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The 2021 report of the MJA–Lancet Countdown 
on health and climate change: Australia 
increasingly out on a limb (summary)
The fourth annual assessment of Australia’s exposure, vulnerability and response to climate 
change finds us continuing to lag behind the rest of the world

Within the space of just over a year, Australia 
has experienced its worst bushfires in living 
memory, extensive flooding in the east, and 

an unprecedented tropical cyclone in the south-west 
of the country. The impact of each of these on physical 
and mental health has been substantial and the full 
burden of disease is yet to be revealed.1-3 Despite 
Australia’s advanced health systems and services, and 
significant steps forward in its management of such 
natural disasters,4 it remains increasingly vulnerable to 
these climate extremes.5-7

At the climate summit hosted by United States 
President Joe Biden in April 2021, leaders of around 
40 other countries showed that the rest of the world 
is ready to take action on mitigating climate change, 
setting targets for the coming decade as the pathway 
towards significantly reducing emissions. Yet, 
failing to keep step with the world’s other leading 
economies,8,9 Australia’s paltry emissions reduction 
commitment to reduce greenhouse gas emissions 
by 26–28% below 2005 levels by 2030 remains 
unchanged.10 Even if global emissions are rapidly 
reduced to try to stay below the Paris Agreement 
threshold of 2°C, the world is already well on the way 
to exceeding the lower target of 1.5°C. Australians, like 
the rest of the world, will be faced with a hotter and 
increasingly hostile climate in which to live and work. 
This report series examines how well we are tracking 
in being prepared for the coming years and decades.
The 2021 MJA–Lancet Countdown report summarised 
here and available in full online11 represents the 
work of seven Australian institutions in collaboration 
with University College London, brought together 
by an evolving partnership between The Lancet and 
The Medical Journal of Australia. The collaboration 
tracks the links between public health and climate 
change across about 40 indicators in five domains: 
climate change impacts, exposures and vulnerability; 
adaptation, planning and resilience for health; 
mitigation actions and health co-benefits; economics 
and finance; and public and political engagement. 
Where possible, we adopt the approach employed by 
the Lancet Countdown, including that used in its 2021 
report.12 Where more appropriate for an Australia-
focused assessment, or where it was possible to refine 
or improve on the original method, the Australian 
indicators have been modified or an alternative 
method has been employed.
Following the devastating bushfires in Australia over 
the 2019–20 summer, our 2020 report7 focused on 
the relationship between health, climate change and 
bushfires, highlighting indicators that explore these 

linkages. For 2021, we return to reporting on the full 
suite of indicators, across each of the five domains. We 
include a detailed explanation of two new indicators 
in this summary — “Heat impact on physical and 
sporting activities” and “Bushfire adaptation” — and 
also briefly outline key points relating to the other 
indicators described in detail in the full 2021 report.11

Heat impact on physical and sporting activities

This indicator follows the estimated heat stress risk of 
people participating in physical and sporting activities 
across Australia and in large cities within each state 
and territory. As recently detailed in the Sports 
Medicine Australia Extreme Heat Policy, moderate 
risk indicates that additional rest breaks should 
be undertaken, a high risk requires the additional 
implementation of active cooling strategies (eg, water 
dousing), and an extreme risk indicates that activities 
should be suspended.13 The policy splits sports 
into five risk classification groups according to the 
combined effects of exercise intensity and clothing/
equipment worn.13 This indicator focuses on the fourth 
risk group, which includes cricket, bushwalking, rugby 
and several other sports.

On average across Australia, weather conditions in 
2019 led to the second greatest number of days that all 
three risk thresholds were exceeded since 2001 (Box 1). 
Relative to a 5-year average (2001–2005), the number of 
days that activities would have been suspended due 
to extreme heat risk more than doubled in 2019, while 
activities became about 1.5 times more likely to have 
been interrupted due to moderate or high heat stress 
risk.

Brisbane (115 days) and Alice Springs (95 days) had the 
greatest number of days in 2019 that would have been 
disrupted due to moderate heat stress risk. Of the eight 
cities analysed, six had a greater number of days with 
activities likely suspended due to extreme heat in 2019 
relative to the 5-year average, with Alice Springs (41 v 
13 days) and Sydney (11 v 2 days) showing the greatest 
relative increase.

Bushfire adaptation

As highlighted in our 2020 report which focused on 
Australia’s 2019–20 Black Summer,7 bushfires are a 
major climate-related extreme event with direct and 
indirect consequences for human health in Australia. 
Central to Australia’s bushfire adaptation will be the 
implementation of all of the recommendations in the 
Royal Commission into National Natural Disaster 
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Arrangements report,4 some as a matter of urgency. For 
example, Australian, state and territory governments 
should: prioritise the implementation of harmonised 
data governance and national data standards; adopt 
nationally consistent terminology and functions for 
the different sheltering facilities, including evacuation 
centres, Neighbourhood Safer Places, places of last 
resort and natural disaster shelters; and urgently deliver 
and implement the all-hazard Australian Warning 
System.4

To track progress on bushfire adaptation in Australia, 
our 2021 report introduces a new indicator that 
analyses aerial and terrestrial firefighting capacity 

(Box 2). While National Aerial 
Firefighting Centre aircraft 
services have increased since 
2007–08, from just over 30 to the 
current 160 or so, the number 
of volunteer firefighters and 
support staff has decreased 
in the most recent 3 years for 
which data are available (2016–
17 to 2018–19).

Other indicators

In addition to the two indicators 
presented in detail here, the 
2021 report of the MJA–Lancet 
Countdown on health and 
climate change has examined a 
further 35 indicators.11

Key points from these include 
that Australians are increasingly 
exposed to and vulnerable 
to excess heat, and that this 
is already limiting our way 
of life and decreasing work 
productivity across a range of 

sectors. Other weather extremes are also on the rise, 
resulting in escalating social, economic and health 
impacts. Climate change disproportionately threatens 
Indigenous Australians’ wellbeing in multiple and 
complex ways.

In response to these threats, we find positive action 
at the individual, local and state and territory 
levels, with growing uptake of rooftop solar and 
electric vehicles and the beginnings of appropriate 
adaptation planning. However, this is severely 
undermined by national policies and actions that are 
contrary and increasingly place Australia out on a 
limb.

1  Average number of days annually, 2001–2019, across eight Australian cities 
analysed (Sydney, Melbourne, Brisbane, Canberra, Perth, Alice Springs, 
Adelaide, Hobart) that exceeded the moderate, high and extreme Heat 
Stress Risk threshold as defined by the 2021 Sports Medicine Australia 
Extreme Heat Policy13

2  Annual number of National Aerial Firefighting Centre (NAFC) aircraft services and volunteer firefighters and 
support staff in Australia from 2007–08 to 2020–21

NAFC aircraft services represent the number of aircraft in Australia available to fight bushfires. It should be noted that some aircraft double up for the north 
and south of the country; for example, an aircraft may run in Queensland then move to Tasmania as a separate service. A service is usually exclusive to NAFC 
use, mostly for 84 or 96 days each summer (some services run longer). Data sources: NAFC and Australian Government Productivity Commission. ◆
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Conclusion: the MJA–Lancet Countdown in 2021

The continued absence of a national health and climate 
change adaptation plan is a glaring gap in Australia’s 
preparedness, and continues to put the health and lives 
of Australians at risk. There is a stark contrast between 
Australia’s world-leading COVID-19 response and its 
world-lagging climate change response.

With a change in the US government, and countries 
such as Japan and South Korea and major trading 
partners enacting climate change strategies, Australia 
is becoming isolated due to its inaction.

As the rest of the world moves ahead, the relative 
advantages Australia has now will be lost with 
stranded assets like coal and poor preparedness for the 
worsening health impacts.

Australia now stands at a crossroads and has an 
opportunity to set a course redirection in both its 
continued COVID-19 economic recovery and its 
climate change response. The 26th UN Climate Change 
Conference of the Parties (COP26) in early November 
2021 should be the moment to showcase a much 
stronger emissions reduction commitment and clear 
transition away from fossil fuels towards renewable 
energy — the strategies for which could support the 
COVID-19 economic recovery through government 
support of the renewable energy sector.
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The 2021 report of the MJA–Lancet Countdown 
on health and climate change: Australia 
increasingly out on a limb

Within the space of just over a year Australia 
has experienced its worst bushfires in living 
memory, extensive and unprecedented 

flooding in the east, and an unprecedented tropical 
cyclone in the south-west of the country. The impact 
of each of these on physical and mental health has 
been substantial and the full burden of disease is yet 
to be revealed.1-3 Despite Australia’s advanced health 
systems and services, and significant steps forward in 
its management of such natural disasters,4 it remains 
increasingly vulnerable to these climate extremes.5-7

At the climate summit hosted by United States 
President Joe Biden in April 2021, leaders of around 
40 other countries showed that the rest of the world 
is ready to take action on mitigating climate change, 
setting targets for the coming decade as the pathway 
towards significantly reducing emissions. Yet, 
failing to keep step with the world’s other leading 
economies,8,9 Australia’s paltry emissions reduction 
commitment to reduce greenhouse gas emissions 
by 26–28% below 2005 levels by 2030 remains 
unchanged.10 Even if global emissions are rapidly 
reduced to try to stay below the Paris Agreement 
threshold of 2°C, the world is already well on the way 
to exceeding the lower target of 1.5°C. Australians, like 
the rest of the world, will be faced with a hotter and 
increasingly hostile climate in which to live and work. 
This report series examines how we are tracking in 
being prepared for the coming years and decades.

The 2021 MJA–Lancet Countdown report represents the 
work of seven Australian institutions in collaboration 
with University College London, brought together by 
an evolving partnership between The Lancet and The 
Medical Journal of Australia. The collaboration tracks the 
links between public health and climate change across 
five domains: climate change impacts, exposures and 
vulnerability; adaptation, planning and resilience 
for health; mitigation actions and health co-benefits; 
economics and finance; and public and political 
engagement.

Following the devastating bushfires in Australia over 
the 2019–20 summer, our 2020 report7 focused on 
the relationship between health, climate change and 
bushfires, highlighting indicators that explored these 
linkages. For 2021, we return to reporting on the full 
suite of indicators across each of the five domains, as 
well as adding some new indicators.

Methods

We tracked progress on health and climate change in 
Australia across 37 indicators within the five broad 
domains. Where possible, we adopted the methods 
used by the Lancet Countdown, including those used 

in its 2021 report.11 Where more appropriate for an 
Australia-focused assessment, or where it was possible 
to refine or improve on the original method as more 
precise and comprehensive data or methods were 
available at the national level, the method for the 
Australian indicators was modified or an alternative 
method was employed.

Consistent with developments in the Lancet 
Countdown reports of 2020 and 2021,11,12 four new 
indicators are introduced this year: Heat impact 
on physical and sporting activities (indicator 1.4); 
Urban green space (indicator 2.6); Diet and health 
co-benefits (indicator 3.9); and Net value of fossil fuel 
subsidies and carbon prices (indicator 4.6). A further 
three new indicators are introduced this year that 
are unique to the MJA–Lancet Countdown and have 
been developed to address health and climate change 
issues of importance to Australia: Indigenous health 
and climate change (indicator 1.2); Bushfire adaptation 

Summary
•	 The MJA–Lancet Countdown on health and climate 

change in Australia was established in 2017, and 
produced its first national assessment in 2018, its first 
annual update in 2019, and its second annual update in 
2020. It examines indicators across five broad domains: 
climate change impacts, exposures and vulnerability; 
adaptation, planning and resilience for health; 
mitigation actions and health co-benefits; economics 
and finance; and public and political engagement.

•	 Our special report in 2020 focused on the 
unprecedented and catastrophic 2019–20 Australian 
bushfire season, highlighting indicators that explore 
the relationships between health, climate change and 
bushfires. For 2021, we return to reporting on the full 
suite of indicators across each of the five domains and 
have added some new indicators.

•	 We find that Australians are increasingly exposed to 
and vulnerable to excess heat and that this is already 
limiting our way of life, increasing the risk of heat 
stress during outdoor sports, and decreasing work 
productivity across a range of sectors. Other weather 
extremes are also on the rise, resulting in escalating 
social, economic and health impacts. Climate change 
disproportionately threatens Indigenous Australians’ 
wellbeing in multiple and complex ways.

•	 In response to these threats, we find positive action 
at the individual, local, state and territory levels, with 
growing uptake of rooftop solar and electric vehicles, 
and the beginnings of appropriate adaptation planning. 
However, this is severely undermined by national 
policies and actions that are contrary and increasingly 
place Australia out on a limb. Australia has responded 
well to the COVID-19 public health crisis (while still 
emerging from the bushfire crisis that preceded it) and 
it now needs to respond to and prepare for the health 
crises resulting from climate change.

Perspectives

1 Macquarie University, 
Sydney, NSW. 

2 University of Sydney, 
Sydney, NSW. 

3 Institute for Global 
Health, University College 

London, London, UK. 

4 Queensland University of 
Technology, Brisbane, QLD. 

5 Australian 
Institute of Health 

Innovation, Macquarie 
University, Sydney, NSW. 

6 University Centre for Rural 
Health, University of Sydney, 

Sydney, NSW. 

7 University Centre for Rural 
Health, University of Sydney, 

Lismore, NSW. 

8 Monash University, 
Melbourne, VIC. 

9 Integrated Sustainability 
Analysis, University of 
Sydney, Sydney, NSW. 

10 University of Melbourne, 
Parkville, VIC. 

11 Climate Change Research 
Centre and ARC Centre 

of Excellence for Climate 
Extremes, University of New 

South Wales, Sydney, NSW. 

12 Menzies Institute for 
Medical Research, University 

of Tasmania, Hobart, TAS. 

13 UCL Energy 
Institute, University College 

London, London, UK. 

14 Monash Sustainable 
Development 

Institute, Monash University, 
Melbourne, VIC. 

paul.beggs@mq.​
edu.au

doi:  10.5694/mja2.51302

Paul J Beggs1

Ying Zhang2

Alice McGushin3

Stefan Trueck1

Martina K 
Linnenluecke1

Hilary Bambrick4

Helen L Berry5

Ollie Jay2

Lucie Rychetnik2

Ivan C Hanigan6

Geoffrey G Morgan7

Yuming Guo8

Arunima Malik9

Mark Stevenson10

Donna Green11

Fay H Johnston12

Celia McMichael10

Ian Hamilton13

Anthony G Capon14

https://doi.org/10.5694/mja2.51302
mailto:﻿
https://orcid.org/0000-0001-9949-1783
https://orcid.org/0000-0001-6214-2440
https://orcid.org/0000-0002-6360-6793
https://orcid.org/0000-0003-3166-5876
https://orcid.org/0000-0002-5150-8678


M
JA

 2
15

 (9
) ▪

 1 
N

ov
em

be
r 2

02
1

392.e2

Perspectives
M

JA
 2

15
 (9

) ▪
 1 

N
ov

em
be

r 2
02

1

392.e2

(indicator 2.7); and Health and climate change research 
funding (indicator 5.4).

Full details of our methods, data and caveats are 
provided for each indicator in the Supporting 
Information and are numbered accordingly. We also 
provide a brief summary of the method within the text 
for each indicator here.

Section 1: Climate change impacts, exposures and 
vulnerability

We begin our assessment of health and climate change 
in Australia with an analysis of trends in climate-
related impacts on health, exposures to extremes of 
climate, and the vulnerability of Australians to these 
exposures and associated adverse impacts on their 
health.

We explore various facets of increasing heat including, 
for the first time, its impact on physical and sporting 
activities. We also examine indirect impacts such as 
mosquito-borne diseases and population displacement 
due to weather-related disaster. Importantly, we also 
introduce a new indicator on Indigenous health and 
climate change.

1.1  Vulnerability to extremes of heat

This indicator reports the Heat Exposure 
Vulnerability Index (HEVI) for Australia. The HEVI 
is a measure of potential vulnerability of a country 
to heat exposure and is based on the proportion of 
the population aged over 65 years, the prevalence of 
underlying diseases in this subpopulation, and the 
proportion of the population living in urban areas 
(Supporting Information 1.1). People older than 65 
years and those with pre-existing medical conditions 
are particularly vulnerable to the negative health 
impacts of exposure to extremes of heat, and those 
living in urban areas are particularly vulnerable 
because of the inherently higher temperatures in 
urban areas compared with adjacent areas, as a result 
of the urban heat island effect. This composite index 
ranges from 0 to 100, with higher scores representing 
greater vulnerability.

Although there was a slight decline in 2019, 
the HEVI for Australia over the period 1990–
2019 is high and shows an upward trend (Box 
1). In comparison to elsewhere, Australia’s 
HEVI far surpasses the global average 
and also the average for all World Health 
Organization (WHO) regions of the world.13

1.2  Indigenous health and climate change

Climate change is disproportionately harmful 
to Indigenous Australians.14 However, this 
can be difficult to quantify, being frequently 
constrained by many factors. The approach 
taken for this new indicator has been to 
extract the most climate-relevant and 
sensitive indicators from each of three tiers 
(health status and outcomes; determinants 
of health; and health system performance) 
from the Australian Institute of Health and 

Welfare’s Aboriginal and Torres Strait Islander Health 
Performance Framework report15 (Box 2).

From tier 1, rates of cardiovascular and respiratory 
disease were chosen as they are linked to heat stress11 
and indicative of physical stress from a changing climate. 
In 2018–19, the proportions of Indigenous Australians 
with a self-reported cardiovascular or a long term 
respiratory condition were 16% and 29%, respectively.15 
From tier 2 of the report,15 employment and housing 
were chosen as indicators of social determinants of 
health and resilience to climate change. In 2018–19, 
the employment rate for Indigenous Australians 
aged 15–64 years was 49% and, at this time, 18% of all 
Indigenous Australians were living in overcrowded 
households.15 From tier 3, the indicator of barriers to 
accessing health services was chosen because seeing 
a general practitioner is a preventive adaptive health 
strategy. In 2018–19, 30% of Indigenous Australians did 
not see a health care provider despite needing to do so 
(Supporting Information 1.2).15 These elevated levels of 
disease, unemployment and overcrowded housing, and 
lack of access to health care increase the vulnerability 
and decrease the adaptive capacity of Indigenous 
Australians to climate change health impacts.

1.3  Health effects of heatwaves

Multiple recent studies have demonstrated that 
heatwaves result in excess ambulance demand, hospital 
admissions and mortality in Australia.16,17 This indicator 
tracks change in a measure of heatwave intensity, the 
excess heat factor, as it applies to human health.18-20 The 
excess heat factor is based on unusually high 3-day-
averaged daily mean temperatures in relation to the 
local long term climate and the recent past (Supporting 
Information 1.3). Box 3 shows the Australian average 
excess heat factor over the past 20 heatwave seasons 
(November–March). The data from each season were 
accumulated (ie, summed) over the season.

Calculating the trend through the 20 years presented 
(2001–2002 to 2020–2021), and a longer 50-year trend 
(1971–1972 to 2020–2021), allows an assessment of 
medium and long term change, respectively (Box 3). 
The long term trend demonstrates a 36% increase in 

1  Heat Exposure Vulnerability Index for the Australian 
population, 1990–2019
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excess heat factor over the most recent 20-year period, 
whereas the medium term trend shows a 103% rise 
over this period. This result reveals an accelerated 
rate of increase over the past 20 years. Weighting 
the accumulated excess heat factor according to the 
population density has a similar result, with the 50-
year and 20-year heatwave season accumulated excess 
heat factor rises being 30% and 83%, respectively. 
These percentage changes are smaller than those 
reported in the 2020 MJA–Lancet Countdown report,7 
in part because the 2020–21 summer was cooler 
than the 2019–20 summer. Impacts will continue 
to rise because of the general increase in ambient 
temperatures and will be especially large during and 
shortly after heatwave events.

1.4  Heat impact on physical and sporting activities

This indicator follows the estimated heat stress risk of 
people participating in physical and sporting activities 
across Australia and in large cities within each state 
and territory. As detailed in the Sports Medicine 
Australia Extreme Heat Policy, moderate risk indicates 

that additional rest breaks should 
be undertaken, a high risk requires 
the additional implementation 
of active cooling strategies (eg, 
water dousing), and an extreme 
risk indicates that activities should 
be suspended.21 The policy splits 
sports into five risk classification 
groups according to the combined 
effects of exercise intensity and 
clothing/equipment worn.21 This 
indicator focuses on the fourth 
risk group, which includes cricket, 
bushwalking, rugby and several 
other sports.

On average across Australia, 
weather conditions in 2019 led 
to the second greatest number of 
days that all three risk thresholds 
were exceeded since 2001 (Box 
4). Relative to a 5-year average 

(2001–2005), the number of days that activities would 
have been suspended due to extreme heat risk more 
than doubled in 2019, while activities became about 
1.5 times more likely to have been interrupted due to 
moderate or high heat stress risk.

Brisbane (115 days) and Alice Springs (95 days) had the 
greatest number of days in 2019 that would have been 
disrupted due to moderate heat stress risk. Of the eight 
cities analysed, six had a greater number of days with 
activities likely suspended due to extreme heat in 2019 
relative to the 5-year average, with Alice Springs (41 v 
13 days) and Sydney (11 v 2 days) showing the greatest 
relative increase (Box 5; Supporting Information 1.4).

1.5  Change in labour capacity

This indicator follows the impact of heat exposure on 
work productivity across the main industry sectors in 
Australia (service, construction, manufacturing and 
agriculture), expressed as the estimated work hours 
lost due to heat stress. Data are provided for these four 
industry sectors for where work is carried out in the 
shade, and for two of these sectors (agriculture and 

construction) for where work is 
carried out both in shade and in 
direct sunlight.

For work in the shade, 58 673 
potential hours of work were 
lost due to heat stress across 
Australia in 2019, compared with 
a 10-year average of 31 227 hours 
between 1991 and 2000. Work in 
the service sector represented the 
greatest share of these lost hours 
(41.0%), followed by construction 
(35.6%), manufacturing (13.1%) and 
agriculture (10.3%). For work in 
direct sunlight, the construction 
sector lost the most hours (67 565) 
in 2019 compared with a 1991–2000 
average of 25 240 hours (Box 6). 
Shaded work hours lost in 2019 
were greatest in New South Wales 

3  Nationally averaged Australian heatwave season (November–March) 
accumulated excess heat factor (EHF) for the past 20 heatwave seasons 
(2001–2002 to 2020–2021)*

* The blue trend line is calculated over the past 50 heatwave seasons (1971–1972 to 2020–2021), while the 
red trend line is calculated over the past 20 heatwave seasons. Data source: Bureau of Meteorology. ◆

2  Proportion of Indigenous Australians with a self-reported cardiovascular* 
or long term respiratory condition, aged 15–64 years and employed, living 
in housing considered overcrowded, and not seeing a health care provider 
despite needing to do so, 2002–03 to 2018–19

*The Australian Institute of Health and Welfare (AIHW) only introduced the cardiovascular indicator in 
2018–19. Data source: AIHW. ◆
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(18 239), followed by Queensland (17 521), Victoria 
(7552) and the Northern Territory (6931) (Supporting 
Information 1.5, Figure A1).

1.6  Cold- and heat-related mortality

The association between non-optimal temperatures 
and premature deaths has been frequently reported, 
with the strength of the relationship varying in 
different populations.22 However, the mortality burden 
attributable to non-optimal temperatures across 
Australia has not been well quantified at the national 
level. This indicator shows that 11.40% (95% confidence 

interval [CI], 6.99–16.50%) of 
Australian deaths are associated 
with non-optimal temperatures, 
equating to 74 excess deaths 
per 100 000 residents annually 
(Supporting Information, Table 
A1). There is great spatiotemporal 
variation of the mortality burden 
due to non-optimal temperatures 
(Box 7; Supporting Information 
1.6). Most excess deaths are 
currently explained by cold 
exposure (9.81%; 95% CI, 6.38–
13.74%), but as shown in Box 7 (B2 
and C2), in large parts of eastern 
Australia excess deaths due to 
cold are decreasing over time, 
and excess deaths due to heat are 
increasing over time.

1.7  Bushfires

Bushfires affect population health 
through the risks associated with 
firefighting and accidents, the 
mental trauma associated with 
proximity to a fire front and threats 

to life and property, and the widespread harm done by 
degraded air quality.23 While there is considerable inter-
annual variation in landscape fire activity in Australia,24 
the widespread occurrence of extreme bushfire activity 
in the 2019–20 season was associated with many climate-
driven environmental conditions.25

Estimated person-days of exposure to landscape fire for 
2020 were calculated from satellite-observed active fire 
spots and population density data on a 10 km × 10 km 
grid. The 2020 calculation of 190 774 person-days of 
exposure was lower than the 2019 peak of 270 997 but 
in keeping with a steady upward trend since 2001 (Box 

5  Total number of days annually, 2001–2019, for each of the eight Australian cities analysed (Sydney, Melbourne, 
Brisbane, Canberra, Perth, Alice Springs, Adelaide, Hobart) that exceeded the moderate, high and extreme Heat 
Stress Risk threshold as defined by the 2021 Sports Medicine Australia Extreme Heat Policy21

4  Average number of days annually, 2001–2019, across eight Australian 
cities analysed (Sydney, Melbourne, Brisbane, Canberra, Perth, Alice 
Springs, Adelaide, Hobart) that exceeded the moderate, high and extreme 
Heat Stress Risk threshold as defined by the 2021 Sports Medicine 
Australia Extreme Heat Policy21
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8; Supporting Information, Table A2). Many factors 
likely contribute to this trend, including an increasing 
frequency of conditions favourable to bushfires, 
increasing use of planned burning to mitigate bushfire 
hazards (which is also captured in the satellite-observed 
landscape fire data), and trends in population size and 
settlement patterns (Supporting Information 1.7).26

1.8  Health effects of drought

Droughts are periods of extreme dryness across 
entire landscapes with implications for wildfire, 
ground water, fresh water, agriculture and some 
large scale societal impacts such as desertification 
and rural exodus. The historical record shows that 
droughts have significantly threatened the resilience 
of communities in Australia.27,28 For this indicator 
of extent of meteorological drought, we use the 
standardised precipitation evapotranspiration index, 
based on precipitation and temperature. This indicator 
is also designed to measure excess occurrence of 
drought compared with a baseline climate (1950–2005). 
The indicator reports on annual average drought. A 
full explanation of the methodology and additional 
analysis are provided in Supporting Information 1.8. 
In 2019, 78% of Australian land surface experienced 
excess severe drought (Supporting Information, Figure 
A2). Such levels of excess drought were more than 
tenfold that of the historical baseline. Regions with 
particularly high excess severe drought levels in 2019 
included large swathes of NSW, Victoria, Western 
Australia, central and northern Australia and southern 
Queensland (Supporting Information 1.8, Figure A3).

1.9  Migration, displacement and environmental 
change

While some populations can adapt in situ to climate 
change-related drivers of migration and displacement, 
such as sea level rise (eg, through policy responses 
and building coastal barriers), some populations 
have to move from sites of risk. This indicator tracks: 
population exposure to sea level rise of 1 m and 5 m; 

and population displacement due to weather-related 
disaster. In Australia, based on current population 
data, more than 160 000 people would be directly 
affected by a sea level rise of 1 m, and 1.7 million 
people by a sea level rise of 5 m.

In 2019, there were 25 000 people displaced by 
weather-related disasters in Australia, primarily 
bushfires.29 In early 2020, bushfires triggered around 
47 000 displacements in Australia,30 continuing 
an upward trajectory since 2008 (Box 9). Health 
outcomes of climate-related mobility will depend on 
context; health threats may result from disruptions 
to food access, housing, social networks, attachment 
to place, and health service access (Supporting 
Information 1.9).31,32

1.10  Mosquito-borne diseases

Mosquito-borne diseases are strongly related to 
climate due to the sensitivity of mosquito vectors 
and disease pathogens to climate variables such as 
temperature, rainfall and humidity, which affect the 
transmission dynamics and geographic spread of 
these diseases. The two main mosquito-borne illnesses 
in Australia are caused by dengue virus and Ross 
River virus. These respectively average 730 and 4650 
cases annually, but there is considerable interannual 
variation in both (Box 10; Supporting Information, 
Figure A4). Figure A5 in the Supporting Information 
shows the seasonality of dengue and Ross River virus 
infection, each being higher following the warmer 
months.

There is an upward trend apparent in national 
annual dengue incidence (Supporting Information, 
Figure A6). This may arise from more frequent 
infections acquired overseas, from either increased 
passenger arrivals or more intense transmission 
overseas, or from a combination of both. This 
hypothesis is supported by the decline to near zero 
incidence in dengue virus and Ross River virus 
since international borders closed as a coronavirus 

disease 2019 (COVID-19) 
response, while the climate 
remains suitable for transmission. 
Trends in Queensland suggest 
that although climate conditions 
are highly suitable for dengue, 
public health measures largely 
determine transmission, 
preventing dengue from 
becoming endemic. The climate 
in northern Australia, already 
suitable for high mosquito 
vector density and dengue 
transmission much of the 
year,33 may become even more 
favourable with climate change 
(increased temperature, humidity, 
rainfall), rendering future control 
potentially more difficult.

There has been a slight decline in 
Ross River virus cases over the 
past three decades (Supporting 

6  Estimated potential work hours lost in Australia due to heat, stratified 
by industry sector, shaded and in direct sunlight, 1990–2019

200 = 200 W, the assumed metabolic rate in the service sector; 300 = 300 W, the assumed metabolic 
rate in the manufacturing sector; 400 = 400 W, the assumed metabolic rate in the agriculture and con-
struction sectors; Agr = agriculture sector; Constr = construction sector; Manuf = manufacturing sector; 
Serv = service sector; shade = shaded work; sun = work in the sun; WHL = work hours lost. ◆
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Information, Figure A7), although recent research 
suggests this is not a significant trend (Supporting 
Information 1.10).34

In conclusion, while most deaths from non-optimal 
temperatures arise due to cold, increasing heat 
exposure remains a leading health risk in Australia. 
Heatwave intensity is growing exponentially, 
reducing productivity across all sectors of the 
economy and hampering sporting participation. 
Despite a cool summer and flooding rains in 

2020–2021, the frequency and severity of bushfires 
and droughts have continued their upward trend.

Our indicators this year underscore the 
unpredictability of the effects of a warming 
climate and the increasingly critical importance of 
policy responses. First, governments must address 
temperature extremes, not just heat. Second, while 
the risk of disease vector spread continues to rise, 
policy interventions (especially in Queensland) have 
controlled it and we must learn from this. Third, 

7  Spatial and temporal variation in mortality burden due to non-optimal temperatures in Australia, 2000–2019
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climate change disproportionately 
threatens Indigenous Australians’ 
wellbeing due to substantial 
ongoing health inequities: this 
is a policy failure that must be 
addressed urgently.

Section 2: Adaptation, planning 
and resilience for health

A fundamental metric of a country’s 
preparedness for avoiding the 
worst of climate change would 
be a comprehensive assessment 
of the nation’s vulnerability and 
the likely impacts on the health 
and wellbeing of the population. 
Alongside this should be a detailed 
plan to manage the negative health 
consequences. Integral to such a 
plan are services and assets such as 
weather information, disaster and 
emergency response capacity, the 
quality of the built environment, 
and firefighting capacity; however, 
these can contribute to health 
protection even in the absence of an 
overall adaptation plan or strategy. 
This section monitors the extent 
to which Australia’s governments 
have incorporated such plans and 
measures to protect health from a 
changing climate.

2.1  Australian adaptation plans 
for health

There remains no national climate 
change adaptation plan for health 
for Australia. The framework for 
a national strategy on climate, 
health and wellbeing for Australia, 
produced by the non-government 
organisation Climate and 
Health Alliance,35 that sets out a 
recommended approach to health 
adaptation, has not been adopted by 
the federal government.

Queensland and Victoria remain 
the only jurisdictions to have a 
specific health adaptation plan, as 
noted previously in the 2020 MJA–
Lancet Countdown report.7 The 
Australian Capital Territory has 
health included in detail as part 
of its comprehensive adaptation 
strategy.36 Similarly, South 
Australia has climate change 
adaptation as part of its state 
public health plan.37 Following 
the Climate Health WA Inquiry, 
WA now has a blueprint for the 
next decade of its health system’s 
response to adapt to climate 

8  Annual person-days exposed to landscape fire in Australia, 2001–2020, 
showing the trend with 95% confidence intervals and the average for 
the entire period

9  Number of people in Australia displaced by weather-related disasters, 
2008–2020

Dashed line shows the associated linear trend. Data source: Internal Displacement Monitoring Centre. ◆

10  Annual dengue notifications per 100 000 population, 1991–2020, by 
Australian state and territory

Data source: National Notifiable Diseases Surveillance System. ◆
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change to protect the health of the community and 
how health services can reduce emissions and waste.38 
Tasmania held an expert roundtable in 2019 as a step 
towards developing its health adaptation plan.39 Based 
on our searches of public-facing websites, NSW and the 
NT do not have climate change and health adaptation 
plans (Supporting Information 2.1).

2.2  National assessments of climate change 
impacts, vulnerability and adaptation for health

Non-government organisations continue to do the 
bulk of the work in assessing the impacts of climate 
change on population health, vulnerability to 

these impacts, and associated 
adaptation strategies in Australia, 
particularly the Climate Council, 
a community-funded, non-profit 
organisation which provides 
information and advice to the 
Australian public on climate 
change (https://www.clima​
tecou​ncil.org.au/about/). The 
Climate Council includes several 
of Australia’s leading climate 
change scholars and researchers, 
including those with health and 
medical expertise, making their 
reports scientifically credible and 
important contributions in this 
field.

New reports published by the 
Climate Council that have a 
substantial health component 
and were published since this 

indicator was last reported on in 2019 focus on sport 
participation in increasing temperatures,40 and health 
impacts from gas under a maladaptive “gas-led 
recovery” which has been promoted by the federal 
government following COVID-19.41

There is still no government report approaching a 
national climate change vulnerability and impacts 
assessment since the 2008 Garnaut Climate Change 
Review,42 which included a section on health. Climate 
data that can be used for such assessments have 
recently been updated via the release of the 2020 State 
of the Climate report by the Commonwealth Scientific 
and Industrial Research Organisation (CSIRO) and 

12  International Health Regulations (2005) monitoring framework average capacity scores for Australia, the WHO 
Western Pacific Region and the globe, for zoonotic events and the human–animal interface, surveillance, human 
resources, national health emergency framework, and health service provision, 2018–2020

Data source: World Health Organization. ◆

11  Proportion of local councils in each Australian state and territory 
participating in the Cities Power Partnership in 2018, 2019 and 2020

Note the Australian Capital Territory has only one local government area. ◆

https://www.climatecouncil.org.au/about/
https://www.climatecouncil.org.au/about/
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the Bureau of Meteorology (BOM) (Supporting 
Information 2.2).43

2.3  City-level climate change risk assessments

In the 2018 MJA–Lancet Countdown report,5 it was noted 
that each capital city in Australia had some form of 
climate risk assessment or adaptation plan, at least as 
a mention in a state plan if not from the city councils 
themselves. In 2019, the City of Sydney declared a 
climate emergency and produced a new, brief report.44 
Their Sustainable Sydney 2030: community strategic plan 
2017–2021 is due for an update.45 Melbourne “refreshed” 
its previously noted 2009 Climate Change Adaptation 
Strategy in 2017.46 Hobart has updated its strategy,47 as 
has the ACT (which prominently mentions Canberra).36 
Adelaide has no specific risk-assessment, but climate 
change is mentioned in their 30-year plan.48

There has been no update of plans for Darwin,49 
Brisbane50 or Perth,51 with Perth still only having a 
basic strategy focused on “energy resilience”. These 
strategies were noted in our 2018 Countdown report.5

Local city councils continue to increase their 
engagement with climate change action through the 
Cities Power Partnership (Box 11), with a 15% increase 
in the number of participating councils nationally 
(from 120 in 2019 to 138 in 2020). Participation in 
the NT remains unchanged at 25% (two of eight) of 
councils, although this proportion remains higher than 
that of councils in Queensland, SA, Tasmania and WA 
(Supporting Information 2.3).

2.4  Climate information services for health

The BOM routine heatwave and ultraviolet radiation 
information services are available to the public 
and health sector on its website, mobile app, and 
other channels. Web traffic to the heatwave website 
(http://www.bom.gov.au/austr​alia/heatwave) from 
11 October 2019 to 30 March 2020, measured using 
Google Analytics, showed 188 531 unique views (an 
average of 1096 views/day), a reduction of 9% from 

the 2018–19 heatwave season (1201 views/day). This is 
consistent with the intensity of the 2019–20 heatwave 
season which, while extremely high, was slightly lower 
than the 20-year peak that occurred in 2018–19 (see 
indicator 1.3 Health effects of heatwaves). Web traffic 
to the heatwave website during the 2020–21 heatwave 
season was much lower than the previous two seasons 
(133 770 unique views, 778 views/day), again reflective 
of the much cooler temperatures that season. Web 
visits peaked on days with record temperatures or 
heatwaves.

National smoke forecasts to assist Australian fire 
agencies with their planned burn decisions are being 
developed in collaboration with the CSIRO and fire 
agencies. These were used by state health authorities 
to help inform air quality advice to the community 
during the 2019–20 Black Summer bushfires.

The BOM, together with the Victorian Department 
of Health, the University of Melbourne and Deakin 
University, provides thunderstorm asthma forecasts 
in Victoria during its grass pollen season, October–
December (Supporting Information 2.4).52

2.5  Detection, preparedness and response to 
health emergencies

The International Health Regulations (2005)53 (IHRs) 
are an instrument of international law to prevent, 
protect against, control and provide a public health 
response to potential public health emergencies 
and the international spread of infectious disease. 
With weather and climate causing or contributing 
to many public health emergencies and the spread 
of many infectious diseases, the IHRs serve as an 
important indicator of national climate change and 
health adaptive capacity. Countries report to the 
World Health Assembly on the implementation of 
the IHRs across 13 capacities. For this indicator, we 
track Australia’s reported implementation of the 
national health emergency framework capacity. We 
found that Australia achieved the top score of 100% 

13  The amount of urban green space in all 27 Australian urban centres over 2020, as measured by the satellite 
remotely sensed Normalised Difference Vegetation Index (NDVI)*

* Perth inset highlighted in red. ◆

http://www.bom.gov.au/australia/heatwave
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for this capacity since it was introduced by the WHO 
in 2018 (Box 12). Limitations of the IHRs in ensuring 
an effective response to the COVID-19 pandemic have 
been identified and continue to be evaluated and 
reviewed. However, countries with higher capacity 
scores were found to have lower incidence and 
mortality per 100 000 population within 30 days from 
first COVID-19 diagnosis, stressing the relevance of the 
IHRs.54 For continuity with previous reports,6 we also 
report here Australia’s surveillance and public health 
human resources capacities. While the latter continues 

at 100%, the former has dropped below this level. We 
also highlight that Australia’s zoonotic events and the 
human–animal interface, and health service provision 
capacities have been below 100% over this period 
(Supporting Information 2.5).

2.6  Urban green space

Urban green space is an important component of 
climate change and health adaptation, acting to cool 
urban areas through shading and evapo-transpiration. 

14  Annual number of National Aerial Firefighting Centre (NAFC) aircraft services and volunteer firefighters and 
support staff in Australia from 2007–08 to 2020–21

NAFC aircraft services represent the number of aircraft in Australia available to fight bushfires. It should be noted that some aircraft double up for the north and 
south of the country; for example, an aircraft may run in Queensland then move to Tasmania as a separate Service. A service is usually exclusive to NAFC use, mostly 
for 84 or 96 days each summer (some services run longer). Data sources: NAFC and Australian Government Productivity Commission. ◆

15  Carbon intensity of total primary energy supply for Australia, selected countries and the world, and 
corresponding total carbon dioxide (CO2) emissions, 1971–2019

Data source: International Energy Agency. ◆
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This indicator presents calculated levels of the 
Normalised Difference Vegetation Index (NDVI), 
reflecting the levels of greenness for all 27 Australian 
urban centres for the year 2020 (Box 13; Supporting 
Information, Table A3). The NDVI is a commonly used 
remote-sensing derived vegetation index to measure 
vegetation quantity and health using the different 
amounts of light reflected and absorbed in the red and 
near-infrared spectrum bands by chlorophyll. This 
ratio is normalised to – 1.0 to 1.0, with larger values 
indicating increasing quantities of denser and more 
robust vegetation.55 The NDVI varies across the year, 
generally reaching peak values in spring and summer, 
but this is dependent on local climate conditions and 
local vegetation types. Here, levels of NDVI below 0.40 
were categorised as low, below 0.50 as moderate, and 
above 0.50 and 0.60 as high and very high, respectively. 
During peak seasons, most urban areas in Australia 
have moderate to high levels of greenness and 

somewhat reduced values of low 
to high greenness when using a 
four-season average. However, 
these levels of greenness are 
not evenly distributed through 
the urban areas and the results 
suggest disproportionate access 
to greenspace in all the cities, 
reflecting a global trend often 
seen of lower levels of greenspace 
in less privileged areas.56 When 
using population-weighted peak 
averages, measures of greenness 
in Australia decline to low to 
moderate levels across most areas 
and decline to very low in some 
areas when using a four-season 
population-weighted average.

In Table A4 in the Supporting 
Information, levels of greenness 
for the four metrics are 
broken down by percentage 
of population. Only 3% of 
Australians live in an area with 
very high peak greenness and 1% 
in very high average four-season 
greenness; 82% live in areas 
with a high peak greenness and 
66% in high average greenness. 
Weighted by population, this 
drops to 16% and 3% for peak 
and average greenness. For 
levels of moderate greenness, the 
percentages for the four metrics 
are 15%, 21%, 80% and 16%, 
respectively. When weighted by 
population, 78% of Australians 
live in areas of low greenness 
across four seasons, while 12% 
live with low greenness across 
an unweighted four-seasons 
average (Supporting Information 
2.6). In addition to the localised 
urban cooling that vegetation can 
provide, urban greenspace can 

provide areas to facilitate increased physical activity 
and social interactions, and help to reduce stress 
levels and exposure to air and noise pollution.57,58 This 
means that these benefits are not shared equally with 
those in less privileged areas.

2.7  Bushfire adaptation

As highlighted elsewhere in this report (eg, indicator 
1.7 Bushfires) and in our 2020 report which focused 
on Australia’s 2019–20 Black Summer,7 bushfires are a 
major climate-related extreme event with direct and 
indirect consequences for human health in Australia. 
Central to Australia’s bushfire adaptation will be the 
implementation of all of the recommendations in the 
Royal Commission into National Natural Disaster 
Arrangements report,4 some as a matter of urgency. 
For example, Australian federal, state and territory 
governments should: prioritise the implementation 

16  Total primary coal supply in Australia, China, India, Indonesia and the US, 
1990–2019

Mtoe = millions tonnes of oil equivalent. Data source: International Energy Agency. ◆

17  Share of electricity generation from low carbon sources in Australia, 
Germany, the United Kingdom and the United States, and the Organisation 
for Economic Co-operation and Development (OECD) total, 1990–2018

Data source: International Energy Agency. ◆
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of harmonised data governance and national data 
standards; adopt nationally consistent terminology 
and functions for the different sheltering facilities, 
including evacuation centres, Neighbourhood Safer 
Places, places of last resort and natural disaster 
shelters; and urgently deliver and implement the all-
hazard Australian Warning System.4

To track progress on bushfire adaptation in Australia, 
our 2021 report introduces a new indicator that 
analyses aerial and terrestrial firefighting capacity 
(Box 14). Although National Aerial Firefighting 
Centre aircraft services have increased since 2007–
08, from just over 30 to the current 160 or so, the 
number of volunteer firefighters and support staff 
has decreased in the most recent 3 years for which 
data are available (2016–17 to 2018–19) (Supporting 
Information 2.7).

In conclusion, adaptation planning in Australia 
continues to be piecemeal and delivered solely by 
(some) state, territory and local governments, with a 
marked leadership vacuum at federal level. Some state 

and territory plans are overdue 
for an update. Some government 
agencies (eg, the BOM) do 
provide useful monitoring 
of climate information, and 
Australia has a globally 
recognised high capacity to 
respond to acute disasters and 
emergencies yet lacks long term 
health adaptation planning 
to avoid or minimise events 
related to climate change. 
Few Australians are currently 
afforded the maximum possible 
protection from extreme heat 
offered by living in areas with 
very high greenness. While the 
number of firefighting aircraft 
has increased recently, volunteer 
firefighting capacity has 
diminished.

Section 3: Mitigation actions and health  
co-benefits

While many world leaders are now planning on 
rapid decarbonisation and achieving net zero targets 
by the middle of the century, and despite every 
state and territory having a net zero target in place, 
Australia continues to lag in terms of policy targets 
and long term initiatives. Prime Minister Scott 
Morrison has signalled that the government would 
invest an additional $540 million into hydrogen 
and carbon capture and storage projects during the 
April 2021 climate summit hosted by US President 
Joe Biden.59 However, funding for these initiatives 
is limited compared with international efforts, 
and Australia’s focus continues to rest on support 
for fossil fuels (including gas), rather than a clean 
energy transition. While some positive signs of a 
transition to a cleaner energy future are emerging, 
progress is limited and occurring at a slow pace. 
This section monitors this progress across key 
sectors: energy, transport, agriculture, and health 

care. Linking mitigation back 
to health, it also reports on 
associated health co-benefits 
related to air pollution and diet.

3.1  Carbon intensity of the 
energy system

As in our 2019 report, we define 
the carbon intensity of the energy 
system as “the tonnes of CO2 
emitted for each unit of primary 
energy supplied”.6 Data used 
in our 2019 report were only 
available up to 2016.6 In 2021, new 
data have become available60 — 
up to 2019 for Australia, Brazil, 
Germany and the US, and up to 
2018 for the People’s Republic 
of China and for India (Box 15). 
The new data for most countries 

19  Australian transport energy consumption by fuel types, 2010–2019

Data source: Australian Government. ◆

18  Share of electricity generation from renewable sources in Australia, 
Germany, the United Kingdom and the United States, and the Organisation 
for Economic Co-operation and Development (OECD) total, 1990–2018

Data source: International Energy Agency. ◆
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show relatively little change from data we previously 
reported, except for a substantial reduction in the 
carbon intensity in Germany, which decreased from 55 
to 52.3 tonnes of CO2 per terajoule of the total primary 
energy supply. As evident from Box 15, the carbon 
intensity of Australia’s total primary energy supply 
continues to be among the highest of the countries 
included in analysis, noting that China has only in 
recent years (2010 onwards) started to report values 
slightly higher than Australia. Global CO2 emissions 
saw a 5.8% decrease in 2020 due to the impacts of 
COVID-19, which is not yet fully reflected in the 
available data for this indicator. However, emissions 
are projected to rebound with a 4.8% rise in 2021 
(Supporting Information 3.1).61

3.2  Coal phase-out

According to new data from the International Energy 
Agency (IEA),62 world coal production increased 
by 1.5% worldwide in 2019, continuing from earlier 

increases in 2017 and 2018 
which we reported in the 2019 
Countdown.6 Coal accounted 
for 27% of the world total 
energy supply in 2018, second 
behind oil, which accounted for 
32%.63 These figures are largely 
unchanged from previous 
years. In terms of electricity 
production, the share of coal was 
higher (38%), while renewables 
and natural gas both accounted 
for 23% — again, largely 
unchanged from previous 
years.63

However, IEA data for 2020 show 
a sharp decline in coal demand 
(5% from 2019 levels).64 This drop 
can be attributed to decreased 
demand by power generation 

and various industrial sectors due to the impacts of 
COVID-19. Whether or not the COVID-19 impacts will 
have longer term impacts on coal phase-out will have 
to be seen in future years; however, the disruptions 
in the Asia–Pacific market significantly impacted 
Indonesian and Australian producers, also due to 
lower imports of Australian coal by China.64

While full updated data are not yet available, data up 
to 2019 show that Australia has retained its position 
as one of the world’s largest net exporters of coal. 
Together, Australia and Indonesia accounted for 57% 
of world coal exports in 2019, with Australia’s share 
alone being 29% of world coal exports.63 Leading 
countries for production of coal are China (48% of 
global production), the US (11%), followed by Australia, 
Indonesia and India. Together, these five countries 
account for 80% of production of coal (Box 16).63

Domestically, coal and coal products continued to be 
used primarily for power generation. In 2018, 88% of 
Australia’s coal consumption was devoted to power 

generation, while the average was 81.5% for 
Organisation for Economic Co-operation 
and Development countries (Supporting 
Information 3.2).65

3.3  Zero carbon emission electricity

In line with our 2019 report, renewable 
energy sources are defined as those that 
“produce energy from renewable sources in 
a sustainable manner (including bioenergy, 
geothermal energy, hydropower, ocean 
energy, solar energy and wind energy, but 
excluding nuclear power)”.6 Low carbon 
sources are defined as those that “have zero 
carbon or low carbon emissions at the point of 
energy production (ie, this excludes biomass, 
but includes nuclear and hydro)”.6 Data for 
this indicator are now available for 2018.66

As can be seen from Box 17 and Box 18, 
countries such as Germany and the United 
Kingdom continue to be leading the adoption 
of renewable and low carbon energy sources. 

20  Electric vehicle sales in Australia, 2011–2020

Data source: Electric Vehicle Council. ◆

21  Consumption-based footprint of food sectors, showing the 
contribution of the top 10 food sectors to the overall 
footprint (53 448 kilotonnes)
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The recent German data show that the upward 
trend has continued in recent years, with renewables 
contributing to 37% of energy production in 
Germany.66 From 1990 to 2018, the share of electricity 
generation from renewable sources increased from 8% 
to 18%, and from 7% to 17% from low carbon sources 
in Australia.66 While some reports indicate renewable 
electricity generation might have been as high as 21–
24% in 2019,67,68 Australia continues to have a much 
smaller proportion of electricity from low carbon 
sources compared with leading countries.

In 2020, about 36% of the renewable energy 
generated in Australia was powered by wind, while 
hydroelectric power contributed 23% (the figure was 
lower than previous years due to the ongoing impact 
of the drought in eastern Australia and substantial 
growth of wind and solar).68 We previously reported 
on Australia’s renewable energy target regulation 
(33 000 GWh for large scale generation by 2020 
from wind and solar farms or hydroelectric power 

stations). The target was 
achieved in September 2019, 
a year ahead of schedule.69 
There is no updated policy plan 
until the scheme ends in 2030 
(Supporting Information 3.3).

3.4  Clean household energy

It was previously reported that 
Australia had 220 000 solar 
rooftop systems installed in 
2018, a 26% increase on 2017.70 
New data provided by the Clean 
Energy Council71 show that the 
number rose to 287 504 solar 
rooftop installations in 2019, and 
recent industry reports72 suggest 
that capacity installed between 
January and July 2020 surpassed 
the total capacity added in 2018.

However, despite such promising developments, 
Australia continues to lag behind other countries 
such as Germany and the UK (as reported in 
indicator 3.3 Zero carbon emission electricity). 
Evidence regarding improvements of access to 
renewable and low carbon sources for Australia’s 
remote and Indigenous communities continues to 
be sparse. Nevertheless, the Australian Government 
has pledged up to $50.4 million over 5 years from 
2019–20 to 2023–24 to invest in regional and remote 
communities. This includes funds for microgrid 
technologies aimed at replacing, upgrading or 
supplementing existing energy supply infrastructures 
for off-grid and fringe-of-grid communities, which 
might lead to improved energy solutions in remote 
areas (Supporting Information 3.4).73

3.5  Exposure to air pollution in cities

This indicator uses information on annual average 
background concentrations of fine particulate matter 

< 2.5 µm (PM2.5) air pollution 
in typical urban settings. 
Population-weighted averages 
of PM2.5 modelled data for all 
major Australian cities were 
calculated. The major cities are 
defined as urban areas with 
greater than 100 000 population 
in 2016. In all major Australian 
cities, the annual average PM2.5 
concentrations were generally 
below the WHO annual 
guideline of 10 mg/m3 and the 
Australian advisory reporting 
standard of 8 mg/m3 (Supporting 
Information, Table A5).

However, increasing evidence 
suggests there is no lower threshold 
of PM2.5 which eliminates impact 
on human health.74 PM2.5 pollution 
concentrations in these cities 
have varied over the years due to 
bushfires and dust storms. In the 

22  Diet-related deaths in Australia, Germany, the United Kingdom and the 
United States, 2000–2017*

* The overall change from the start to the end of this period is shown as a percentage to the right of each of 
the lines. Note that the y axis is a logarithmic scale. ◆

23  Annual carbon dioxide emissions of Australia’s health system, 2015–2017
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NT, ACT and Tasmania there is substantial seasonal 
variation due to the dry season in the NT75 and wood 
heaters in the cooler southern regions76 (Supporting 
Information 3.5, Figure A8).

3.6  Premature mortality from ambient air 
pollution by sector

Ambient PM2.5 air pollution causes premature 
mortality, lost life expectancy and substantial 
public health impacts. In a comprehensive study of 
Australian air pollution and mortality data for the 
years 2006–2016, it was estimated that 2616 (95% CI, 
1712–3455) deaths were attributable to anthropogenic 
PM2.5 (equivalent to 2% of all deaths).77 There was a 
corresponding 0.2-year (95% CI, 0.14–0.28) reduction 
in life expectancy for children aged 0–4 years and 
38 962 (95% CI, 25 391–51 669) years of life lost.77 
Another recent study, on the mortality effect of 
PM2.5 sources in the Greater Metropolitan Region 
of Sydney,78 found that ambient PM2.5 from wood 
heaters has a large mortality burden and that some 
sources with lower emissions (eg, motor vehicles) can 
have proportionally higher population exposures and 

associated mortality burden, due 
primarily to the proximity of the 
source to larger populations and 
the inclusion of secondary PM2.5 
formed via atmospheric processes 
(Supporting Information 3.6).

3.7  Sustainable and healthy 
transport

The transport system is the largest 
user of energy and the third 
largest source of greenhouse 
gas emissions in Australia.79,80 
The transition to low and 
zero emission vehicles is an 
important priority to achieving a 
sustainable transport system and 
also delivering environmental 
and health co-benefits. In recent 

years, Australia has presided over significant growth 
in transport fuel consumption, mostly in diesel use 
(Box 19), with fossil fuels continuing to hold the major 
share in the primary energy consumption.81 On a 
positive note, the use of electricity as a fuel increased 
steadily during the period 2010–2019 (Box 20), despite 
few policies or incentives supporting the uptake of 
electric vehicles, the higher upfront purchase price for 
electric vehicles, and the limited choice of vehicles.82 
As can be seen from Box 20, the sale of electric vehicles 
in Australia peaked in 2019 with sales tripling from 
2216 in 2018 to 6718 in 2019.83 Despite the current 
reliance on fossil-fuelled transport in Australia, there 
are positive signs that with policies that promote clean 
fuels it is likely we will continue to see the upwards 
(not yet exponential) trend in electric vehicles in 
Australia. In addition to this transition to electric 
vehicles, decarbonisation of road transport will require 
increased walking, cycling and public transport use, 
and reduced travel such as by working from home 
(Supporting Information 3.7).84 Furthermore, increased 
walking and cycling for short trips would produce 
substantial health benefits from the increase in 

physical activity.85 Representing 
only 1.8% of all trips in urban 
areas, cycling rates in Australia 
are much lower than those in 
the Netherlands (26.8%), Japan 
(11.5%) and Germany (9.3%), so 
Australians have a lot to gain 
from the promotion of this mode 
of transport.86

3.8  Emissions from 
agricultural production and 
consumption

According to the National 
Greenhouse Gas Inventory,87 the 
production-based emissions for 
agriculture in Australia were 
75 588 kilotonnes in 2018. Using 
a consumption-based approach, 
based on input–output analysis, 
the entire supply chain of 
primary agriculture and food 

24  New investment and capacity withdrawal in the Australian National 
Electricity Market for different fuel sources (black coal, brown coal, 
gas, hydro, wind, solar and battery) for financial years 2012–13 to 
2019–20

Data sources: Australian Energy Regulator and Australian Energy Market Operator. ◆

25  Annual direct full-time equivalent (FTE) employment in renewable 
energy activities for Australia, New South Wales, South Australia, 
Queensland and Victoria

Source: Australian Bureau of Statistics.100 ◆
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consumption sectors was analysed. The assessment 
found that consumption-based emissions in 2018 
were 17 021 kilotonnes for primary agriculture 
sectors and 53 448 kilotonnes for food consumption. 
Primary agricultural sectors include sectors such 
as beef cattle, vegetables, fruits, dairy cattle, sheep 
and lambs. Food manufacturing sectors primarily 
encompass sectors that use primary agricultural 
products and transform those into products that 
are often consumed by humans; for example, fresh 
meat, dairy products, food and other meat products. 
Sectors that contribute to most of the footprint of 
the aggregated agricultural and food sectors are 
shown in Box 21 and Figure A9 in the Supporting 
Information, with beef cattle and fresh meat, 
respectively, being by far the largest contributors 
(Supporting Information 3.8).

3.9  Diet and health co-benefits

New to the 2021 report, this indicator presents the 
change in deaths attributable to dietary risks and the 
consumption of excess red meat. Methods, data and 
results were provided by the Lancet Countdown.11 
Between 2000 and 2017, all diet-related deaths in 
Australia increased by 19%, from 30 771 to 36 606. 
Compared with other high income countries such 
as Germany (increased by 3%), the UK (dropped by 
16%) and the US (increased by 17%), there is room for 
Australia to improve policies and practices to prevent 
mortality from unhealthy diet (Box 22). During the 
same time period, the number of deaths due to excess 
red meat consumption in Australia decreased by 8%, 
from 6742 deaths in 2000 to 6194 deaths in 2017, but 
there was a 13% increase from 5488 deaths in 2010 
(Supporting Information 3.9, Figure A10). Decreases 
in the production of beef cattle (see indicator 3.8) 
and consumption of excess red meat would have the 
co-benefits of reducing Australia’s greenhouse gas 
emissions and diet-related deaths.

3.10  Mitigation in the health care sector

This indicator provides a quantitative assessment of the 
total (direct plus indirect) CO2-equivalent emissions 
embodied in Australia’s health system. This indicator 
builds on previous work88,89 by constructing a time 
series of subnational multiregional tables from 2015 
to 2017, featuring all Australian jurisdictions. As such, 
the findings presented in this indicator are based on 
different input–output databases from the ones used by 
previous studies in this space. The subnational tables 
are then integrated with data on health expenditure 
for about 15 unique health sectors, and the hybridised 
model is subjected to Leontief input–output calculations 
for assessing supply chain impacts of Australia’s health 
system over time. We observe that, over time, Australia’s 
health sector emissions have increased (Box 23). This 
rise in emissions is consistent with trends observed for 
the global health sector,90 due to rising expenditures. 
Australia’s health system accounts for about 5.5% of the 
country’s greenhouse gas emissions.89 Multiple studies 
assessing the environmental impacts of health systems 
identify hospitals, pharmaceuticals and medicinal 
goods as key contributors for the bulk of the emissions 
of the health system90,91 (Supporting Information 3.10).

In conclusion, updated data available in 2021 show 
that Australia has again slightly lowered the carbon 
intensity of its energy system through gradually 
shifting from coal towards lower carbon and 
renewable sources. However, Australia continues to lag 
behind other developed countries in its shift towards 
renewable energy. It should be noted that many nations 
have undertaken substantial investment into a green 
COVID-19 recovery, which is likely to widen the gap 
between Australia’s carbon intensity and that of other 
countries in the future.92

Section 4: Economics and finance

This section focuses on the economic cost of climate 
change and examines financial mechanisms that 
have been implemented to protect human health from 
the impacts of climate change. We consider the cost 
of mortality related to heat. We also report recent 
economic efforts to decarbonise the electricity sector 
and mitigate carbon emissions for the Australian 
economy. In particular, we report on indicators that 
measure investment in renewable generation and 
energy efficiency, employment in low carbon and high 
carbon industries, funds divested from fossil fuels, as 
well as recent developments on fossil fuel subsidies 
and carbon pricing.

4.1  Costs of heat-related mortality

This indicator tracks the economic cost of heat-related 
mortality for Australia. As illustrated in indicator 1.6 
(Supporting Information 1.6), the annual heat-related 
mortality burden in Australia for the 2000–2019 period 
is estimated to be about 2300 excess deaths. People 
over the age of 65 years exhibit disproportionately 
larger increases in mortality during heatwaves than 
younger individuals.93 Semenza and colleagues94 
found that the median age of people suffering from 
heat-related death was 76 years during the 1995 
heatwave in Chicago, while Herbst and colleagues95 
suggested a mean age of about 70 years for heat-related 
deaths in Adelaide during the 2009 heatwave. In the 
following discussion, we assume an average age of 73 
years for people suffering from heat-related mortality 
in Australia. Based on medium mortality rates used 
by the Australian Bureau of Statistics,96 the average 
remaining number of years expected before death 
for a person aged 73 is about 15 years. Applying an 
economic value of a statistical life-year of $197 000 
for 2020,97 the annual cost from heat-related mortality 
for Australia is estimated to be around $6.8 billion or 
about 0.5% of Australia’s 2020 nominal gross domestic 
product (Supporting Information 4.1).

4.2  Investment in new coal capacity

This indicator reports the investment in new coal 
generation capacity. According to the latest report 
of the Australian Energy Regulator (AER)98 and 
the Australian Energy Market Operator (AEMO),99 
currently there is no planned investment in new 
coal-fired generation, while since 2012–13, over 
4000 MW of black and brown coal generation assets 
have been removed from the market (Box 24). Further 
major retirements of coal-fired generation have been 
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scheduled. The closure of these plants has significantly 
reduced the capacity of dispatchable generation in the 
Australian National Electricity Market (NEM), and 
the AEMO has emphasised the risk of potential power 
outages during the summer months (Supporting 
Information 4.2). Indicator 4.3 illustrates the significant 
investment in renewable generation since 2017 that has 
helped to replace coal-fired generation, while indicator 
4.5 provides further information on the additional 
divestment from coal-fired generation in the future.

4.3  Investments in zero carbon energy and energy 
efficiency

This indicator reports investment in renewable zero 
carbon energy based on generation capacity in the 
NEM. According to the most recent report by the 
AER,98 between June 2017 and March 2020, 6650 MW 
of new wind (47%) and solar (53%) generation capacity 
were added to the NEM. For the same period also over 
200 MW of battery storage were added to the market, 
further increasing the efficiency of the NEM. Box 24 
illustrates that most of this investment in renewable 
generation capacity and efficiency occurred between 
2017 and 2020. In April 2020, there were also over 
3300 MW of additional capacity from renewable energy 
committed to come online by the end of 2021, mainly 
in the two major markets in NSW (1300 MW, 39%) and 
Victoria (1734 MW, 52%). Moreover, there have been 
over 50 000 MW of additional capacity from solar, 
wind, hydroelectric and battery sources proposed but 
not yet formally committed (Supporting Information 
4.3).98

4.4  Employment in low carbon and high carbon 
industries

This indicator suggests that direct full-time equivalent 
(FTE) employment in renewable energy activities 
in Australia has increased by 27% for the 2018–19 
financial year and is now estimated at 26 850.100 Box 25 
illustrates that employment in the sector has risen by 
over 130% since 2015–16. The highest growth rates in 
FTE employment for 2018–19 are reported for Victoria 
(72%), followed by SA (41%) and NSW (25%). The rise in 
employment was driven by an increase in construction 
activity for rooftop solar photovoltaic systems (+ 2880 
FTE jobs), large scale solar photovoltaic systems (+ 1600 
FTE jobs) and wind farms (+ 1220 FTE jobs).100

Employment in the mining sector was chosen as a 
key representative for employment in high carbon 
industries. FTE employment in mining operations has 
increased by 6.2% to 179 000 for the 2018–19 financial 
year.101 The figures also indicate that FTE employment 
in the mining sector in Australia is still more than 
six times higher than FTE employment in renewable 
energy activities (Supporting Information 4.4).

4.5  Funds divested from fossil fuels

Fossil fuel divestment aims to encourage institutions 
and investors to divest themselves of assets involved in 
the extraction of fossil fuels and generation of energy 
from fossil fuels. We provide two measures tracking 
Australia’s divestment from fossil fuels.

The first measure relates to the number of companies 
and government organisations which have partially 
or entirely committed to divest themselves of assets 
involved in the extraction of fossil fuels and generation 
of energy from fossil fuels. Based on recent data from 
Fossil Free,102 the number of divesting institutions in 
Australia has further increased by almost 40% since 
2018 and is now greater than 200, including over 100 
pension funds.

The second measure tracks the withdrawal of 
generation capacity from coal-fired power plants for 
electricity generation. Indicator 4.2 illustrates that a 
significant share of fossil fuel-fired generation assets has 
been removed from the market. Recent reports by the 
AER98 and AEMO99 also point towards the shutdown 
of additional coal-fired power plants. AGL plans to 
progressively retire its Liddell power station (2000 MW) 
starting from 2022, while around two-thirds of total 
coal-fired generating capacity has been announced for 
closure until 2035 (Supporting Information 4.5).

4.6  Net value of fossil fuel subsidies and carbon 
prices

Australia does not currently have an explicit carbon 
price, although it does have a range of subsidies on 
fossil fuel production and consumption.103-105 This new 
indicator calculates the subsidy per tonne of CO2 and 
the carbon price per tonne of CO2 (and the net carbon 
price). Using the standard data sources for the most 
recent available year of 2018, Australia’s total fossil 
fuel subsidies were reported to be $8650 million,106 
and total carbon price revenues were reported to be 
zero.107 The total emissions of CO2 were reported to 
be 376 megatonnes of CO2.87 The calculation of the 
subsidy per tonne of CO2 (subsidy/emissions) therefore 
equals $23 per tonne of CO2, with a carbon price per 
tonne of CO2 of zero. The net carbon price (the carbon 
price less the subsidy) equals $–23 per tonne of CO2.

The above reported subsidy is likely to be conservative. 
A compilation of national tax-based subsidies of fossil 
fuel production and consumption from Treasury 
data by Market Forces suggests a subsidy of around 
$11 billion for the 2017–18 financial year (Supporting 
Information 4.6).108

In conclusion, this section has highlighted the economic 
cost of climate change based on heat-related mortality, 
as well as efforts aimed at reducing carbon emissions for 
the Australian economy to limit the impacts of climatic 
change on human health. The indicators evidence the 
continuing transition of the electricity sector towards 
a higher share of renewable energy generation. They 
also suggest a substantial increase of employment in 
renewable energy activities and significant growth in 
the number of institutions divesting from fossil fuels. 
However, Australia has still not introduced a price on 
carbon, although it does have a range of subsidies on 
fossil fuel production and consumption.

Section 5: Public and political engagement

This section tracks engagement in health and climate 
change across multiple parts of society, including 
governments, media, researchers and research funders. 
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Some of the methods used for these indicators in 
previous reports have been enhanced this year, 
increasing the sensitivity and specificity of measures 
of health and climate change engagement. In 2020, 
media and scientific publications were awash with 
reports about the COVID-19 pandemic and efforts 
to control its spread. The pandemic also dominated 
the work of Australian parliaments and government 
departments.

5.1  Media coverage of health and climate change

This indicator continues to track the national media 
coverage of health and climate change in Australia. We 
used the same methods as we did in our 2020 report,7 
including searches of 13 national and regional high 
circulation English language newspapers, as well as 
Australian Broadcasting Corporation (ABC) online 
news and programs. We found that the total number 
of newspaper articles on health and climate change in 
2020 (124) was similar to that in 2019 (127) (Supporting 
Information, Figure A11). However, the ABC online 
contents on health and climate change in 2020 has 
decreased 36% compared with the previous year 
(Supporting Information, Figure A12). Bushfire (21%) 
and extreme heat (14%) were the top discussed climate-
related health risks. Coverage peaked in the 2019–20 
Black Summer. The number of articles that mentioned 
mitigation measures (eg, renewable energies) was 
almost four times higher than the number of articles 
that mentioned adaptation strategies (Supporting 
Information 5.1).

5.2  Coverage of health and climate change in 
scientific journals

This indicator continues to track scientific publications 
on health and climate change in Australia. We adopted 
the same methods as we did in our 2020 report, using 
Scopus databases.7 We identified 130 new scientific 
publications in 2020, a 31% increase from 2019 (99). This 
is largely due to the significant increase in the studies 
on bushfires/smoke and health. Original research 

articles accounted for 58% of the 
total publications in 2020 (76 of 
130 publications). The number 
of publications on health and 
climate change has increased 
6.6 times between 2008 and 2020 
(Box 26; Supporting Information 
5.2).

5.3  Government engagement 
in health and climate change in 
Australia

Parliamentary and government 
websites were searched for bills, 
legislation, enquiries, committees, 
strategies and reports to identify 
whether and how Australian 
governments were responding 
to climate change as a health 
issue, and/or whether health was 
identified as an issue affected 
by climate change. The searched 

websites included those of the Parliament of Australia, 
the Australian Government Department of Health, as 
well as the Parliamentary websites and government 
pages of all eight states and territories. This is the first 
time that state and territory governments have been 
included as part of this indicator.

At the national Parliament level, six bills included 
some reference to climate change and health. 
One health-related bill — the Recycling and 
Waste Reduction Bill 2020 — explicitly referred to 
reducing greenhouse gases within the objects of the 
legislation. Two climate-related bills — the Climate 
Change (National Framework for Adaptation and 
Mitigation) Bill 2020 and the Climate Emergency 
Declaration Bill 2020 — explicitly referenced health 
within the legislation. Another three — the Climate 
Change (National Framework for Adaptation 
and Mitigation) (Consequential and Transitional 
Provisions) Bill 2020, the Coronavirus Economic 
Support and Recovery (No-one Left Behind) Bill 2020, 
and the Farm Household Support Amendment (Relief 
Measures) Bill (No. 1) 2020 — referenced health 
within their respective explanatory memoranda 
in the context of health as a human right and as a 
justification for the bill. Of these six bills, two were 
passed, one was not passed and three remained 
before Parliament (Supporting Information, Tables 
A6 and A7).

In 2020, there was minimal engagement with 
climate change as a health issue by the Australian 
Government Department of Health. In the two relevant 
environmental health documents identified (disaster 
and emergency management report, and bushfire 
smoke and health evidence summary),109,110 only 
the former mentioned (briefly in the introduction) 
that climate change contributed to disasters such as 
bushfires, floods and cyclones.

There was, however, significantly greater engagement 
with climate change as a health issue by state and 
territory governments (Supporting Information, 
Table A8). For example, SA had seven regional plans 

26  Number of scientific publications on climate change and health in 
Australia, 1 January 2008 to 31 December 2020

Data source: Scopus. ◆
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referring to climate and health, one summer cooling 
guide, one set of guidelines for urban development, 
and one public health review. WA had two bills, 
one inquiry report, one policy, and one issue paper; 
Tasmania had two reports (with one round table 
on climate health). NSW had one inquiry and one 
bushfire awareness guide, and Queensland released an 
action plan on climate change and health (Supporting 
Information 5.3).

5.4  Health and climate change research funding

Research into health and climate change in Australia 
is fundamental to Australia’s understanding of and 
response to this critical issue. In our previous report7 
we presented, for the first time, data on National 
Health and Medical Research Council (NHMRC) 
health and climate change grant applications from 
2000 to 2018. This year we introduce this as an 
independent indicator and report on the two most 
recent years, 2019 and 2020, for which data are now 
available (Box 27). These two years saw a reversal of 
the downward trend in health and climate change 
grant applications, with 15 in 2019 and 17 in 2020. 
However, the success rate was very poor, with none of 
the applications being funded in 2019 and only one of 
the 17 funded in 2020. The 5-year, $10 million NHMRC 
Special Initiative in Human Health and Environmental 
Change,111 for which applications opened in November 
2020, is a landmark in research funding in this 
field and is expected to boost research capacity and 
capability across the country in the coming years 
(Supporting Information 5.4).

In conclusion, public and political engagement is 
essential for action to curb carbon emissions and limit 
global warming. The indicators tracked in this section 
show that Australian media attention to health and 
climate change in 2020 was sustained at a comparable 
level to 2019 despite the strong media focus on the 
COVID-19 pandemic during 2020. While the states 
and territories are engaging with health and climate 
change, the Australian Government has paid minimal 

attention. The NHMRC Special 
Initiative on Human Health 
and Environmental Change is a 
notable positive exception at the 
national level.

Conclusion: the MJA–Lancet 
Countdown in 2021

The continued absence of a 
national health and climate 
change adaptation plan is 
a glaring gap in Australia’s 
preparedness, and continues 
to put the health and lives of 
Australians at risk. There is a 
stark contrast between Australia’s 
world-leading COVID-19 
response and its world-lagging 
climate change response.

With a change in the US 
Government, and countries such 

as Japan and South Korea and major trading partners 
enacting climate change strategies, Australia is 
becoming isolated due to its inaction.

As the rest of the world moves ahead, the relative 
advantages Australia has now will be lost with 
stranded assets like coal and poor preparedness for the 
worsening health impacts.

Australia now stands at a crossroads and has an 
opportunity to set a course redirection in both its 
continued COVID-19 economic recovery and its 
climate change response. The 26th UN Climate Change 
Conference of the Parties (COP26) in early November 
2021 should be the moment to showcase a much 
stronger emissions reduction commitment and clear 
transition away from fossil fuels towards renewable 
energy — the strategies for which could support the 
COVID-19 economic recovery through government 
support of the renewable energy sector.
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