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Executive Summary

We already know that global warming is making the planet hotter.  

Scientific studies have also shown that our changing climate could favor 

the formation of more ozone pollution in some areas and also intensify 

the health problems stemming from allergenic pollen such as ragweed.  This is bad 

news for allergy sufferers and asthmatics because both ragweed and ozone have been 

linked to respiratory problems such as asthma and to allergic symptoms in adults and 

children. Moreover, studies show that people exposed to both ragweed and ozone can 

become sicker than people exposed to just one of these pollutants.1 These negative 

health effects will only get worse if carbon dioxide (CO2) concentrations keep rising 

and global warming continues unchecked.  

In order to better understand the scope of this problem and who will be most affected by it, NRDC conducted new 
research, mapping for the first time areas within the United States where ragweed and unhealthy ozone pollution overlap.  
The findings show that 110 million Americans live in areas with both ragweed and ozone problems. Among the most 
vulnerable regions are the Los Angeles basin, the southern Mississippi River valley, the Great Lakes area, the Mid-Atlantic 
states, the New York area, and New England. Our analysis found that people in 308 counties in the United States live 
in places with the double threat of ragweed and high ozone levels. In fact, 13 of the top 15 “Asthma Capitals 2007”  
identified by the Asthma and Allergy Foundation of America are in counties where both problems occur. 

Allergies and Asthma: Serious Health Threats on the Rise
An estimated 36 million Americans have some type of seasonal allergy, and 20 to 30 percent of the population at 

some time suffers from seasonal allergic rhinitis (or “hay fever”), whose symptoms include inflammation and irritation 
of the nose, sinuses, throat, eyes, and ears; sneezing; runny nose; and itchy eyes.2 Allergies can seriously affect health and 
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productivity: Eighty percent of seasonal allergy sufferers experience sleep problems, fatigue, or loss of concentration. It is 
estimated that more than 3.8 million days per year are missed at schools and businesses due to seasonal ragweed pollen 
allergies.3  In many industrialized countries like the United States, there is evidence that respiratory allergic diseases are 
increasing in prevalence and severity,4 at least one researcher suggests that people in cities are more likely to experience 
allergy symptoms than those living in rural areas, a concern that warrants further research.5

An estimated 17 million children and adults in the United States have asthma, a chronic lung disease in which air 
passages become inflamed and constricted, making breathing difficult. While asthma symptoms can be controlled, the 
disease cannot be cured. Allergies are among the factors that can trigger an asthma attack, and 80 percent of children and 
50 percent of adults with asthma also have some type of allergy.6  Between 60 and 78 percent of people with asthma also 
have coexisting allergic rhinitis.7  

There has been a worldwide increase in the prevalence and severity of asthma in recent decades. In the United States, 
self-reported cases went up 75 percent from 1980 to 1994.8  (After 1994, the methods for tracking asthma changed, 
so it is difficult to say whether the trend has continued.)  An even greater increase—160 percent—was found among 
preschool-age children.9  Some researchers have voiced concerns about children’s health being threatened by global 
warming,10  and have proposed that the observed rise in asthma cases could be an early impact of climate change.11

Global Warming Worsens Respiratory Health
The severity of both allergies and asthma is closely linked to environmental conditions, particularly air quality. Global 

warming and rising CO2 levels are projected to worsen air quality and could threaten human health in many areas 
due to increased levels of allergenic pollen and ground-level ozone. Scientific studies have found that allergenic pollen 
production increases as carbon dioxide concentrations and temperatures climb. For example, ragweed plants have been 
shown to grow bigger and produce more pollen when the levels of greenhouse gases (specifically carbon dioxide) increase. 
Other important allergenic plants have not been as extensively studied in the United States. Ragweed plants have also 
shown increased tolerance to high ozone levels.12 Warmer temperatures can enhance the reactions that form ground-level 
ozone smog in the air we breathe.

Government Agencies Must Protect Communities From the Health Effects of  
Global Warming

Many of the sources of ozone-producing chemicals are the same as those of global warming pollution—industrial 
facilities, electric utilities, and motor vehicle exhaust. Therefore, minimizing emissions from these sources can help 
reduce both ozone air pollution and global warming, helping to create better air quality conditions today and a cooler, 
healthier environment in the future. To achieve this goal, governments must act quickly to institute comprehensive 
controls on sources of air pollution and global warming pollution. 

Picture this: Twenty years in the future, the “dog days” of August and September bring still, cloudless 
days that increase peak ozone concentrations. At the same time, years of heightened CO2 emissions and 
blazing temperatures have created the perfect conditions for ragweed pollen production. Particularly 
in and around cities, where the urban heat island effect boosts temperatures and ragweed thrives in the 
disturbed soils of vacant lots and building sites, people who suffer from allergies and asthma will get sick 
with a host of debilitating symptoms. Thanks to the potential for weeds, grasses, and trees to increase their 
pollen production; worsening air quality on hot days; increased asthma attacks from smog in the air; and a 
prolonged allergy season, our health will likely suffer in a warming world.
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Protecting Your Family From Pollen and Ozone
Follow these tips to avoid overexposure to ragweed pollen and ozone during the summer and fall, especially if you or 

family members have allergies or asthma:13

•  Listen to the radio, watch TV, or visit online news outlets for daily pollen reports and air quality conditions 
(check EPA’s www.airnow.gov website and the National Allergy Bureau’s site at http://www.aaaai.org/nab).  
This is especially important on sunny days with little or no wind, when ozone concentrations can be  
particularly high.

•  On days when pollen counts or ozone levels are high, minimize outdoor activities and keep windows closed 
when possible.

•  Bathe or shower after spending time outdoors because pollen may have collected on your skin and in your hair.
•  Wash bedding frequently to remove pollen that settles on pillows and sheets, and vacuum regularly, preferably 

with a vacuum cleaner that contains a high-efficiency particulate (HEPA) filter.
•  Minimize your family’s exposure to other known allergens because of the cumulative effect of multiple allergens 

in producing symptoms. 
•  Try to save your most strenuous outdoor activities for days with relatively low ozone levels, or do them in the 

morning before ozone levels rise.
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Ozone and Ragweed: Health Threats 
Likely to Worsen with Global Warming 

Unfortunately for human health, ragweed pollen tends to increase with higher 

carbon dioxide concentrations; summertime ozone levels in many areas also 

tend to be higher, due in part to warmer temperatures. Hot, clear summer 

days with calm winds tend to increase both ozone and pollen concentrations. These 

increases will likely have serious negative health effects, particularly for people living in 

areas that are doubly hit by both ragweed and high concentrations of ozone pollution, 

and for those with allergies and asthma.

Ozone can worsen allergic reactions and impair lung function, especially among children, the elderly, and people 
already suffering from asthma.14 Some studies have found that allergic reactions to pollen are more common among 
children who live closer to busy roads,15, 16 and that traffic-related air pollution is linked to increased allergic symptoms.17 
Even at relatively low levels, air pollution, including ozone, has been related to breathing problems and decreased lung 
function in asthmatic children.18 And even short-term exposure to ozone can worsen asthmatic responses to allergens 
(such as ragweed pollen) in people with mild allergic asthma or rhinitis.19 One study suggests the possibility that high 
ozone levels and heavy outdoor exercise may contribute to the development of asthma in non-asthmatic children, but 
this warrants further research.20 

Another component of air pollution from combustion sources, diesel exhaust particulates, represents a triple threat 
to the health of those living along major bus and truck thoroughfares.  These particulates can damage health by helping 
to deliver pollen deep into the lungs, by stimulating the immune system, and by making people more likely to develop 
allergic sensitizations, allergy symptoms, and asthma.21

Atmospheric CO2 concentrations have already increased more than 30 percent relative to preindustrial concentrations 
and by 22 percent since 1960, up from just under 315 parts per million (ppm) to the current estimate of 382 ppm. Since 
the late 19th century, global average surface temperatures have increased by 0.6ºC, or 1ºF.22  The Intergovernmental Panel 
on Climate Change (IPCC) projects in its new Fourth Assessment Report that temperatures are likely to rise another 1.8º 

to 4.0ºC (3.2º to 7.2ºF) by 2100, with possible increases of up to 6.4ºC (11.5ºF).23 It is important to remember that even 
when the average temperature increases only slightly, peak temperatures can increase significantly. That means that many 
more hot days will be in store in the future.
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Mapping the Most Vulnerable Regions
Because there is evidence that exposure to unhealthy levels of ozone can damage the lungs and worsen allergic 

responses to ragweed pollen, NRDC identified those areas of the United States where ragweed and ozone problems 
intersect. We overlaid the areas that experience an average of one or more days per year of unhealthy ozone conditions 
on a map base that shows U.S. counties where ragweed has been reported. There are 308 counties in the United States—
home to 110 million people—that experience both ragweed pollen and unhealthy ozone days (Figure 1).  Together, the 
two pollutants can interact to worsen respiratory health, making these areas especially vulnerable to increasing allergic 
and respiratory disease with global warming. 

Figure 1 also shows the location of the 15 cities that top the list of “Asthma Capitals 2007—The Most Challenging 
Places to Live with Asthma,” published by the Asthma and Allergy Foundation of America.24  This is one list on which 
being in first place is no honor: The top spot each year is reserved for the metro area with the greatest concentration 
of negative factors that can potentially affect asthma patients.25  The top 15 cities for 2007 are: Atlanta; Philadelphia; 
Raleigh, North Carolina; Knoxville, Tennessee; Harrisburg, Pennsylvania; Grand Rapids, Michigan; Milwaukee; 
Greensboro, North Carolina; Scranton, Pennsylvania; Little Rock, Arkansas; San Antonio, Texas; Los Angeles; Chicago; 
Charlotte, North Carolina; and Fresno, California. Thirteen of these top 15 “asthma capitals”26 are located in areas 
where people’s health is currently challenged by both ragweed and ozone. And as temperatures warm and carbon dioxide 
concentrations increase with global warming, both of these conditions could become even more severe.
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Figure 1. Intersection of Ragweed-Positive and 8-Hour Ozone Exceedance-Positive Areas in the Continental United States

200 miles
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*Asthma and Allergy Foundation of America,
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Note: Ragweed data as of 2007. Ozone data based on annual average of monitors with valid 8-hour data for at least 75 percent of 
required monitoring days in each year (2002-2006). Limited to areas with at least one monitor within 62 miles (100 km).
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The results are sobering: Figure 2 shows that in 2006 millions of Americans lived in counties where ragweed was 
reported or where unhealthy ozone levels occur. More than 150 million Americans live in counties where ozone violates 
the EPA’s health-based standards at least once a year, on average, and a whopping 200 million people live in counties 
where ragweed has been reported. 

How Ozone Is Hazardous to Your Health
Ozone (also known as smog) is an irritant that inflames the lungs.27 Health effects related to ozone include increased 

respiratory symptoms, damage to cells of the respiratory tract, lung inflammation, diminished lung function in healthy 
adults, increased susceptibility to respiratory infections,28 and exacerbation of asthma.  These illnesses often lead to 
increased school absences and an increase in hospital admissions for respiratory ailments and emergency room visits.29, 30  
It has been estimated that more than 100 million Americans currently live in areas where ozone concentrations exceed 
the U.S. EPA 8-hour regulatory limit—a limit that the EPA scientific advisory board has recommended lowering because 
it is not sufficiently protective of health.31

The Ozone and Global Warming Connection
Ozone is formed at ground level by the combination of two types of pollutants, nitrogen oxides and volatile organic 

compounds (VOCs), in the presence of sunlight. Warmer temperatures enhance the reactions that form ozone in the air 
we breathe. As a result, maximum ozone concentrations typically occur during the hot summer months.32 

Vehicle exhaust and emissions from power plants and certain industrial facilities contain nitrogen oxides. Volatile 
organic compounds are emitted from these same sources. VOCs also are emitted from plants, a phenomenon enhanced 
by higher summer temperatures. A number of U.S. studies have projected that global warming could increase ozone 
concentrations in already polluted areas in the absence of further efforts to reduce nitrogen oxides and VOC emissions.33 
Any increase in ozone concentrations will further contribute to respiratory illnesses already experienced by millions  
of Americans.
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Figure 2. U.S. Population Living in Ozone or Ragweed Areas

Based on U.S. Census 2006 population by county, http://www.census.gov/popest/datasets.html
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Many Regions Exceed EPA Health Standard for Ozone
Ozone levels in many areas of the country currently exceed standards set to protect public health. Ozone is a regional 

pollutant, and although there are gaps in data from existing monitoring stations, extrapolating from the existing 
monitoring stations shows that many regions of the country experience ozone levels that could be harmful to human 
health (Figure 3). The EPA’s 8-hour ozone standard is exceeded on a widely varying average number of days in different 
regions of the United States, with a range from zero to more than 16 days per year. The two regions with the highest 
average values are in California and the Washington-Philadelphia-New York-Boston corridor in the Northeast, with some 
high values in the upper Ohio River Valley, the Southeast, Texas, and several western urban areas. More than 150 million 
people currently live in areas where ozone levels can be harmful, and these levels could worsen under global warming. A 
map showing the counties that contain ozone monitoring stations and those that exceed the ozone standard is shown in 
Appendix A.
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Figure 3. Mean Number of 8-Hour Ozone Exceedance Days per Year, 2002-2006
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How Ragweed Pollen Is Hazardous to Your Health
Pollen grains are the male reproductive structures of plants. Usually too small to see, they can be dispersed widely 

by wind, water, or insects. While most pollen grains are dispersed locally, some can be carried many miles into the 
surrounding countryside.34  Pollen is a common substance that can trigger allergic reactions. An individual’s tendency 
to develop allergies usually has a genetic component, but it is common for people to develop new allergies over their 
lifetime. The development of allergies also depends upon the total amount of allergen and the length of exposure.35 

Many plants produce pollen that can be allergenic and harmful to human health, and comprehensive studies have 
not yet been conducted in the United States to evaluate the possible effects of higher CO2 concentrations and warmer 
temperatures (projected with climate change) on growth and pollen production of most plants. Ragweed, however, 
has been studied because it is clinically an important allergen that causes seasonal symptoms in many Americans. 
Furthermore, while the springtime peak in tree pollen typically happens before most high ozone days occur, ragweed’s 
late summer to early fall pollen season can coincide with high ozone levels. 

In North America, ragweed makes pollen seasonally, 
beginning around mid-August and continuing into 
October. Ragweed (Ambrosia artemisiifolia), a widespread 
endemic weed, is commonly found in open, disturbed 
ground around homes, fields, roadsides, and vacant lots in 
the Northeast, Midwest, and South. Ragweed  
is considered to be a significant cause of summer and  
fall allergies. 

Pollen allergies can have particularly severe health 
consequences for people with asthma. In one study, 
weed pollen levels were linked to autumn peaks in 
children’s asthma hospitalizations.36 There are important 
connections between warming temperatures, higher 
concentrations of dioxide (the main global warming 
pollutant), and the allergenic pollen produced from plants 
like ragweed.

The Ragweed and Global Warming Connection
A growing number of laboratory and field tests have shown that when there is more carbon dioxide (CO2) in the 

environment, ragweed produces significantly more pollen.37 In one study, ragweed plants grown under approximately 
current CO2 conditions (which were then 370 ppm) and conditions predicted to hit by the mid- to late 21st century 
(600 ppm) produced 131 percent and 320 percent more pollen, respectively, than did ragweed plants grown at 
preindustrial levels of CO2 (280 ppm).38 Along with ragweed, many other pollen-producing plants, including birch, 
oak, and pine trees, tend to produce pollen earlier, for a longer time, and in greater total amounts under higher CO2 and 
temperature conditions—the kinds of conditions associated with global warming.39 Weeds such as ragweed, dandelion, 
and poison ivy are expected to proliferate as carbon dioxide levels in the atmosphere continue to rise.  

Ragweed thrives in urban and suburban environments where disturbed soils are common and where vehicle 
and industrial emissions from fossil fuel combustion create “CO2 domes” over cities. In one study, ragweed pollen 
concentrations were higher in an urban environment (with warmer temperatures and 30 to 31 percent higher CO2 levels) 
than in surrounding rural areas.40 Furthermore, temperatures tend to be higher in urbanized areas because building and 
pavement materials capture and re-radiate heat more slowly than natural vegetated areas, creating an urban heat-island 
effect that could contribute to higher pollen and ozone production  
in cities.41

Common Ragweed (Ambrosia artemisiifolia) 

Source: USDA Crop Systems and Global Change Lab, Beltsville, MD.
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As Figure 4 shows, ragweed is found in many areas of the country. In particular, it is widely reported in Eastern and 
Midwestern states as well as in smaller areas of the desert Southwest and West. Some states in the Mississippi Valley, the 
Northeast, and the mid-Atlantic region have nearly continuous coverage of reported ragweed. This is no surprise given 
the highly adaptable nature of this weed species. In fact, it is likely that more counties than those shown in Figure 4 may 
have ragweed but have not yet reported it to agencies like the U.S. Department of Agriculture (USDA). We estimate that 
more than 200 million people currently live in areas with ragweed pollen that is likely to worsen under global warming. 

0 200 Miles Source: US Department of Agriculture, 
Global Biodiversity Information Facility

Figure 4. Ragweed Occurrence by County (reported as of 2007)

Ragweed Present

No Ragweed Reported
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Recommendations

Governments must act quickly to institute comprehensive controls on sources 

of global warming pollution. The good news is that we already know what 

needs to be done. In order to protect public health, Congress must address 

global warming through mandatory legislation that reduces global warming pollution 

on the order of 20 percent by 2020 and 80 percent by 2050. 

In addition:
•  The U.S. EPA should lower the allowable standard for ozone in air to a level that will adequately protect public 

health, and then require states to comply by reducing pollution. 

•  Government agencies should establish a network of daily pollen collection sites and share the information with 
local health practitioners and researchers to inform allergy and asthma sufferers about environmental conditions 
that could adversely affect their health.

•  The U.S. Department of Agriculture (USDA), National Institutes of Health (NIH), or the National Science 
Foundation (NSF) should establish a comprehensive reporting and tracking system for ragweed and other 
potentially harmful weed species. Currently available information on ragweed occurrence may be overreporting 
the presence of ragweed in areas with more active and educated communities, while underreporting its presence 
in areas with less community involvement. The same would hold true for other pollen-bearing allergenic species 
that could be affected by higher CO2 concentrations and warmer temperatures under a changing climate.

•  The U.S. EPA should locate more ozone monitoring stations in many areas of the country where none now 
exist, to track local ozone conditions that can contribute to health-harming smog.

•  The Centers for Disease Control and Prevention (CDC) should create a national initiative to help state and 
county health agencies prepare for the health impacts of global warming. 

If you or someone in your family has ragweed allergies, it is helpful to start antihistamines or other allergy and asthma 
medications 10 to 14 days before the arrival of your area’s peak ragweed pollen season. If you think you have symptoms, 
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you may want to visit an allergist or immunologist who can help you get an accurate diagnosis and work with you to 
develop an effective treatment plan.42 

What you can do:
•  If you or someone in your family has been diagnosed with asthma, be sure to follow the treatment plan you and 

your physician have designed. 
•  Ask your physician if he or she can suggest other strategies for minimizing ozone and pollen exposure.
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APPENDIX A 

Methodology Used in Mapping  
Ragweed and Ozone

To map ozone and ragweed conditions in the continental United States, we 

first surveyed current publicly available data sources. Our goal was to create 

maps for the entire continental United States, showing locations where 

residents are exposed to unhealthy levels of ozone, where ragweed is known thrive,  

and where people may be exposed to both ragweed pollen and ozone. 

Ozone Data and Maps
All ozone maps are derived from publicly available data from the U.S. Environmental Protection Agency website 

(http://www.epa.gov/air/data/geosel.html). We selected “monitor values” data for ozone for the years 2002–2006 and 
used a precalculated field in the EPA data that represents the “number of days in the year when an 8-hour average 
concentration exceeded the level of the 8-hour standard.” We calculated an average number of ozone exceedance days per 
year for only those monitors with at least 75 percent data completeness and those with data for all five years. Multiple 
monitors at a single site were treated as separate monitors.

County-Level Maps
Counties with a single monitor were assigned that monitor’s average number of ozone exceedance days per year. For 

counties with multiple monitors, the county was assigned a mean of the monitor-level means (Appendix Figure A1).

Interpolated (Smoothed) Map
The smoothed map (Figure 3) was created using an interpolation technique known as kriging. Kriging, in this case, 

makes use of the statistical relationship between the ozone exceedance data and distance from a monitor to impute 
values at unmonitored locations. To help project regional ozone conditions for people living in counties without ozone 
monitoring stations, kriging was used to construct a smoothed surface of ozone concentrations from stations within at 
least 62 miles (100 kilometers). In terms of technical specifications, variography was conducted using the GSTAT library 
in R-statistical software. We used a cutoff of 250,000 meters and bin breaks of 5,000 meters. A spherical model (nugget 
= 3.14, partial sill = 57.39, range = 131 km) fit the variograms well, and the resulting parameters were used in ArcGIS 
Geostatistical Analyst to conduct the (ordinary) kriging.
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Note on Differences Between County-Level and Interpolated Maps
The county-level maps use, in some cases, an average of several monitors for a single county, whereas the interpolation 

uses monitor-level data more directly. Therefore, small differences in the maps can occur. An individual county, for 
example, may have a monitor with an average number of exceedances greater than 1, but if all the monitors in that 
county average out to less than 1, the county will be assigned to the zero category. In kriging, however, the small 
geographic area at and around the monitor with more than 1 exceedance will be assigned a value above 1. As a result, the 
two maps may categorize a few small areas differently.

Ragweed Data
Counties with ragweed (Figure 4) were identified using two publicly available databases. We downloaded and cross-

referenced data from the USDA Natural Resources Conservation Service PLANTS database (http://plants.usda.gov/
index.html),43 and the Global Biodiversity Information Facility (http://www.gbif.org/).44 If ragweed was reported in a 
particular county in either (or both) of these databases, that county was assigned to the “ragweed present” category. Any 
non-ragweed county that was completely surrounded by ragweed-present counties was also assigned to the “ragweed 
present” category.

For counties with more
than one monitor, the
mean number of ozone
exceedances per year
(2002-2006), per monitor
was first calculated and
then the mean of the
monitors within a county
was calculated.

0 200 Miles
Source: US Environmental Protection Agency

Average Annual Ozone
Exceedance Days (2002-2006)

0
1-5
6-15
�16

No Monitors

Figure A1. Mean Number of 8-Hour Ozone Exceedance Days by County Per Year, 2002-2006
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Combining the Ozone and Ragweed Maps
Because there is evidence that exposures to unhealthy levels of ozone can harm the lungs and make allergic responses 

to ragweed pollen worse, we wanted to evaluate those areas of the United States that experience an average of one or 
more days per year of unhealthy ozone conditions on the same map base that shows U.S. counties where ragweed has 
been reported. Two different maps were prepared. The first (Appendix Figure A2) shows four vulnerability levels: 

• areas with neither unhealthy ozone nor ragweed reported (or for which no data exist)
• areas with ragweed only
• areas with an average of one or more ozone-exceedance days per year 
• areas with both ragweed and an average of one or more unhealthy ozone days annually

Figure 2 gives a tally of the numbers of Americans who lived in the counties in each of these four categories as a 
bar graph, using 2006 county population estimates from the U.S. Census Bureau.45  The second map version (Figure 
1) shows the same type of information on a bilevel map that uses the kriged ozone surface to provide a more regional 
sense of areas where the two potentially health-damaging conditions coincide. Reported ragweed is shown in green; 
ozone exceedance areas are shown in red on an extruded map surface; and areas with both conditions are shown in 
brown on the extruded surface. Figure 1 also shows the location of the top 15 from “Asthma Capitals 2007—The Most 
Challenging Places to Live with Asthma,” published by the Asthma and Allergy Foundation of America.46

0 200 Miles
Source: US Environmental Protection Agency,
US Department of Agriculture and the Global
Biodiversity Information Facility, US Census Bureau

�  1 Ozone Exceedance Days/Yr (2002-2006)

Ragweed Present Only

Neither or Missing Data

Figure A2. Intersection of Ragweed-positive and Ozone Exceedance-positive Areas in the Continental United States, by County
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