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1. INTRODUCTION 

Climate change is a global crisis1 and there is scientific consensus that it is caused by greenhouse gas emissions 

from human activities2. Trends associated with climate change include an increased frequency, intensity and 

duration of extreme events3 such as heatwaves4, droughts5 and bushfires6.  

Climate change can have a profound negative impact on animal welfare. Companion animals7, animals in 

sport8, farm animals9 and wildlife10 can be directly and indirectly affected by climate change across terrestrial 

(land), aquatic (freshwater)11 and marine (saltwater) environments12. Many animals have and will continue to 

suffer and die from the effects of climate change13.  

The RSPCA has an important role to play in helping to address the effects of climate change in policy and in 

practice. This research report summarises observed and projected climate change, the impact on animal 

welfare and identifies opportunities for the RSPCA to help address this impact.  

2. GREENHOUSE GAS EMISSIONS 

Greenhouse gases (GHG) including carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and synthetic 

GHG (e.g. chlorofluorocarbons, perfluorocarbons) entrap heat thus increasing the temperature of the Earth’s 

atmosphere, oceans and land mass (the greenhouse effect). Increasing anthropogenic (human) GHG emissions 

since the industrial revolution have resulted in an enhanced greenhouse effect (global warming) and long-term 

changes in climatic variables including temperature and rainfall (climate change)3,14.  

Increasing anthropogenic GHG emissions are largely due to consumption of fossil fuels such as coal, gas and 

oil15 and activities such as agriculture, industry and waste processing3. While this report focuses on the impact 

of climate change on animals, it is noted that the scientific literature also examines the major contribution of 

animal agriculture16 and to a lesser extent companion animals’75 to climate change. 

Total anthropogenic GHG emissions continue to increase at an accelerated rate. At the beginning of the 

industrial revolution (~1750AD), the mean global concentration of CO2 in the atmosphere was ~280ppm (as 

determined from air trapped in Antarctic ice samples)18. Global CO2 concentration has risen rapidly over the 

past few decades3. In January 2020, NASA measured peak concentration of CO2 in the atmosphere at 

413ppm19. CO2 equivalents, the metric used to measure the greenhouse effect created by different types of 

GHG20,  is the highest it has been in at least the last 800,000 years3. In 2019, the mean global concentration of 

CO2 equivalents was 454 ppm21.  

The Intergovernmental Panel on Climate Change (IPCC) warns that global warming must not exceed 1.5℃ 

above pre-industrial levels by 2100 if climate change risks are to be managed22. If GHG continue to increase at 

the current rate, peak concentrations required to stay below 1.5℃ warming could be reached within the next 

two to twelve years21. In the absence of effective climate change policies and action, the Organisation for 

Economic Co-operation and Development (OECD) predicts that the global mean concentration of GHG will 

reach almost 685ppm CO2 equivalents by 2050 which would correspond to global warming of 3 to 6°C with 

catastrophic and irreversible consequences for all living organisms and systems23.  

3. CLIMATE CHANGE 

3.1 Temperature 

Climate change entails significant and unprecedented long-term changes in climate variables such as 

temperature3,14. In January 2020, the US National Oceanic and Atmospheric Administrations (NOAA) measured 

the hottest January land and ocean temperatures on record (in 141 years) at 1.14℃ above the twentieth 

century average24. In Australia, the climate has warmed by over 1℃ since 1910 with associated increases in the 

severity, frequency and duration of heatwaves14 and bushfires25. Australia is predicted to experience warming 

slightly higher than the global average14. 2019 was Australia's warmest year on record26.  
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Figure 1. Australia’s average annual temperature relative to the 1861-1900 period.  Australia’s average 

annual temperature relative to the 1861–1900 period. The grey line represents Australian temperature observations since 1910, 
with the black line the ten‑year running mean. The shaded bands are the 10–90% range of the 20-year running mean 
temperatures simulated from the latest generation of Global Climate Models. The grey band shows simulations that include 
observed conditions of greenhouse gases, aerosols, solar input and volcanoes; the blue band shows simulations of observed 
conditions but not including human emissions of greenhouse gases or aerosols; the red band shows simulations projecting forward 
into the future (all emissions scenarios are included). Warming over Australia is expected to be slightly higher than the global 
average. The dotted lines represent the Australian equivalent of the global warming thresholds of 1.5 °C and 2 °C above 
preindustrial levels, which are used to inform possible risks and responses for coming decades. Source: CSIRO-BOM State of the 
Climate 2018 

 

Figure 2. Australian rainfall map 2019.  The driest year on record and an increase in rainfall extremes. 

Source: Bureau of Meteorology Annual Climate Statement 2019. 

https://www.csiro.au/~/media/OnA/Files/State-of-the-Climate-2018-CSIRO-BOM-Dec2018.pdf
https://www.csiro.au/~/media/OnA/Files/State-of-the-Climate-2018-CSIRO-BOM-Dec2018.pdf
http://www.bom.gov.au/climate/current/annual/aus/2019/#tabs=Overview
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3.2 Rainfall 

Climate change is associated with rainfall extremes27. There is a strong trend towards wet areas becoming 

wetter and dry areas becoming drier28. Overall, 2019 was Australia’s driest year on record26. There was record 

low rainfall across southern regions, decreased streamflow and more severe and prolonged drought. The 

reverse changes were observed in some northern regions with record high humidity, rainfall and flood risk 

(Figure 2). The Australian Bureau of Meteorology (BOM) concluded that even if GHG emissions stay within 

international targets, there may still be ongoing disruption of rainfall patterns and associated drought and 

flood risks29,30.  

3.3 Wind 

Interactions between climate change and wind patterns receive less attention compared to temperature and 

rainfall but are nonetheless significant31. Thermodynamic changes associated with climate change influence 

wind speeds, direction, geographic distribution and variability throughout and between years. Climate change 

modelling predicts that cyclones are likely to decrease in frequency overall but increase in intensity32. 

3.4 Drought 

Drought (prolonged absence or marked deficiency of rainfall)3 and desertification (land degradation to a point 

it cannot support life) are exacerbated by climate change33. For example, there is evidence that climate change 

played some part in the catastrophic Millennium Drought 2001 to 2009 in south-eastern Australia5. In 2019, 

much of Australia was affected by drought particularly NSW where 95% of the state was drought affected34. 

3.5 Fire 

Climate change increases bushfire risk35. Australia is particularly vulnerable to bushfire risk associated with 

climate change6. While fire risk can vary by location and time of the year, many areas have increased fire risk 

due to factors such as high temperatures, low rainfall and altered wind patterns35. There is an increasing 

number of very high to extreme fire danger days, longer fire seasons and more intense fires25. Climate change 

may also be linked to increased risk of pyroconvection events (firestorms)36 and compound events such as 

intersecting drought, heatwaves and bushfires14. The BOM concluded that 2019 was Australia’s warmest and 

driest year on record and this was a key factor influencing the 2019/2020 bushfires which burnt over 19 million 

hectares across several states26,37.  

3.6 Flood 

Climate change entails an increasing risk of sudden periods of heavy rainfall and flooding such as the 2019 

north Queensland floods14. The NSW and ACT Regional Climate Modelling (NARCliM) Project reports that peak 

precipitation (rainfall, hail etc.) within storms may increase in a changing climate27. 

3.7 Sea temperature, oxygenation and acidification 

The majority of accumulated heat is stored in the world’s oceans particularly in the southern hemisphere14. 

The average temperature of waters off Australia has increased by 1°C since 191014. Ocean warming disrupts 

global weather patterns for example El Niño and La Niña, two opposite extremes of the El Nino Southern 

Oscillation (ENSO), are predicted to become more frequent in a changing climate further increasing the risk of 

extreme weather events38. 

Climate change contributes to longer and more frequent marine heatwaves. In December 2019, the most 

widespread marine heatwave (since satellite monitoring began) extended from the Kimberley in northern WA 

all the way to SA39. Ocean warming leads to low oxygen dissolvability and the expansion of oxygen minimum 

zones where there is insufficient oxygen to support marine life40.  

Absorption of increased CO2 in the atmosphere by the ocean has altered seawater chemistry including ocean 

acidification. Prior to the industrial revolution, average ocean pH was ~8.2 (0 = most acidic, 14 = most alkaline 

on a logarithmic scale). If GHG emissions continue to increase at the current rate, average ocean pH is 
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expected to decline to 7.8 which equates to a 150% increase in the ocean’s acidity relative to the pre-industrial 

levels41. 

3.8 Sea levels 

Climate change leads to rising sea levels via several mechanisms including ocean warming and expansion, and 

the melting of glacier and polar ice. The global mean sea level (MSL) has risen by over 20cm since 1880 and has 

been rising faster in recent decades increasing the risk of inundation of low lying areas14. 

4. ANIMAL WELFARE RISKS FOR ALL ANIMALS 

Considering the Five Domains model of animal welfare (a framework that considers positive and negative 

physical and affective states)42, climate change has wide-ranging negative effects on the welfare of all animals 

(Table 1). There appears to be a general lack of peer-reviewed literature systematically assessing the present 

and future animal welfare risks of climate change. The following sections extrapolate information from existing 

peer-reviewed and lay sources. 

 

Table 1. The animal welfare risks of climate change using the Five Domains Model. Source:  Mellor D & Beausoleil 

N (2015) Extending the ‘Five Domains’ model for animal welfare assessment to incorporate positive welfare states. Animal Welfare 24, 

241–253. 

Physical/functional domains 

(1) Nutrition (2) Environment (3) Health (4) Behaviour 

Food intake 

Food quality 

Food variety 

Water intake 

Water quality 

Acidification & 
deoxygenation of water 

Atmospheric pollutants e.g. 
bushfire smoke 

Damage & loss of shelter 

Thermal extremes 

Unpredictable extreme 
conditions/events 

Disease: acute, 
chronic 

Functional impairment 

Injury: acute, chronic 

Constraints on environment focused activity 

Disrupted social dynamics 

Inescapable sensory impositions 

Limits on threat avoidance and/or escape 

Limitations on sleep/rest 

 

Affective experience domain 

(5) Mental state 

Nutrition Environment Health Behaviour 

Thirst 

Hunger 

Malnutrition 

Gastrointestinal pain 

Starvation 

Airway and eye irritation 

Thermal discomfort e.g. 
overheating 

Breathlessness & air hunger 

Death 

Malaise 

Nausea 

Pain 

Weakness 

Anxiety 

Depression 

Discomfort 

Distress 

Exhaustion 

Fear 

Frustration 

Helplessness 

Isolation and loneliness 

Panic 

 

 

4.1 Nutrition 

Animals may suffer thirst, hunger, malnutrition, gastrointestinal pain, starvation and death as climate change 

threatens global food and water security for both humans and animals22. Higher ambient temperatures 

associated with climate change also have a direct effect on appetite and thirst9. 
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4.2 Environment 

Climate change affects all aspects of animals’ environment. Animals will suffer during and after more frequent 

and intense extreme weather events such as floods and fires. These events cause direct mortality as well as 

prolonged suffering where habitats have been destroyed leaving little food, water or shelter. As a result, 

animals are likely to experience fear, distress, discomfort and pain which in many cases will be unpredictable, 

inescapable and/or prolonged43,44. 

4.3 Health 

Climate change can have profound direct and indirect effects on animal health. Traumatic death in extreme 

events such as bushfires and floods is perhaps the most dramatic direct effect of climate change on animals45.  

Direct effects of climate change on animal health include exertional and non-exertional heat-related illness 

including heat stress (hyperthermia that evokes a physiological response), heat stroke (emergency life-

threatening hyperthermia) and related metabolic disturbances9. All animals have a thermoneutral zone (TNZ), 

a range of ambient temperatures that are consistent with function and survival46. For example, the reported 

TNZ for the domestic dog is 20°C to 30°C47. Above the TNZ, animals must expend energy to maintain normal 

body temperature and if unable to do so will suffer hyperthermia. Climate change will lead to conditions that 

exceed the TNZ of many species. As a result, animals may suffer a range of negative affective states including 

discomfort, frustration, fear and distress.  

Indirect effects of climate change on animal health include the spread of parasites and the expansion of insects 

that carry diseases (vectors)9. Climate change is associated with thermal (temperature related), physiological 

(hormone related) and oxidative (free radical related) stress in animals which can compromise immune 

function and leave animals more susceptible to infectious diseases9,48. For example, prolonged exposure to 

ocean pH below 8 (as predicted for the year 2100) disrupts the function of crustaceans’ immune system 49. 

4.4  Behaviour 

Climate change poses several potential behavioural challenges to animals including constraining environment-

focused activity (e.g. fish unable to swim as water bodies dry up), disrupting social dynamics (e.g. separation of 

kin during extreme weather events), inescapable sensory impositions (e.g. inescapable heat) and limitations on 

sleep/rest (e.g. due to the destruction of rest sites by bushfires).  

4.5  Mental state 

There is ample research indicating that climate change has a negative impact on human mental health50 but 

little to no attention has been given to the effects of climate change on the overall mental state of other 

species. There are accounts of Australian native wildlife in the aftermath of bushfires, demonstrating 

behavioural responses consistent with shock such as standing still and staring into space51. It is likely that 

climate change has and will continue to cause animals negative experiences including anxiety and fear but 

research is required to characterise the extent to which climate change affects animals’ mental state. 

5. IMPACT OF CLIMATE CHANGE ON COMPANION ANIMALS 

Climate change is a potential risk to the welfare of Australian companion animals including an estimated 5.1 

million dogs, 3.8 million cats, 11.3 million fish and 5.6 million birds52.  

Increasing ambient temperatures associated with climate change place pets at high risk of heat-related illness 

particularly when: they are transported or exercised, in circumstances where they are not provided with 

adequate shade, shelter and water, when they are confined to enclosures or vehicles and where adequate 

cooling systems are not in place.  

Risk of heat-related illness in a changing climate is affected by factors such as age, body condition, health, 

reproductive status and breed. For example, obese and flat faced (brachycephalic) breeds such as pugs and 

bulldogs are at high risk due to decreased capacity to thermoregulate (maintain normal body temperature)53. 
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Guinea pigs and rabbits are also at high risk of heat-related illness. The TNZ of guinea pigs is 18 to 26℃ and 

clinical signs of heat stress are commonly seen at ambient temperatures above 28℃54.  

Increasing ambient temperatures correspond to increased surface temperatures, putting pets at risk of 

traumatic injuries such as burns. At an ambient temperature of 25℃, asphalt can reach temperatures in excess 

of 50℃55. Due to the urban heat island effect (higher temperatures in cities), animals in cities may be at high 

risk of heat-related illness and injury in a changing climate56. 

Climate change influences the geographical distribution, infection patterns and risk of infectious disease and 

parasites in animal populations including dogs and cats57. For example, climate change creates conditions 

more conducive to the spread and persistence of arthropod insects such as mosquitos, fleas, ticks, mites and 

lice58. There are suggestions that climate change related changes in humidity and temperature in Queensland 

are contributing to continued heavy flea burdens57. It is expected that pets will be at higher risk of irritation 

and allergies caused by arthropod insects and greater risk of diseases that they can spread (vector-borne 

diseases) such as heartworm in dogs spread by mosquitos57. 

Pets are at risk of displacement due to extreme weather events. Owners may delay evacuating if pets cannot 

be accommodated. This is particularly concerning in SA and WA where pets (other than assistance animals) are 

not permitted in evacuation centres59. The welfare of pets may be put at risk when they are left behind during 

evacuations due to extreme weather events60.  

Increased ambient temperatures can lead to frustration when an individual cannot keep cool irrespective of 

what they do. Lack of control over their environment and frustration are markers of poor animal welfare61. In 

addition, frustration can manifest as aggression (frustration-aggression hypothesis)62. Research is required to 

explore the implications of the frustration-aggression hypothesis for aggression in and between domestic 

animals in a changing climate. There are established links between increased ambient temperatures and 

increased rates of interpersonal violence63 but it remains to be seen whether there are increased risks for pets 

in situations of domestic violence and animal cruelty. 

6. IMPACT OF CLIMATE CHANGE ON FARM ANIMALS 

Climate change puts the welfare of Australia’s estimated 800 million farm animals at risk and the viability of 

marginal pastoral land has been questioned in a changing climate64.  

Heat stress has been described as one of the most pressing challenges facing animal agriculture62. Farm 
animals, particularly rapidly growing and high-producing livestock, are vulnerable to the effects of climate 
change in part because their internal heat load is already high62. Farmed ectotherms (body temperature 
fluctuates with ambient temperature e.g. fish), those that are unable to thermoregulate (e.g. piglets, hatchling 
poultry) and those with a particularly narrow TNZ (e.g. dairy cattle and pigs 16°C to 25°C) are also at 
particularly high risk65. In a changing climate, more farm animals across a wider area will be subject to heat-
related illness and associated negative affective states including thirst, frustration and discomfort9. Animals 
intensively farmed indoors (e.g. layer hens, meat chickens, pigs and indoor dairies) are reliant on humans to 
manage temperature, ventilation and humidity and if systems fail, large numbers of animals can suffer and die 
in a short period of time66. 
 
Water and shade become even more critical for livestock in a changing climate. For example, dairy cattle will 
seek shade and increase water intake by 1.2L for every degree Celsius above minimum ambient temperature 
indicating their need for additional water and shade. An increased need for water will occur as climate change 
simultaneously makes cool drinking water scarce. In extreme cases, animals’ mental state can be altered by 
hyperthermia and they may be incapacitated from seeking out essential resources even where they are 
available62.  

Livestock nutrition may be affected (positively or negatively) by climate change via effects on pasture growth, 

quality and annual variability. Decreased pasture growth and quality in marginal areas64 may put stock at 

increased risk of hunger and starvation. If supplementary concentrates are fed routinely (e.g. feedlot) or in an 

attempt to compensate for lack of pasture, this may elevate protein digestion which increases body 



THE IMPACT OF CLIMATE CHANGE ON THE WELFARE OF ANIMALS IN AUSTRALIA 

 

8 
 

temperature and may exacerbate heat-related illness62. Heat stress suppresses appetite (subjective desire for 

food) in livestock including meat chickens, layer hens, pigs and cattle via several mechanisms including 

influencing expression of ghrelin (a hormone that regulates hunger). Subsequent decreased food intake can 

result in negative energy balance (energy intake does not meet demands), weight loss, lethargy and malaise62.  

Ruminants (e.g. cattle, sheep, goats) have unique physiology which makes them susceptible to a suite of 

complex animal welfare issues associated with climate change. Increased ambient temperatures place 

ruminants at higher risk of debilitating conditions including lameness and metabolic disorders. Higher ambient 

temperatures have been linked to painful lameness via mechanisms including: increased standing time, 

decreased time lying down62, ruminal acidosis (increase in stomach acidity) from altered feed intake, 

respiratory alkalosis (decrease in blood acidity due to increased respiration rate) and altered energy balance9. 

Higher ambient temperatures are associated with higher livestock mortality rates and in some cases, mass 

deaths9,13. For example, during a single heatwave event in January 2019, 2000 layer chickens died at a single 

Adelaide farm67.  The death toll is expected to take some time to calculate accurately but over 100,000 

livestock are estimated to have died in the NSW and VIC bushfires in 2019/202068 and an estimated 600,000 

cattle perished in the 2018 Queensland floods69. Prompt access to animals to alleviate pain and suffering is 

also a concern during and after extreme weather events. 

Climate change can have indirect effects on the health of livestock. For example, climate change is associated 

with an increased risk of parasitic and vector-borne diseases and contamination of feed by fungal toxins9. 

These health risks can have serious animal welfare implications. For example, fly strike is a painful and 

debilitating condition and for every 3°C increase in average temperature, the incidence of flystrike doubles in 

lambs and quadruples in ewes70. Climate change has been identified as a potential contributor to emerging 

infectious diseases in livestock71. Should outbreaks occur, there will be animal welfare issues associated not 

only with infection itself but also with disease control measures such as culling72.   

Animals farmed in aquaculture systems are also vulnerable to the effects of climate change including: salinity 

changes, toxic algal blooms, reduced water quantity and quality, decreased dissolved oxygen, increased water 

temperature, acidity, disease risk and mass mortalities73. These changes may be linked to negative affective 

states in fish such as pain and distress74.  

7. IMPACT OF CLIMATE CHANGE ON ANIMALS IN SPORT, 

RECREATION AND WORK  

In a changing climate with higher ambient temperatures, animals in sport, recreation and work are at 

increasing risk of heat related illness in housing and during training, transport, competition and work. These 

animals are at high risk of exertional heat related illness because exertion increases an animals’ metabolic rate 

(in some cases over ten times resting/basal metabolic rate75) with a subsequent increase in body 

temperature76. Thoroughbred race horses experience a rapid increase in body temperature of 1℃ per minute 

during racing76 and the body temperature of racing greyhounds in Australia post-race has been found to 

increase by over 2°C even after less than a minute of racing75. The risk of heat related illness is even higher 

when competition or work proceeds during heatwaves77. Provision of shade, active cooling, ventilation, 

veterinary oversight, responsible heat policies and the postponement/cancellation of events are critical. 

The ‘track rating’ (state of the ground on a racecourse) is largely determined by weather78 and irrigation that 

relies on water availability. The track rating can influence animal welfare as it affects impact forces and 

lameness79,80. However, research is required to determine if and how climate change may affect track rating 

and the welfare of racing animals.  

A small number of deaths of military working dogs and livestock guarding dogs81,82 from heat related illness 

have been recorded in the literature. 
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8. IMPACT OF CLIMATE CHANGE ON WILDLIFE 

Mass mortalities involving the death of thousands of birds83, fish84 and mammals10,85 have been linked to 

extreme weather events (eg. heatwaves, bushfires). It is estimated that over 1 billion terrestrial mammals, 

birds and reptiles were killed in bushfires in 2019/202010. Approximately 23,000 spectacled flying foxes (almost 

one third of the total population) died in a single heatwave event in 201886, one of many heat related bat mass 

mortality events recorded in Australia since the 1990s85. Up to 10,000 koalas (a third of the total NSW koala 

population) are feared to have died in the 2019/2020 bushfires and as many as 25,000 koalas (more than half 

the island’s total koala population) died in the 2019/2020 Kangaroo Island bushfires87. These mass mortality 

events are perhaps the starkest illustration of the effects of climate change on the welfare of wildlife in 

Australia. The death of wildlife located over 50km away from bushfires due to smoke inhalation has been 

confirmed88. Extreme weather events are predicted to become more frequent and severe with climate change. 

Thus wildlife, at an individual and population level, are likely to suffer repeat trauma without time to recover. 

In addition to direct trauma and death, climate change is likely to be associated with diminishing availability, 

quality and quantity of basic resources including tolerable ambient temperature, clean air, shelter, food and 

water89. Unable to access these basic resources, wildlife may experience a range of negative affective states 

including fear, thirst and hunger. Concerns are held about wildlife dying from starvation in the aftermath of 

bushfires90. Wild animals who do not succumb immediately may suffer secondary complications such as kidney 

failure associated with heat related illness and dehydration43.  

Generalist species (able to thrive in a variety of environments) may adapt to climate change (eg. range shift91). 

However, many native Australian animals are specialised to live in specific conditions and are therefore at high 

risk of extinction with individual animals suffering distress, debility and death in a changing climate89. Other 

processes threatening wildlife (e.g. habitat loss and fragmentation, invasive species) also limit wild animals’ 

ability to cope with the effects of climate change92 and may have a cumulative detrimental effect93. 

Migratory species are vulnerable to the effects of climate change. For example a systematic review concluded 

that climate change will affect the timing of migratory behaviour and migratory species may face increased 

hazards across a destabilised network of sites94.  

Climate change leads to many animals being brought into captivity for rescue and rehabilitation some of whom 

may never be fit for release or for whom release sites are unviable44. Animals are brought into care due to 

immediate welfare concerns but by doing so, they are exposed to stressors such as capture, confinement, 

handling and transport95. Animals release after rehabilitation are exposed to stressors associated with 

translocation96. 

Climate change puts the welfare of wildlife in Australia’s marine environment at risk. For example, a record-

breaking marine heatwave off the coast of WA in 2011 led to mass mortalities of fish and up to 12.2% declines 

in the survival rates of Indo-Pacific bottlenose dolphins12. While there has been attention given to the 

destructive effects of climate change on Australian coral reefs, investigation is required into the impact on the 

welfare of the animals that inhabit those reefs. 

The distribution and abundance of invasive species is also affected by climate change91. From an animal 

welfare perspective, this may increase the number of animals harmed by invasive species (eg. preyed upon, 

poisoned by) and the number of target and non-target animals affected by control methods. 

Zoos represent a unique challenge in a changing climate as they keep animals from a variety of climatic zones. 

Climate change is likely to affect collection planning, enclosure and exhibit design and daily husbandry 

including keeping zoo animals within their TNZ97.  

Climate change can affect wildlife health in a myriad of ways93. For example, resource limitations, prolonged 

drought and associated chronic stress are suspected to be major risk factors for chlamydiosis in koalas98.  

Climate change is a One Health99 and One Welfare100 issue, that is an issue that affects the environment and 

the health and welfare of people and animals. Climate change and other anthropogenic threats to wildlife 

precipitate emerging infectious diseases (EID)101. For example, climate change (via effects on bat habitat, 
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nutrition, behaviour, stress and immune function) may be a driver of Hendra virus102 (transmitted from bats to 

horses to people) and could increase its geographic extent103. 

9. CLIMATE CHANGE AND ANIMAL TRANSPORT 

Transport is a widely acknowledged stressor to animals104 and climate change poses additional stressors 

including heat related illness and death of animals transported by road, air and sea. Livestock transported for 

long distances are routinely deprived of food and water prior to, during and after road transport105. Water and 

food deprivation can exacerbate the impact of heat related illness106. Animals in sport, recreation and work are 

often transported in confined vehicles107 and are at increased risk of heat related illness in a changing climate. 

The risks will increase for companion animals transported on a daily basis, particularly in circumstances where 

dogs are left in cars108. Unable to thermoregulate properly, brachycephalic breeds are a high-risk group for 

transport (particularly air travel) in a changing climate109. Finally, heat related illness is well-recognised as a 

major contributor to unacceptably poor welfare and mass mortalities in the live export industry110 and these 

animal welfare risks will continue to increase with climate change.  

10. CONCLUSION 

From wildlife affected by bushfires, to racing animals competing in hot weather and fish experiencing air 

hunger in deoxygenated waters, climate change has serious implications for the welfare of all animals. 

Community concerns about the impact of climate change on animals in Australia is increasing. Animals are and 

will continue to be affected by climate change in many ways including heat related illness, disease, pain, injury 

and traumatic death. Further research will be required to investigate the range and extent of animal welfare 

risks posed by climate change.  

Based on existing information, it is clear that climate change poses an immediate and future risk to the welfare 

of all animals and urgent action must be taken now to manage and prevent those risks. By engaging with the 

community, researchers, industry and government, the RSPCA can help increase awareness and drive action 

on climate change as an animal welfare issue. The RSPCA can also play a role in addressing animal welfare 

concerns relating to climate change by integrating these concerns into policy, operations, advocacy, 

communications and research. 

 

  



THE IMPACT OF CLIMATE CHANGE ON THE WELFARE OF ANIMALS IN AUSTRALIA 

 

11 
 

REFERENCES 

1. Ripple, W. J., Wolf, C., Newsome, T. M., Barnard, P. & Moomaw, W. R. World Scientists’ Warning of a Climate 
Emergency. BioScience 70, 8–12 (2020). 

2. Oreskes, N. The scientific consensus on climate change. Science 306, 1686–1686 (2004). 

3. Intergovernmental Panel on Climate Change et al. Climate change 2014: synthesis report. Contribution of Working 
Groups I, II and III to the fifth assessment report of the Intergovernmental Panel on Climate Change. (IPCC, 2014). 

4. Perkins, S. E., Alexander, L. V. & Nairn, J. R. Increasing frequency, intensity and duration of observed global 
heatwaves and warm spells. Geophys. Res. Lett. 39, (2012). 

5. Karoly, D., Risbey, J. & Reynolds, A. Global warming contributes to Australia’s worst drought. 14 
https://wwf.panda.org/wwf_news/?5344/New-report-shows-global-warming-link-to-Australias-worst-drought 
(2003). 

6. Williams, A. A. J., Karoly, D. J. & Tapper, N. The Sensitivity of Australian Fire Danger to Climate Change. Clim. Change 
49, 171–191 (2001). 

7. Thompson, K. Save me, save my dog: Increasing natural disaster preparedness and survival by addressing human-
animal relationships. Aust. J. Commun. 40, 123 (2013). 

8. Rebbeck, M. Horse racing and climate change. http://horsefx.com.au/wp-content/uploads/2013/01/Impact-of-
Climate-Change-on-horses-SARDI.pdf (2013). 

9. Lacetera, N. Impact of climate change on animal health and welfare. Anim. Front. 9, 26–31 (2019). 

10. University of Sydney. More than one billion animals impacted in Australian bushfires. The University of Sydney 
https://sydney.edu.au/news-opinion/news/2020/01/08/australian-bushfires-more-than-one-billion-animals-
impacted.html (2020). 

11. Pratchett, M. S. et al. Contribution of climate change to degradation and loss of critical fish habitats in Australian 
marine and freshwater environments. Mar. Freshw. Res. 62, 1062–1081 (2011). 

12. Wild, S. et al. Long-term decline in survival and reproduction of dolphins following a marine heatwave. Curr. Biol. 29, 
R239–R240 (2019). 

13. Fey, S. B. et al. Recent shifts in the occurrence, cause, and magnitude of animal mass mortality events. Proc. Natl. 
Acad. Sci. 112, 1083–1088 (2015). 

14. CSIRO & Bureau of Meteorology. State of the Climate 2018. http://www.bom.gov.au/state-of-the-climate/ (2018). 

15. Keywood, M., Emmerson, K. & Hibberd, M. Atmosphere. 
https://soe.environment.gov.au/theme/climate/topic/2016/increases-greenhouse-gases (2017). 

16. Goodland, R. & Anhang, J. Livestock and climate change: what if the key actors in climate change are... cows, pigs, 
and chickens? 19 https://www.cabdirect.org/cabdirect/abstract/20093312389 (2009). 

17. Okin, G. S. Environmental impacts of food consumption by dogs and cats. PLoS One 12, e0181301 (2017). 

18. Etheridge, D. M., Steele, L. P., Langenfelds, R. L. & Francey, R. J. Natural and anthropogenic changes in atmospheric 
CO2 over the last 1000 years from air in Antarctic ice and firn. J. Geophys. Res. Atmospheres 101, 4115–4128 (1996). 

19. NASA. Carbon Dioxide Concentration. Climate Change: Vital Signs of the Planet https://climate.nasa.gov/vital-
signs/carbon-dioxide (2019). 

20. Eurostat. Carbon dioxide equivalent - Statistics Explained. https://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Carbon_dioxide_equivalent (2017). 

21. European Environment Agency. Atmospheric greenhouse gas concentrations. https://www.eea.europa.eu/data-and-
maps/indicators/atmospheric-greenhouse-gas-concentrations-6/assessment-1 (2019). 

22. Intergovernmental Panel on Climate Change. Global Warming of 1.5 C An IPCC Special Report on the Impacts of 
Global Warming of 1.5 C Above Pre-Industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the 
Context of Strengthening the Global Response to the Threat of Climate Change. https://www.ipcc.ch/sr15/ (2019). 

23. Marchal, V. et al. OECD Environmental Outlook to 2050 - Climate Change Chapter. 397–413 (2011). 

24. US National Oceanic and Atmospheric Administration (NOAA). January 2020 was Earth’s hottest January on record | 
National Oceanic and Atmospheric Administration. https://www.noaa.gov/news/january-2020-was-earth-s-hottest-
january-on-record (2020). 

25. Dowdy, A. Bushfires and climate change in Australia. http://nespclimate.com.au/wp-
content/uploads/2019/11/A4_4pp_brochure_NESP_ESCC_Bushfires_FINAL_Nov11_2019_WEB.pdf (2019). 

26. Bureau of Meteorology. Annual climate statement 2019. http://media.bom.gov.au/releases/739/annual-climate-
statement-2019-periods-of-extreme-heat-in-2019-bookend-australias-warmest-and-driest-year-on-record/ (2019). 



THE IMPACT OF CLIMATE CHANGE ON THE WELFARE OF ANIMALS IN AUSTRALIA 

 

12 
 

27. Evans, J., Argüeso, D., Olson, R. & di Luca, A. NARCliM extreme precipitation indices report. 109 
https://climatechange.environment.nsw.gov.au/Impacts-of-climate-change/Floods-and-storms (2014). 

28. Seager, R., Naik, N. & Vecchi, G. A. Thermodynamic and dynamic mechanisms for large-scale changes in the 
hydrological cycle in response to global warming. J. Clim. 23, 4651–4668 (2010). 

29. Bureau of Meteorology. Droughts and flooding rains already more likely as climate change plays havoc with Pacific 
weather. http://www.bom.gov.au/climate/updates/articles/a023.shtml (2017). 

30. Power, S. B., Delage, F. P., Chung, C. T., Ye, H. & Murphy, B. F. Humans have already increased the risk of major 
disruptions to Pacific rainfall. Nat. Commun. 8, 1–7 (2017). 

31. McInnes, K. L., Erwin, T. A. & Bathols, J. M. Global Climate Model projected changes in 10 m wind speed and direction 
due to anthropogenic climate change. Atmospheric Sci. Lett. 12, 325–333 (2011). 

32. Walsh, K. J. et al. Tropical cyclones and climate change. Wiley Interdiscip. Rev. Clim. Change 7, 65–89 (2016). 

33. Verstraete, M. M., Brink, A. B., Scholes, R. J., Beniston, M. & Smith, M. S. Climate change and desertification: Where 
do we stand, where should we go? (Elsevier, 2008). 

34. NSW Rural Fire Service. Bushfire Bulletin. https://www.rfs.nsw.gov.au/__data/assets/pdf_file/0007/131479/Bush-
Fire-Bulletin-Vol41-No2.pdf (2019). 

35. Jones, M. et al. Climate change increases the risk of wildfires. https://sciencebrief.org/briefs/wildfires (2020). 

36. Dowdy, A. J. et al. Future changes in extreme weather and pyroconvection risk factors for Australian wildfires. Sci. 
Rep. 9, 1–11 (2019). 

37. Evershed, N. et al. How big are the fires burning in Australia? Interactive map. The Guardian (2020). 

38. Verma, J. IPCC Special Report, El Nino and La Nina. https://www.jatinverma.org/ipcc-special-report-el-nino-and-la-
nina/ (2019). 

39. Ceranic, I. As Australia bakes, a marine heatwave of historic scale is killing sea life along the west coast. ABC News 
https://www.abc.net.au/news/2019-12-18/marine-heatwave-kills-fish-as-australia-faces-record-
temperature/11808268 (2019). 

40. Keeling, R. F., Körtzinger, A. & Gruber, N. Ocean deoxygenation in a warming world. Annu. Rev. Mar. Sci. 2, 199–229 
(2010). 

41. Feely, R. A., Doney, S. C. & Cooley, S. R. Ocean acidification: Present conditions and future changes in a high-CO₂ 
world. Oceanography 22, 36–47 (2009). 

42. Mellor, D. & Beausoleil, N. Extending the ‘Five Domains’ model for animal welfare assessment to incorporate positive 
welfare states. Anim. Welf. 24, 241–253 (2015). 

43. Rajewski, G. An S.O.S. for Australian Wildlife. Tufts Now https://now.tufts.edu/articles/sos-australian-wildlife (2020). 

44. Stockwell, S. Animal bushfire refugees might not be able to return to their habitats for months. ABC News (2020). 

45. Yeates, J. W. Death is a welfare issue. J. Agric. Environ. Ethics 23, 229–241 (2010). 

46. Rojas-Downing, M. M., Nejadhashemi, A. P., Harrigan, T. & Woznicki, S. A. Climate change and livestock: Impacts, 
adaptation, and mitigation. Clim. Risk Manag. 16, 145–163 (2017). 

47. Jordan, M., Bauer, A., Stella, J. & Croney, C. Temperature Requirements for Dogs. (2016). 

48. Agarwal, S. K. & Marshall, G. D. Stress effects on immunity and its application to clinical immunology. Clin. Exp. 
Allergy J. Br. Soc. Allergy Clin. Immunol. 31, 25–31 (2001). 

49. Hernroth, B., Sköld, H. N., Wiklander, K., Jutfelt, F. & Baden, S. Simulated climate change causes immune suppression 
and protein damage in the crustacean Nephrops norvegicus. Fish Shellfish Immunol. 33, 1095–1101 (2012). 

50. Berry, H. L., Bowen, K. & Kjellstrom, T. Climate change and mental health: a causal pathways framework. Int. J. Public 
Health 55, 123–132 (2010). 

51. Christensen, P. E. S. The biology of Bettongia penicillata Gray, 1837, and Macropus eugenii (Desmarest, 1817) in 
relation to fire. Bulletin (1980). 

52. Animal Medicines Australia. Pets in Australia: a national survey of pets and people. 
https://animalmedicinesaustralia.org.au/report/pets-in-australia-a-national-survey-of-pets-and-people/ (2019). 

53. Davis, M. S., Cummings, S. L. & Payton, M. E. Effect of brachycephaly and body condition score on respiratory 
thermoregulation of healthy dogs. J. Am. Vet. Med. Assoc. 251, 1160–1165 (2017). 

54. VetWest. Guinness the guinea pig suffers heat stress. Vetwest Animal Hospitals 
https://www.vetwest.com.au/about/patients/guinness-the-guinea-pig-suffers-heat-stress (2014). 

55. Harrison, I. Why dog owners should avoid pavements and fake grass on hot days. Vets Now https://www.vets-
now.com/2017/06/never-walk-dogs-hot-asphalt-tarmac-pavements-artificial-grass/ (2017). 



THE IMPACT OF CLIMATE CHANGE ON THE WELFARE OF ANIMALS IN AUSTRALIA 

 

13 
 

56. Santamouris, M. Analyzing the heat island magnitude and characteristics in one hundred Asian and Australian cities 
and regions. Sci. Total Environ. 512–513, 582–598 (2015). 

57. Beugnet, F. & Chalvet-Monfray, K. Impact of climate change in the epidemiology of vector-borne diseases in domestic 
carnivores. Comp. Immunol. Microbiol. Infect. Dis. 36, 559–566 (2013). 

58. Traversa, D. Fleas infesting pets in the era of emerging extra-intestinal nematodes. Parasit. Vectors 6, 59 (2013). 

59. Best, A. How we plan for animals in emergencies. The Conversation http://theconversation.com/how-we-plan-for-
animals-in-emergencies-126936 (2019). 

60. James, F., Brown, C. & Garrick, M. Cyclone Trevor’s stranded pets survive as evacuees start to return home - ABC 
News (Australian Broadcasting Corporation). ABC News (2019). 

61. Broom, D. M. Animal welfare: concepts and measurement. J. Anim. Sci. 69, 4167–4175 (1991). 

62. Polsky, L. & von Keyserlingk, M. A. Invited review: Effects of heat stress on dairy cattle welfare. J. Dairy Sci. 100, 
8645–8657 (2017). 

63. Mares, D. M. & Moffett, K. W. Climate change and interpersonal violence: A “global” estimate and regional 
inequities. Clim. Change 135, 297–310 (2016). 

64. Harle, K. J., Howden, S. M., Hunt, L. P. & Dunlop, M. The potential impact of climate change on the Australian wool 
industry by 2030. Agric. Syst. 93, 61–89 (2007). 

65. Das, R., Sailo, L., Verma, N., Bharti, P. & Saikia, J. Impact of heat stress on health and performance of dairy animals: A 
review. Vet. World 9, 260 (2016). 

66. Johns, D. 500 pigs die from heat stress at NSW piggery. The Sydney Morning Herald (2015). 

67. Evins, B. Thousands of chickens and bats drop dead in Adelaide’s extreme heat. ABC News (2019). 

68. Farmers impacted by bushfires count ‘heartbreaking’ cost as livestock losses climb - ABC News (Australian 
Broadcasting Corporation). https://www.abc.net.au/news/2020-01-07/farmers-recount-heartbreaking-toll-of-
bushfire-livestock-losses/11844696. 

69. Crowley, G. & Preece, N. Catastrophic Queensland floods killed 600,000 cattle and devastated native species. The 
Conversation (2019). 

70. Wall, R. & Ellse, L. S. Climate change and livestock parasites: integrated management of sheep blowfly strike in a 
warmer environment. Glob. Change Biol. 17, 1770–1777 (2011). 

71. de La Rocque, S., Rioux, J.-A. & Slingenbergh, J. Climate change: effects on animal disease systems and implications 
for surveillance and control. Rev Sci Tech 27, 339–54 (2008). 

72. Whiting, T. L. Foreign animal disease outbreaks, the animal welfare implications for Canada: Risks apparent from 
international experience. Can. Vet. J. 44, 805–815 (2003). 

73. Handisyde, N. T., Ross, L. G., Badjeck, M. C. & Allison, E. H. The effects of climate change on world aquaculture: a 
global perspective. Aquac. Fish Genet. Res. Programme Stirling Inst. Aquac. Final Tech. Rep. DFID Stirling 151pp 
(2006). 

74. Huntingford, F. A. et al. Current issues in fish welfare. J. Fish Biol. 68, 332–372 (2006). 

75. McNicholl, J., Howarth, G. S. & Hazel, S. J. Influence of the Environment on Body Temperature of Racing Greyhounds. 
Front. Vet. Sci. 3, (2016). 

76. Brownlow, M. A., Dart, A. J. & Jeffcott, L. B. Exertional heat illness: a review of the syndrome affecting racing 
Thoroughbreds in hot and humid climates. Aust. Vet. J. 94, 240–247 (2016). 

77. Horse racing meet to proceed in Adelaide despite 44C forecast amid heatwave - ABC News (Australian Broadcasting 
Corporation). https://www.abc.net.au/news/2019-12-17/sa-twilght-race-meet-to-go-ahead-despite-
heatwave/11806516. 

78. Sheridan, M. & Sweeney, J. Weather and horse racing: Towards a more objective prediction of the going. Weather 
56, 48–55 (2001). 

79. Iddon, J., Lockyer, R. H. & Frean, S. P. The effect of season and track condition on injury rate in racing greyhounds. J. 
Small Anim. Pract. 55, 399–404 (2014). 

80. Ratzlaff, M. H., Wilson, P. D., Hutton, D. V. & Slinker, B. K. Relationships between hoof-acceleration patterns of 
galloping horses and dynamic properties of the track. Am. J. Vet. Res. 66, 589–595 (2005). 

81. Moore, G. E., Burkman, K. D., Carter, M. N. & Peterson, M. R. Causes of death or reasons for euthanasia in military 
working dogs: 927 cases (1993-1996). J. Am. Vet. Med. Assoc. 219, 209–214 (2001). 

82. Lorenz, J. R., Coppinger, R. P. & Sutherland, M. R. Causes and economic effects of mortality in livestock guarding 
dogs. Rangel. Ecol. Manag. Range Manag. Arch. 39, 293–295 (1986). 



THE IMPACT OF CLIMATE CHANGE ON THE WELFARE OF ANIMALS IN AUSTRALIA 

 

14 
 

83. McKechnie, A. E. & Wolf, B. O. Climate change increases the likelihood of catastrophic avian mortality events during 
extreme heat waves. Biol. Lett. 6, 253–256 (2010). 

84. Vertessy, R. et al. Response to fish deaths in the Lower Darling. https://www.mdba.gov.au/publications/mdba-
reports/response-fish-deaths-lower-darling (2019). 

85. Welbergen, J., Booth, C. & Martin, J. Killer climate: tens of thousands of flying foxes dead in a day. Conversat. 
Available Httptheconversation Comkiller-Clim.-Tens-Ofthousands--Fly.-Foxes-Dead---Day-23227 Accessed 3, (2014). 

86. Mao, F. How ‘one-third’ of a bat population died in two days. BBC News (2019). 

87. Readfearn, G. Kangaroo Island bushfires: grave fears for unique wildlife after estimated 25,000 koalas killed. The 
Guardian (2020). 

88. Midena, K. Native Australian smoky mouse becomes first species to be killed from bushfire smoke inhalation. ABC 
News (2020). 

89. Steffen, W. et al. Australia’s biodiversity and climate change - a strategic assessment of the vulnerability of Australia’s 
biodiversity to climate change. (2009). 

90. Stirrat, C. Massive food drop to help save endangered wallabies in fire-affected areas. The Sydney Morning Herald 
(2020). 

91. Fordham, D. A., Akçakaya, H. R., Araújo, M. B. & Brook, B. W. Modelling range shifts for invasive vertebrates in 
response to climate change. Wildl. Conserv. Chang. Clim. 86–108 (2012). 

92. Finn, H. C. & Stephens, N. S. The invisible harm: land clearing is an issue of animal welfare. Wildl. Res. 44, 377–391 
(2017). 

93. Hing, S., Narayan, E. J., Thompson, R. A. & Godfrey, S. S. The relationship between physiological stress and wildlife 
disease: consequences for health and conservation. Wildl. Res. 43, 51–60 (2016). 

94. Robinson, R. A. et al. Travelling through a warming world: climate change and migratory species. Endanger. Species 
Res. 7, 87–99 (2009). 

95. Hing, S., Narayan, E., Thompson, R. C. & Godfrey, S. A review of factors influencing the stress response in Australian 
marsupials. Conserv. Physiol. 2, (2014). 

96. Dickens, M. J., Delehanty, D. J. & Romero, L. M. Stress: an inevitable component of animal translocation. Biol. 
Conserv. 143, 1329–1341 (2010). 

97. Junhold, J. & Oberwemmer, F. How are animal keeping and conservation philosophy of zoos affected by climate 
change? Int. Zoo Yearb. 45, 99–107 (2011). 

98. Davies, N. A. et al. Physiological stress in koala populations near the arid edge of their distribution. PLoS One 8, 
(2013). 

99. Zinsstag, J., Schelling, E., Waltner-Toews, D. & Tanner, M. From “one medicine” to “one health” and systemic 
approaches to health and well-being. Prev. Vet. Med. 101, 148–156 (2011). 

100. Pinillos, R. G. et al. One welfare–a platform for improving human and animal welfare. Vet. Rec. 179, 412–413 (2016). 

101. Hoberg, E. P. & Brooks, D. R. Evolution in action: climate change, biodiversity dynamics and emerging infectious 
disease. Philos. Trans. R. Soc. B Biol. Sci. 370, 20130553 (2015). 

102. Plowright, R. K. et al. Reproduction and nutritional stress are risk factors for Hendra virus infection in little red flying 
foxes (Pteropus scapulatus). Proc. R. Soc. B Biol. Sci. 275, 861–869 (2008). 

103. Martin, G. et al. Climate change could increase the geographic extent of Hendra virus spillover risk. EcoHealth 15, 
509–525 (2018). 

104. Broom, D. M. Transport stress in cattle and sheep with details of physiological, ethological and other indicators. 
Dtsch. Tierarztl. Wochenschr. 110, 83–88 (2003). 

105. Fisher, A., Ferguson, D., Lee, C., Colditz, I. & Belson, S. Animal Welfare. 
file:///C:/Users/hings/Downloads/AHW.126_Final_Report.pdf (2006). 

106. Silanikove, N. Effects of heat stress on the welfare of extensively managed domestic ruminants. Livest. Prod. Sci. 67, 
1–18 (2000). 

107. Purswell, J. L. et al. Air exchange rate in a horse trailer during road transport. Trans. ASABE 49, 193–201 (2006). 

108. RSPCA Queensland. Dogs die in hot cars. RSPCA Queensland https://www.rspcaqld.org.au/what-we-do/welfare-
awareness/companion-animals/dogs-die-in-hot-cars. 

109. Blackman, S., Fawcett, A. & McGreevy, P. Duke the dog’s plane death shows how climate change complicates pet 
ownership. The Conversation (2020). 

110. Caulfield, M. P., Cambridge, H., Foster, S. F. & McGreevy, P. D. Heat stress: A major contributor to poor animal 
welfare associated with long-haul live export voyages. Vet. J. 199, 223–228 (2014). 



 

 

 

 

The RSPCA is Australia’s leading animal welfare 

organisation and one of Australia’s most trusted charities. 

The RSPCA works to prevent cruelty to animals by actively 

promoting their care and protection. 

RSPCA Australia 

PO Box 265 Deakin West ACT 2600 


