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ABSTRACT

Heatwaves are one of the least studied and most underrated natural hazards in Australia.
This thesis has undertaken the first step towards the recognition of the significance of
heatwaves as a natural hazard, by investigating the consequences of heatwaves in
Australia. Most of this analysis focuses on Australia, with Sydney and Broken Hill
utilised as study sites for more specific analyses.

Like droughts, heatwaves are difficult to define, and there is no official definition of a
heatwave in Australia. Three heatwave definitions are proposed to represent three broad
definitional methodologies:- media defined, a universal definition and a location-specific
definition. These definitions are applied to Broken Hill and Sydney temperature data in
order to investigate the applicability of the definitions, and to provide a sense of the
frequency and severity of heatwaves in Australia. The most significant findings of this
investigation are the inadequacy of a pervasive heatwave definition, and the problems
involved in quantifying what is essentially a subjective experience. Again, similar to
droughts, a general and useful definition of a heatwave may be impossible.

The consequences of heatwaves on human mortality and lifelines are addressed. Total
deaths caused by heatwaves indicate that in terms of this parameter, heatwaves are the
most significant natural hazard in Australia (excluding disease hazards). Over 4,000
deaths have been attributed to heat in Australia since 1803 and this figure underestimates
the real toll of heatwave-associated mortality. In addition to deaths caused directly by
heat, this study indicates that, mortality from all causes increases in Sydney during
heatwaves. The isolation of vulnerable population groups, activities, locations and time
periods has been achieved by this analysis.

Heatwaves also affect lifelines in Australia. Water consumption increases significantly
with temperature in Sydney and water shortages, restrictions and supply failures have
occurred in the past in conjunction with heatwaves. Effects on electricity consumption
and transport links are also demonstrated in this thesis. -

The analysis of future risk of heatwaves, dependant on the interaction of projected climate
change and social change, suggests that the risk of heatwaves will increase in the future.
‘The examination of an hypothesised relationship between heatwaves and El Nifio-
Southern Oscillation (ENSO) yielded negative results; it appears that no relationship
exists.

In addition to taking the first step towards understanding the significance of heatwaves in
Australia, this thesis highlights several areas for future study into the consequences of
heatwaves in Australia.




ACKNOWLEDGMENTS

There are many people that I would like to thank for assistance with the compilation of
this thesis. Firstly, to the numerous people who provided data, information and feedback,
especially Ron Atherton from The Water Board; Pat Gannon from Pacific Power; Peter
Bourke, Colleen Hughes and Ken Widdup at the Australian Bureau of Statistics; John
Broadley of Freight Rail; Kevin Hennessy (CSIRO) and Neville Nicholls (Bureau of
Meteorology).

A momentous thankyou goes to my supervisor, Russell Blong, for his inspiration,
encouragement, sense of humour, patience, friendship and continuing faith in me.

An additional huge thankyou to De Radford, for proof-reading, and compiling, and
generally being extraordinary.

Much appreciation also goes to my other colleagues at work, Belinda, Laraine, Julian and
Lucy for their tolerance and support, and cookies. Many thanks to Laraine for help with
the computer model. Special thanks to the now disbanded, but still functioning, support
team of Clare and Megan.

Thanks to Nara, Natasha, Dave, Peter, Andrew, Robbie, Stephen for your encouragement
and offers of help. To Kath for tea-bag olympics. To Bryan for his friendship (and
editing). To Tonya, Jan and Vivian for mammoth efforts which are so appreciated. To Jim
for distractions and much more. And especially, to my flatmate Tatiana for her
encouragement and comradeship in our collaborative creative efforts. And lastly, to my
Mother, Jan, much love, in return for your unending support and love.




ABSTRACT

CONTENTS

ACKNOWLEDGMENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES

CHAPTER 1 - INTRODUCTION

1.1
1.2
1.3
1.4

Heatwaves in Australia
Heatwave Impacts in Australia
Aims

Thesis Structure

CHAPTER 2 - DEFINING A HEATWAVE

2.1
2.2
2.3
24
2.5

2.6

2.7

Existing Heatwave Definitions
What is a Heatwave?
Theoretical Considerations of a Heatwave Definition
Defining a Heatwave
Methodology
2.5.1 The Study Sites
2.5.2 Data Sources and Methodology
Results: Heatwave Incidence
2.6.1 Sydney
2.6.2 Broken Hill
2.6.3 Run Length and Average Temperature
2.6.4 Monthly Distributions of Heatwave Days
2.6.5 Discussion
Summary and Conclusions

ii

iii

vii

ix

Xiv

pury

O\ o W

10
10
13
14
14
14
16
19
20
20
24
24
29

-iy-




CHAPTER 3 - MORTALITY, MORBIDITY AND POPULATION
VULNERABILITY

3.1  Health Effects of Excess Heat
3.2  Methodological Problems
3.2.1 Coding of Heat Deaths
3.2.2 Excess Mortality
3.2.3 Measuring Heat Stress
3.2.4 Meteorological Data

3.3  Heatwave-Associated Mortality and Morbidity
3.3.1 Mortality
3.3.2 Morbidity

3.4  The Impact of Heatwaves on Australians
3.4.1 Data Sources and Methodology
3.4.2 Results

3.5 Further Discussion of Risk Factors
3.6 Conclusions

CHAPTER 4 - HEATWAVES AND LIFELINES

41  Transport Links
4.1.1 Trains
4.1.2 Roads
4.1.3 Bridges

42  Water Consumption
4.3  Electricity
44  Conclusion

CHAPTER 5 - A LINK BETWEEN HEATWAVES AND THE
EL NINO-SOUTHERN OSCILLATION?

5.1 El Nino-Southern Oscillation

5.2 A Link between ENSO and Heatwaves?
53  Data Sources and Methodology

54  Correlating ENSO and Heatwaves

5.5 Conclusion

31

31
33
33
33
34
34

35
35
41

42
42

68
71

72

73
73
75
75

75
82
85

86

86
86
87
88
94




CHAPTER 6 - THE RELEVANCE OF HEATWAVES IN THE FUTURE 64

6.1  Changes to the Hazard of Heatwaves 97
© 6.1.1 Changes in the Magnitude
and Frequency of Extreme Temperatures 98
6.1.2 Changes to the Frequency
of Runs of Extreme Temperatures 99
6.2  Changes in Vulnerability to Heatwaves 101
6.2.1 Changes in the Australian
Population Relevant to Heatwave Risk 102
6.3  Heatwave Risk in the Future . 103
6.3.1 Spatial Patterns of Future Risk 103
6.3.2 Unpredictable ‘Maverick’ Factors
influencing Future Heatwave Risk 107
6.4 = Consequences of Changes in Hazard and -
Vulnerability for Lifelines 108
6.4.1 Transport Links 108
6.42 Water Consumption ‘ 108
6.4.3 Electricity Consumption
6.5  Mitigation Techniques 109
CHAPTER 7 - CONCLUSION 114
71 Conclusions 114
7.2 Directions for Further Study 116
REFERENCES 119
APPENDICES 126

vi-



2.1

2.2

2.3

3.1
3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

LIST OF TABLES

Heatwave incidence at Sydney and Broken Hill for
the three definitions

Frequency, and average maximum temperature of runs
of various lengths at Sydney according to the three
temperature definitions

Frequency, and average maximum temperature of runs
of various lengths at Broken Hill according to
the three temperature definitions

Causes of death considered to be Weather-Related
Mortality associated with heatwaves

Significant years in terms of heat deaths for
Australia 1939-1977

Predictions of excess mortality in the United States
for different temperatures based on the TMR

Summers of numerous heat deaths

Total number of deaths and death rates per 100,000
from excessive heat

Occupations of victims of heat stress

The ratio of male to female deaths for the States
and Territories of Australia

Correlation coefficients (r) of the relationship
between summer mortality and temperature on day
of death and temperature of day preceding death

Correlation coefficients of the relationship
between various crime rates and daily maximum
temperature

Number of deaths attributed to various natural
hazards in Australia

17

32

36-38

35

40

45

47

51

62

67

71




4.1

5.1

6.1

6.2

6.3

6.4

Periods of high water consumption rates recorded
from The Sydney Morning Herald, supporting data
from Water Board Records, and relevant temperature
information

Average number of occurrences of various heatwave
indicators and the occurrences of El Nifio events

Scenarios of temperature change for locations in
the Australian region

The number of summer (December, January, February)
days when maximum temperature exceeds or equals
either 35°C or 40°C for Australian capital cities

under the present climate, and by the year 2030

The number of summer (December, January, February)
days when maximum temperatures exceed or equal
either 35°C or 40°C for locations in NSW and ACT,
under the present climate, and by the year 2030

Projected 2030 death rates per 100,000 for each

capital city based on death rate per 100,000 for

each State, 1973-93 and predictions in the increase

in the number of days above 35°C for each capital city

78

90

98

99

101

107

-viii-



1.1

2.1
2.2

2.3

2.4

2.5

2.6

2.7.

3.1

3.2

3.3

3.4

3.5

3.6

LIST OF FIGURES

An Interactive Model of Natural Hazards (after Riebsame
et al., 1986: 1380).

An Interactive Model of Heatwaves as a Natural Hazard.

Map of Australia showing the location of Sydney and Broken Hill.
Frequency Distribution of Heatwave days at Sydney (1859-1994),
according to Definition 1, Definition 2 & Definition 3,

by financial year.

Frequency Distribution of Heatwave days at Broken Hill (1957-1994),
according to Definition 1, Definition 2 & Definition 3,

by financial year.

Monthly distribution of heatwave days at Sydney and Broken
Hill (1957-1994), according to Definition 2 and Definition 3.

Scatter diagram of the frequency of heatwave days (by financial
year) at Sydney and Broken Hill, according to inmtzon 2
(temperature above 35°C).

Frequency distribution of temperatures above 35°C at Sydney
(post 1859) and Broken Hill (post 1957).

Distribution of Heat-deaths in Australia by financial year,
1846-1992.

Age-Sex Distribution of Heat Fatalities in Australia, 1907-1992.

Age-Sex Standardised death rates for Heat-death Fatalities
in Australia a: 1907-1929,b: 1930-1959,c: 1960-1992.

Activity prior to death of heat-victims recorded from The |
Sydney Morning Herald.

Total number of Heat-deaths by year and state, 1907-1994.

Distribution of total Heat-deaths between the states and
territories, 1907-1994.

11

15

18

21

27
28

46

48
50

52

53

55




3.7

3.8

3.9

3.10

3.11a

3.11b

3.12

3.13

3.14

3.15

41

4.2a

Map of Australia showing the number of heat-deaths per 100,000
people by state, 1907-1994.

The number of Heat-deaths by postcode in a. New South Wales
and b. Sydney and suburbs, based on reports in The Sydney
Morning Herald, 1846-1983. Overlay is a contour plot of

the number of summer (December, January, February) days
which exceed 35°C (source McInnes ef al., 1994:24).

Monthly distribution of Heat-deaths in Australia, 1846-1992.

Monthly distribution of Heat-deaths among the Australian
States and Territories, 1847-1992.

| Age-Sex Distribution of Heat-deaths in Australia in 1896.

Age-Sex Distribution of Heat-deaths in Australia in 1939.

Scatter diagram showmg the relationship between total deaths
(all causes) and maximum daily temperature in a. Sydney,
1977-1992. b Broken Hill, 1977-1992. -

Scatter diagram showing the relationship between total deaths
(all causes) for a. persons aged over 60 and b. less than one year,
and maximum daily temperature in Sydney, 1977-1992.

Comparison of the mean and standard deviation of the number of
excess deaths that occur in Sydney during heatwaves defined by
a: Definition 2 (maximum temperature 2 35°C) and b: Definition 3
(maximum temperature 2 29.3°C), with the mean and standard
deviation of the number of deaths that would be expected if no
heatwave occurred.

The increase in the number of QOffensive Behaviour nusdemeanours

in Sydney with daily maximum temperature.

The number of misalignments and derailments in New South Wales,

1979-1989, and the number of heatwave days, according to
Definition 2 (maximum temperature = 35°C) and Dqﬁnztton 3
(maximum temperature 2 29.3°C), in Sydney.

Daily water consumptlon (ML/day) in Sydney for the month of
January 1973.

55

57

58

59

61

61

63

64

66

68

74




4.2b
4.3
4.4

4.5

4.6
4.7
4.8

5.1

l5.2

5.3a
5.3b
5.3¢
5.3d
5.4a

5.4b

5.4c

Daily maximum temperature (°C) in Sydney for the month of
January 1973.

Scatter diagram of water consumption and daily maximum
temperature in Sydney.

Average daily water consumption in Sydney (ML/day) by daily
maximum temperature (°C).

Average daily water consumption in Sydney by month.

The deviation of daily consumption from the expected consumption
based on monthly average by temperature (°C).

Weekday daily energy versus mean temperature, September 1990
to August 1992 (source: Gannon, 1992).

Ratio of Annual Summer Electricity demand Peak to Winter Peak
(source: Pacific Power, 1992).

Distribution of the Mean SOI by financial year, 1882-1994.

Distribution of the Mean June to November SOI by financial
year, 1882-1992.

Scatter diagram of monthly SOI and the number of heatwave day

(Definition 2: temperatures above 35°C), at Sydney in that month.

Scatter diagram of monthly SOI and the number of heatwave day
(Definition 2: temperatures above 35°C), at Broken Hill in that month.

Scatter diagram of monthly SOI and the number of heatwave day
(Definition 3: temperatures above 29.3°C), at Sydney in that month.

Scatter diagram of monthly SOI and the number of heatwave day
(Definition 3: temperatures above 36.9°C), at Broken Hill in that month.

Scatter diagram of Mean SOI for the financial year and the number
of heatwave days (Definition 2: temperatures above 35°C) at Sydney.

Scatter diagram of Mean SOI for the financial year and the number
of heatwave days (Definition 2: temperatures above 35°C) at
Broken Hill ‘

Scatter diagram of Mean SOI for the financial year and the number
of heatwave days (Definition 3: temperatures above 29.3°C) at Sydney.

80

80

81

81

84

84
89

89

91




5.4d

5.5a

5.5b

5.5¢

5.5d

5.6a

5.6b

6.1

6.2

6.3

6.4

Scatter diagram of Mean SOI for the financial year and the number
of heatwave days (Definition 3: temperatures above 36.9°C) at
Broken Hill.

Scatter diagram of Mean June to November SOI and the number of
heatwave days (Definition 2: temperatures above 35°C) by
financial year at Sydney.

Scatter diagram of Mean June to November SOI and the number of
heatwave days (Definition 2: temperatures above 35°C) by financial
year at Broken Hill.

Scatter diagram of Mean June to November SOI and the number of
heatwave days (Definition 3: temperatures above 29.3°C) by
financial year at Sydney.

Scatter diagram of Mean June to November SOI and the number of
heatwave days (Definition 3: temperatures above 36.9°C) by
financial year at Broken Hill.

Scatter diagram of the Mean SOI for the financial year and
the number of heat-deaths by financial year in Australia,
1847-1992.

Scatter diagram of the Mean June to November SOI and the
number of heat-deaths by financial year in Australia, 1847-1992.

A contour plot of the number of summer (December, January,
February) days which exceed 1) 35°C and 2) 40°C for a.
the current climate b. the change for the optimistic scenario
at 2030 and c. the change for the pessimistic scenario at 2030.
(source: Mclnnes et al., 1994: 24).

An interpretation of the influence Climate and Social Change Hill
exert on Future Heatwave Risk.

The number of heat-deaths by postcode in New South Wales,
based on reports in The Sydney Morning Herald, 1846-1983,
combined with an overlay of a contour plot of the number of
summer (December, January, February) days which are predicted
to exceed 35°C at 2030 under a pessimistic scenario (source
Mclnnes et al., 1994:24).

Excerpts from The Sydney Morning Herald documenting mitigation
techniques instigated in the late 19th Century.

92

93

93

93

93

95

95

100

104

105

110




6.5a  Excerpt from a CDC (Centre for Disease Control) pamphlet entitled
"Extreme Heat: A Prevention Guide to Promote Your Health and safety". 111

6.5b  Excerpt from a Division of Health and Education, NSW pamphlet
entitled “"Take care During Heatwaves”. 112

~x1ii-



LIST OF APPENDICES

Heatwave Days at Sydney according to Definition 2.
(temperatures greater or equal to 35°C)

Heat related Illnesses
Total Sum of Squares for Sydney and Broken Hill

Consequences of Heatwaves documented in
The Sydney Morning Herald

126

134

135

145

=Xiv-



