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Climate change impacts on health: 
Processes and pathways 

McMichael AJ. N Engl J Med 2013;368:1335-43 
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Health impacts of climate change 

Climate change: 
• ↑ temperature 
• Sea level rise 
• Weather extremes 

HEAT  Heat stress, cardiovascular 
failure, ↓ work capacity 

SEA LEVEL RISE & 
SEVERE WEATHER  Injuries, fatalities 

AIR POLLUTION  Asthma, cardiovascular 
disease 

ALLERGIES  Resp allergies, poison ivy 

VECTOR-BORNE 
DISEASES  

Malaria, dengue, 
hantavirus, encephalitis, 
Rift Valley fever 

WATER-BORNE DISEASES  
Cholera, cryptosporidiosis, 
campylobacter, 
leptospirosis 

WATER & FOOD SUPPLY  Malnutrition, diarrhea, 
harmful algal blooms 

MENTAL HEALTH  Anxiety, post-traumatic 
stress, depression, despair 

RESOURCE SCARCITY & 
COMPETITION  Forced migration, civil 

conflict 



HEAT RASH 

HEAT CRAMPS 
HEAT 

EXHAUSTION 

HEAT STROKE 

The direct health effects of heat 





Heat acclimatization 

• ↑ oxygen uptake 
• ↓ core temperature 
• ↑ sweating 
• ↑ skin blood flow 
• ↓ heart rate 
• ↑ stroke volume 
• ↓ electrolyte loss 
• ↑ plasma volume 

 
 
 

Hanna, E. G., & Tait, P. W. (2015). Limitations to thermoregulation and acclimatization challenge 
human adaptation to global warming. Int J Environ Res Public Health, 12(7), 8034-8074.  



Declining temperature-related 
mortality over the 20th century, U.S. 

Barreca et al. Adapting to climate change: The remarkable decline in the U.S. 
temperature-mortality relationship over the 20th century. J Political Econ 2015. 

Nearly 
a 70% 

decline 



Heat in 2015 

Source: http://www.weather.com/news/news/iraq-iran-heat-middle-east-125-degrees 

http://earthsky.org/earth/heat-wave-kills-1100-in-india 



Epidemiology of heat waves  
Risk factors for hyperthermia: 
 

• Age  
• Underlying medical conditions / 
 mental illness 
• Income and poverty status 
• Homelessness 
• Social isolation  
• Lack of access to health care and cooling 

facilities  
• Neighborhood features: land use/ land cover, 

crime rate, housing type, urban heat island 

Individual 

 

 

 

 

 

 

 
 

Community 
Characteristics 



Heat wave preparedness 



Extreme heat: 
What we know 

• Biomedical and epidemiologic features 
• Vulnerability factors 
• Untenable extremes are predicted 
• Preparedness is possible using standard 

public health approaches 



Severe weather events 



IPCC Special Report on Managing the Risks of Extreme Events 
and Disasters to Advance Climate Change Adaptation (“SREX”) 

Events Likelihood 
↑ heavy precipitation Likely (many regions) 
↑ warm temperature extremes Virtually certain (global) 
↑ heat waves Very likely (most land areas) 
↑ cyclone intensity Likely (most ocean basins) 
↓ or no change in cyclone number Likely 

↑ droughts Medium confidence (many 
regions) 

↑ sea level rise, ↑ extreme coastal 
high water levels Very likely 

↑ floods Low confidence at global scale 

IPCC. Managing the Risks of Extreme Events and Disasters to Advance 
Climate Change Adaptation (SREX).  2012.  http://ipcc-wg2.gov/SREX/ 



Hurricanes, storms, floods 

Climate 
 Hazard 

Secondary 
Hazard 

Short term 
outcomes 

 
 

Long term 
outcomes 

 
 

Power outages 

Living in homes 
with utility 

outages 

• Mortality 
• Cold- or heat- 

related illness 
• Foodborne illness 
• Injury 
• CO poisoning 
• Exacerbation of 

chronic conditions 
• Increase in EMS/ED 

use for those 
dependent on 
electronic medical 
equipment 

Injury 

Evacuation 

Displacement 

Residential 
destruction 

Cleanup and 
reconstruction 

Storm 
related stress 

• Infectious 
disease spread 
in shelters 

• Interruption of 
care for chronic 
illness 

• Mortality 
• Injury 

• Respiratory 
infections 

• Skin/wound 
infections 

• Allergies 
• Respiratory 

conditions 

Drinking water 
contamination 

GI Illness 

Mental health 
effects 

Physical health effects 
•Exacerbation of chronic disease and 
injury 

Exposure to 
floodwaters 

Living in flood-
damaged 

homes with 
mold and 
continuing 

moisture issues 

? 

? 
Sewage 

Overflow Hazardous 
substance 
releases 

Microbial Chemical 
(e.g. arsenic) 

Winds 

Storm surge and  
precipitation 

Outcomes denoted with a “?” reflect uncertainty since risk and impacts depend on specific substances and severity of exposure. 



Source: Norwegian Refugee Council, Internal Displacement Monitoring 
Centre (IDMC).  2015. http://www.nrc.no/?aid=9095069#.Va-98Pm6eUk. 



http://ecojesuit.com/climate-change-and-conflict/1619/ 

Sea level rise: Coastal cities 



Disparities in disaster impact 



Severe weather events: 
What we know 

• Vulnerability factors identified (physical 
and social) 

• Preparedness is essential 
• Health consequences, including mental 

health impacts, may persist 
• Resources for resiliency and recovery 

are essential 



Air quality 1: Ozone 



Damage to air, water, 
wildlife, health, property; 
carbon pulse 

Air quality 2: Forest fires 
Bark Beetles 
(Killing frost 
<200F x 10 days) 

Droughts 

Warming 



Air quality 3: Allergies 

Some climate change winners: 
 

•Ragweed 
 
 

•Poison ivy 

Source: Ziska et al., J 
Allerg Clin Immunol 
2003;111:290-95; Graphic: 
Wall Street Journal, 3 May 
2007. 

Source:  Mohan et al.  
PNAS 2006;103:9086-89. 



Air pollution and allergies: 
What we know 

• Existing clinical and epidemiologic 
insights are highly applicable to 
climate change 

• Medical vulnerability (co-morbidities) 
matter 

• Access to health care matters 



Infectious diseases: potential 



Infectious diseases: complexity 

Interaction of meteorological and other determinants of dengue 
transmission cycles and clinical disease 

Campbell-Lendrum, et al. Climate change and vector-borne diseases: what are the implications 
for public health research and policy? Phil Trans Royal Soc Lond B: Biol Sci 2015;370(1665).   



Dengue 

Number of dengue fever (DF) and dengue hemorrhagic 
fever (DHF) cases,  Americas, 1980–2007. 

San Martin JL et al. The epidemiology of dengue in the Americas over the last three 
decades: a worrisome reality.  Am J Trop Med Hyg. 2010;82(1):128–135.  



Lyme disease 

Incidence of Lyme disease, Minnesota, 1996-2011 
(cases/100,000 population) 

Robinson et al.  Disease risk in a dynamic environment: the spread of tick-
borne pathogens in Minnesota, USA. EcoHealth 2015;12(1):152-163.  



Lyme disease 

Projected changes in tick habitat range through 2080 

Luber et al., Human Health. Chap 9 in Melillo et al. (Eds.), Climate 
Change Impacts in the United States (pp. 220-256): USGCRP, 2014. 



Malaria 
Variable changes across 
Africa: 
•↓ risk over much of tropical 
Africa because of ↓ rainfall 
•↑ likelihood of epidemics in 
southern Sahel 
•↑ intensity of transmission in 
most of East Africa 
•Highland areas formerly 
unsuitable for malaria will 
become epidemic 
•↓ epidemic risk in lower-
altitude  East African 
highlands 

Ermert V et al. The impact of regional climate change on malaria risk 
due to greenhouse forcing and land-use changes in tropical Africa. 
Environ Health Perspect  2011;120:77-84. 

Δ ENTOMOLOGIC 
INOCULATION 
RATE 

2021-2030 2041-2050 

Δ SEASONALITY 

Δ PARASITE 
RATIO IN 
CHILDREN <15 



2013;310(3):297-307. 

Daily low temp 
<28°F  (“hard 

freeze”) that kills 
many 

overwintering 
mosquitoes 

A high sum of 
departures from 

daily normal temps 
indicates a mild 

winter and spring 

Winter days 
requiring 

home heating 

More rainfall (esp. 
early in mosquito 

breeding season) -> 
more standing 

water for amplifying 
mosquito 

populations West Nile Neuroinvasive Disease (WNND) cases and 
weather conditions, Dallas County, Texas, 2002-2012 



     Am J Public Health. 2001;91:1194–99 

Waterborne 
disease 

http://www.ajph.org/content/vol91/issue8/images/large/000457.A1.jpeg


Temperature and enteric disease 

• RR of Salmonella increased by 1.2% per degree above -10˚C  

• RR of Campylobacter increased by 2.2% (4.5% in 
Newfoundland) per degree above -10˚C 

• RR of E. coli increased by 6.0% per degree above -10˚C 

Fleury et al. A time series analysis of the relationship of ambient temperature and common 
bacterial enteric infections in two Canadian provinces.  Int J Biometeorol 2006;50(6):385-91. 

Average weekly 
temperature (°C) and case 
counts for Campylobacter, 
E. coli and Salmonella, 
1992-2000, Alberta 



Cholera 

Escobar, et al.  A global map of suitability for 
coastal Vibrio cholerae under current and 
future climate conditions. Acta Trop. 2015 



Infectious surprises 



Infectious diseases: 
What we know 

• Many infectious diseases are 
weather- and climate-sensitive 

• Climate is only one of many important 
determinants of infectious disease 

• Existing risks amplified 
• Some emerging risks 
• Need to be alert for surprises 

 





Climate change and crop production 

• “CO2 fertilization” 
– C3 crops (rice, wheat, soy) more 

sensitive 
– C4 crops (maize, sugarcane, 

sorghum) less sensitive 
• BUT…negative effects of 

– Changes in rainfall 
– More heat waves 
– More storms 
– Changes growing season timing 
– Saline intrusion near coasts 

 



MAIZE 

SOY RICE 

WHEAT 



Projected crop yields, 2050 
11 crops, averaged across multiple emission scenarios and GCMs 

Wheeler T, von Braun J. Climate change impacts on global food security.  Science 2013;341;508-13.   



Myers et al.  Increasing CO2 threatens human nutrition. Nature 2014;510:139-142.   

Percentage change in nutrients at elevated [CO2] relative to ambient [CO2]. 



Myers et al. Effect of increased concentrations of atmospheric carbon 
dioxide on the global threat of zinc deficiency: a modelling study. The 
Lancet Global Health, 2015:3(10);e639-e645.  

Predicted dietary Zn deficiency 
with increasing CO2 

http://www.elsevier.com/termsandconditions


Latitude versus year of earliest observation for all 
pests, in the Northern and Southern hemispheres. 

Latitude versus year of observation for pest taxonomic 
groups in the Northern Hemisphere from 1960 onwards. 



Weeds: the bad news 

Climate 
change 
may 
lead to 

Lower 
herbicide 
efficacy 

More 
weed 
growth 



Projected rise 
in food prices 

Source: Foresight. The Future of Food and Farming. 
The Government Office for Science, London, 2011. 



Food insecurity in the U.S. 

Source: USDA, 2015. 



Food prices, nutrition, and health 

Source:  Drewnowski A.  The cost of US foods as related to their nutritive value. Am J Clin Nutr 2010 ;92: 1181-88.  



Food and nutrition: 
What we know 

• Climate change affects food production, 
nutritional content, and potentially 
chemical contaminants 

• Disproportionate impacts on the food 
insecure 

• This problem is global but also domestic 
 







Heat and severe mental illness 

• Heat regulation 
• Medication effects 
• Awareness of danger; 

judgment regarding 
safe behavior 







Mental health: 
What we know 

• Large existing baseline of mental 
illness 

• Climate change may aggravate it in 
several ways 
 
 



Temperature and violence 

“Almost any American or European 
who has travelled or resided within the 
tropics will confess that he has 
occasionally flown into a passion, and 
perhaps used physical violence, under 
circumstances which at home would 
merely have made him vexed.”  
 
Ellsworth Huntington, Civilization 
and Climate (1924) 



Temperature and violence 

TORONTO 

JACKSON, MS 





“…for each 1 standard deviation (1σ) change in 
climate toward warmer temperatures or more 
extreme rainfall, median estimates indicate that the 
frequency of interpersonal violence rises 4% and 
the frequency of intergroup conflict rises 14%.” 



Environmental refugees 

http://www.forcedmigration.org/photos/africa/2.jpg


Displacement and war: 
What we know 

• Large, under-recognized potential for 
suffering 

• Preparedness and service delivery 
essential 
 
 



Potential Health Effects of Climate Change 

 Climate 
change: 

• Temperature 
rise 

• Sea level 
rise 

• Hydrologic 
extremes 

HEAT  Heat stress, cardiovascular 
failure 

SEA LEVEL RISE AND 
SEVERE WEATHER  Injuries, fatalities 

AIR POLLUTION  Asthma, cardiovascular 
disease 

ALLERGIES  Resp allergies, poison ivy 

VECTOR-BORNE DISEASES  
Malaria, dengue, hantavirus, 
encephalitis, Rift Valley 
fever 

WATER-BORNE DISEASES  Cholera, cryptosporidiosis, 
campylobacter, leptospirosis 

WATER AND FOOD SUPPLY  Malnutrition, diarrhea, 
harmful algal blooms 

MENTAL HEALTH  Anxiety, post-traumatic 
stress, depression, despair 

RESOURCE COMPETITION  Forced migration, civil 
conflict 



Promoting co-benefits 



Carbon 
footprint:  

0.4 pounds 

Carbon 
footprint: 

9.75 pounds 

New York Times, 27 January 2008.  Based on Eshel G, Martin PA.  
Diet, energy, and global warming. Earth Interactions 2006;10:1-17.  

Co-benefits:  Food 
To produce 320 

calories: 





Co-benefits: Street trees 

• Cooler temperatures 
• Storm water management 
• Promoting physical activity 
• Cleaner air 
• Beauty 
• Mental health 
• Other benefits 

 
 



Co-benefits:  Cycling 





Health effects of climate 
change: What we know 

• Climate change affects health and well-being in multiple 
ways 

• Few of these are new; climate change amplifies existing 
health challenges 

• Climate change is one of many determinants of health 
• Not everybody is equally vulnerable 
• Many markers of risk and vulnerability are known 
• Preparedness strategies are available and should be 

implemented 
• Resources for resiliency and recovery are essential 
• Available co-benefits offer great hope 



Thank 
you! 


	Climate Change and Human Health��
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Heat acclimatization
	Declining temperature-related mortality over the 20th century, U.S.
	Heat in 2015
	Epidemiology of heat waves 
	Heat wave preparedness
	Extreme heat:�What we know
	Severe weather events
	IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (“SREX”)
	Slide Number 16
	Slide Number 17
	Sea level rise: Coastal cities
	Disparities in disaster impact
	Severe weather events:�What we know
	Air quality 1: Ozone
	Air quality 2: Forest fires
	Air quality 3: Allergies
	Air pollution and allergies:�What we know
	Infectious diseases: potential
	Infectious diseases: complexity
	Dengue
	Lyme disease
	Lyme disease
	Malaria
	Slide Number 31
	Waterborne disease
	Temperature and enteric disease
	Cholera
	Slide Number 35
	Infectious diseases:�What we know
	Slide Number 37
	Climate change and crop production
	Slide Number 39
	Projected crop yields, 2050�11 crops, averaged across multiple emission scenarios and GCMs
	Slide Number 41
	Predicted dietary Zn deficiency with increasing CO2
	Slide Number 43
	Weeds: the bad news
	Projected rise in food prices
	Food insecurity in the U.S.
	Food prices, nutrition, and health
	Food and nutrition:�What we know
	Slide Number 50
	Slide Number 51
	Heat and severe mental illness
	Slide Number 53
	Slide Number 54
	Mental health:�What we know
	Temperature and violence
	Temperature and violence
	Slide Number 59
	Slide Number 60
	Environmental refugees
	Displacement and war:�What we know
	Slide Number 63
	Promoting co-benefits
	Slide Number 65
	Slide Number 68
	Co-benefits: Street trees
	Co-benefits:  Cycling
	Slide Number 71
	Health effects of climate change: What we know
	Slide Number 73

