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Group think #1 

How do the problems of  
air pollution and climate change 

affect each other? 
How are they bi-directional problems? 



Marcelo 
showed this 
slide 
yesterday 



Fossil fuels: emit both pollution 
& Greenhouse gases 

  



Greenhouse gases 

Source:  IPCC summary doc:  http://ipcc.ch/pdf/assessment-
report/ar5/wg1/WG1AR5_SPM_FINAL.pdf 



 

Source: Columbia University Earth Institute. Data via Makiko Sato and James Hansen.  
Based on: Hansen et al., 2012; 2016 update. 



Future Projections 

Range:  from 1 – 7°C average global warming by 2100 

       IPCC, AR5,  2013 



CLIMATE  
CHANGE 

Health effects of  
climate change  

Urban Heat Island Effect 
 

 

Air Pollution & Aeroallergens 
 

 

Vector-borne Diseases 
 

Water-borne Diseases 
 

 

Water resources &  
Food supply 

 

 

Mental Health & 
Environmental Refugees 

 

 

Heat Stress 
Heart attacks 
 
 
Respiratory diseases: 
COPD & Asthma 
 
 
Malaria 
Dengue 
Hantavirus 
Zika 
 
Cholera 
Cryptosporidiosis 
Campylobacter 
Leptospirosis 
 
 
Malnutrition 
Diarrhea 
Toxic Red Tides 
 
 
Forced Migration 
Overcrowding 
Human Conflicts 
 
 

 

Temperature Rise 
Sea level Rise 
Hydrologic Extremes 

Droughts 
 Floods 
  Fires 



•  “The severity and 
duration of summertime 
regional air pollution 
episodes are projected to 
increase in the Northeast 
and Midwest US by 2045-
2052 due to climate-
change-induced decreases 
in the frequency of surface 
cyclones.”       (IPCC, 2007)
    

•  By 2050, warming alone 
may increase by 68% the 
number of Red Ozone Alert 
days across the Eastern US.          
(IPCC, 2007;     Bell, Patz,  
et al, 2006) 

Patz et. al. 
2005 



• Ozone is the primary component of 
smog 

• Ozone formation: 
 

NO2 + VOCs                ozone 
 

• Warmer temperatures favor ozone 
formation 

Ozone formation increases with 
temperature 

Heat/light 



Climate change impact on 
emissions: Biogenic 

– Higher temperatures 
cause increased VOC 
emissions from trees 

– (e.g. isoprenes) 
 

Biogenic VOCs increase 
22-30% per 1°C rise 
in temperature. 

 
(Geunther, 2003) 

 
 



Holloway et al., JGR (2008) 

Projected High-O3 Days 

Assuming future ozone 
responds to climate in the 
future as has over the past 
10 years, the number of 
unhealthy ozone days in 
Chicago would increase 
by 3x - 8x by 2100 due to 
changes in climate 
(temperature, wind, and 
cloud cover)   



Flooding and air quality 

• Flooding can: a) promote mold and 
fungal growth       

• b) increase respiratory disease in 
 overcrowded shelters. 
 



Ragweed 
• Genus Ambrosia 
• ↑ CO2 and temperature → 

↑ pollen counts, longer 
growing season 
 

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



Warming, CO2 and ragweed season 

Ziska...Patz... et al.,  
PNAS, 2014 

Since 1950s: 
 CO2 increased 27%  
 Wisconsin warmed >1°F 
          (Flux Tower data) 



Calculus of extremes 

Standard deviation 

1 in 40 yr high range 

Climate change can involve change in the average, or the 
spread around the average (standard deviation), or both. 

A shift in the distribution  
of temperatures has a much 
larger relative effect at the 
extremes than near the mean. 

A shift of 1 standard 
deviation makes a  
1 in 40 yr event into 
a 1 in 6 yr event 

A shift of 1 standard 
deviation makes a  
1 in 40 yr event into 
a 1 in 6 yr event 



Projected # of days over 32°C 

Average NYC summer 
(current) = 13 days 
Average summer 
(2046-65) = 39 days 

Patz et al. 2014 

32°C 



HEAT WAVE - EUROPE 

Heat Index Summer 2003 

70,000 deaths 
in  11 days 

Vandentorren et al. Mortality in 13 French 
cities during the August 2003 heat wave. 
Am J Public Health 2004; 94(9):1518-20. 

TIME LINE (FRANCE) 



Group think #2 

How might adaptation to heat 
waves affect air quality? 



Abel et al., in 
press,  PLOS 
Med. 



Abel et al., in 
press,  PLOS 
Med. 



How does 
electric power 

demand for 
cooling, affect 

regional air 
quality?  

Abel et al., in 
press,  PLOS 
Med. 



State by state changes in NOx & SO2 emissions  

Abel et al., in 
press,  PLOS 
Med. 



24 
https://www.washingtonpost.com/graphics/national/power-plants 



• Map showing where coal fired electricity pollution 
kills people in the U.S. 

Prehoda & Pearce, 2017. 



Projections for COP21 

Need for immediate 
and substantial 

actions 

IMPORTANTANCE OF 
THE HEALTH FRAME 



“…health benefits…can 
offset 26-1050% of the 
cost of US carbon 
policies” 



Cost of cleaner 
energy:  
  < $30/ tCO2  

Benefits of cleaner 
energy: 
 $200*/ tCO2 

WHICH NUMBER IS BIGGER??? 

(* Range: $50 to $380) 
For E. Asia, co-benefits are 10 to 70 times greater 

     

West et al. 2013 



Co-Design 
Health in all policies required to convene 

the expertise required to optimize 
solutions 

 
...or beware of single-disciplined perspectives 



Life cycle analysis of 
transportation fuel options 

Tessum et al. 2014 



 



Group think #3 
In addition to air pollution, 

Why is the Health in all policies 
approach ESPECIALLY ESSENTIAL 
in addressing climate change and 

urban health? 



U.S. transportation contributing to  
sedentary lifestyles  

• 60% of American adults do not meet minimum 
recommended levels of physical activity.  
    

• In 2016, obesity rates in the U.S. climbed to 40% in 
adults, 18% in children.  

• 600,000 Americans die of heart disease every year.  
       Centers for Disease Control and Prevention (CDC), 2017 

 
40% of trips by car are less than 2 mi (~3 km) 

US Dept. of Transportation 



From transportation…to human health 

Grabow et. al. 2011. 

Technology & 
Activity Scenarios 

What are the 
associated emissions? 
(CO2, NO2, SO2, VOCs, 
PM, etc.).   

What are the health 
impacts of predicted 
pollution levels?  

How do these 
emissions impact air 
pollution?  

Ozone 



Opportunity for Midwest, U.S. 

Grabow et al. 2012  (Patz research team) 

1,300 lives saved annually 
 
$8 billion/yr. in savings from 
avoided hospitalization, 
absenteeism and mortality 



U.S. cities with the highest rates of 
walking and cycling to work… 

 
• have obesity rates 20 percent lower, and 

diabetes rates 23 percent lower — 
compared with U.S. cities with the lowest 
rates of walking and cycling. 

Pucher et al. 2010 
Image courtesy of Shutterstock 

Exercise also reduces the risk of: 
Heart disease  

Cancer 
Dementia 

Depression 
 



Green Space and Mental Health 
• Depression, stress & anxiety reduction  

      Beyer et al. 2014 

• Neighborhood social cohesion and 
reductions in crime and violence   
         
   

CAVEAT:    
 Species composition of tree 
 canopy: red maples emit  
70% less biogenic volatile  
organic compounds than oaks 



The Heat Island 



1 million U.S. jobs in 
renewable energy  

~5x more employment 
compared to jobs in 
coal, oil and gas 
combined. 
 
Jobs and income = Health 



Role of HiAP-savvy Public Health Champions? 
• Recognize that policies for electric power, 

transportation, greenspace (even tree species 
selection) urban heat islands, and energy-related jobs 
absolutely are health policies 

• Therefore, reach out & create diverse partnerships 
to address climate change, energy, and urban 
planning for health 

• ...Or else, you actions (in isolation) won’t be 
optimal...nor lasting 



Reminder: Preventive Measures 

Image courtesy of Shutterstock 

Youth smoking dropped when cigarette 
prices rose.          
  
Like tobacco, it’s time to put a price on 
carbon.            
  
Parallel to tobacco, climate change 
disinformation campaigns abound. 



Image courtesy of Shutterstock 

Regardless of one’s views on climate change science, we can all support: 

Safe routes to schools      
   
Physically fit children & adults from  
cities designed for people, not just cars 
    
Clean air from low-carbon energy  
    
Green jobs ...and lots of them   
   
Green spaces for mental health and stress 
reduction 



Google:  “Jonathan Patz TEDx” 

Thank you! Twitter:  @jonathanpatz 

Public health community has a 
responsibility to act as upstream as 
possible, communicate that climate change 
is a health crisis, and with a HiAP approach, 
achieve effective solutions 
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