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Introduction
“Climate change is the single greatest threat to a 
sustainable future but, at the same time, addressing 
the climate challenge presents a golden opportunity to 
promote prosperity, security and a brighter future for all.”                                                            
– Ban Ki-Moon, Former Secretary-General of UN

The World Health Organization has identified climate change 
as the single biggest health threat facing humanity. Physiology 
is an essential part of the scientific response as it helps us 
understand the consequences of climate change for humans 
and other animals. As the science of how the body works, 
physiology explains the impact of climate change on our health 
and productivity, as well as the scope we have for mitigation 
and adaptation. In so doing, physiology is integral to the future 
of life. 

Physiology at a time of climate crisis

The world, and more areas of it, now experiences twice as many 
days over 50°C as it did in the 1980s, with the increase being 
“100% due to burning fossil fuels”.1 Progressive heatwaves, 
together with the increase in ground-level ozone, worsen 
respiratory as well as cardiovascular health. Similarly, floods, 
droughts and storms are ever more frequent and severe due 
to climate change. They are an immediate risk to life as well 
as subsequently affecting health and physical work capacity. 
Together, these extreme weather events can result in the loss of 
biodiversity and cause collapse ecosystems to collapse, which in 
turn can lead to mass starvation and conflict.

The Paris Agreement aims to limit global warming to well below 
2°C, preferably to 1.5°C; however, realising this target now 
requires not only rapidly meeting the Net Zero target, but also 
massive draw-down of CO2 from our atmosphere.2-3  

1 BBC News. Climate change: World now sees twice as many days over 50C. Available from: 
https://www.bbc.co.uk/news/science-environment-58494641 

2 United Nations Climate Change. The Paris Agreement. Available from: 
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement 

3 IPCC 6th Assessment Report. Climate Change 2021: The Physical Science Basis. Available from: 
https://www.ipcc.ch/report/ar6/wg1/

https://www.bbc.co.uk/news/science-environment-58494641
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://www.ipcc.ch/report/ar6/wg1/ 
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CO2 is not the only greenhouse gas we need to worry about – methane accounts for 25% of global emissions 
and has 80 times the warming power of CO2 over the first 20 years.4 About 65% of methane emissions come 
from human activity such as animal agriculture.5  Physiology can help develop and assess alternative diets that 
meet nutritional standards but reduce our reliance on animals.

Thus, it is time for us all not just to raise the alarm but to act. Whilst enormous problems require enormous 
responses, such responses can come about by the accumulation of many individual acts – in our personal, 
professional and political lives. The scale of the climate change problem is so vast that we need an 
interdisciplinary approach that marries natural sciences with social sciences and humanities to offer deeper 
and broader insights to address the problem.6  

From reducing energy use and emissions to mitigate climate change, through to the adaptation of human 
and animal physiology to ensure the health of the planet and its inhabitants, physiology is central to tackling 
climate change and understanding its impact. 

This pamphlet highlights the research gaps that relate to climate change and physiology, and how 
governments, civil society and research funders can respond to the policy challenges that the climate 
emergency presents.

Professor Mike Tipton
The Physiological Society 
Professor of Human & Applied Physiology, Extreme Environments Laboratory, University of 
Portsmouth, UK

4 Environmental Defense Fund. Methane: A crucial opportunity in the climate fight. Available from: 
https://www.edf.org/climate/methane-crucial-opportunity-climate-fight 

5 Unites States Environmental Protection Agency. Overview of Greenhouse Gases. Available from: 
https://www.epa.gov/ghgemissions/overview-greenhouse-gases 

6 Climate change research and the search for solutions: Rethinking interdisciplinarity. Available from:  
https://link.springer.com/article/10.1007/s10584-021-03237-3

Photo credit: 
University of Sydney

https://www.edf.org/climate/methane-crucial-opportunity-climate-fight
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://link.springer.com/article/10.1007/s10584-021-03237-3
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The Climate Emergency: Funding, Research Gaps and Policy                  
Priorities – Online discussion

This pamphlet and the research gaps and policy priorities it identifies, were developed as a summary of an 
online discussion entitled ‘The Climate Emergency: Funding, Research Gaps and Policy Priorities’ hosted by The 
Physiological Society in June 2022.

The key objectives of this work are to:

Identify the key research gaps in the area of physiology and climate change that will be used to support 
funding organisations in this area.

Propose priorities for public policy changes informed by existing understanding of physiology.

A recording of the discussion can be found by visiting physoc.org/climatechange.

The Role of Physiology in Mitigating 
and Adapting to Climate Change

All plants and animals depend upon a stable and narrow 
range of environmental conditions to thrive and survive. 
By changing background “stable” temperature and 
water availability, such survival is threatened: over the 
next 50 years, “1 to 3 billion people are projected to 
be left outside the climate conditions that have served 
humanity well over the past 6,000 years, and without 
action, a substantial part of humanity will be exposed to 
mean annual temperatures warmer than nearly anywhere 
today”. 7 

Mitigation involves making the impacts of climate 
change less severe by preventing or reducing the 
emission of greenhouse gases into the atmosphere. 
Adaptation refers to anticipating the adverse effects of 
climate change and taking appropriate action to minimize 
the damage that they can cause. Physiology has a role 
in both mitigating climate change and adapting to its 
effects as highlighted in this pamphlet.

7 Jansen E., et al. Past perspectives on the present era of abrupt Arctic climate change. 
Nat Clim Chang. 2020; 10 (8): 714-21. Available from: https://doi.org/10.1038/s41558-020-0860-7

https://doi.org/10.1038/s41558-020-0860-7
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Key Research Gaps

1. Understanding Physiological 
Responses to Extreme Heat 
Environments 

Thermal physiology refers to the study of the biological 
implications of fluctuations in temperature on the human 
body. Using principles of thermal physiology, we can 
understand what drives the perception of human thermal 
comfort, what makes humans feel comfortable at warmer 
temperatures and how to achieve it without relying on 
energy-consuming mechanical cooling techniques such 
as air conditioning. This could include evaporative cooling 
techniques, through which evaporated water is used 
to cool hot air. It may also involve learning how to alter 
people’s behaviour such that they are able to tolerate 
warmer environments. Moreover, it is also important to 
understand the limits to adaptation in order to develop 
effective tools and guidelines based on these physiological 
limitations.

Key Benefits:

Mitigation: Reduced dependency on air conditioning 

Adaptation: Modification of the skin temperature at 
which individuals feel hot, allowing people to feel cool in 
warmer temperatures. 



The Heat and Health Research Incubator at the 
University of Sydney has allowed us to find ways to 
reduce electricity costs and associated greenhouse 
gas emissions from air conditioner use during 
hot summer days without compromising thermal 
comfort. Greenhouse gas emissions from air 
conditioning use are quite substantial in places such 
as Australia, North America, China, and Southeast 
Asia, while soaring global energy prices are also 
making air conditioning unaffordable for many this 
summer.

Our study looked at historical changes in 
temperature throughout the year to understand 
when the threshold for warm thermal discomfort is 
exceeded – this is when people are likely to switch 
on an air conditioning unit. Research in thermal 
physiology has shown that if we increase air velocity 

across the skin, this thermal comfort threshold 
temperature is increased by 3-4 °C. This means 
that, if the air conditioner thermostat is adjusted 
accordingly, throughout a given hot day an air 
conditioning unit will be switched on later and for a 
shorter duration, while the person will remain just as 
thermally comfortable.

This information was then used to estimate how 
much greenhouse gas emissions would be reduced 
if everyone in Australia adopted this strategy. We 
found that over a typical year a potential reduction 
in greenhouse gas emissions from air conditioner 
use of 70-75% could be achieved. A greenhouse 
gas abatement-cost analysis estimated that this 
approach is potentially superior to the widespread 
phasing out of incandescent home lighting in the 
early 2000s.

8 Malik A, et al. The potential for indoor fans to change air conditioning use while maintaining human thermal comfort 
during hot weather: an analysis of energy demand and associated greenhouse gas emissions. Lancet Planetary 
Health. 2022; 6(4): E301-309   Available from: https://www.thelancet.com/journals/lanplh/article/PIIS2542-
5196(22)00042-0/fulltext

Case Study: Using Thermal Physiology to Optimise Indoor Fan Usage to 
Reduce Greenhouse Gas Emissions from Air Conditioner Use

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00042-0/fulltext
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00042-0/fulltext


Further research in this area could build on these 
findings by assessing how these modelled outcomes 
can be realised in the real-world by using our 
understanding of human physiology to alter people’s 
behaviour and reduce the reliance on air conditioning 
to remain comfortably cool. This research can also be 

used to develop sustainable and affordable cooling 
options for people in vulnerable settings such as 
aged-care homes and social housing.

Professor Ollie Jay
University of Sydney, Australia
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Figure 1 Greenhouse gas emission reduction with increased air velocity across the skin

Case Study: Using Thermal Physiology to Optimise Indoor Fan Usage to 
Reduce Greenhouse Gas Emissions from Air Conditioner Use
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2. Developing Sustainable Diets that Meet Nutritional Requirements 

The annual global methane emissions from animal agriculture are over 145 million tonnes.9 While it may 
not be possible to eliminate these emissions entirely, we can reduce our consumption of food sources 
which produce a lot of emissions, such as red meat. Each year, a single cow will belch about 220 pounds of 
methane. Methane from cattle is shorter lived than carbon dioxide but 28 times more potent in warming the 
atmosphere10. Physiological knowledge and assessments can be used to improve plant nutritional profiles 
so that they match the dietary provision of animal products. An increase in research funding into sustainable 
proteins and alternative diets is required to improve them in  terms of health outcomes.

Key Benefits:

Mitigation: Development of sustainable proteins that meet nutritional requirements and in turn reduce 
methane emissions from animal agriculture, reduce the amount of land given over to agriculture and reduce 
the impact of farming practices on soil. 

9 International Energy Agency. Methane Tracker 2020. Available from: https://www.iea.org/reports/methane-
tracker-2020 

10 Cows and climate change - Making cattle more sustainable. Available from:  https://www.ucdavis.edu/food/news/
making-cattle-more-sustainable#:~:text=Each%20year%2C%20a%20single%20cow,the%20Department%20of%20
Animal%20Science.

https://www.iea.org/reports/methane-tracker-2020
https://www.iea.org/reports/methane-tracker-2020
https://www.ucdavis.edu/food/news/making-cattle-more-sustainable#:~:text=Each%20year%2C%20a%20single
https://www.ucdavis.edu/food/news/making-cattle-more-sustainable#:~:text=Each%20year%2C%20a%20single
https://www.ucdavis.edu/food/news/making-cattle-more-sustainable#:~:text=Each%20year%2C%20a%20single
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3. Understanding the Impact of Extreme Environments on the Health 
of Vulnerable Populations 

Populations more vulnerable to climate change can include older people, those with co-morbidities, pregnant 
women, disadvantaged groups, indigenous populations, ethnic minorities, and people living in low-and-middle 
income countries (LMICs). They also include people working in occupations regularly exposed to extreme 
environments such as farm workers and builders. People living with co-morbidities such as heart conditions 
and diabetes are more vulnerable to heat stress; similarly, those suffering from respiratory conditions are more 
vulnerable to changes in outdoor air quality than the general population.11 Research into the impact of climate 
change on the physiology of vulnerable populations can help inform public health strategies to build their 
resilience and lessen the impact of climate change.

Pregnant women are also adversely impacted by extreme heat, leading to poor birth outcomes for the foetus 
such as preterm birth and low birthweight. However, the physiological mechanisms that underpin these 
outcomes are poorly understood.12 Further research is needed to understand the physiological pathways 
through which maternal heat strain is passed on to the foetus and how these pathways interact to trigger 
adverse birth outcomes. 

People with a low socio-economic status tend to have a higher exposure to air pollution due to poor housing 
conditions or greater exposure to pollutants during manual labour. This is especially common in LMICs where 
over 90% of deaths related to air pollution occur.13 Research into the mechanisms by which air pollution 
affects our physiological processes and the lethal dose of pollutants can help develop prevention and 
mitigation responses. 

Key Benefits:

Adaptation: 
1. Development of tools, products, and public health guidance to protect vulnerable populations from 

extreme weather events. 
2. Better maternal and child health outcomes during pregnancy for those living in hotter environments. 

11 United States Environmental Protection Agency. Climate Change and the Health of People with Existing Medical 
Conditions. Available from: https://www.cmu.edu/steinbrenner/EPA%20Factsheets/existing-conditions-health-climate-
change.pdf 

12 Samuels L, et al. Physiological mechanisms of the impact of heat during pregnancy and the clinical implications: review 
of the evidence from an expert group meeting. Int J Biometeorol. 2022. Available from: https://doi.org/10.1007/
s00484-022-02301-6 

13 World Bank. The Global Health Cost of PM2.5 Air Pollution : A Case for Action Beyond 2021. 2022. International 
Development in Focus. Available from: https://openknowledge.worldbank.org/handle/10986/36501 

https://www.cmu.edu/steinbrenner/EPA%20Factsheets/existing-conditions-health-climate-change.pdf
https://www.cmu.edu/steinbrenner/EPA%20Factsheets/existing-conditions-health-climate-change.pdf
https://doi.org/10.1007/s00484-022-02301-6
https://doi.org/10.1007/s00484-022-02301-6
https://openknowledge.worldbank.org/handle/10986/36501
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4. Understanding Indoor Pollutants and their Contribution to Poor    
Health Outcomes 

Indoor pollutants are responsible for over 3.8 million deaths per year, yet there is a paucity of research in this 
area.14 Such pollutants are responsible for worsening air quality and exacerbate deaths due to respiratory and 
cardiovascular diseases. Indoor air quality can often be worse than outdoor air quality, and research in this 
area can help understand the mechanisms through which indoor pollutants such as stoves contribute to poor 
health outcomes. This is particularly important in older and vulnerable populations across the world who will 
spend more time indoors sheltering from extreme weather events due to climate change. 

Key Benefits:

Mitigation: By limiting indoor pollutants, we can reduce their contribution to climate change and mitigate 
their impacts on pathophysiological processes, resulting in better health outcomes for those who may spend 
the majority of their time indoors. 

5. Using Physiological Research to Develop Countermeasures Against 
Climate Change 

Given the current rate at which climate change is advancing, it is vital that we take measures to counter its 
effects on the human body. Physiological research can help in the development of countermeasures such as 
masks and personal protective equipment (PPE). By understanding how different materials used in masks work 
against various pollutants, we can develop appropriate protective equipment and encourage its use. Further, 
research into the role of supplements and the mechanisms through which they work will help develop ways 
through which we can strengthen our immune systems. For instance, there is some evidence that vitamins C 
and E may slightly reduce the respiratory symptoms caused by ozone exposure.15 

With an increase in the frequency and intensity of extreme weather events due to climate change rescue 
and emergency workers are becoming increasingly called upon to save lives. Further research is required to 
understand the physiological demands placed on rescue workers during extreme weather events, in order to 
develop effective strategies to optimise their health, safety and function. This could include the design of PPE 
kits, job-specific training, reducing the length of shifts and nutritional and recovery strategies. 

14  World Health Organisation. Household air pollution and health. Available from: https://www.who.int/news-room/fact-
sheets/detail/household-air-pollution-and-health

15 United States Environmental Protection Agency. Health Effects of Ozone in the General Population. Available from: 
https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population

https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.epa.gov/ozone-pollution-and-your-patients-health/health-effects-ozone-general-population
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Key Benefits:

Adaptation: 
1. Development of effective tools such as masks and PPE kits to reduce the impact of pollutants on the 

human body and protect rescue workers during extreme weather events; 
2. Strengthening the immune system of individuals to build resilience to climate change impact; 
3. Development of safe working practices guidelines, informed by physiology, for people working in extreme 

environments. 

6. Fostering Collaboration between Physiology and other Disciplines 
such as Sustainable Urban Development and Public Health 

Urban areas house over 50 % of the world’s population, and this percentage is set to increase.16 By 
greening cities with trees, community parks, and rooftop gardens we can keep ourselves cooler amid 
rising temperatures.17 However, developing green cities requires collaboration between experts such as 
physiologists, botanists and architects as well as local government planners. Further, physiology research can 
also provide the evidence base to highlight how certain practices such as healthy eating and active travel are 
beneficial to individuals and the planet. Cross-disciplinary collaboration is required with other researchers such 
as behavioural scientists and psychologists to help convince people to adopt such practices. Thus, due to the 
widespread impact of climate change on human health, as well as the health of the ecosystem, is it vital that 
organisations working across different areas combine research efforts. 

Key Benefits:

Mitigation: 
1. Urban planning, informed by physiological knowledge, can help develop green and thereby cooler spaces 

which achieve greater levels of thermal comfort and reduce the reliance on air conditioning; 
2. Through collaboration with other disciplines, we can ensure that environment-friendly practices such 

as sustainable eating and active travel are adopted by the general public which will reduce methane 
emissions from livestock and CO2 emissions from motorised vehicles. 

16  The World Bank. Urban Development. Available from: https://www.worldbank.org/en/topic/urbandevelopment/
overview

17 The Guardian. Urban heat islands: cooling things down with trees, green roads and fewer cars. Available from: https://
www.theguardian.com/sustainable-business/2017/feb/21/urban-heat-islands-cooling-things-down-with-trees-
green-roads-and-fewer-cars

https://www.worldbank.org/en/topic/urbandevelopment/overview
https://www.worldbank.org/en/topic/urbandevelopment/overview
https://www.theguardian.com/sustainable-business/2017/feb/21/urban-heat-islands-cooling-things-down-
https://www.theguardian.com/sustainable-business/2017/feb/21/urban-heat-islands-cooling-things-down-
https://www.theguardian.com/sustainable-business/2017/feb/21/urban-heat-islands-cooling-things-down-
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7. Preserving Biodiversity and Ensuring Planetary Health 

Planetary health focuses on the interdependence of human health, animal health and the natural systems 
within which we live.18 In 2019, the UN warned of a significant and ongoing threat to biodiversity – of the 
total eight million plant and animal species, one million are in danger of extinction.19 Research is needed to 
understand the physiological features that determine the geographical location of different species and how 
they respond to changes in their environment, such as temperature changes, air pollution and other weather 
events.20 This is particularly important as we try to predict the biological impact of climate change and 
develop responses to preserve biodiversity. 

Key Benefits:

Adaptation: 
1. Predicting the impact of climate change on biodiversity to develop tools to minimise mass species 

extinction; 
2. Ensuring that tools and strategies developed for human health also benefit animal and plant health. 

18 United Nations Climate Change. Planetary Health. Available from: https://unfccc.int/climate-action/un-global-climate-
action-awards/planetary-health

19 UN Sustainable Development Goals. UN Report: Nature’s Dangerous Decline ‘Unprecedented’; Species Extinction 
Rates ‘Accelerating’. Available from: https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-
unprecedented-report/ 

20  Spicer JI, et al. Physiological diversity, biodiversity patterns and global climate change: testing key hypotheses involving 
temperature and oxygen. Royal Society. 2019; 374(1778). Available from: https://doi.org/10.1098/rstb.2019.0032

https://unfccc.int/climate-action/un-global-climate-action-awards/planetary-health
https://unfccc.int/climate-action/un-global-climate-action-awards/planetary-health
https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-unprecedented-report/
https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-unprecedented-report/
https://doi.org/10.1098/rstb.2019.0032
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Policy Priorities for the UK Government
The response to climate change will require a multidisciplinary approach. Physiology sits at the intersection 
between physical and chemical sciences and therefore will form an important part of the solutions. As the 
examples presented in this pamphlet demonstrate, an understanding of physiology and research in physiology 
are essential for mitigating and adapting to climate change. It is important that physiological research is put 
into practice, and that government strategies harness physiology when developing public health guidelines 
to address climate change. Furthermore, the UK Government should work with other nations to develop 
local strategies and ensure that the gap between high-, middle- and low-income countries is not widened by 
policies to address climate change. We have summarised key national and global policy priorities for the UK 
Government below. 

National Priorities

Physiologically-informed policies and safe working practices for different extreme environments. Policies 
tailored to local contexts instead of adopting a one-size-fits-all approach.

Developing effective early warning systems ahead of extreme weather events such as heatwaves, 
droughts and flash flooding to protect the most vulnerable in society. This should include introducing 
named heatwaves to aid the communication of approaching heatwaves through the media and 
government agencies.

Using physiological research to develop and assess sustainable proteins and alternative diets that meet 
the required nutritional standards. Development of guidelines for healthy eating and active travel.

The human body’s response to the climate must be central to all new urban planning and developments.

Global Priorities 

Encouraging in-country research in nations most impacted by climate change and developing strategies 
with national governments based on the local requirements.

Ensuring continued Overseas Development Assistance (ODA) for research in mitigation and adaptation 
to climate change.

Using thermal physiology knowledge and research to expand the green cities project to urban areas in 
low- and middle-income countries.

Building resilient health systems in countries which are disproportionately burdened by the impact of 
climate change. This can be achieved through the development of cost-effective schemes and the 
collaboration of physiologists with healthcare professionals, public health experts and local governments. 
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