximum UHI intensity was observed of
around 4 °C with peak temperatures found aroundcémral business district (CBD) and surrounding
high density development, particularly to the edghe CBD (Richmond). Of particular interest whe t
variability across the transect, especially on gbath eastern leg, where for example, a small jeak
temperature at Dandenong (approximately 30 km StEefCBD) was observed and was associated with

an increase in urban density.
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Figure 1: Spatial variability of the Melbourne urbaneat island at 0100, 23March, 2006. Maximum
urban heat island intensity of around 4 °C with b&garming in the CBD and high density commercial
and residential development to the East of the OB&corded weather at the Melbourne Regional Office
at midnight was 19.4 °C with a westerly wind ofr®ts. The previous day’'s maximum temperature was

27.0 °C.

Urban land surface-atmosphere interactions

The temperature variations illustrated in Figuractoss the city of Melbourne are ultimately a
result of changing land surface characteristichhiffect the partitioning of energy and influehoeal
climate development. Different settlement strugusech as city centres, suburbs and parklands (and
their surface characteristics) interact in a chera&tic and distinct manner with the overlying

atmospheric boundary layer, hence developing velgtidistinct local climates (Fehrenbach et alQR0



Urban structure, intensity of development and tgpduilding material all vary with land use and can
influence UHI intensity (Stone and Rodgers, 2001).

To better understand the development of the lotHl &hd what causes this spatial and temporal
variability, the interactions between the land acef and the atmosphere must be examined. Spdpyifical
an understanding of the ‘surface energy balancegdsired as this fundamentally governs the clinaate
any particular site (Oke, 1987). The surface enbajsince describes how energy in the land-atmospher
system is partitioned; dominated by the sites serfieatures (such as vegetation cover). The surface

energy balance of an urban area is given by:

RN+F=H+LE+S

whereRn is net radiationF is anthropogenic heatindj, is sensible heatindg,E is latent heating an8l is

heat storage (Oke, 1987). These energy exchangesdrethe land and the atmosphere are taken at the
top of the imaginary box placed over the urbanam@fwith its top at approximately building height
(Figure 2). Essentiall\Rn is the total energy in the system (energy fromstine and earth’s surface), but

is added to by heat released from anthropogenicitées (vehicles, buildings, humans). During theeyd

this energy Rn + F) is then used in one of three ways; transferréal amd storedS) in the urban fabric
and the building air volume; or used in evaporatmgisture from the surface or used in plant
transpiration I(E - evapotranspiration); or used in heating the atmesplfH) (Figure 2). Turbulent
fluxes directed away from the urban—atmosphere taynare positive by convention. During the night,
when solar radiation is absent, the surface cgaolRn becomes negative and the fluxes generally reverse
sign. A measure often used to describe the chaistateclimate of a site is called the Bowen ra(iQ,

and is the ratio of sensible heating to latentihgat

=H/LE



If < 1 then available energR(+F-S) is preferentially used in evapotranspiratiti ] and leads to a
cool and moist climate, while if > 1, energy is used preferentially in heating dtmmosphereH) and
leads to a warm and dry climate (Oke, 1987). Meament of the surface energy balance is often

undertaken using the eddy covariance techniqueal{®ahi, 2008).

Figure 2: |dealised description of the partitioning energy during the day over an urban (left) andhl
(right) surface. Arrow sizes represent the relativagnitude of the flux. Interactions take place¢hattop

of an imaginary box encompassing the surface, Ingj&j vegetation and air volume.

The UHI in Melbourne, Australia

The city of Melbourne, Australia, often displaygiatinct UHI signature. Historical data from
weather stations within and around Melbourne oV&t gear period (1972-1991) showed an average UHI
value (at 0600 LST) of 1.13C which varied seasonally between summer (2@p spring (1.25°C),
autumn (1.02C) and winter (0.98C) (Morris et al., 2001). Clear skies and low wspkeds resulted in

an increase in UHI magnitude and under these dondijtthe 21 year mean maximum UHI was 268
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(Morris et al., 2001). An automobile transect asrddelbourne on the 35August 1992 during the
evening (9 pm) found a peak warming of 7Clin the CBD with smaller peaks in industrial araad the
medium density terrace housing in the inner norttserburbs (Torok et al., 2001). The UHI intensity i
Melbourne has grown steadily over time. A compaeatinalysis of mean annual minimum temperature
data from 1958 to 2007 (Australian Bureau of Mebémyy) between the Melbourne Regional Office (a
dense urban location in central Melbourne) and ttameRAAF (an open rural location 18 km south-west
of Melbourne) showed that the UHI has increased i@tte of approximately 0.2 °C per decade over the
50 year period (BOM, 2008) as a result of incregsirban 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 instindace energy balance between urban and rural
areas (Figure 2). An example of these differensggésented in Figure 3 for a suburban locatiomdur
summer (January) in Melbourne (Preston) and a tocation (Lyndhurst). The results are consisteitth w
a reduction in surface water availability in urbameas from high surface runoff and reduced vegetati
which leads to the partitioning of energy predomihainto H rather thanLE, indicated by higher
Bowen Ratios (Oke, 1988). Mean daytimén January 2004 was 2.6 over the urban landscagel &
over the rural landscape. Dry, hard, imperviousesas with little or no vegetation limitE, so most of
the net radiation is either: returned to the atrhesp creating warm air that is carried from theugrb
and mixed in the surrounding al); or stored in the grounds), thereby warming the surface. The high
thermal conductivity, high heat capacity and greatdume of urban building materials allow more
energy to be stored in the urban fabric than imlrgpils. Anthropogenic heat releas® ¢ue to the
combustion of fuel and human metabolism adds tmspimeric heating and increases temperatures (Oke,

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

panel) surface energy balances for Melbourne inuday 2004. Mean daytime (1000 — 1600) was 2.6

at the urban location and 1.7 at the rural locatifor January (produced following methods in Cowetts

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

As results from studies on the UHI and the surfanergy balance have shown, there is a
potential intensification of the UHI as a resulttbé build up of the urban landscape. This seatiutie
paper evaluates the potential local and regiornialatic impact of theMelbourne 203(lan by drawing

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

UHI variability - The influence of housing densitgn local climate development

Differences in surface energy balance patrtitiorfifigure 3), between urban and rural landscapes
leads to UHI development, yet the intensity of thél varies across the urban landscape (FigureHis T
is due to variations in the partitioning of energgross different urban densities and urban surface
characteristics (i.e. impervious surface area003-04, Coutts et al. (2007b) conducted a studbetter
understand how local climates vary between neighitmmds with differing housing density in
Melbourne. This information could be used to un@derd the potential climatological impacts of a more
compact city by identifying the likely changes hetsurface energy balance as future developmentsgro
from low to high density. The study was conducteaimf August 2003 to July 2004 involving the
collection of field observations of the surface rggebalance (Coutts et al., 2007b). Four sites were
established in Melbourne to measure their surfaeggy balances which included three urban sites of
increasing housing density, and one rural siteuiiéigt) all of which operated simultaneously forethr
months from March 2004 to May 2004 (Table 1). Dgnsias defined by dwelling density (ABS, 2001)
and dominant housing types, as well as the howt gl the neighbourhood was (Table 1). Good
indicators of neighbourhood density were found ¢otliie impervious surface area, the height to width
ratio (ratio of building height to the width of tis&reet) and the wall to plan area ratio (the arhotiwall

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

low density and rural (Coutts et al., 2007b, pp9)7
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Table 1: Defining site density: Information on riddgurhood population and dwelling density, types of

housing and built up urban surfaces. Operationaiqus are also presented.

HIGH MEDIUM LOW

Location Armadale Preston Sl}']iglrsey
Population (per ki) 3167 2939 2748
Dwelling density (per k) 1495 1248 1113
Separate house (per Rm 613 872 699
Semi-detached, row or terrace house, townhousépetckn) 220 104 248
Flat, unit or apartment (per Kn 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
Walll to plan area ratio 0.59 0.4 0.4
Plan impervious surface area 67% 62% 53%
Site operation Dec03- Aug03- Mar04 -
May 04 Jul 04 Jul 04

Results from Coutts et al. (2007b) showed that Megbourne landscape was unique in that
during summer, the surface energy balance and thethe three urban sites was more similar than
expected with values most often greater than two (Figure 5) andame days as high as five (semi-arid
regions range between two and six). This was drivgdimited water availability due to dry surface
conditions and restricted irrigation across theirentirban landscape. Hent& was low across all
densities, even in well vegetated suburbs. As@trédke majority of the Melbourne region during ttiay
experienced warm and dry conditions during summespective of local housing density. Figure 5
highlights the ever increasing warm and dry condgitowards the end of summer and even into early
Autumn at the urban sites. Theat the rural site was similar to the urban sitesnduthe mid summer
period, as this site also had limited water avditghat times. Given these findings, all urbanaggnot

just high density areas would benefit from mitigatmeasures to minimise adverse climate impacts.
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Figure 5: Variation in mean daytime (1000 — 160@w&n ratio (ten day moving average) over the year
from August 2003 to July 2004 at the three urb&ssiand daily rainfall. Bowen ratios increase todsr

late summer before declining as more moisture besamwailable.

Figure 5 demonstrates that all urban areas duhagday are generally warm and dry despite
differing degrees of density. However, a closerymis of the field data demonstrates that thereirare
fact, some differences in local climates as a testilvariations in the surface energy balance from
changing urban surface characteristics. FigureeSgmts results of temperature observations from two
individual months (during the only period whenthllee urban observational sites where operatirmg fr
the observational study of Coutts et al. (2007bjemonstrate the variations in temperature betwleen
different densities and explain how local surfabaracteristics drive these differences. March r&gpres
a period when the Bowen Ratio was still high (D&ygo 91) despite the conclusion of summer, and May
represents a period before winter (Days 122 to bR)ure 5). Air temperatures (above the urban
canopy) and land surface temperatures (the meapetatare of the built environment close to where
urban residents reside) are both presented in &iguand the results, in combination with additicsite
characteristics in Table 2, provide the followinderesting insights into local climate and urbamathe

island development:
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During both March and May, surface temperaturesnduthe night were higher as density
increased. The medium and high density sites addariore energyS/Rn — Table 2) during the
day than the low density site mostly because the density site had a higher proportion of
pervious surface cover. Heat was trapped withinutfsan canopy floor, walls and air space and
then slowly released at night. Therefore, highersitg areas are likely to be exposed to higher
urban temperatures for longer periods of the day.

The pattern of higher surface temperatures withegging density became enhanced in May, as
the high density site continued to efficiently trapd store energyS(Rn) during the day and
slowly release it at night. This was due to a lewpus surface cover (35%), but also due to
deeper and narrower urban canyons (height to watth 0.59 — see Table 1). Therefore, higher
density areas are likely to be exposed to highbamutemperatures for a longer duration of the
year.

In March, surface temperatures at all the sitesewdigher throughout the night than air
temperature, which means that the urban surfacestiliea source of heat to the atmosphere. This
is a unique feature of urban landscapes and suppaditive H during the night and UHI
development.

The high density site trapped a large amount ofggnand retained high surface temperatures
despite the highest recorded albedo (surface tifitgd (0.19 — Table 2). This demonstrated the
importance of canyon geometry in trapping and stpeinergy.

In March, above canopy air temperatures at thedemnsity site were the highest. The cause of
this is that, because of the greater pervious serfaover, storageS| in the landscape was
reduced and more energy was available for heatisgatmosphereH(), which increased the
above canopy daytime air temperature.

. Anthropogenic heat (F) (Table 2) increased witlréasing density, and contributed to heating

the local environment.
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Figure 6: Observations of mean above canopy airpenature (air) and mean radiant surface
temperature (surface) at the urban observation@ssduring the months of March and May 2004, when

all three sites were operating simultaneously.

Table 2: Urban surface characteristics for the unbsites during the months of March and May 2004.
Characteristics arePervious - pervious surface coverdlbedo - surface albedo (reflectivity of the
surface); $orage(S/Rn) - daytime urban heat storage (as a fraction offm 1000 — 1600)F - mean

diurnal anthropogenic heat flux (Win

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 thahe climate of a site is governed by the complex teractions
between the atmosphere and the land surfac&urface characteristics of higher density areaef,
narrow urban canyons; high impervious surface coaed higher anthropogenic heating) are conducive
to the development of higher local temperatured,tiarefore a shift from low density to high density
will most likely lead to an intensification of theUHI. High density areas like activity centres should
incorporate some forms of mitigation measures tainmise adverse climate impacts. However, given the
warm and dry conditions during the day (indicatgchlgh Bowen ratios) across all urban sites dutirey

summer, mitigation measures should be introducezsache whole urban landscape.

Potential climatological impacts of Melbourne 2030

The observational results indicate tiha¢lbourne 2030’scompact city approach could lead to
greater exposure to warm and dry conditions ovegdo periods of the day and year, if urbanisation
continues to follow current development trends.iMe@estigate this further, a study was conducted tha
attempted to simulate the potential climatologit@nges resulting from tidelbourne 203@lan for the
year 2030 (Coutts et al., 2008) using The Air RahuModel (TAPM) (Hurley, 2005 — CSIRO). TAPM
was modified to include four urban density classkkigh, medium, low and CBD, with corresponding
parameter datasets based on the characteristibe abservational sites from the field study démsati
earlier (Coutts et al., 2007b). In the modellingdst, two scenarios were investigated: A) a simoratf
the current urban climate and UHI intensity in Mmline; and B) a year 2030 scenario of increased
urbanisation based on tielbourne 203Ckey directions to investigate likely future chasge urban
climate (Coutts et al., 2008).

To complete Scenario A, a spatial urban density miap created using dwelling density (per
km?) (ABS, 2001) where: low density < 1000; 1000< nuedidensity < 1500; high density > 1500; and
the CBD was defined by the bounds of the MelboZitg Council. To complete scenario B a second

spatial urban density database was created bastn alirections of th&lelbourne 203(lan (Coutts et
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al., 2008) which included low density developmeiihim the urban growth boundary and high density
development surrounding each of the locations ef2® Principal, 82 Major and 10 Specialised agtivit
centres. The model was run in each scenario fomttveth of January (the central summer month when
heat stress is likely to be at its greatest) fr@871to 2004 to capture inter-annual climate valiigbi

Model results for scenario A showed that the curreean daytime Melbourne UHI for January
(1997-2004) was approximately 3-4 °C during thenhi@200) and approximately 1-2 °C during the day
(1400) (Figure 6) and were consistent with the eaofjobserved UHI intensities (see the seclibe
UHI in Melbourne, Australia and Figure 1) (Coutts et al., 2008). It must beogmised that on days
considered optimal for UHI formation, intensitieencbe higher than theseragesmodelled in the study.
Temperature variations were larger at night tinseseen in the field observations and largely cdietto
by urban density. Daytime temperatures were ralbtiuniform across the city but were higher tharaku

areas and were influenced by larger scale ciranat{such as land and sea breezes).
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Figure 7: Modelled mean screen level temperaturenfietropolitan Melbourne, illustrating the mean
UHI for January (1997-2004) during the night at @Qpper figure) and during the day at 1400 (lower

figure) (Coultts et al., 2008).
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Coutts et al. (2008) compared the results fromade B to current UHI simulations (scenario A)
to demonstrate how temperatures across the Melbodomain could change in 2030 if current
development patterns were followed under this paldir development scenario. The comparison showed
that during the night (0200) for the month of Jaguancreases in temperature were anticipated acros
much of the Melbourne region (Figure 7). Growthaagrehowed the greatest temperature increases along
with the location of many activity centres and sort corridors. The maximum intensity of the Uk d
not increase, but the spatial extent of warm uru@as did, thereby exposing more of the population
elevated temperatures for longer periods of the Baying the day in January, only a few areas slidowe
significant warming and were located to the norttd dhe west of the CBD (Figure 7). These are
designated growth areas undéelbourne 203@nd showed large increases as the land was unged:!
However, undeveloped land on the eastern sideecfitil does not show significant increases, sugggst
regional scale climate to the west and north caulpgport warmer urban temperatures as these areas
receive a lower rainfall than the east, and mayfeelthe effects of afternoon sea breezes, anidl dmu

more vulnerable to the effects of urban development
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Figure 8: The modelled change in temperature betmaerent and the Melbourne 2030 scenario for
night time at 0200 (upper figure) and daytime a0@4lower figure). Areas within the contours are

statistically significant at the 95% confidencedk{Coutts et al., 2008).
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Cities and global change

Added to the concerns of raised urban temperatiurego urbanisation is global warming. Mean
global temperatures over the last 100 years (190%:;2100-year linear trend) have increased by 074
(0.56 °C to 0.92 °C) largely as a result of carllioxide (CQ) emissions (IPCC, 2007). Urban areas
themselves, and the associated resource demaedesmonsible for a significant proportion of glbba
carbon dioxide (Cg emissions, and contribute to driving global wargnin Melbourne, the net annual
CO, flux from the local area of medium density subyfigure 4 — medium density site) was
approximately 84.9 t COha' yr'. Vehicle emissions were the major source of, @the atmosphere
and CQ uptake by vegetation was not enough to offsetidhal emissions from the high traffic flows
(Coutts et al., 2007a).

Projections of future climate changes predict apenature increase of up to 1 °C in Melbourne
by 2030 (5¢ percentile, compared to 1990 baseline) (CSIRO &BQ007). Given the link between
high temperatures and the increased rates of ntgrtdl measures are not taken to limit urban
temperatures, urban climates could become ‘dangerau (Nicholls et al., 2008). While populations
may be able to adapt to the local prevailing modifon of the climate via physiological, behaviduad
technological responses, extreme climatic eventgnofstress populations beyond their adaptive
capabilities (McMichael et al., 2006). High tempara extremes are likely to become more frequent,
more intense, more widespread and longer lasti®SIRO & BOM, 2007). While most heat wave deaths
occur in the vulnerable, particularly elderly arebple with pre-existing cardio vascular diseasesuth
attack and stroke) or chronic respiratory disegsesple living in urban environments are at a heigéd

risk due to the UHI, compounded by climate chamgeMichael 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 sugties the design of cities has a direct influence
on the UHI (Stone, 2005) and can either exacenrateneliorate the background climate. Hence, thsere
a clear role for applied urban climatology in thevelopment of sustainable settlements (Mills, 2005)
From an overarching climatic point of view and tmi@ the environmental impacts of urban sprawl, the
best long-term strategy for urban planning is aer@mmpact, high density, and transit oriented witi
mixed development, as describedMelbourne 2030 Yet, while developing a more compact city, the
UHI and CQ emissions should also be considered during thenjig process.

A range of measures could be adopted to minimis#:itensity; CQ emissions; and the effects
of urban warming from future climate changes. Thesasures are broadly described in Table 3 and we
illustrate how they influence portions of the enetmplance and reduce G@missions for improved
climates. Efficient ways for improving a city’s ilate can be achieved by increasing the partitioning
energy into evapotranspiratiohE) and thereby reducing the amount used in atmokpheating H).
Also, measures should be taken that reduce antpeoio heat releasé), reduce heat storag&)( and
also reduce the total available energy infut)( Planning should also be focussed in a way #diices
urban and offsite CQemissions to help avoid projected summertime teatpee increases and increased
frequency of extreme temperatures (CSIRO & BOM,730Baturally, the more mitigation measures that
are implemented, the greater the amelioration Bglturban dwellers, and the less vulnerable urban
populations will be to the effects of warming arehhextremes under climate change.

The studies of Melbourne’s climate highlighted sameasures that may be more beneficial than
others. Firstly, surface albedo was found to bédlkignfluential. The albedo was lower at the medium
density site due to darker rooftop surfaces (T&plevhich meant that more solar radiation was aduksibr

by the surface and so both net radiation and teetge were high. As a result, surface temperatuezs
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the highest during the day and evening (Figurel&pite the medium density site having a relatilahly
height to width ratio (Tables 1 and 2). Therefdkglbourne neighbourhoods would benefit from
implementation of a wide-scale ‘cool roof program which encourages highly reflective and high
thermal emittance surfaces (Table 3). This woulg heduce cooling needs and energy consumption, and
hence reduce anthropogenic heating and greenhaussiens. However, it was also demonstrated at the
high density site that despite the high albedo90slrface temperatures could still be high (palaidy

in May), indicating the importance of canyon geamét trapping and storing heat. Thailding height

to street width ratio (H:W) should be designed andcontrolled appropriately to minimise heat
trapping and promote ventilation.

Secondly, while increasing vegetation cover is bviaus solution, results of the field campaign
indicated that increasing vegetation did not nearlggeduce excess heating. While vegetation dhedjs
reduce heat storage and hence night time UHI iitfenke very low moisture availability and dry fage
conditions from water restrictions and drought ntehat evapotranspiration was very low during the
day. Even at the low density site where vegetatiover was large, surface heating was still high. In
regions where irrigation is feasible the benefitwegetation will be more fully realised. Thereaiso
likely to be a continued decline in rainfall in thegion (CSIRO & BOM, 2007) which means that
existing low evapotranspiration rates city widelvdécome even lower from further reduced moisture
availability, increasing urban Bowen ratios. Theref revegetation of urban areas must be
implemented in combination with water retention strategies, such as urban stormwater and water
recycling, and water sensitive urban desigr{Table 3). Increased impervious surface area iescit
provides a good opportunity for stormwater captamd re-use, particularly for irrigation that colielp
ameliorate the UHI (Mitchell et al., 2007). The béts from water sensitive urban design extend hdyo
just improving climate and would enhance the emritental sustainability of the city (e.g. reducedkpe
flows).

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

benefits and strongly contributes to the develognwna sustainable city. For instance, increasing

24



vegetation cover can produce large economic savthgsugh reduced energy consumption. Such
measures provide urban scale cooling to all urbaelldrs, not just those at a higher socio-economic
status that can afford air conditioning. Vegetat®important for carbon sequestration, and alsgph
role for citizens by providing aesthetic pleasstgading for communal activities and outdoor redoeat
activities, increased privacy, and habitats fordiifié (Brack, 2002). Cooling initiatives can alsavie
important social and health implications, becatgh temperatures have also been linked to highedde

of aggression (Anderson and Anderson, 1998), isedtamog formation (Rosenfeld et al., 1998) and the
air pollutant ozone (€) which can be harmful for asthma sufferers, eslgcin children (Stone, 2005;
Bernstein et al., 2004). However, to achieve suahipte benefits, what is truly required is an igtated
and strategic approach that considers all facetsusfainability, particular in considering plansdan
options for mitigation and adaptation to global mwarg and climate change.

While these measures help mitigate and minimisentipacts of the UHI and global warming on
urban populations, ‘adaptation planning’ is necas$ar cities to adapt to the inevitable impactsaof
changing climate, and reduce vulnerability (Smialet 1999). Adaptation planning shares many common
features with risk management (Fissel, 2007) avalies reducing the sensitivity of a system to elien
change; altering the exposure of a system to cirohinge; and increasing the resilience of a sygtem
cope with climate change (Adger et al., 2005). iRstance, initiatives that utilise stormwater chalp
reduce the sensitivity of water supply systemsjpphebol the local microclimate thereby reducing
(altering) the exposure to warmer temperatures thadJHI); and improve the resilience to urban loo
and associated social impacts (i.e. insurancehniflg professionals need to incorporate climatengha
scenarios (that could also include UHI scenariog) both short term planning decisions and longemt
strategic regional planning decisions, using a niotegrated approach than is currently adopted in

planning strategies such l&lbourne 203@Fussel, 2007; Lyth, 2006).

SUMMARY AND CONCLUSIONS
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Planning for future urban growth within the constts of available land, water and energy is a
difficult task for urban planners. Given the rapidpulation growth in urban centres and the combined
threat of global warming and the UHI on heat stagss mortality (Harlan et al., 2006), strategiescht®
be developed that incorporate initiatives suchhase listed in Table 3 to avoid conditions thatidos
dangerous biophysical hazards (Solecki et al., R00Ban planners of future residential development
must face the dual challenge of reducing the ingatturban heat islands and future global warming
(Luxmoore et al., 2005). Fortunately, this can bkieved, as mitigation measures for the UHI are als
effective in reducing greenhouse gas emissionshaimicities combat and adapt to the impacts ofréut
climate change (e.g. heat waves). Because grovehsaand activity centres are in early stages of
development in new and existing areas in Melbouthete are still opportunities for measures to be
introduced Melbourne 2030ecognises the need for improving planning methBds example, initiative
1.3.3 of Melbourne 2030aims to update current development controls amahrphg processes and
develop new guidelines for more intensive develapns® that the planning system can promote well-
designed higher-density housing at strategic rddpugent sites (DSE, 2002Melbourne 203Ccould
provide a good platform to introduce measuresdlddtess the multiple effects of climate changethad
UHI. However, to achieve their full potential, Ullitigation strategies should be implemented in the
short term and be fully operational by 2030.

Proceeding with urban development without an attetopreduce UHI mitigation and GO
emissions could result in a bleak outlook for thellveeing of urban dwellers in response to incregsi
UHI intensities and global warming and contraditis overall goal oMelbourne 2030Consequences
from extreme heat such as that seen during thepearoheat wave of 2003, particularly in the city of
Paris, should be avoided with vigour (European Emvnental Agency, 2005; McMichael et al., 2006).
The role of adaptation planning in reducing thesgasity of cities will be vital to build the resénce of
urban systems to climate change impacts, partigudatreme climate events. An integrated approach t
land use planning can help to manage contradigoays if it is done within a broad sustainable tbuil

environment framework.
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It is recognised that climate is just one of manyi®nmental, economic and social parameters
considered in the planning process. Barriers thastrain the inclusion of climate knowledge witltire
urban planning process must be eliminated if soghd¢ settlements are to be achieved for an ever
increasing urban population. Incorporating thesasdinto new and existing legislative frameworkd wi
be a challenge and require the concepts, procassiesonclusions presented in this study to be eredra
by those involved in planning designing built epviments to provide a more integrated policy and
planning response. This includes multi-disciplinagproach by all practitioners involved in urban
planning to take a climate sensitive design apgrdaonsidering the micro, local and regional scale)
including architects, landscape architects, engme@lanning authorities, local councils, urban

developers and climatologists and requires effeatmmunication across disciplinary boundaries
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No. Measure Why it works Effect
Increase Vegetation is a natural cooling mechanism as ibarages evapotranspiration, and energy is dissipatee
1 vegetation through latent heating rather than sensible healirngin also be a sink for GOThe type of vegetation can LE; CO,
9 also be important.
... Retaining water in the urban landscape enhancg®eation. Stormwater capture and re-use for iriigat
Water sensitive . - ; ) .
2 - supplies water to the landscape. Higher vegetaiiwer, green roofs and open space aids this. Other LE
urban design . . S -
measures include rainwater tanks, buffer striffditriation trenches, porous pavements and rain-gsd
3 Increased Highly reflective materials and light coloured sgés such as elastomeric, polyurethane or acrylitew RN S E
albedo thick paints reflect greater amounts solar radmtieducing heat storage and net radiation. T
High thermal  Roofing material such as tiles can be coated iectfe material containing pigments that reflecthie near
4 emittance infrared. This allows traditional rooftop coloutslte retained. Combined with high albedo surfaceat Rn; S; F
surfaces storage in buildings, pavements and roads cangoéfisantly reduced.
Outdoor Vegetation placed on the east, west and north (istralia) sides of dwellings can block solar radiabn
5 . buildings and reduce heat storage. Deciduous iesidtop leaves in winter so sunshine can stiltimea LE; S; CO,
landscaping . ;
dwellings. Can also be a sink for gO
E-W oriented street floors are exposed to sunkdjrday, while on N-S oriented streets; buildingade the Mean Radiant
6 Street desian street from radiant heating. However, this limasdurable winter time sunshine. NW-SE and NE-SW Surface Temp:
9 oriented streets are a good compromise. Widennegtsividths as building heights increase allows S P
ventilation to continue. H:W should be controllgzbeopriately.
Vegetated open space can provide a cooling impaktding regions down wind. Anticipated busy areas
Parkland and : ; X . . L S
7 should have parklands situated upwind of a centtbé dominant wind direction. The region influetddy a LE
open space ; : N .
park is a function of it size and design.
Green roofs can reduce heat transfer into buildamgkencourage evapotranspiration. Climbing plaate
8 Green roofs the same effect on walls. Green roofs can retaiemwa urban areas and decrease storm water itilmnand LE; CO, F
nutrient loads. Can also be a sink for CO
Energy Using products that have excellent energy efficyaratings reduce energy consumption and hence .
9 . o . . . F, CO,
efficiency greenhouse gas emissions. Waste heat producticais@is also often reduced in these products.
. . Some air conditioners release waste heat outsidevellings, increasing outdoor ambient temperatares
Evaporative air . . . . . . .
10 coolers increasing cooling requirements. Passive coolensaloaise ambient temperatures and consume lesgyen F, CO,
Increased water consumption is a drawback.
Buildin Well insulated roofs and walls, double glazed wind@nd sufficient ventilation for example can regluc
11 desi ng heating and cooling needs. Specifics of buildingigie are determined by the climate of the city e.g. F, CO;
9 Tropical, Desert, Temperate.
12 Mass transport Shifting commuter travel to public transport redugehicle usage which is the major urban source®f Co,; F

and a large contributor of anthropogenic heating.







