
George Luber, PhD 
 Associate Director for Climate Change 

 
Climate and Health Program 

National Center for Environmental Health 
Centers for Disease Control and Prevention 

The Health Consequences 
of a Changing Climate 

Findings from the 3rd US National Climate Assessment. 
 

National Center for Environmental Health 
Division of Environmental Hazards and Health Effects 



 

2 

 



Source: NASA 

Presenter
Presentation Notes
ID #10 - Can be used in noncommercial online and TV broadcasts of your presentation. This image from the International Space Station illustrates a fundamental fact about the Earth’s atmosphere – it’s very thin. If you had a large globe covered with a coat of varnish, the varnish would be equivalent to the thinness of the atmosphere. When we put vast amounts of heat trapping pollution into it, we can have a big impact.   DESCRIPTION: Photo of the sun shining over Earth’s horizon ADDITIONAL TALKING POINTS: If you look up on a nice day, the sky looks vast and limitless. From the angle in this photo, however, you can see that the lower layers of the atmosphere are actually quite thin. Carl Sagan (1934-1996), a renowned teacher and astronomer, said about the troposphere, “If you had a globe covered with a coat of varnish, the thickness of that varnish would be about the same as the thickness of the Earth’s atmosphere compared to the Earth itself.” This view makes it easier to understand that the atmosphere is vulnerable to the vast amounts of pollution we emit.  ADDITIONAL BACKGROUND: This image shows the troposphere and the stratosphere, the two lowermost layers of the atmosphere.  
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Source: National Climatic Data Center, NOAA 
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Presentation Notes
ID #1379 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. Look at CO2 in the historical perspective – this graph goes back 800 thousand years and shows each of the Ice Ages throughout that time.   DESCRIPTION: Graph showing changes in the concentration of carbon dioxide (CO2) over the last 800,000 years ADDITIONAL TALKING POINTS: There is more carbon dioxide in the atmosphere now than any time in at least 800,000 years.*  REFERENCES: *NOAA National Climatic Data Center, “Global Climate Change Indicators,” last accessed June 2013. http://www.ncdc.noaa.gov/indicators/ 
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Source: National Climatic Data Center, NOAA 
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Presentation Notes
ID #1380 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. Carbon dioxide and temperature go up and down together. Throughout the historical record, the concentration of carbon dioxide has never gone above 300 parts per million.  DESCRIPTION: Graphs showing the relationship between carbon dioxide (CO2) and temperature over the last 800,000 years ADDITIONAL TALKING POINTS: It is obvious from these figures that carbon dioxide and temperature are a coupled system (i.e., positively correlated). It’s hard to ignore that when one line goes up the other line goes up, and when one line goes down the other line goes down. ADDITIONAL BACKGROUND: The lowest temperatures on this graph correspond to periodic ice ages. The difference between the last minimum temperature before the Industrial Revolution and the current temperature is the difference between a nice day in New York City and about 2 vertical kilometers (1.2 miles) of ice.These dramatic fluctuations over time are caused by Milankovitch cycles,* which are changes in the relationship between the Earth and the sun. There are three cycles: -	Variations in the shape of the orbit of the Earth around the sun; -	Variations in the degree of the Earth’s tilt; and-	Variations in the direction of the Earth’s axis of rotation. (To visualize this, take a coin out of your pocket, stand it vertically on a table, and give it a good spin. Note that as the coin slows down, it tilts further and further toward the table. Earth’s north-south axis periodically tilts more to the horizontal plane, changing the amount of sun received by the poles.) You may be asked why “carbon dioxide lags temperature.” In other words, if carbon dioxide causes global warming, why has temperature sometimes preceded an increase in carbon dioxide by decades or even hundreds of years?  Tens of thousands of years ago, temperatures in the Southern Hemisphere seemed to rise before carbon dioxide concentrations. But at a global scale, it was the other way around. In these circumstances, the initial temperature rise in the Southern Hemisphere was caused by changes in Earth’s orbit around the sun. The warming led to a release of carbon from the Southern Ocean, and the increased carbon levels then contributed to further warming.** More recent research suggests that the apparent lag between carbon dioxide and Antarctic temperatures in just the last 20,000 years is due to a misinterpretation of the ice core record. In other words, in the period since the last ice age, carbon dioxide triggered Antarctic warming.*** REFERENCES: * Jeffrey Lee and Stephen J. Reid, eds., "Milankovitch cycles," Encyclopedia of Earth, last updated August 1, 2012. http://www.eoearth.org/article/Milankovitch_cycles ** dana1981, “Shakun et al. Clarify the CO2-Temperature Lag,” Skeptical Science (blog), April 10, 2012. http://www.skepticalscience.com/skakun-co2-temp-lag.html *** Michael D. Lemonick, “Ice Bubbles May Solve Carbon-Temperature Paradox,” Climate Central (blog), February 28, 2013. http://www.climatecentral.org/news/antarctic-ice-bubbles-may-solve-carbon-temperature-paradox-15663 



400 

320 

340 

360 

380 

300 

180 

200 

220 

240 

260 

280 

2013 CO2 Concentration: 400 

800,000 700,000 600,000 500,000 400,000 300,000 200,000 100,000 0 

Age (years BP) 

C
O

2 (
pp

m
v)

 

Source: National Climatic Data Center, NOAA 
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Presentation Notes
ID #1417 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. Here’s where we are now. In 2013, we just crossed 400 parts per million.   DESCRIPTION: Graphs showing the relationship between carbon dioxide (CO2) and temperature over the last 800,000 years ADDITIONAL TALKING POINTS: May 2013 saw the daily average CO2 level at Mauna Loa exceed 400 ppm.* REFERENCES: * NOAA National Climatic Data Center, “Trends in Atmospheric Carbon Dioxide,” last accessed June 2013.  http://www.esrl.noaa.gov/gmd/ccgg/trends/mlo.html 
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After 40 more years at the current rate of increase 

Source: National Climatic Data Center, NOAA 

Presenter
Presentation Notes
ID #1418 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. In the next 40 years, unless we make some dramatic changes, this is where the concentration of carbon dioxide will be.   DESCRIPTION: Graphs of the current and projected concentration of carbon dioxide (CO2) ADDITIONAL TALKING POINTS: The average concentration of carbon dioxide at Mauna Loa in 2012 was 394 ppm.* That is well outside the normal range of variability. And if we don’t make big changes, we’re on track to exceed 600 ppm by 2050.** PRESENTATION TIP: This sequence is complicated, but the difference between past, present, and projected carbon dioxide is so striking that these images can be very powerful. REFERENCES:* Thomas Conway and Pieter Tans, “Trends in Atmospheric Carbon Dioxide: Recent Mauna Loa CO2,” NOAA/ESRL, last accessed June 2013. http://www.esrl.noaa.gov/gmd/ccgg/trends/ ** Organisation for Economic Co-operation and Development, OECD Environmental Outlook 2050: The Consequences of Inaction. (OECD Publishing, 2012): 71-152. http://www.oecd.org/environment/environmentalindicatorsmodellingandoutlooks/climatechangechapteroftheoecdenvironmentaloutlookto2050theconsequencesofinaction.htm  



Global Ocean Heat Content  
1955 – 2010 

 

Source: NOAA/NESDIS/NODC Ocean Climate Laboratory, updated from Levitus, S., et al., “World ocean heat content and 
thermosteric sea level change (0-2000), 1955-2010,” Geophys. Res. Lett. 39, doi:10.1029/2012GL051106, 2012.  
© 2012 American Geophysical Union. Reproduced/modified by permission of American Geophysical Union. 
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Presenter
Presentation Notes
ID #1441 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. …and the temperature of the ocean. Over the last half of the 20th century, there has been a dramatic rise in global ocean heat content. What difference does that make?   DESCRIPTION: Graph of global ocean heat content, 1955-2010  ADDITIONAL TALKING POINTS: Temperature rise can be measured in the oceans, as well as on land. As this graph indicates, the average temperature of the upper 2,000 meters (≈1.25 miles) of the ocean has increased dramatically since 1955.* Recent studies show that our oceans have absorbed approximately 90 percent of the extra heat caused by climate change over the past 50 years. Why does this matter? Warmer oceans result in a variety of consequences like sea level rise, supercharged storms, and damage to marine ecosystems.** REFERENCES: * S. Levitus et al., “World ocean heat content and thermosteric sea level change (0-2000 m), 1955-2010,” Geophysical Research Letters 39 (2012):http://data.nodc.noaa.gov/woa/PUBLICATIONS/grlheat12.pdf** National Oceanographic Data Center, “Climate Change: Ocean Heat Content,” March 5, 2011. http://www.climatewatch.noaa.gov/article/2011/climate-change-ocean-heat-content  
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Source: Church and White 2006, GRL 33:L01602 
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September Arctic Sea Ice Extent  
1979 – 2012 

       
       
       
       
       
       
    

Source: National Snow and Ice Data Center, October 2012 
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Presenter
Presentation Notes
ID #1345 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. Summer sea ice extent reached a record low in September of 2012.   DESCRIPTION: Graph illustrating the decrease in September Arctic sea ice extent, 1979 - 2012 ADDITIONAL TALKING POINTS: September sea ice extent is decreasing relative to the 1979-2000 average. Since the early 2000s, the melting trend has steepened with September sea ice extent levels that are consistently well below average,* culminating at an all time low in 2012.** Many scientists predict that the Arctic will completely free of summer ice by 2030.*** REFERENCES:* NASA Earth Observatory, “Arctic Sea Ice,” last accessed January 4, 2013. http://earthobservatory.nasa.gov/Features/WorldOfChange/sea_ice.php ** National Snow & Ice Data Center, “Arctic sea ice extent settles at record seasonal minimum,” September 19, 2012. http://nsidc.org/arcticseaicenews/2012/09/arctic-sea-ice-extent-settles-at-record-seasonal-minimum/ *** Weather Underground, “Arctic Sea Ice Decline.” last accessed June 27, 2013. http://www.wunderground.com/climate/SeaIce.asp 
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Source: NASA Earth Observatory 
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Presenter
Presentation Notes
ID #1365 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. This satellite image compares September sea ice extent from 1984 to 2012. This has had an impact on the heat absorption in the Arctic.   DESCRIPTION: Satellite image of Arctic sea ice extent, September 1984 compared to September 2012 ADDITIONAL TALKING POINTS: On September 16, 2012 Arctic sea ice extent set a record low at 3.41 million square kilometers (more than 1.3 million square miles). The average minimum extent for 1979-2000 was 6.7 million square kilometers (nearly 2.6 square miles), roughly equal to the sea ice extent in 1984.* Between the maximum and minimum extents of the season, nearly 12 million square kilometers (4.6 million square miles) of ice were lost, the largest amount in any summer since records began.**     REFERENCES:* Michon Scott and Mike Carlowicz, “Visualizing the 2012 Sea Ice Minimum,” NASA Earth Observatory, September 27, 2012. http://earthobservatory.nasa.gov/IOTD/view.php?id=79256 ** National Snow & Ice Data Center, “Arctic sea ice extent settles at record seasonal minimum,” September 19, 2012. http://nsidc.org/arcticseaicenews/2012/09/arctic-sea-ice-extent-settles-at-record-seasonal-minimum/ 



Ten Indicators of a Warming World 

 

Source: 



Objectives 

 Summarize findings from 3rd US National 
Climate Assessment 
 

 Review evidence for climate change and 
its impact on human health  
 

 Describe CDC efforts to prepare for health 
effects of climate change 

Presenter
Presentation Notes
Local ecosystems: the behavior and health of fish and game, subsidence of ground and surface water levels, and increasingly extreme local weather patterns.This project may provide government officials with an important early warning of local events with public health significance, and represent a network for the dissemination of informed and culturally appropriate risk communications to guide adaption planning to mitigate the impact of climate change on Alaskan population health.



What is the National Climate 
Assessment? 

 Established through Global Research Act of 1990 
 Led by White House Office of Science and 

Technology Policy 
 Authors from academia; local, state, and federal government; 

private and nonprofit sectors 

 Analyzes impact of global climate change on various 
sectors of society, including public health 

 Evaluates current trends in human-associated and 
natural global climate change 

 Projects major climate trends in US for next 25-100 
years 

Source:  National Climate Assessment Development Advisory Committee, Draft Third National Climate Assessment Report, 
http://ncadac.globalchange.gov 

Presenter
Presentation Notes
…not less frequently than every 4 years, the Council… shall prepare… an assessment which –integrates, evaluates, and interprets the findings of the Program (USGCRP) and discusses the scientific uncertainties associated with such findings;analyzes the effects of global change on the natural environment, agriculture, energy production and use, land and water resources, transportation, human health and welfare, human social systems, and biological diversity; andanalyzes current trends in global change, both human- induced and natural, and projects major trends for the subsequent 25 to 100 years. 



Previous National Climate Assessments 

2009 2000 

http://globalchange.gov/ 



 3 year effort 
 

 240 authors 
 

 30 chapters  
 

 Summarizes impacts for many sectors including 
public health, energy, water, transportation, and 
agriculture 
 

 Will be published in spring 2014  

Source:  National Climate Assessment Development Advisory Committee, Draft Third National Climate Assessment Report, 
http://ncadac.globalchange.gov 

3rd National Climate Assessment 



3rd National Climate Assessment 
Key Findings 

Increasing Strength of the Evidence 

 Average US temperature has increased by about 1.5°F 
since 1895 ; more than 80% of this increase has occurred 
since 1980.  

 Extreme weather events, including heat waves, floods, 
and droughts, have become more frequent and intense. 

 Sea level has risen by about 8 inches since 1880,  
projected to rise another 1 to 4 feet by 2100. 

 Frost-free season has been increasing since 1980s. 
 Heavy downpours have increased in most US regions. 
 Number of Category 4 and 5 hurricanes in North Atlantic 

has increased since early 1980s. 
Source:  National Climate Assessment Development Advisory Committee, Draft Third National Climate Assessment Report, 
http://ncadac.globalchange.gov 

Presenter
Presentation Notes
These are summaries of findings from the current National Climate Assessment draft relevant to extreme temperature, precipitation, other extreme weather events.



Warming has varied significantly  
by region (observed record)  

 Temp. 
Change 
1901-
2008 

IPCC 4AR 2007 
 



Summer Temperatures Have Shifted 
1951 – 1980 
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Source: NASA/GISS; Hansen, et al., “Perceptions of Climate Change,” Proc. Natl. Acad. Sci. USA 10.1073, August 2012 

Deviation from Mean 
0 1 2 3 4 5 -1 -2 -3 -4 -5 

Cooler than average 

Average 

Warmer than average 

Baseline (1951 - 1980) mean 
0.5 

0.4 

0.3 

0.2 

0.1 

0 

Presenter
Presentation Notes
ID #1193 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. This series of graphs shows the average distribution of hot days, cold and normal days, as compared to the 1951-1980 baseline. In the mid 20th century, there were about one-third cooler than normal days and one-third normal days and one-third warmer than normal.   DESCRIPTION: Graph of the frequency of cool, average and warm summer temperatures in the Northern Hemisphere (compared to a 1951-1980 base period), 1951-1980. The horizontal axis is in units of local standard deviation. ADDITIONAL TALKING POINTS: Dr. Hansen and his colleagues recently examined the frequency of different categories of summer temperatures.* This series of graphs show the shift over time towards more warmer than average conditions. REFERENCES:* J. Hansen, M. Sato, and R. Ruedy, “Perception of climate change,” Proceedings of the National Academy of Sciences (August 6, 2012). http://www.pnas.org/content/109/37/E2415.full 



Summer Temperatures Have Shifted 
1981 – 1991 
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Source: NASA/GISS; Hansen, et al., “Perceptions of Climate Change,” Proc. Natl. Acad. Sci. USA 10.1073, August 2012 
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Presenter
Presentation Notes
ID #1194 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified.		But in the late 20th century, the whole graph started shifting towards the warm side. All of a sudden we see extremely hot events occurring.  DESCRIPTION: Graph of the frequency of cool, average and warm summer temperatures in the Northern Hemisphere, 1981-1991 (compared to a 1951-1980 base period). The horizontal axis is in units of local standard deviation. ADDITIONAL TALKING POINTS: In the 1980s and 1990s, we see the appearance of a new category of temperature deviations: “extremely hot.”*  REFERENCES:* J. Hansen, M. Sato, and R. Ruedy, “Perception of climate change,” Proceedings of the National Academy of Sciences (August 6, 2012). http://www.pnas.org/content/early/2012/07/30/1205276109.full.pdf+html  



Summer Temperatures Have Shifted 
1991 – 2001 
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Source: NASA/GISS; Hansen, et al., “Perceptions of Climate Change,” Proc. Natl. Acad. Sci. USA 10.1073, August 2012 
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Presenter
Presentation Notes
ID #1195 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. In the 1990s, it shifts further, and we get even more extreme events.  DESCRIPTION: Graph of the frequency of cool, average and warm summer temperatures in the Northern Hemisphere, 1991-2001 (compared to a 1951-1980 base period). The horizontal axis is in units of local standard deviation. 



Summer Temperatures Have Shifted 
2001 – 2011 
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Source: NASA/GISS; Hansen, et al., “Perceptions of Climate Change,” Proc. Natl. Acad. Sci. USA 10.1073, August 2012 
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The “extreme” 
temperature events 
used to cover 0.1% 
of the Earth. Now 
they cover 10%. 

Presenter
Presentation Notes
ID #1196 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. And in the most recent decade, we see even more extreme events. All of a sudden the number of extremely hot days is larger than the number of cooler than normal days. The whole graph has spread out. There are still colder than normal days but the distribution has changed. The extreme temperature events use to cover just 0.1 percent of the Earth, now they cover 10 percent. That is a 100 fold increase, globally.   DESCRIPTION: Graph of the frequency of cool, average and warm summer temperatures in the Northern Hemisphere, 2001-2011 (compared to a 1951-1980 base period). The horizontal axis is in units of local standard deviation. ADDITIONAL TALKING POINTS: In just the past three decades, hot summers have become much more frequent and cold summers much less frequent. If we keep polluting like normal, the “extreme” temperatures we’re experiencing now will become the norm over the next 50 years and the hottest temperatures more common.* REFERENCES: * J. Hansen, M. Sato and R. Ruedy, “Perception of climate change,” Proceedings of the National Academy of Sciences (August 6, 2012). http://www.pnas.org/content/109/37/E2415.full 



Some Extreme Events will be well 
beyond historical experience  

UK 2,091 
Italy 3,134 
France  14,802 
Portugal  1,854 
Spain 4,151 
Switzerland 975 
Netherlands 1,400-2,200 
Germany 1,410 

TOTAL 29,817-
30,617 

Confirmed Mortality 

Haines et al.  Public Health 2006;120:585-96. 

European Heat Wave of 2003  

Vandentorren et al. Am J Public Health 2004; 94(9):1518-20. 



Climate Change and  
Urban “Built” Environments 

• Cities and climate are coevolving in a 
manner that will place more populations at 
risk: 

• Increase in vulnerable populations:  
– Today, more than half of the world’s population lives in 

cities, up from 30% in 1950.   

– By 2100 there will be 100 million more people > 65 years 
old (relative to 2000) (Ebi et al. 2006). 

• Intensification of exposures: Urban heat 
islands and stagnant air masses 

Presenter
Presentation Notes
Adding to the climate change-driven increases in temperature are the added effects of the urban “built” environmentIn fact, cities and climate are co-evolving in a manner that will certainly amplify both the effect of heat as well as the vulnerability of urban populations to heat-related death, for example:More than half the planet now lives in cities, up from 30 percent only 50 years ago. Urban areas are gaining an estimated 67 million people per year—about 1.3 million every week. By 2030, approximately 60% of the projected global population of 8.3 billion will live in cities. Additionally, there is a projected increase of 100 million more persons greater than 65 years of age by the year 2100   This population increase will be accompanied with rapid urbanization which is quickly transitioning communities from native vegetation to an engineered infrastructure that increases thermal-storage capacity, resulting in significant change in the urban climate compared to adjacent rural regions, known as the Urban Heat Island Effect (UHI)



Population Pyramids of the U.S. 2000 and 2050           
(Interim Projections from 2000 Census) 

Data source:  Census Population Projections 
http://www.census.gov/ipc/www/usinterimproj/ 

2000                 % of Total Population            2050 

Presenter
Presentation Notes
Cohort of persons 85 and older is fastest growing population segmentThe needs of the very old are most challenging for health care and assisted living.  Medical needs are compounded by 5% of 438 million = 22 million elderly in the 85 and older cohort 

http://www.census.gov/ipc/www/usinterimproj/


Source: United Nations World Population Ageing, 2007 

Trend:  Global Population over Age 60  



Source: United Nations World Urbanization Prospects, 2008 

In 2008, for the first time in history, 
the proportion of population living 
in urban areas reached 50%. 
 



Thermal Satellite Image of 
Phoenix, AZ Night Surface 
Temperature 

Urban Heat Island 
can add 7° – 12° F 

Night-time Heating Accelerates 

Presenter
Presentation Notes
The urban heat island can be a powerful force in local climate, as illustrated by the urban heat island diagram on the upper right.  The combined effect of the high thermal mass provided by concrete and blacktop roads, and the low ventilation ability of the urban “canyons” created by tall buildings serve to extend the temperature increases created by climate change.  [CLICK]In real terms, relative to the surrounding rural areas, urban heat islands can add from 7 – 12 degrees Fahrenheit to the urban heat load.   More importantly, the urban heat island serves to absorb heat during the daytime and radiate it out at night, raising the nighttime minimum temperatures, which have been epidemiologically linked with excess mortality. This satellite thermal image of nighttime surface temperature in Phoenix vividly illustrates this effect.   



Maximum Daily Ozone Concentrations vs. Maximum Daily Temperature 

Atlanta 

New York 

Heat Island Impacts on Air Pollution 



 Ragweed 
 ↑ CO2 and temperature 
 ↑ Pollen counts, longer growing 

season 

Climate Change Impacts Air Quality:  
Pollen 

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

Presenter
Presentation Notes
An increase in CO2 concentrations in the atmosphere combined with higher temperatures impact ambient pollen concentration by increasing pollen production and extending the growing season of allergenic plants, such as ragweed. This can lead to adverse health effects, like prolonged allergy seasons for seasonal allergy sufferers and can complicate underlying respiratory health conditions.



Climate Change Impacts on Allergens: 
Poison Ivy 

• Toxicodendron radicans 
• ↑ CO2 leads to 

– ↑ photosynthesis 
– ↑ water use efficiency 
– ↑ growth 
– ↑ biomass 
– More allergenic urushiol 

• Greater CO2 stimulation 
than most other woody 
species 

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



Warmer air can 
hold 

a lot more water vapor 

With each additional 1° (C) of  
temperature, the atmosphere’s 
capacity to hold water vapor 

increases by 7% 

There is already 4% more water 
vapor over the oceans than there 

was only 30 years ago 

Climate Change:   
Impacts on the Hydrologic Cycle 

Presenter
Presentation Notes
ID #962 - Can be used in noncommercial online and TV broadcasts of your presentation, but not modified. Warmer air holds a lot more moisture. If you take a hot shower the mirror will steam up but if you take a cold shower it will not. The reason is that warmer air holds more water vapor. With each additional one degree Celsius increase the holding capacity of the atmosphere increases by 7%. In the last 30 years, the global atmosphere has 4% more water vapor.  DESCRIPTION: Text slide about the capacity of warm air to hold more water vapor ADDITIONAL TALKING POINTS: Warm air can hold more water vapor than cold air.* If you have lived through more than a day or two of freezing weather, you have also experienced the effects of low humidity — chapped hands and lips, and lots of static electricity.** As an approximate rule of thumb, the water-holding capacity of the atmosphere increases about 7% for every 1°C (1.8°F) increase in temperature. (Note that these increases are somewhat lower over land, where water is less available.)* Climate change has already increased the amount of water vapor in the atmosphere. Three sets of data show that on average, the global surface humidity has increased since 1970.*** REFERENCES:* K.E. Trenberth, “Changes in precipitation with climate change,” Climate Research 47 (March 31, 2011): 122-138. http://www.int-res.com/articles/cr_oa/c047p123.pdf ** Discovery Place, “Static Electricity in Winter,” January 8, 2010. http://www.discoveryplace.org/blog/post/32/Static-electricity-in-winter *** National Oceanic and Atmospheric Administration, “Climate Indicators,” last updated August 21, 2012. http://www.ncdc.noaa.gov/bams-state-of-the-climate/2009-time-series/humidity 



 67% of waterborne 
disease outbreaks 
preceded by 
precipitation above 
80th percentile (across 
50 year climate record) 

 Heavy precipitation 
events projected to 
occur more frequently  

Curriero, Patz, et al,  2001. 
Source: Walsh et al. 2013:  Draft NCA Report, Chapter 2 

Extreme Precipitation Events Impact 
Human Health:  Waterborne Disease 

Observed Increases in Very Heavy 
Precipitation (heaviest 1% of all events) 

1901 to 2011 

Presenter
Presentation Notes
Unusually high rainfall events increases the likelihood of waterborne diseases by contaminating drinking water sources or recreational water use.This slide draws information from a study that linked waterborne disease outbreaks with high precipitation events.



Heavy Precipitation and 
Water-borne Disease:  

Milwaukee 1993 
 

Cryptosporidiosis epidemic 

405,000 cases, 54 deaths 

 

Preceded by heaviest rainfall in 50 
years (Curriero et al., 2001)  

 

$31.7 million in medical costs  

$64.6 million in lost productivity  
(Corso et al., 2003).  

 



 Since 1970 
 Western US wildfire season 

increased by 78 days 
 Average duration of fires 

increased five fold 

Climate Change Impacts Air Quality:  
Wildfire Smoke 

Westerling et al. Warming and earlier spring increase western U.S. forest wildfire activity Science. 2006 Aug 18;313(5789):940-3 

Wildfire Activity Since 1970 
 

Presenter
Presentation Notes
Climate change can bring higher summer temperatures, reduced snowpack, early spring melt, dry summers, and drought conditions, all of which can contribute to wildfires. There has been a dramatic increase in wildfire activity since 1970. This includes a higher frequency of large-wildfires, longer duration of wildfires, and longer wildfire seasons. Smoke from wildfires is a mixture of gases and fine particles from burning trees and other plant materials. Smoke can hurt your eyes, irritate your respiratory system, and worsen chronic heart and lung diseases. 



Mortality and morbidity from wildfire smoke 

• An increase of 10µg/m3 in 
PM10 from wildfires results in 
approximately 1% increase in 
non-accidental mortality.(1,2,3) 
 

• During Australian 
bushfires:  
• Overall mortality rose 5%  
• Hospital admissions for 

respiratory illnesses 
increased from 3-5%.4 

 
 

1. Morgan G et al. Effects of bushfire smoke on daily mortality and hospital admissions in Sydney, Australia. Epidemiology. 
2010 Jan;21(1):47-55. 

2. Sastry N. Forest fires, air pollution, and mortality in southeast Asia. Demography. 2002 Feb;39(1):1-23. 
3. Hanninen OO. Population exposure to fine particles and estimated excess mortality in Finland from an East European 

wildfire episode. J Expo Sci Environ Epidemiol. 2009 May;19(4):414-22 
4. 4. Johnston F et al. Extreme air pollution events from bushfires and dust storms and their association with mortality in 

Sydney, Australia 1994-2007. Environ Res. 2011 Aug;111(6):811-6. 



Dust Storms and Health 
 Greater likelihood of injuries from motor vehicle 

accidents. 
  Increased risk of 
asthma related 
hospitalizations. 

Kanatani, et al., 2010. Desert dust exposure is associated with increased risk of asthma hospitalization in children. Am J Respir Crit Care 
Med. 

Kuo, H. , 2009. Indoor and outdoor PM2.5 and PM10 concentrations in the air during a dust storm. Building and Environment. 
Chen, et al., 2010.  Ambient Influenza and Avian Influenza Virus during Dust Storm Days and Background Days.  Environ Health 

Perspect.  

Haboob (Dust Storm) Phoenix, AZ 
July 21, 2012 

 Increased 
Indoor and 
Outdoor Air  
Pollution (PM2.5 
and PM10) 



Dust Storms and Health - 
Coccidioidomycosis (Valley Fever) 

 Coccidioides 
immitis primarily 
dispersed by 
wind and dust 
storms. 

Source:  
Pappagianis and Einstein, 1978.  Epidemiology of coccidioidomycosis.  Current Topics in Mycology.  
Zender and Talamantes, 2006.  Climate controls on valley fever incidence in Kern County, California.  Int J Biometeorol. 

 C. immitis  thrives 
during wet 
periods following 
droughts 

Haboob (Dust Storm) Phoenix, AZ 
July 21, 2012 

 Infections occur 
during dry season 



Harmful Algal Blooms (Red-tides) 
Enhanced by: 
- Increased water temps 
- Nutrient runoff 
- Upwelling events 



Ciguatera Fish 
Poisoning on 
Texas Coast 

Oil Rigs 
 



Prediction: 

Because of Climate 
Change, Vector 
distributions will 

increase in           
latitude and altitude 



Precipitation, Humidity, and Temperature 
Changes Impact Human Health:  Lyme 

Disease 

 Spread of Lyme 
disease factors 
 Climate 
 Ecological 
 Social 

Source:  Brownstein JS, Holford TR, Fish D.  A climate-based model predicts the spatial distribution of the Lyme Disease vector 
Ixodes scapularis in the United States. Environ Health Persp 2003;111(9):1152-57.  

2012 Range of suitable conditions 
for Ixodes scapularis,                  
the Lyme disease tick 

Constant suitability Expanded suitability 

2020 2050 2080 

Presenter
Presentation Notes
The spread of Lyme disease is a function of social, ecological and climate factors. Unknown before the 1970s, Lyme disease began as a highly regionalized disease. In the decades since it was first clinically identified, more and more cases of Lyme disease have occurred outside of New England. As you can see from the animation, the range of suitable conditions for the Lyme disease vector is projected to spread even more from now to 2080. The survival of the tick, Ixodes scapularis, the primary vector of Lyme disease in North America depends both on water stress and temperature. Thus, local modifications to precipitation, humidity, and temperature from climate change will have implications on tick abundance and spread of disease. Changes in temperature and precipitation will affect deer habitat, the principal host for the tick. Individual outdoor behaviors and knowledge about prevention options can also affect the spread of the disease.



1996 

Lyme Disease Case Distribution Change 
in the United States  

http://www.cdc.gov/lyme/stats/maps/interactiveMaps.html 

2011 

Presenter
Presentation Notes
This graphic indicates the geographic spread of Lyme disease cases from 1996 through 2011. Total reported cases for each year.  Each dot is a single reported confirmed case, dots are placed randomly in each county of residence. 





Carbon Fertilization and Agricultural Productivity 



Cereal yield: Developed vs. Developing Countries, 2060 





Mental Health: Post-Disaster 



Mental health:  Anticipatory 

http://news.bbc.co.uk/


Loss of Cultural Resources Impacts 
Mental Health  

Gravesite erosion Moving a traditional village 
site: Shishmaref,  





Now the bad news… 
• Despite existing breadth of organizations and 

sectors with initiatives on climate change 
 

• Despite the likelihood of anticipated health 
effects of climate change 
 

Public health effects of  
climate change remain  
largely unaddressed 

Presenter
Presentation Notes
Today, I will present to you a framework for public health action on climate change, and outline potential roles for pubic health to take leadership positions on. We believe that an organizing framework and set or common priorities is necessary because despite the existing breadth of organizations and sectors with initiatives on climate changeAnd Despite the likelihood of anticipated health effects of climate change,The Public health effects of  climate change remain largely unaddressed



Path #1: Identify Co-benefits and   
  Synergies 
 

• Efforts to mitigate or adapt to the effects of 
climate change frequently yield other health 
benefits.  

The Path(s) Forward  
 

Framing Climate Change as a Societal Issue,  
(and not just an Environmental one)  

Presenter
Presentation Notes
Another important principle is the concept of co-benefits, or synergies between mitigation and adaptation.  We must be mindful of these opportunities to both reduce GHG emissions and benefit health at the same time.



↑ Physical activity 

↓ Air 
pollution 

And by the way… 

↓ Infrastructure costs ↑ Social capital 

 

↓ CO2 
emissions 

↓  
Injuries 

↓ Osteoporosis 

Presenter
Presentation Notes
On the other hand, we can use a preventive approach:  walking or biking to school,…



Climate Change Synergies 
Heat wave plans using 
“buddy systems” 

↑ social capital,  
↑ community resiliency 

↓ vehicular travel ↓ car crashes, ↓ air 
pollution 

↑ fuel efficiency ↓ air pollution 

Locally grown food ↓ pesticide loading, ↓ 
fuel  

Energy-efficient 
buildings ↓ operating costs 

Alternative energy 
sources Business opportunities 



Environmental Justice, poverty and 
disempowerment as critical vulnerability factors  

“The rich will find their world to be more 
expensive, inconvenient, uncomfortable, 
disrupted and colorless — in general, more 
unpleasant and unpredictable, perhaps greatly 
so. The poor will die.” 

 
Kirk R. Smith, 2008 
Professor, Environmental Health Sciences, UC- Berkeley  

 

Path #2: Focus on the Most Vulnerable 
in Our Communities 

Presenter
Presentation Notes
However, poverty is not the only cause of vulnerability, and sometimes populations that are poor are very good at coping with climate extremes.



Carbon Emissions 
 (Density-Equalizing Cartogram) 

 

The United States emits 
one quarter of the worlds 
gases that cause global 

warming.  

Mark Newman, University of Michigan │ www.worldmapper.org 

Presenter
Presentation Notes
The fact that the developed world, especially the US accounts for the large proportion of carbon emission



Climate-Related Mortality 

Those who are most affected are 
least responsible for the 

greenhouse gas emissions that 
cause the problem 

 

Mark Newman, University of Michigan │ www.worldmapper.org 

Presenter
Presentation Notes
And persons in the developing world are most likely to feel the consequenses of climate change, including disasters underscores that fact that this really is an ethical issue that needs to be addressed.  



Low-income people 
typically lack insurance 
to replace possessions 
lost in storms. Only 25 
percent of renters have 

renters insurance.  

Presenter
Presentation Notes
The suffering of racial minorities and the poor as seen in the aftermath of hurricane Katrina might unfortunately be a sign of what’s to come with climate change.   



Path #3: Bringing the  
Community into the Dialogue  

Effective adaptation planning must start with  
community input.   
 
Qualitative approaches must augment environmental  
monitoring to elucidate pathways for exposure,  
and system vulnerabilities 

Presenter
Presentation Notes
However, poverty is not the only cause of vulnerability, and sometimes populations that are poor are very good at coping with climate extremes.



Community-Based Participatory 
Research for Adaptation Planning    

 
   Building community partnerships – Citizen Science 

 
• Systematic , on-going, collection of  
 community observations of  
 unusual shifts in local ecosystems  
 and health hazards 

 

• Develop culturally appropriate risk  
 communications  and inform  
 adaptation planning for Health and  
 other sectors   

 
National Center for Environmental Health 
Agency for Toxic Substances and Disease Registry 
 

Alaskan coastal erosion from permafrost degradation 

Presenter
Presentation Notes
Local ecosystems: the behavior and health of fish and game, subsidence of ground and surface water levels, and increasingly extreme local weather patterns.This project may provide government officials with an important early warning of local events with public health significance, and represent a network for the dissemination of informed and culturally appropriate risk communications to guide adaption planning to mitigate the impact of climate change on Alaskan population health.



 



Re-Framing the Climate Change Dialogue 



Conclusions 

• Climate change is now a 
mainstream issue 

• Climate change must also be 
framed as a human welfare  and 
public health issue. 

• Opportunity costs of not taking 
action are high 



Thank You 

Contact: 
George Luber, PhD 
Associate Director for Global Climate Change 
National Center for Environmental Health 
 
gluber@cdc.gov 
Tel: 770-488-3429 

Presenter
Presentation Notes
Rather than listing it out we thought we could use visual representation, and list out the talking points
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