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Climate Change, Excess Heat, and Health 

 

 
 

Background and Problem Statement  
 
Climate change is undeniably present, worsening, and anthropogenic (1). The current carbon levels in our 
atmosphere are the highest they’ve been since the Pliocene epoch over 3 million years ago (2). More 
alarmingly, the pace of this carbon polluCon is acceleraCng despite increasing aDenCon and acceptance 
that this is a real problem, with CO2 emissions in 2015, 51% higher than they were in 1990 (3). The United 
NaCons’ Intergovernmental Panel on Climate Change (IPCC) has stated that as of 2022, we are on path to 
exceed the 1.5 degree “red line” that was agreed at the Paris Accords in 2015 (4). 
 
Its effects will touch every single facet of our biosphere and human experience, from changing ocean 
currents to reduced agricultural output to depleted biodiversity and frequent extreme weather events (5). 
According to the latest Intergovernmental Plan on Climate Change (IPCC) (2021), for 1.5 degrees Celsius 
of global temperature increasing, we will see intensifying heat waves, longer warm seasons, and shorter 
cold seasons. At 2 degrees Celsius, heat extremes would frequently reach criCcal tolerance thresholds for 
agriculture and human health (6). 
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Climate Change and Excessive Heat  
 
A parCcular worrisome effect of climate change on human health and welfare will be its effect on the 
creaCon of deadly heat waves (7). Heat waves are increasing in frequency and intensity and undeniably 
related to climate change processes. There’s a direct link between climate change and deadly heat waves. 
A study by the World Weather ADribuCon looking at the deadly 2017 Southern European heat waves, 
found that climate change increased its chance of occurrence by a factor of 10. (8)  A study by the Union 
of Concerned ScienCsts in 2019 found that by middle of the 21st Century, the United States will see the 
number of days with 105-degree heat index temperatures to triple (9) and another study in 2017 found 
that for every 1 degree Celsius of increased global warming, we will see the number of heat-wave days 
increase from 4 to 34 days per season (10).  
 
This increased frequency of heat waves is being observed now, from an average of two heat waves a year 
in the 1960s to six a year in the last 10 years. They are also lasCng longer: an average of four days now, 
compared to an average of three days in the 1960s. The intensity has increased in lockstep with this change 
in frequency. In the 1960s, an average heat wave was 2.0 degrees Celsius above the 85th percenCle 
threshold. In the last decades, they have averaged 2.3 degrees Celsius above the threshold (11). 
 

 
Figure 1: Heat Impacts are Felt Globally and across all Age Groups. 
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How Excessive Heat Affects Human Health  
 
Exposure to heat – prolonged exposure to solar radiaCon and atmospheric temperatures without 
opportuniCes for cooling, including for example, shade, can have a devastaCng effect on human wellbeing 
in both direct and indirect ways impact the health of our bodies in a myriad of ways.  

Direct Effects 
 
Human health can be directly impacted by excessive heat in the following ways: 
 
Heat exhaus*on and heat death  

 
• The most obvious and direct cause of harm from excessive heat is the morbidity and mortality 

created by the direct effect of heat on human bodies. Heat waves are rouCnely some of the 
deadliest natural disasters known with heat waves killing twice as many Americans as tornadoes 
(12).  

 
• The mortality secondary to heat waves is now frequently reaching into the many tens of 

thousands. The European heat wave of 2003 for example, is esCmated to have caused 70,000 
deaths (13) and the heat waves that struck Russia in 2011 killed about 56,000 Russians (14). 

 
• Such deadly heat waves engulfing mulCple countries has become rouCne in the last decade. There 

were heat waves lasCng for days at a Cme and killing thousands in the United Kingdom (2018), 
United States (2018), Japan (2018), Australia (2019), India (2019), Pakistan (2019), the European 
Union (2019) and India (2022) among many others (15). 

 
Acute kidney injury and chronic kidney disease  

 
• Excessive heat and subsequent dehydraCon is a major contribuCng factor to acute kidney injuries 

(AKIs) which have become epidemic among workers who toil outdoors throughout the planet and 
are exposed to frequent and ever more intense heat waves (16). 

 
• A study done in California showed that 12% of farm workers developed signs of kidney injury over 

the course of just a single day exposed to unrelenCng heat (17). 
 
• In Central America alone, we have seen a spike a chronic kidney disease (CKD) and eventual kidney 

among sugarcane workers in Central America, with CKD prevalence rising tenfold in men and 
fourfold in women since the 1970s (18) and over 20,000 workers dying of renal failure as of 2021 
(19). 

 
Mental health effects 
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• Excessive heat has a palpable and measurable effect on mental health as well with heat waves 
affecCng mood disorders, anxiety disorders, demenCa, alcohol and drug misuse and suicidal 
behavior (20) as well as worsening symptoms of schizophrenia in both outpaCent and inpaCent 
sefngs (21). 

 
• Rising temperatures and humidity are related to increased emergency room visits for mental 

health effects (22) and increased admissions to psychiatric hospitals (23).  
 

• Heat also highly correlates with interpersonal violence and conflict between people. MulCple 
studies have shown posiCve associaCons between rising temperatures and increase in intenConal 
homicides, sex offenses and assaults (24). 

 
• Excessive heat has also been shown to affect learning potenCal, with research showing an average 

temperature increase of just 0.55 degrees Celsius over a year resulted in a 1% decrease in learning 
and an accumulated $25,000 in lost earnings for the students affected (25) and a one-standard-
deviaCon increase in temperature during the exam period within counCes (2 °C/3.6 °F) decreasing 
total test scores by 0.68% (26). 

 
Indirect Effects 
 
Excessive heat can also affect human health through its indirect effects. Discussed below, these effects can 
be longer term and therefore harder to Ce to instances of extreme heat and potenCally harder to miCgate. 
 
Oceanic processes  

 
• Heat waves are just as deadly when they occur on oceans, leading to massive die offs of marine 

species as well as the destrucCon of fragile marine ecosystems such as coral (27). 
 
• This has a devastaCng effect on biodiversity which parCcularly impacts sea-based economies and 

nutriCon of oceanic origins which account for a sizable amount of the nutriCon intake of much of 
the world’s populaCon.  

 
• Increasing heat and subsequent increased ocean temperatures have also been correlated with the 

increase in harmful algal blooms (28), increased ocean acidificaCon (29) and increase in both the 
intensity and frequency of extreme weather of oceanic origin such as hurricanes and typhoons 
(30).  

 
Agricultural output, animal husbandry and human nutri*on 

 
• High temperatures have been shown to lead to decreased photosynthesis, leaf senescence, 

decreased pollen producCon and pollen viability, seed aborCon, and consequently lower grain 
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number and grain weight, parCcularly in some of the world’s most important crops such as soy, 
sorghum and wheat, creaCng the possibility of lower yields, food shortages and global hunger 
(31). 

 
• Excessive heat stress effects on domesCcated animals include reduced milk producCvity, reduced 

ferClity, increased suscepCbility to disease, and increased mortality (32).  
 

• Direct heat waves effects can also lead to massive mortality among animal species important for 
human nutriCon with a recent heat wave in Kansas esCmated to have killed 10,000 heads of caDle 
across the state aler 4 days of conCnues > 104 degree heat (33). 

 
Bacterial infec*on risk and an*microbial resistance 

 
• Horizontal gene transfer, a major mechanism for the acquisiCon of anCbioCc resistance, is 

increased by increasing temperatures. In addiCon, increases in temperature generally increase 
bacterial growth rates (34). 

 
• Increases in temperate are associated with increases in bacterial infecCons. An internaConal study 

of 22 ciCes found that proximity to the equator and socioeconomic factors were both posiCvely 
associated with risk of Gram-negaCve bacteremia (35). 

 
• Increase in local temperatures is associated with anCbioCc resistant infecCons. An increase in 

temperature of 10 °C across regions was associated with an increase in anCbioCc resistance of 
4.2%, 2.2%, and 2.7% for the common pathogens Escherichia coli, Klebsiella 
pneumoniae and Staphylococcus aureus (36). 

 
Vector-borne disease risk  

 
• Rising temperatures are well known to favor the growth in populaCons of mulCple vectors known 

to carry disease, such as mosquitos and Ccks. As temperatures increase, the range of many vectors 
also gets larger, increasing the number of suscepCble individuals (37).  

 
• In the United States alone, mosquito season has grown by 76% in major ciCes since the 1980s due 

to increases in average temperatures (38). 
 

• It is esCmated that given current climate change and increasing heat projecCons, the range of 
Aedes aegyp8, an invasive mosquito vector for many arboviruses such as dengue, zika and yellow 
fever, will expand 2-6 km per year in the next 30 years (39). 
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• Further modeling shows that given current warming trends, 8.4 billion people, or 90% of the 
projected populaCon, will be at risk for dengue infecCon in 2080 due to expanded vector ranges 
(40). 

 
Wildfire risk  

 
• Heat waves considerably 

increase the risk of wildfires. 
Short term droughts and heat 
waves dry out vegetaCon, 
creaCng perfect condiCons 
for easy igniCon and fire 
propagaCon (41).  

 
• Wildfires have been 

increasing in intensity and 
frequency, with significant 
subsequent damage to 
human populaCons, both 
directly through fire damage and physical burns, as well as well indirectly through smoke 
producCon and inhalaCon, which has been shown to increase all-cause morbidity and mortality, 
beyond even respiratory causes (42). 
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The Future and What HSR.health Offers  
 
There does not seem to be hope that climate change effects can be prevented considering the lack of 
poliCcal will and momentum at the moment. We need to move from a vision of prevenCon and embrace 
planning for emergency preparaCon and miCgaCon.   
 
GeospaCal science and analyCcs present a parCcularly useful tool for this miCgaCon acCvity.  The ability 
to visualize geographical areas under threat and populaCons at parCcular risk from olen-deadly climate 
change processes will be an incredibly valuable asset to any locality under siege from our changing planet.  
 
HSR.health is at the forefront of geospaCal health analyCcs as a tool for furthering improvements in human 
welfare and life-saving strategic planning. We are an innovaCon-first healthcare technology firm and the 
leading provider of geospaCal health risk analyCcs. Our AI-enabled, geospaCal plaporm curates data 
globally and provides acConable health risk insights throughout the healthcare ecosystem as well as to 
broader markets.  
 
As such, we can assist with emergency plans for our eventual heat wave scorched future by:  
 
Iden7fica7on of Vulnerable Popula7ons  
 
While a warming planet will eventually expose all of humanity to rising heat, disCnct heat waves, olen 
creaCng deadly condiCons within a very short amount of Cme, will affect different areas of the planet at 
different Cmes and in different ways.  We can pinpoint parCcular areas at risk for severe heat waves, 
populaCons whose intrinsic vulnerabiliCes place them at the highest risk for elevated heat-related 
morbidity and mortality and social and geographic factors, like wildfire risk and low cooling center density, 
that could augment the ulCmate harm. 
  

Ex: Among the popula8on in a given province affected by a heat wave, which city and which 
neighborhoods are at the highest risk for hospitaliza8on secondary to dehydra8on and lack of 
cooling resources? 
 

Quan7fying the Risk of Nega7ve Health Outcomes  
 
It is a sobering reality in healthcare that we simply never have enough resources to ensure complete 
coverage of a given populaCon or geographical area. Therefore, it is of the utmost importance that we can 
triage populaCons according to their current emergency need. The ability to quanCfy health outcomes and 
hierarchize in order of severity and threat to life is key in any strategic planning acCvity.  
 

Ex: Among the popula8on in a given city affected by a heat wave, which age cohort is at the highest 
risk for hospitaliza8on secondary to heat-related renal failure?  
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Analyzing the Effect of Mul7ple Natural Processes on One Outcome  
 
Health effects from natural processes are olen the result of a complex mélange of natural forces, pre-
exisCng social and economic vulnerabiliCes and current miCgaCon capacity.  We are able to parse out and 
idenCfy the magnitude in which different social determinants of health (SDOH) as well different natural 
process thresholds will affect health outcomes.  

 
Ex: How does housing and air quality combine to influence the risk of hospitaliza8on for adults in 
high heat risk areas? What happens when race is added to the analysis? 

 
Facilitate Strategic Mi7ga7on and Emergency Plans  
 
As touched upon before, the reality of scarce resources necessitate a clinical and methodical approach to 
intervenCon in natural disaster areas. There is a need-to-know which region to concentrate rescue efforts 
on first and which populaCon groups within that region to prioriCze in relief acCvity.  No emergency 
preparedness plan can consider itself complete without an a priori geographical analysis of relief 
intervenCon priority.  

 
Ex: Where should we place strategic emergency generator stockpiles for use in powering cooling 
centers when heat waves occur? 
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Conclusion  
 
Climate change is likely to be the greatest challenge our species has faced since the end of the Ice Age. Its 
myriad, complex and interrelated aDacks on human welfare will require mulCdisciplinary efforts and 
innovaCve thinking.  We believe our capabiliCes are a perfect fit to assist any government or organizaCon 
that wants to tap human ingenuity and technological innovaCon to save lives and prepare for worst case 
scenarios.  
 
HSR.health believes in the power of science and data to change the world. As global challenges relaCng to 
climate change, excessive heat and health inequity spread through the globe, it is our firm convicCon, that 
through the scienCfic applicaCon of ingenuity, the most complex problems can be solved. 
 
HSR.health wants to meet these challenges and through our methodical analysis and acConable tools, be 
a part of the grand movement working right now in partnership with dozens of organizaCons around the 
planet to prepare our greater human family to face this great unknown.  
 
Our approach allows for a methodical analysis and study of vulnerable areas and populaCons of our planet 
so that strategic intervenCons can be deployed for maximum effect. Our tools will empower communiCes 
at greatest risk to extreme heat beDer prepare for natural disasters and minimize the damage, both in 
lives and property, that these can bring.  
  

http://www.hsr.health/


  Climate Change, Excess Heat,  
  and Health 
 
 

impact@hsr.health | 240-731-0756 | www.hsr.health 12 

References 
 

1. Richie, Hannah and Max Roser (2021). “CO2 emissions”. Our World in Data, published online. 
Retrieved at: hYps://ourworldindata.org/co2-emissions. 

2. Owen, Mulhern. (2020). “A graphical history of atmospheric CO2 levels over \me”. Earth.org. 
Published online: August 12, 2020. Retrieved at: hYps://earth.org/data_visualiza\on/a-brief-history-
of-co2/. 

3. “Climate change indicators: global greenhouse gas emissions”. (2022). United States Environmental 
Protec:on Agency. Published online: August 1st, 2022. Retrieved at: hYps://www.epa.gov/climate-
indicators/climate-change-indicators-global-greenhouse-gas-emissions. 

4. UN News (2022). “UN Climate Report: Its now or never to limit global warming to 1.5 degrees”. 
United Na:ons. Published online. April 4, 2022. Retrieved online at: 
hYps://news.un.org/en/story/2022/04/1115452. 

5. “Climate change widespread, rapid and intensifying” (2021). The Intergovernmental Panel on Climate 
Change. Published online: August 9, 2021. Retrieved at: hYps://www.ipcc.ch/2021/08/09/ar6-wg1-
20210809-pr/ 

6. “Climate change widespread, rapid and intensifying” (2021). The Intergovernmental Panel on Climate 
Change. Published online: August 9, 2021. Retrieved at: hYps://www.ipcc.ch/2021/08/09/ar6-wg1-
20210809-pr/ 

7. Bojunda, Alexandra (2021). “Heat waves kill people, and climate change is making it much, much 
worse”. Na:onal Geographic Online. Published on July 2nd, 2021. Retrieved at : 
hYps://www.na\onalgeographic.com/environment/ar\cle/heat-related-deaths-aYributed-to-
climate-change 

8. Kew, S.F et al. (2018) “The excep\onal summer heatwave in southern Europe: 2017.”. Bulle:n of the 
American Meteorological Society doi: 10.1175/BAMS-D-18-0109.1 

9. “Killer heat in the United States: the future of dangerously hot days”. UCUSA Website. Published 
online:hYps://ucsusa.maps.arcgis.com/apps/MapSeries/index.html?appid=e4e9082a1ec343c794d27
f3e12dd006d 

10. Perkins-Kirkpatrick, S.E., Gibson, P.B. (2017). “Changes in regional heatwave characteris\cs as a 
func\on of increasing global temperature”. Sci Rep 7, 12256. hYps://doi.org/10.1038/s41598-017-
12520-2 

11. Habeeb, D., J. Vargo, and B. Stone, Jr. 2015. “Rising heat wave trends in large U.S. ci\es”. Nat. Hazards 
76(3):1651–1665. doi:10.1007/s11069-014-1563-z. 

12. Na\onal Weather Service (2022). “Weather related fatality and injury sta\s\cs”, (2022). Na\onal 
Oceanic and Atmospheric Administra\on (NOAA). Retrieved online at: 
hYps://www.weather.gov/hazstat/ 

13. “European Heat Wave 2003”. Climate Signals. Published online on October 15th, 2021. Retrieved at: 
hYps://www.climatesignals.org/events/european-heat-wave-2003 

14. GuYerman, Steve (2010). “Heat, smoke sent Russian deaths soaring in 2010, govt”. (2010). Reuters. 
Published online: October 25th, 2010. Retrieved at: hYps://www.reuters.com/ar\cle/us-russia-heat-
deaths-idUSTRE69O4LB20101025 

15. Regan, Helen (2020). “Last decade was Earth’s hoYest on record, exposing grim reality of climate 
change”. CNN.com. Published online on August 14th, 2020. Retrieved at: 
hYps://www.cnn.com/2020/08/13/world/state-of-climate-report-2019-intl-hnk-scn/index.html 

http://www.hsr.health/
https://ourworldindata.org/co2-emissions
https://earth.org/data_visualization/a-brief-history-of-co2/
https://earth.org/data_visualization/a-brief-history-of-co2/
https://www.epa.gov/climate-indicators/climate-change-indicators-global-greenhouse-gas-emissions
https://www.epa.gov/climate-indicators/climate-change-indicators-global-greenhouse-gas-emissions
https://news.un.org/en/story/2022/04/1115452
https://news.un.org/en/story/2022/04/1115452
https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/
https://www.nationalgeographic.com/environment/article/heat-related-deaths-attributed-to-climate-change
https://www.nationalgeographic.com/environment/article/heat-related-deaths-attributed-to-climate-change
https://ucsusa.maps.arcgis.com/apps/MapSeries/index.html?appid=e4e9082a1ec343c794d27f3e12dd006d
https://ucsusa.maps.arcgis.com/apps/MapSeries/index.html?appid=e4e9082a1ec343c794d27f3e12dd006d
https://doi.org/10.1038/s41598-017-12520-2
https://doi.org/10.1038/s41598-017-12520-2
https://www.weather.gov/hazstat/
https://www.climatesignals.org/events/european-heat-wave-2003
https://www.reuters.com/article/us-russia-heat-deaths-idUSTRE69O4LB20101025
https://www.reuters.com/article/us-russia-heat-deaths-idUSTRE69O4LB20101025
https://www.cnn.com/2020/08/13/world/state-of-climate-report-2019-intl-hnk-scn/index.html


  Climate Change, Excess Heat,  
  and Health 
 
 

impact@hsr.health | 240-731-0756 | www.hsr.health 13 

16. Borg, M.A., Bi, P. “The impact of climate change on kidney health”. Na:onal Review of Nephrology 17, 
294–295 (2021). hYps://doi.org/10.1038/s41581-020-00365-4. 

17. Moyce, Sally;Armitage, Tracey;Mitchell, Diane;Schenker, Marc. (2019). “Acute Kidney Injury and 
Workload in a Sample of California Agricultural Workers AKI and Workload”. American Journal of 
Industrial Medicine. 63(3):258-268. November 26 2019;3-2020; : hYps://stacks.cdc.gov/view/cdc/8. 

18. Cerdas, Manuel (2005). “Chronic kidney disease in Costa Rica”. Kidney Interna:onal. Vol. 68, 
Supplement 97 (2005), pp. S31–S33. Retrieved online at:  hYps://www.kidney-
interna\onal.org/ar\cle/S0085-2538(15)51239-
8/pdf#:~:text=Costa%20Rica%20has%20a%20different%20paYern%20of%20chronic,puts%20them%
20at%20increased%20risk%20forchronic%20renal%20failure 

19. Correa-RoYer R, Wesseling C, Johnson RJ. (2014). “CKD of unknown origin in Central America: the 
case for a Mesoamerican nephropathy.” American Journal of Kidney Disease. ;63(3):506-520. 
doi:10.1053/j.ajkd.2013.10.062.ican  

20. Belova, A., Gould, C. A., Munson, K., Howell, M., Trevisan, C., Obradovich, N., & Mar\nich, J. (2022). 
“Projec\ng the suicide burden of climate change in the United States”. GeoHealth, 6, 
e2021GH000580. hYps://doi.org/10.1029/2021GH000580  

21. “Extreme Heat Contributes to Worsening Mental Health, Especially Among Vulnerable Popula\ons”. 
(2021). American Psychiatric Associa:on. Published online: June 30, 2021. Retrieved at: 
hYps://www.psychiatry.org/News-room/News-Releases/extreme-heat-contributes-to-worsening-
mental-
healt#:~:text=People%20with%20schizophrenia%20can%20experience%20difficul\es%20with%20bo
dy,can%20affect%20the%20way%20the%20body%20regulates%20temperature 

22. Mullins, J. T., & White, C. (2019). Temperature and mental health: Evidence from the spectrum of 
mental health outcomes. Journal of health economics, 68, 102240. 

23. Peng, Z., Wang, Q., Kan, H., Chen, R., & Wang, W. (2017). “Effects of ambient temperature on daily 
hospital admissions for mental disorders in Shanghai, China: A \me-series analysis”. The Science of 
the total environment, 590-591, 281–286. hYps://doi.org/10.1016/j.scitotenv.2017.02.237 

24. Mahendran, Rahini, Rongbin Xu, Shanshan Li and Yuming Guo (2021). “Interpersonal violence 
associated with hot weather”. The Lancet, Vol. 5, issue 9: e571-e572. 
DOI:hYps://doi.org/10.1016/S2542-5196(21)00210-2 

25. Goodman, Joshua, Michael Hurwitz, Jisung Park and Jonathan Smith (2019). “Heat and learning”. 
Na:onal Bureau of Economic Research, hYp://www.nber.org/papers/w24639 

26. Zivin, Joshua Graff, Yingquan Song, Qu Tang and Peng Zhang (2020). “Temperature and high-stakes 
cogni\ve performance: Evidence from the na\onal college entrance examina\on in China”. Journal of 
Environmental Economics and Management, Volume 104: 102365, ISSN 0095-0696, 
hYps://doi.org/10.1016/j.jeem.2020.102365. 

27. Gibbens, Sarah (2019). “Ocean heat waves are killing underwater life, threatening biodiversity”. 
Na:onal Geographic Online. Published on March 4th, 2019. Retrieved at: 
hYps://www.na\onalgeographic.com/environment/ar\cle/ocean-heat-waves-threaten-sea-life-
biodiversity?loggedin=true&rnd=1686322777902 

28. Cressey, D. (2017). “Climate change is making algal blooms worse”. Nature 
hYps://doi.org/10.1038/nature.2017.21884hYps://www.un.org/en/climatechange/science/climate-
issues/ocean-impacts 

29. Harvey, Fiona (2017). “Ocean acidifica\on is deadly threat to marine life, finds eight year study”. The 
Guardian Online. Published on October 23rd, 2017. Retrieved at: 

http://www.hsr.health/
https://doi.org/10.1038/s41581-020-00365-4
https://stacks.cdc.gov/view/cdc/8
https://www.kidney-international.org/article/S0085-2538(15)51239-8/pdf#:~:text=Costa%20Rica%20has%20a%20different%20pattern%20of%20chronic,puts%20them%20at%20increased%20risk%20forchronic%20renal%20failure
https://www.kidney-international.org/article/S0085-2538(15)51239-8/pdf#:~:text=Costa%20Rica%20has%20a%20different%20pattern%20of%20chronic,puts%20them%20at%20increased%20risk%20forchronic%20renal%20failure
https://www.kidney-international.org/article/S0085-2538(15)51239-8/pdf#:~:text=Costa%20Rica%20has%20a%20different%20pattern%20of%20chronic,puts%20them%20at%20increased%20risk%20forchronic%20renal%20failure
https://www.kidney-international.org/article/S0085-2538(15)51239-8/pdf#:~:text=Costa%20Rica%20has%20a%20different%20pattern%20of%20chronic,puts%20them%20at%20increased%20risk%20forchronic%20renal%20failure
https://doi.org/10.1029/2021GH000580
https://www.psychiatry.org/News-room/News-Releases/extreme-heat-contributes-to-worsening-mental-healt#:~:text=People%20with%20schizophrenia%20can%20experience%20difficulties%20with%20body,can%20affect%20the%20way%20the%20body%20regulates%20temperature
https://www.psychiatry.org/News-room/News-Releases/extreme-heat-contributes-to-worsening-mental-healt#:~:text=People%20with%20schizophrenia%20can%20experience%20difficulties%20with%20body,can%20affect%20the%20way%20the%20body%20regulates%20temperature
https://www.psychiatry.org/News-room/News-Releases/extreme-heat-contributes-to-worsening-mental-healt#:~:text=People%20with%20schizophrenia%20can%20experience%20difficulties%20with%20body,can%20affect%20the%20way%20the%20body%20regulates%20temperature
https://www.psychiatry.org/News-room/News-Releases/extreme-heat-contributes-to-worsening-mental-healt#:~:text=People%20with%20schizophrenia%20can%20experience%20difficulties%20with%20body,can%20affect%20the%20way%20the%20body%20regulates%20temperature
https://doi.org/10.1016/j.scitotenv.2017.02.237
https://doi.org/10.1016/S2542-5196(21)00210-2
http://www.nber.org/papers/w24639
https://www.nationalgeographic.com/environment/article/ocean-heat-waves-threaten-sea-life-biodiversity?loggedin=true&rnd=1686322777902
https://www.nationalgeographic.com/environment/article/ocean-heat-waves-threaten-sea-life-biodiversity?loggedin=true&rnd=1686322777902
https://www.un.org/en/climatechange/science/climate-issues/ocean-impacts
https://www.un.org/en/climatechange/science/climate-issues/ocean-impacts


  Climate Change, Excess Heat,  
  and Health 
 
 

impact@hsr.health | 240-731-0756 | www.hsr.health 14 

hYps://www.theguardian.com/environment/2017/oct/23/ocean-acidifica\on-deadly-threat-to-
marine-life-finds-eight-year-study 

30. Berardelli, Jeff (2019). “How climate change is making hurricanes more dangerous”. Yale Climate 
Connec:ons. Published online on July 8th, 2019. Retrieved at: 
hYps://yaleclimateconnec\ons.org/2019/07/how-climate-change-is-making-hurricanes-more-
dangerous/ 

31. Siebert, Stefan and Frank Ewert (2014). “Future crop produc\on threatened by extreme heat”. 
Environmental Research LeWers, Vol. 9, No. 4. DOI: 10.1088/1748-9326/9/4/041001 
hYps://iopscience.iop.org/ar\cle/10.1088/1748-9326/9/4/041001/pdf 

32. Godde, C. M., Mason-D'Croz, D., Mayberry, D. E., Thornton, P. K., & Herrero, M. (2021). Impacts of 
climate change on the livestock food supply chain; a review of the evidence. Global food security, 28, 
100488. hYps://doi.org/10.1016/j.gfs.2020.100488 

33. Myers, Victoria (2022). “Thousands of caYle reported dead”. Progressive Farmer. Published online on 
June 14th, 2022. Retrieved at: 
hYps://www.dtnpf.com/agriculture/web/ag/news/ar\cle/2022/06/14/heat-stress-kills-es\mated-10-
000 

34. Pie\käinen, Janna et al (2005). “Comparison of temperature effects on soil respira\on and bacterial 
and fungal growth rates”, FEMS Microbiology Ecology, Volume 52, Issue 1, March 2005, Pages 49–58: 
hYps://doi.org/10.1016/j.femsec.2004.10.002hYps://www.ncbi.nlm.nih.gov/pmc/ar\cles/PMC4270
641/ 

35. Fisman, D., Patrozou, E., Carmeli, Y., Perencevich, E., Tuite, A. R., Mermel, L. A., & Geographical 
Variability of Bacteremia Study Group (2014). “Geographical variability in the likelihood of 
bloodstream infec\ons due to gram-nega\ve bacteria: correla\on with proximity to the equator and 
health care expenditure”. PloS one, 9(12), e114548. hYps://doi.org/10.1371/journal.pone.0114548 

36. MacFadden, D.R., McGough, S.F., Fisman, D. et al. (2018). “An\bio\c resistance increases with local 
temperature” Nature Climate Change 8, 510–514 (2018). hYps://doi.org/10.1038/s41558-018-0161-
6: hYps://www.nature.com/ar\cles/s41558-018-0161-6 

37. “Climate risk and spread of vector-borne diseases”. Climate Nexus. Retrieved online: 
hYps://climatenexus.org/climate-issues/health/climate-change-and-vector-borne-diseases/ 

38. Kenward, Allison and Jennifer Brady (2016). “More mosquito days increasing Zika risk in the U.S.” 
Climate Signals. Published online on July 27th, 2016. Retrieved at: 
hYps://www.climatesignals.org/scien\fic-reports/more-mosquito-days-increasing-zika-risk-us 

39. Iwamura, T., Guzman-Holst, A. & Murray, K.A. (2020). “Accelera\ng invasion poten\al of disease 
vector Aedes aegyp: under climate change”. Nat Commun 11, 2130 hYps://doi.org/10.1038/s41467-
020-16010-4hYps://www.nature.com/ar\cles/s41467-020-16010-4/ 

40. Udasin, Sharon (2021). “US faces more risk of malaria, dengue due to climate change: study”. The 
Hill. Published online on July 11th, 2021. Retrieved at: hYps://thehill.com/policy/equilibrium-
sustainability/562357-us-faces-more-risk-of-malaria-dengue-due-to-climate-change/ 

41. Borunda, Alejandra (2020). “The science connec\ng wildfires to climate change”. Na:onal 
Geographic Online. Published online on September 17th 2020. Retrieved at: 
hYps://www.na\onalgeographic.com/science/ar\cle/climate-change-increases-risk-fires-western-us 

42. “Climate change indicators” wildfire” (2021). Environmental Protec:on Agency Website. Retrieved 
online at: hYps://www.epa.gov/climate-indicators/climate-change-indicators-wildfires 

 

http://www.hsr.health/
https://yaleclimateconnections.org/2019/07/how-climate-change-is-making-hurricanes-more-dangerous/
https://yaleclimateconnections.org/2019/07/how-climate-change-is-making-hurricanes-more-dangerous/
https://iopscience.iop.org/article/10.1088/1748-9326/9/4/041001/pdf
https://doi.org/10.1016/j.gfs.2020.100488
https://www.dtnpf.com/agriculture/web/ag/news/article/2022/06/14/heat-stress-kills-estimated-10-000
https://www.dtnpf.com/agriculture/web/ag/news/article/2022/06/14/heat-stress-kills-estimated-10-000
https://doi.org/10.1016/j.femsec.2004.10.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4270641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4270641/
https://doi.org/10.1038/s41558-018-0161-6
https://doi.org/10.1038/s41558-018-0161-6
https://www.nature.com/articles/s41558-018-0161-6
https://climatenexus.org/climate-issues/health/climate-change-and-vector-borne-diseases/
https://www.climatesignals.org/scientific-reports/more-mosquito-days-increasing-zika-risk-us
https://www.nature.com/articles/s41467-020-16010-4/
https://thehill.com/policy/equilibrium-sustainability/562357-us-faces-more-risk-of-malaria-dengue-due-to-climate-change/
https://thehill.com/policy/equilibrium-sustainability/562357-us-faces-more-risk-of-malaria-dengue-due-to-climate-change/
https://www.nationalgeographic.com/science/article/climate-change-increases-risk-fires-western-us
https://www.epa.gov/climate-indicators/climate-change-indicators-wildfires

