Management of heat stress in
urban environments
Dr. Andy Coutts - Monash University
Given such a large proportion of Australia's population lives in cities and towns, it's important that we create thermally
comfortable environments for urban residents and visitors. Heat-health outcomes (i.e. mortality) are a balance between
exposure, vulnerability and adaptability. At a range of scales, research demonstrates that the design of cities,
neighbourhoods and streets influences the urban climate and population exposure to heat stress. This presentation will
explore relationships between heat exposure and population vulnerability, and options for reducing incidents of heat
stress

• Heat – health relationships
• Extreme heat
• Population Vulnerability
• Population Exposure
• Mitigation for health
benefits
• Human thermal comfort

East Valley Tribune, June 5, 2005

Outline

Heat-health outcomes (mortality and morbidity) result from a balance
between exposure, adaptability, and vulnerability .

Heat-health outcomes

•

26th January 2009 – 1st February
2009.

•

Included three consecutive days
of over 43°C in Melbourne
(45.1°C on 30th January)

•

374 excess deaths over what
would be expected: a 62%
increase in total all-cause
mortality.

•

The greatest number of deaths
occurred in those 75 years or
older, representing a 64%
increase.

•

Reportable deaths to the State
Coroner’s Office in those 65 years
and older more than doubled.
DHS, 2009

Extreme heat

IPCC, 2007

• Extremes of high temperatures are likely to become more frequent,
more intense, more widespread and longer lasting (CSIRO & BOM
2007)
• While the population 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).

Increased likelihood of extreme heat

Residents with increased vulnerability to
excess temperatures include (SmoyerTomic et al, 2001):
•

Elderly (> 65 years of age)

•

Children (< 4 years of age)

•

Pre-existing health conditions

•

Low income

•

Socially isolated

•

Residents lacking air-conditioning

•

High density areas

•

Limited surrounding vegetation

•

Increasing evidence that climate extremes may
be shifting MORE than the climate averages

•

Globally, there is a push for cities to become
denser (urban consolidation) and (without
intervention) could become hotter

•

In many places around the world (e.g. in
Australia) national and urban populations are
ageing

• Proportion of URBAN population around the
world is growing. Now 50% urban globally, and
over 83% urban in Australia (PRB, 2009)

Aust. Govt.
Intergenerational
Report, 2010

Vulnerability

(Nicholls et al. 2008)

UHI supports
warmer
minimum
temperatures

Temperature thresholds

•

“… when mean daily temperature
exceeds a threshold of 30°C
(mean of today’s maximum
temperature and tonight’s
minimum temperature), the
average daily mortality of people
aged 65 years or more is about
15–17% greater than usual.”
(Nicholls et al. 2008)

•

“Similar numbers of excess
deaths also occur when daily
minimum temperatures exceed
24°C (increases of 19–21% over
expected death rate)” (Nicholls
et al. 2008)

January 2009

Day

Date

Minimum

Monday

26-Jan

14.4

25.5

Tuesday

27-Jan

16.6

36.4

21.05

Wednesday

28-Jan

18.8

43.4

27.6

Thursday

29-Jan

25.7

44.3

34.55

Friday

30-Jan

25.7

45.1

35

Saturday

31-Jan

22.5

30.5

33.8

Sunday

1-Feb

20.3

33.8

25.4

Melb. CBD

Extreme heat and mortality

Maximum Mean daily temp

Vulnerability Index

Loughnan et al (2009)

•

While most heat wave deaths occur in 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 Urban Heat Island (McMichael, 2006).

Spatial vulnerability

Melbourne 2009

Adelaide 2009

Daytime Jan
29

Night-time
Jan 29

Loughnan et al (2009, 2010, 2011)

Spatial exposure to heat

The UHI contributes to extreme heat and
reduced human thermal comfort:

Alexander and
Arblaster 2009 Int.
J. Clim.

• it is not necessarily the maximum
temperatures, but the lack of
relief when the minimum
temperatures remain high which
causes a rise in mortality rates
during periods of extreme heat.”
(Clarke and Bach 1971)
• …heat related mortality was
highest amongst the urban poor
and the deaths were
concentrated in areas with
higher UHI intensity levels
(Johnson and Wilson, 2009).

Projected annual frequency of hot nights from combined global warming, urban development and
anthropogenic heating scenarios (McCarthy, M. P., Best, M. J. & Betts, R. A. (2010)

Compounding effects

Urban heat island

Global Warming

Common responses to high temperatures
Air conditioning

Waste Heat

• Air-conditioning is a protective factor for heat
related mortality and morbidity (Davis et al., 2003)
• High energy consumption – greenhouse gas
emissions (feedback loop)
• Contribute to urban warming (feedback loop)
• Relies on centralised energy – what if it fails?
• Not available to everyone – cost
• Rising energy costs
• People are outside (e.g. waiting for trains)
• Reduces resilience to extreme heat?

Water Use
•
•

Shower more often
Watering the garden • with potable water?

Adaptability

Air Con
CO2 emissions

Energy Use

Current prevention activities include:
• promoting ‘buddying’ systems
• coordinating service providers
• preparing cooling centres
• educating health professionals
• identifying vulnerable individuals
• targeting agencies (such as nursing homes)
with large numbers of vulnerable individuals
• disseminating information
• working with the media
• checking building standards
DoH, heat wave plan 2009-10

Reduce exposure
Adaptability – reducing risk

TCPA, 2007

•

Modelling study in
Phoenix, Arizona

•

Compared different UHI
mitigation strategies:
•

Emissivity

•

Vegetation

•

Albedo

•

Thermal conductivity

•

Heat Index (Temp & RH)

•

“The four modelled UHI
mitigation strategies,
taken in combination,
would lead to a 48%
reduction in annual heatrelated emergency service
calls (Silva et al 2010)”
(20%)

(Silva et al 2010)

Effectiveness of mitigation options

The “climate” in one street can be quite different
to the next:
• Street directions (E-W vs N-S canyons)
• Location or density of cooling features
• Geometry of the street (shading, ventilation)
Human thermal comfort influenced by
environmental factors:
• Temperature
• Mean radiant temperatures
• Humidity
• Wind Speed
Urban micro-climates are VERY complex –
the human thermal experience can be
highly variable.

Micro-climate variability

(Hoppe, 1993)

(Jendritzky et al., 1990)

Human Thermal Comfort

‘Neutral’ air temperature
(summer – winter)

City

28-21

Athens

29-15

Thessaloniki

16-11

Fribourg

24-21

Mailand

17-11

Cambridge

16-11

Sheffield

22-15

Kassel

Lutz Katzschner 2005

Place specific PET

Melbourne street tree study:
• Joint research project between City of Melbourne and Monash
University
• 24 micro-climate monitoring stations across 3 streets
measuring: Temperature, Humidity, Wind speed, Mean radiant
temperature
• Understand the influence of the tree canopy on temperatures
and human thermal comfort

City of Melbourne street trees

Tel Aviv, Israel
(Shashua-Bar et al, 2010)

