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Connections between people and place

• Australian heatwaves
– Heat as a natural hazard

• Threshold temperatures in Melbourne and • Threshold temperatures in Melbourne and 
regional centres

• AMI admissions to hospital and heat
• Mapping population vulnerability to heat



Photos from the Age and Sydney Morning Herald January 12th 2010. 





Australian heat waves
• In Australia heat waves claim more lives than 

any other natural hazard
• Definition (no formal definition). - BoM “prolonged period of excessive heat”

– Passive threat - unlike floods or cyclones (deaths often under reported as 
heat related, associated illness and hospital admissions) 

– Australia
– Brisbane 2000 22 deaths 350 hospitalisations

» 2001 287 people hospitalised 2 days
» 2004 12 deaths and 221 hospitalisations» 2004 12 deaths and 221 hospitalisations

– Sydney 2003 15 excess deaths per 100,000 people 3 days   
– Adelaide 1997 10 deaths, 250 hospitalisations  Adelaide 2008 

(increased effects mental illness, elderly)
– Melbourne 2009 62% increase mortality (374 excess deaths )

• Place specific
• Features of the natural and built environments affect heat loads
• Demography and underlying health status of resident population.
• Every heatwave is different –timing, intensity and duration.

• One size fits all rule does NOT apply



Establishing threshold temperatures in Melbourne

Nicholls N, Skinner C, Loughnan ME, Tapper N: A simple heat alert for Melbourne, Australia. Int J 
Biometeorol 2008, 52(5):375-.384.



Thresholds for Regional Victoria
Data and methods
� 10 regional centres 

� Mildura, Horsham, Hamilton, Geelong, Ballarat, Bendigo, 
Shepparton, Wodonga, Morwell, and Lakes Entrance, for the 
study period 1990 to 2006. 

� Daily average (mean T) was calculated from Tmax and Tmin. 
Highest temperature value over 48 hours was used. 

� Corresponding data for 2nd daily mortality in the SD associated with 
each centre was purchased from the ABS. (Geelong used daily 
Corresponding data for 2 daily mortality in the SD associated with 
each centre was purchased from the ABS. (Geelong used daily 
data)

� Daily deaths were those persons aged 65+ 
years, excess daily deaths were calculated.

� Relationship between excess deaths and temperature  was 
determined for every 48 hour period in each city.

Loughnan,M. Nicholls,N. Tapper, N.J. “Mortality-temperature thresholds for ten major population 
centres in rural Victoria, Australia”.
Journal of Health and Place In Press





Latrobe Valley



� All major towns across Victoria demonstrated an increase in 
mortality in the elderly on days when the threshold 
temperature was exceeded .

� The clearest thresholds were for mean T
� (hot day followed by a hot night)

� High ambient temperature and increased mortality  
documented in the literature for large cities also occurs in 
regional towns.
� Population are vulnerable to heat stress regardless  of their 

location.
Population are vulnerable to heat stress regardless  of their 
location.

� Importance highlighted by the number of elderly (65+ yrs) 
persons living in regional towns.

� Regions  with larger percentages of elderly living in major 
towns also show increased mortality when thresholds are 
exceeded.

� E.g. Ballarat, Geelong, Bendigo, Mildura and Latrobe Valley

• The predictions in relation to climate change in south-eastern 
Australia are that extreme weather events are going to 
become more frequent and severe in the future (Alexander 
& Arbalster 2008)



Seasonal differences in spatial distribution of AMI 
admissions to hospital.

Loughnan M, Nicholls N, Tapper N: Demographic, seasonal, 
and spatial differences in acute myocardial infarct ion 
admissions to hospital in Melbourne Australia . 
International Journal of Health Geographics 2008, 7(1):42.

Winter

Summer 



AMI temperature thresholds

• Identify threshold temperatures 
above which acute myocardial 
infarction (AMI) admissions to 
hospital increase in metropolitan 
Melbourne

• Persons admitted on days 
exceeding the 30� C threshold 
were younger than the AMI cohort 
exceeding the 30� C threshold 
were younger than the AMI cohort 
overall. 

• Threshold temperatures of 30� C 
for Mean T resulted in a median 
increase 10% in AMI admissions 

Loughnan ME, Nicholls N, Tapper 
NJ: When the heat is on: 
Threshold temperatures for AMI 
admissions to hospital in 
Melbourne Australia . Applied 
Geography 2010, 30(1):63-69.



• A threshold of 27� C for 3-day 
average temperatures was 
identified

• Median AMI admissions = 
37.7% increase.

• Males were more likely than 
females to be admitted during 
episodes of hot weather 
(1.9:1). Females were older. (1.9:1). Females were older. 

• This suggests that thermal 
stress occurs in persons with 
coronary disease when these 
thresholds are exceeded, and 
that increasing our 
understanding of the drivers of 
AMI admissions in Melbourne 
may help reduce cardiac 
morbidity during hot weather. 



Age and Socioeconomic circumstance
SEIFA quintles (IRSD) Proportion of persons aged 55+years

Spatial distribution AMI days 
Exceeding 30� C threshold

Spatial distribution AMI days 
Exceeding 27� C threshold



Analyses 
• Using a MANOVA to investigate the 

demographic differences (age &SEIFA) in 
SLAs with and without AMI admissions to 
hospital on hot days. 
– Days exceeding 30� C

• age provided some explanation for the spatial • age provided some explanation for the spatial 
distribution of AMI admissions on single hot days 
whereas socio-economic circumstance did not. 

– Days exceeding the 27� C
• During short periods (3-days) of hot weather, age 

explained the spatial distribution of AMI 
admissions slightly better than socioeconomic 
circumstance. 

Loughnan,M. Nicholls,N. Tapper,N.J. The effects of temperature, age and Socio-economic circumstance 
on AMI admissions in Melbourne, Australia. Int J He alth Geographics.  In Press
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Weighted vulnerability index

Aged care facilities
Ethnicity
Single person households
Urban design
Population density of 
vulnerable age groups



Broader context
• Climate change is predicted to increase the negative 

effects of urban heat events
• Need an interdisciplinary approach to research
• Multifaceted framework including both top-down and 

bottom up approaches.
• Better understand the relationship between people and 

the places they live and work.the places they live and work.
– Including the external drivers, define extreme heat 

vulnerability, adaptation and responses
– Explore  exposure science, sensitivity and adaptive 

capacity of communities
• We have demonstrated that in Victoria/Melbourne there 

are thresholds above which heat-related mortality and 
morbidity increase. 

• Mapping population vulnerability provides a ‘tool’ 
capable of advising heatwave related policy and 
planning. 
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