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Urban heat: impacts, or why this is important

Impacts of urban heat are wide ranging including:

Increased mortality and morbidity, especially among children and elderly.

Impacts on mental health, increased suicides, domestic violence, road rage

Increased strain on health and emergency services

Increased power consumption, carbon emissions, consumer financial costs,
increased anthropogenic heat

Increased air pollution, then further impacting health

Social inequity (air conditioner vs. non air conditioner, leafy vs.
non-leafy)

Damage to urban infrastructure (rail lines, roads, etc.)

Strain on urban vegetation

Fires

Increased water usage

Economic costs due to disruption to work activities,
agriculture/horticulture damages, power outages

Harlan and Ruddell (2011); Zuo et al. (2015); Nicholls et al. (2008); Burke et al. (2018)



Climate Change: Global trends

Warming currently at 1.0C. Could reach 1.5C before 2040. 1.5C is a

political goal. Already seeing impacts at 1.0C.

Allen et al. (2018)



Climate change: Can we limit warming to 1.5C?

Paris commitments (by largest emitters) already inadequate for 2.0C (Lewis et al.,

2019). 2.0-4.9C by 2100 most likely (Raftery et al., 2017). Largest uncertainty in

climate change is emissions pathway. Requires immediate and drastic

reductions to meet Paris agreement - Australia not on track.

Commonwealth of Australia (2018)



Climate change: regional impacts

Australia has already experienced approx 1.0C warming. Some regions have

experienced greater warming (i.e. Arctic region).

CSIRO and Bureau of Meteorology (2018); Allen et al. (2018)



Australia’s shifting climate: temperature

Australia has experienced rising temperatures and frequency of extreme heat
events. Adaptation strategies must account for anticipated ranges of
temperatures and increased extremes.

CSIRO and Bureau of Meteorology (2018)



Australia’s shifting climate: rainfall

Australia has experienced shifts in rainfall patterns, locations and
amounts.

CSIRO and Bureau of Meteorology (2018)



Shifts in climate zones, impacts on vegetation

Shifts in climate are impacting types of vegetation that can be grown in regions.

Some species might no longer be suitable as urban vegetation in the future.

http://www.pleanetwork.com.au/wp-content/uploads/2016/03/Australia-Changing-climate-zones.jpg,

Walsh et al. (2014)



Australia’s shifting climate: impacts at cities level

Different emissions pathways, RCP4.5 (moderate emission reduction) and RCP8.5 (no reductions) will

have varying impacts on future temperatures and extreme events.



Urban Heat: factors leading to increased urban heat island

In addition to climate change, city design also contributes to urban heat effects.

Jamei and Tapper (2019)



CRC for Water Sensitive Cities research overview

(Coutts et al., 2013)

Project B3.1 - Cities as Water
Supply Catchments - Green Cities
and Microclimate

The aim of this project is to identify
the climatic advantages of
stormwater harvesting/reuse and
water sensitive urban design at
building to neighbourhood scales.

To determine the micro-climate
processes and impacts of
decentralised stormwater harvesting
solutions and technologies at both
household and neighbourhood
scales.

To assess the impacts of these
solutions on human thermal comfort
and heat related stress and mortality.

To provide stormwater harvesting
strategies to improve the urban
climate and benefit the carbon
balance of cities.

To project the likely impact of
climate change on local urban
climate, with and without
stormwater resuse as a mitigation
strategy.

(CRC for Water Sensitive Cities,
2015)
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CRC for Water Sensitive Cities research questions

• How efectie are storm water hariestng technologies, tree coier, green 

infrastructure and WSUD in improiing urban climates at a range of scales?

• What are the key confguratons required to reduce temperatures to saie 

liies under heat waie conditons and to enhance human thermal comfort 

and liieability?

Research questons

Remote sensingObseriatons

Database mappingModelling



Water Sensitive Urban Design (WSUD) as mitigation/adaptation

Are there positive climatic impacts on human thermal comfort?

Tree pits and other WSUD features in urban areas.

(FAWB, 2008)
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2 Key Goals:

• Reduced 

neighbourhood 

(local-scale) air 

temperature

• Improve street 

(micro-scale) 

human thermal 

comfort

Urban greening for 

improved human 

thermal comfort

Coutts et al 2013



Role of water and 

green infrastructure

Reduce local-scale air 

temperature

Reduce micro-scale 

air temperature and 

radiant temperature 

Limit heat-health 

impacts

Improve human 

thermal comfort

Solutions

Coutts, Tapper, Beringer, Loughnan, Demuzere (2013) 
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Heat-health relationships

Tapper, Coutts, Loughnan & Pankhania (2014) 



• Melbourne – Heat Threshold 

for Excess Deaths in >64 year 

olds

• Heat-Health outcomes depend on:

• Heat Exposure

• Vulnerability

• Adaptive Capacity

Nicholls, Skinner, Loughnan & Tapper (2007)

Tapper, Coutts, Loughnan & Pankhinia (2014) 

Heat-Health Background



Melbourne heat index thresholds and spatial vulnerability of

high risk populations during hot weather
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(Nicholls et al., 2008; Loughnan et al., 2010)

Melbourne: Daily min. temp. 24 ◦C threshold

Melbourne vulnerability index based on UHI, land use, urban
form, demographics (age, medical conditions, socio-economic,

social isolation)



Threshold Temperatures (Best Predictors of Mortality/Morbidity) for 

Australia’s Capital Cites 

Final report Loughnan, Tapper et al., 2013 SPATIAL VULNERABILITY TO EXTREME HEAT EVENTS IN 

AUSTRALIAN CAPITAL CITIES.  National Climate Change Adaptation Research Facility, Gold Coast, pp146



Required inputs to calculate HTC

PMV and thermal sensation (Hamdi et al., 1999)
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Human thermal comfort

• Considers multiple microclimate variables

• Determined by a thermal comfort index

• Provides an assessment of heat stress

• Mean radiant temperature important during the day 

Brode et al.
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Trees must be part of the solution

• They provide shade, reducing mean radiant 

temperature

• They access water from deep layers of the soil

• Diversity of species allowing more tailored 

greening options

• They deliver multiple benefits

• People just ‘get’ trees
Norton, Coutts  et al (2015)
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Summertime WSUD Cooling

Various B3.1/3.2 pubs

Precinct canopy

“Realistc” optmal design

Typically  - up to 4.0°C MRT

Heat wave - up to 7.0°C MRT
(Thom, Couts, Broadbent and Tapper, 

2016)

Botanic Garden Irrigaton

Heat wave – up to 3.5°C air 

temp
(Lam, Gallant and Tapper, 2017)

Streetscape

Typically – up to 1.0°C air temp

UTCI – up to 12.0°C
(Couts, White, Tapper, Beringer and Livesley, 

2015)

Green roof

Typically up to 20.0°C 

surface temp 
(Couts, Daly, Beringer and 

Tapper, 2013)

(Household to street scale)

Rain-garden

Summer conditons

Surface temp – to 25°C

Air above and downwind (1 

diameter) – up to 1.5°C
(Shu and Tapper, 2017)

Single tree

Typically – up to 1.2°C air temp 

below canopy

UTCI – up to 7.0°C below canopy 
(Couts, Moore, Thom, Tapper and White, 

2017)
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Summertime WSUD Cooling

Various B3.1/3.2 publications

Heat wave

10% -  ~0.2°C air temp

100% - up to 1.0°C air temp
(Jacobs, Gallant and Tapper, 2017)

Typical summer

 ~1.0°C air temp above and downwind 

(1 diameter)  
(Broadbent, Couts, Tapper and Demuzere, 2017)

Typical summer

0.2 0.8 fracton – up to 6.0°C 

surface temp
(Nury, 2016)

Suburban heat wave

Low/mod irrigaton -  ~0.5°C air temp

Very heavy irrigaton - up to 2.5°C air temp

Up to 20°C surface temperature
(Broadbent, Couts, Tapper and Demuzere, 2017)

Park cooling

Typical – light irrigaton  ~1.0°C air temp

UTCI - up to 10.0°C  (Motazedian, 2016)

(Neighborhood to city scale)



Street tree cooling

• OPEN street vs. a 

TREED street

• Average daytime 

air temperature 

• 4-12 March 2013

• 9 consecutive 

days exceeding 

32 °C

• Differences of up 

to 3.1 °C among 

the seven 

stations in TRD

Coutts, et al (2015)



• Micro-scale cooling from 

shading

• Transpiration will add to local 

scale cooling

• Up to 1.2 °C difference at 1.4 

metres

• Large improvements in human 

thermal comfort

• Slightly warmer below canopy 

at night of up to 0.4 °C

• Radiation trapping and 

emission below canopy

• Longwave cooling at canopy 

surface

Isolated tree cooling

Coutts et al (2016)



Reduce micro-scale air temperature

• Reductions in air temperature during 

the day

• Downwind cooling limited: Greening 

must be distributed widely

• Cooling variable in complex urban 

environment:

• Type of greening

• Urban geometry

• Meteorology

• Etc

Coutts, Livesley, Beringer, Tapper (2015)

Motazedian (2015)

Coutts, Tapper (2016)



Reduce micro-scale radiant temperature

• Large reductions in daytime Land SURFACE 

temperature from greening and irrigation

• Large reductions in daytime Mean RADIANT 

temperature due to shade 

Land surface 

temperature (remote 

sensing)

Mean radiant temperature (model)

Coutts etsals

(2016)

Thom,sCoutt,sBroadb ent,sTapp ers(2016)



Improve human thermal comfort - Streetscape 

Coutts, Livesley, Beringer, Tapper (2015)

• Large improvements in daytime human 

thermal comfort from trees. Critical that 

trees are present where possible in greening 

scenarios

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 
 

 



Reducing heat-health costs with trees

Thoms(2015);sThom,sCouttsandsTapp ers(2016)

• Economic benefit of street trees 

– City of Monash

• Street trees only (private veg left 

unchanged)

• Also valued carbon uptake and 

storage, air quality and stormwater
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Green open space cooling

Motazedian, Coutts, Tapper (2016)
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Trees reduce mean radiant temperature

Thom, Coutts et al (2016)
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Trees improve human thermal comfort

Nice, 2016



Irrigation study at Adelaide 

Airport

Ingleton (2015)
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Irrigation cooling

Broadb ent,s(2015)

• Explored various irrigation scenarios



• Contnuous irrigaton aierage cooling of up 

to 2.3°C (30L/m2/day)

• Non-linear (20L/m2/day may be optmal)

• Bigger impact on hoter days

• Night irrigaton marginally less efectie than 

day irrigaton

Broadb ent,sCoutt,sD emuz er esandsTapp ers(2017)

Landscape irrigaton - Mawson Lakes, Adelaide

Temporal Paterns



• Used an obseriaton-ialidated SURFEX 

model to assess impact of irrigaton during 

2009 heatwaie 

• A range of irrigaton scenarios simulated

Broadb ent,sCoutt,sD emuz er esandsTapp ers(2017)

Landscape irrigaton for cooler cites and suburbs – 

Example from Mawson Lakes, Adelaide



• Signifcant spatal iariaton within the 

domain due to periious fracton and 

iegetaton type (see lef and below)

• For contnuous irrigaton, more cooling 

during day than night – LHF especially large

Broadb ent,sCoutt,sD emuz er esandsTapp ers(2017)

Landscape irrigaton - Mawson Lakes, Adelaide

Spatal PaternsModelled 

Heatwaie Temp

24h20L

3pm/3am

Cooling

Day 37 

3pm/3am 

Cooling

(12.5L applied)

Day 37 

3pm/3am 

Cooling

(12.5L applied)



SURFEX modelling irrigation 

schemes

p

(Broadbent 2017)



Urban Heat: factors leading to increased urban heat island

Urban vegetation can reduce UHI while impervious surfaces can

exacerbate UHI effects.

Coutts and Harris (2013)



Urban Heat: vegetation and irrigation

Irrigated grass can have large surface temperature cooling impacts during the

day but small effects at night. Trees also have large cooling effect during the day.

Coutts and Harris (2013)



Water and trees

Trees can be extremely beneficial for urban 

climate BUT:

• They must have full canopies to provide shade

• Be actively transpiring to provide evaporative 

cooling

A lack of water compromises this

(Whitlow and Bassuk, 1988):

• Low soil water availability:

• High stormwater runoff

• Drought

• Water restrictions

• Reduced infiltration:

• Hydrophobic soils

• Compacted soils

City of Melbourne, 2012



Passive irrigation of street trees

• Evidence of stomatal 

control on water loss

• Water transport at night

• No clear evidence of 

benefit of passive 

irrigation – issues with 

treatments

• 2015/16 summer???

Coutts, Thom, Szota, Livesley, (2015)



Water use of an isolated tree

Coutts et al 2016
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Key interventions

• Existing street trees should be 

protected & maintained

• Passive and active irrigation in built 

up areas

• Maintain healthy canopies for 

shading

• More trees should be planted

• Prioritise canopy cover in areas of 

high solar exposure

• Highly localised benefit so trees must 

be distributed

• Tree species should be diverse

• Water should be supplied

• ‘Right tree, right place’

• Consider light, water availability, 

climate, etc

Norton, B. A., Coutts, et al 2015. 



• Wide open streets should be targeted as they are exposed to 

larger amounts of solar radiation during the day (Norton et al., 

2015). 

• East-west oriented streets were targeted as they are exposed to 

more solar radiation during the day (Ali-Toudert and Mayer, 2006). 

• North facing walls (in the Southern Hemisphere) in east-west 

streets , and west facing walls to provide shading from the 

afternoon sun when Ta peaks.

• Trees should be clustered together - more effective at reducing 

Tmrt than isolated trees (Streiling and Matzarakis, 2003) and can 

help protect them from intense radiative loads (Oke, 1988).

• Employ a ‘Savanah’ type landscape arrangement (as suggested 

by Spronken-Smith [1994] in relation to urban parks) of clustered 

trees interspersed with open areas to provide daytime shading 

while allowing nocturnal cooling and ventilation (Spronken-Smith 

and Oke, 1998)

Prioritising tree placement

Thom, Coutts et al 2016



Current Scenarios

Motazedian, 2016



Motazedian, 2016



Limiting heat health impacts

• Economic benefit of street 

trees – City of Monash

• Mortality benefits ($)

• Street trees only (private veg 

left unchanged)

• Also valued carbon uptake 

and storage, air quality and 

stormwater

Thoms(2015)



Limiting heat health impacts Thoms(2015)

Temp reductions compared to base 

case (no public trees) 

Mortality benefits over 4 day 
period:

• Current tree cover delivers 

~0.5°C benefits = $9.78 

million

• Doubling of cover provides 

a further ~0.5°C benefits 

(~1.0°C total over base 

case) =$16.01 million 

Scenarios

• No street trees (base case) 

(17%)

• Current street trees (24%)

• Less street trees (20%)

• More street trees (32%)

Corresponding reductions in mortality

Total value of current urban 
forest

• $12.85 million



Framework for optimizing cooling benefits

Norton et al. (2015)



Summary of Tree Planting Principles



Summary of Tree Planting Principles
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Summary of Tree Planting Principles



Summary of Tree Planting Principles



Summary of Tree Planting Principles



Summary of Urban Tree Planting Priorities



Urban Heat: Green infrastructure
Numerous studies show heat mitigation effects due to green infrastructure. Perhaps 0.5-2C reductions in

air temperature, 5-20C reductions in surface temperatures, 5-10C thermal comfort indexes (i.e. UTCI).

Jamei and Tapper (2019)



Urban cooling modelling tools developed by the CRCWSC

Nice et al. (2018); Broadbent et al. (2019)



Bibliography

Allen, M., Dube, O., Solecki, W., Aragón-Durand, F.,
Cramer, W., Humphreys, S., Kainuma, M., Kala, J.,
Mahowald, N., Mulugetta, Y., Perez, R., Wairiu, M.,
and Zickfeld, K. (2018). Framing and Context. In
Global Warming of 1.5ÂřC. An IPCC Special Report
on the impacts of global warming of 1.5ÂřC above
pre-industrial levels and related global greenhouse
gas emission pathways, in the context of
strengthening the global response to the threat of
climate change,, chapter 1.

Broadbent, A. (2016). The effect of water sensitive
urban design and outdoor water-use practices on
urban microclimate. Phd, Monash University.

Broadbent, A. M., Coutts, A. M., Nice, K. A.,
Demuzere, M., and Krayenhoff, E. S. (2019). The
Air-temperature Response to
Green/blue-infrastructure Evaluation Tool (TARGET
v1.0): an efficient and user-friendly model of city
cooling. Geoscientific Model Development,
12:785–803.

Broadbent, A. M., Coutts, A. M., Tapper, N. J.,
Demuzere, M., and Beringer, J. (2017a). The
microscale cooling effects of water sensitive urban
design and irrigation in a suburban environment.
Journal of Theoretical and Applied Climatology.

Broadbent, A. M., Coutts, A. M., Tapper, N. J.,
Demuzere, M., and Beringer, J. (2017b). The
microscale cooling effects of water sensitive urban
design and irrigation in a suburban environment.
Theor. Appl. Climatol., pages 1–23.

Bröde, P., Fiala, D., Blazejczyk, K., Holmér, I.,
Jendritzky, G., Kampmann, B., Tinz, B., and
Havenith, G. (2012). Deriving the operational
procedure for the Universal Thermal Climate Index
(UTCI). International Journal of Biometeorology,
56(3):481–494.

Burke, M., González, F., Baylis, P., Heft-Neal, S.,
Baysan, C., Basu, S., and Hsiang, S. (2018). Higher
temperatures increase suicide rates in the United
States and Mexico. Nature Climate Change,
8(8):723–729.

Commonwealth of Australia (2018). Australia’s
emissions projections 2018. Technical report,
Australian Government Department of Environment
and Energy.

Coutts, A., Moore, C., Tapper, N. J., and White, E. C.
(2016). Microclimate of isolated trees in the urban
environment. In 2nd Urban Tree Diversity
Conference, Melbourne, Australia, 22-24 February
2016.

Coutts, A. and Tapper, N. (2017). Trees for a Cool
City: Guidelines for optimised tree placement.
Technical report, Cooperative Research Centre for
Water Sensitive Cities, Melbourne Australia.

Coutts, A. M., Daly, E., Beringer, J., and Tapper, N. J.
(2013). Assessing practical measures to reduce
urban heat: Green and cool roofs. Building and
Environment, 70:266–276.

Coutts, A. M. and Harris, R. (2013). A multi-scale
assessment of urban heating in Melbourne during an
extreme heat event: policy approaches for
adaptation. Technical report, Victorian Centre for
Climate Change Adaptation Research.

Coutts, A. M., Tapper, N. J., Beringer, J., Loughnan,
M., and Demuzere, M. (2012). Watering our Cities:
The capacity for Water Sensitive Urban Design to
support urban cooling and improve human thermal
comfort in the Australian context. Progress in
Physical Geography, 37(1):2–28.

Coutts, A. M., White, E. C., Tapper, N. J., Beringer,
J., and Livesley, S. J. (2015). Temperature and
human thermal comfort effects of street trees across
three contrasting street canyon environments.
Theoretical and Applied Climatology, 124(1):55–68.

CRC for Water Sensitive Cities (2015). Project B3 -
Water Sensitive Urban Design and Urban
Micro-climate.

CSIRO and Bureau of Meteorology (2018). State of
the Climate 2018. Technical report.

FAWB (2008). Facility for Advancing Water
Biofiltration, FAWB Final Report 2005-2008.
http://www.monash.edu.au/fawb/publications/.

Hamdi, M., Lachiver, G., and Michaud, F. (1999). A
new predictive thermal sensation index of human
response. Energy and Buildings, 29(2):167–178.

Harlan, S. L. and Ruddell, D. M. (2011). Climate
change and health in cities: impacts of heat and air
pollution and potential co-benefits from mitigation
and adaptation. Current Opinion in Environmental
Sustainability, 3:126–134.

Ingleton, G. (2015). Adelaide Airport Stormwater
Irrigation Trial - determining the multiple benefits of
irrigated vegetation.

Jamei, E. and Tapper, N. (2019). WSUD and Urban
Heat Island Effect Mitigation. In Approaches to
Water Sensitive Urban Design, chapter 19, pages
381–407. Elsevier Inc.

Lewis, S. C., Perkins-Kirkpatrick, S. E., Althor, G.,
King, A. D., and Kemp, L. (2019). Assessing
contributions of major emitters’ Paris-era decisions
to future temperature extremes. Geophysical
Research Letters.

Loughnan, M., Nicholls, N., and Tapper, N. (2012).
Hot Spots Project: A spatial vulnerability analysis of
urban populations to extreme heat events.
http://www.health.vic.gov.au/environment/heatwave/agencies/
research_pubs.htm.

Loughnan, M. E., Nicholls, N., and Tapper, N. J.
(2010). When the heat is on: Threshold
temperatures for AMI admissions to hospital in
Melbourne Australia. Applied Geography,
30(1):63–69.

Motazedian, A. (2017). The microclimatic interaction
of a small urban park with its surrounding urban
environment: case study of projected impacts of
urban densification focusing on heat events in
Melbourne. Phd, Monash University.

Nice, K. A., Coutts, A. M., and Tapper, N. J. (2018).
Development of the VTUF-3D v1.0 urban
micro-climate model to support assessment of urban
vegetation influences on human thermal comfort.
Urban Climate, pages 1–25.

Nicholls, N., Skinner, C., Loughnan, M., and Tapper,
N. (2008). A simple heat alert system for

Melbourne, Australia. International Journal of
Biometeorology, 52(5):375–84.

Norton, B. A., Coutts, A. M., Livesley, S. J., Harris,
R. J., Hunter, A. M., and Williams, N. S. G. (2015).
Planning for cooler cities: A framework to prioritise
green infrastructure to mitigate high temperatures in
urban landscapes. Landscape and Urban Planning,
134:127–138.

Raftery, A. E., Zimmer, A., Frierson, D. M. W., Startz,
R., and Liu, P. (2017). Less than 2âŮęC warming by
2100 unlikely. Nature Climate Change.

Tapper, N., Coutts, A., Loughnan, M., and Pankhania,
D. (2015). Urban populations’ vulnerability to
climate extremes: mitigating urban heat through
technology and water-sensitive urban design. In
Lehmann, S., editor, Low Carbon Cities:
Transforming Urban Systems, chapter 20, pages
361–374. Routledge.

Thom, J. (2015). An Environmental and Economic
Analysis of Ecosystem Service Provision By Street
Trees in the City of Monash. Bsc (hons), Monash
University.

Thom, J., Coutts, A., Broadbent, A., and Tapper,
N. J. (2016). The influence of increasing tree cover
on mean radiant temperature across a mixed
development suburb in Adelaide, Australia. Urban
Forestry & Urban Greening.

Walsh, J., Wuebbles, D., Hayhoe, K., Kossin, J.,
Kunkel, K., Stephens, G., Thorne, P., Vose, R.,
Wehner, M., Willis, J., Anderson, D., Kharin, V.,
Knutson, T., Landerer, F., Lenton, T., Kennedy, J.,
and Somerville, R. (2014). Appendix 3: Climate
Science Supplement. In Melillo, J. M., Richmond,
T. T., and Yohe, G. W., editors, Climate Change
Impacts in the United States: The Third National
Climate Assessment, pages 735–789. U.S. Global
Change Research Program.

Zuo, J., Pullen, S., Palmer, J., Bennetts, H., Chileshe,
N., and Ma, T. (2015). Impacts of heat waves and
corresponding measures: a review. Journal of
Cleaner Production, 92:1–12.

Dr. Kerry Nice Urban climatology introduction for Melbourne Cool Line


	Bibliography

