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limate Change, Air Quality, and Human Health
atrick L. Kinney, ScD

bstract: Weather and climate play important roles in determining patterns of air quality over
multiple scales in time and space, owing to the fact that emissions, transport, dilution,
chemical transformation, and eventual deposition of air pollutants all can be influenced by
meteorologic variables such as temperature, humidity, wind speed and direction, and
mixing height. There is growing recognition that development of optimal control
strategies for key pollutants like ozone and fine particles now requires assessment of
potential future climate conditions and their influence on the attainment of air quality
objectives. In addition, other air contaminants of relevance to human health, including
smoke from wildfires and airborne pollens and molds, may be influenced by climate
change. In this study, the focus is on the ways in which health-relevant measures of air
quality, including ozone, particulate matter, and aeroallergens, may be affected by climate
variability and change. The small but growing literature focusing on climate impacts on air
quality, how these influences may play out in future decades, and the implications for
human health is reviewed. Based on the observed and anticipated impacts, adaptation
strategies and research needs are discussed.
(Am J Prev Med 2008;35(5):459–467) © 2008 American Journal of Preventive Medicine
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eteorologic variables such as temperature,
humidity, wind speed and direction, and mix-
ing height (the vertical height of mixing in

he atmosphere) play important roles in determining
atterns of air quality over multiple scales in time and
pace. These linkages can operate through changes in
ir pollution emissions, transport, dilution, chemical
ransformation, and eventual deposition of air pollut-
nts. Policies to improve air quality and human health
ake meteorologic variables into account in determin-
ng when, where, and how to control pollution emis-
ions, usually assuming that weather observed in the
ast is a good proxy for weather that will occur in the
uture, when control policies are fully implemented.
owever, policymakers now face the unprecedented

hallenge presented by changing climate baselines.
here is growing recognition that development of
ptimal control strategies to control future levels of key
ealth-relevant pollutants like ozone and fine particles
particulate matter, PM2.5) should incorporate assess-
ent of potential future climate conditions and their

ossible influence on the attainment of air quality
bjectives. Given the significant health burdens associ-
ted with ambient are pollution, getting the numbers
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ight is critical for designing policies that maximize
uture health protection. Although not regulated as air
ollutants, naturally occurring air contaminants of rel-
vance to human health, including smoke from wild-
res and airborne pollens and molds, also may be

nfluenced by climate change. Thus there are a range
f air contaminants, both anthropogenic and natural,
or which climate change impacts are of potential
nterest.

It also should be recognized that anthropogenic emis-
ions of air pollutants of direct health concern are, in
any cases, associated with concurrent emission of pol-

utants that have important impacts on global climate
e.g., carbon dioxide, black carbon, sulfur dioxide, and
thers). This is particularly the case for combustion of
ossil fuels such as coal and oil. Thus, efforts to mitigate
limate impacts by reduced fossil fuel combustion also will
ften result in co-benefits from reduced direct health

mpacts of air pollution. This important interaction
mong climate, air quality, and health, is addressed else-
here in this issue,1 and is not discussed further here.
This study focuses on the ways in which health-

elevant measures of air quality, including ozone, PM,
nd aeroallergens, may be affected by climate variability
nd change. Because many excellent reviews have been
ublished on the human health impacts of air pollu-
ion, those impacts are only briefly summarized here.
nstead, the small but growing literature focusing on
limate impacts on air quality, how these influences
ay play out in future decades, and the implications for
uman health is reviewed. Based on the observed and
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nticipated impacts, adaptation strategies and research
eeds are also discussed.

ources and Health Effects of Ozone, Fine Particles,
nd Aeroallergens

n spite of the substantial successes achieved since the
970s in improving air quality in the U.S., millions in
his country continue to live in areas that do not meet
he health-based National Ambient Air Quality Stan-
ards for ozone and PM2.5 (www.epa.gov/air/criteria.
tml). Ozone is formed in the troposphere mainly by
eactions that occur in polluted air in the presence of
unlight. The key precursor pollutants for ozone for-
ation are nitrogen oxides (emitted mainly by burning

f fuels) and volatile organic compounds (VOCs, emit-
ed both by the burning of fuels and evaporation from
egetation and stored fuels). Because ozone formation
ncreases with greater sun-
ight and higher tempera-
ures, it reaches unhealthy
evels primarily during the
arm half of the year. Daily
eaks occur near midday in
rban areas, and in the af-
ernoon or early evening
n downwind areas. It has
een firmly established that
reathing ozone can cause

nflammation in the deep
ung as well as short-term,
eversible decreases in lung
unction. In addition, epide-

iologic studies of people
iving in polluted areas have
uggested that ozone can in-
rease the risk of asthma-
elated hospital visits and
remature mortality.2–5 Vul-
erability to ozone effects
n the lungs is greater for
eople who spend time out-
oors during ozone periods,
specially those who engage
n physical exertion, which
esults in a higher cumula-
ive dose to the lungs. Thus,
hildren, outdoor laborers,
nd athletes all may be at
reater risk than people who
pend more time indoors and
ho are less active. Asthmatics
re also a potentially vulnera-
le subgroup.
Fine particulate matter,

M2.5, is a complex mixture
Figure 1. NASA MODIS sa
forest fire activity (red do
f solid and liquid particles Reprinted with permission from

60 American Journal of Preventive Medicine, Volume 35, Num
hat share the property of being less than 2.5�m in
erodynamic diameter. Because of its complex nature,
M2.5 has complicated origins, including primary par-
icles emitted directly from sources and secondary
articles that form via atmospheric reactions of precur-
or gases. PM2.5 is emitted in large quantities by com-
ustion of fuels by motor vehicles, furnaces, power
lants, wildfires, and, in arid regions, windblown dust.6

ecause of their small size, PM2.5 particles have rela-
ively long atmospheric residence times (on the order
f days) and may be carried long distances from their
ource regions.6,7 Figure 1 is a satellite image showing
ong-range transport of smoke over 1000 km (620

iles) from northern Quebec, Canada, to the city of
altimore MD, on the east coast of the U.S. A corre-

ponding time series of PM2.5 concentrations in Balti-
ore clearly shows the impact of this event (Figure 2).
esearch on health effects in urban areas has demon-

e image taken July 7, 2002, 10:35 EDT, showing areas of high
d the affected area (Baltimore MD)7
tellit
ts) an
the American Chemical Society.

ber 5 www.ajpm-online.net
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trated associations between both short-term and long-
erm average ambient PM2.5 concentrations and a
ariety of adverse health outcomes, including prema-
ure deaths related to heart and lung diseases.8 –10 In
ddition, smoke from wildfires has been associated with
ncreased hospital visits for respiratory problems in
ffected communities.11–13

Airborne allergens (aeroallegens) are substances
resent in the air that, upon inhalation, stimulate an
llergic response in sensitized individuals. Aeroaller-
ens can be broadly classified into pollens (e.g., from
rees, grasses, and/or weeds); molds (both indoor and
utdoor); and a variety of indoor proteins associated
ith dust mites, animal dander, and cockroaches. Pol-

ens are released by plants at specific times of the year
hat depend to varying degrees on temperature, sun-
ight, and moisture. Allergy is assessed in humans either
y skin prick testing or by a blood test, both of which

nvolve assessing reactions to standard allergen prepa-
ations. A nationally representative survey of allergen
ensitization spanning the years 1988 –1994 found that
0% of Americans are sensitized to one or more
utdoor allergens, and that prevalence of sensitization
ad increased compared with data collected in 1976 –
980.14 For example, for these two surveys, Figure 3
lots the percentage of the population sensitized to
agweed pollen as a function of age.

Allergic diseases include allergic asthma, hay fever,
nd atopic dermatitis. More than 50 million Americans
uffer from allergic diseases, costing the U.S. healthcare
ystem over $18 billion annually.15 For reasons that
emain unexplained, the prevalence of allergic diseases
as increased markedly over the past 3– 4 decades.
sthma is the major chronic disease of childhood,
ith almost 4.8 million U.S. residents affected. It is
lso the principal cause for school absenteeism and
ospitalizations among children.16 Mold and pollen
xposures and home dampness have been associated
ith exacerbation of allergy and asthma, as has air

igure 2. Outdoor PM2.5 concentrations in Baltimore before,
eprinted with permission from the American Chemical Soc
ollution.17–20 A

ovember 2008
Climate and Air Quality

The influence of meteorol-
ogy on air quality is substan-
tial and well established,21

giving rise to the expecta-
tion that changes in climate
are likely to alter patterns of
air pollution concentrations.
Higher temperatures hasten
the chemical reactions that
lead to ozone and secondary
particle formation. Higher
temperatures, and perhaps
elevated carbon dioxide
(CO2) concentrations, also
lead to increased emissions

f ozone-relevant VOC precursors by vegetation.22

eather patterns influence the movement and disper-
ion of all pollutants in the atmosphere through the
ction of winds, vertical mixing, and rainfall. Air pollu-
ion episodes can occur with atmospheric conditions
hat limit both vertical and horizontal dispersion. For
xample, calm winds and cool air aloft limits disper-
ion of traffic emission during morning rush hour in
inter.
Emissions from power plants increase substantially

uring heat waves, when air conditioning use peaks.
eekday emissions of nitrogen oxides (NOx) from

elected power plants in California more than doubled
n days when daily maximum temperatures climbed
rom 75°F to 95°F in July, August, and September of
004.23 Changes in temperature, precipitation, and
ind affect windblown dust, as well as the initiation and

g, and after July 7, 20027
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igure 3. Percentage of the population by age with positive
kin test reactivity to ragweed pollen in NHANES II (dashed
ine) and NHANES III (solid line)14

HANES, National Health and Nutrition Examination Survey
eprinted with permission from the American Academy of
 durin
llergy, Asthma, and Immunology.
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ovement of forest fires. Finally, the production and dis-
ribution of airborne allergens such as pollens and

olds are highly influenced by weather phenomena,
nd also have been shown to be sensitive to atmo-
pheric CO2 levels.24 The timing of such phenologic
vents such as flowering and pollen release are closely
inked with temperature.

Human-induced climate change is likely to alter the
istributions over both time and space of all the
eterologic factors mentioned. There is little question

hat air quality will be influenced by these changes. The
hallenge is to understand these influences better and
o quantify the direction and magnitude of resulting air
uality and health impacts.

otential Climate Influences on Air Pollution:
indings from Emerging Studies

variety of methods have been used to study the
nfluences of climatic factors on air quality, ranging
rom relatively simple statistical analyses of empirical
elationships in the historical record to sophisticated
ntegrated modeling of future air quality resulting from
limate change. Empirical and/or episode modeling
tudies have examined influences of temperature and
ther meteorologic parameters on concentrations of
zone and fine particles, the risk of wildfires, pollen,
nd, to a lesser extent, mold concentrations. Most
ntegrated modeling studies to date have focused on
limate effects on ozone concentrations. Some of the
ey approaches and findings from this emerging body
f research are reviewed here briefly.
Empirical studies have examined statistical relation-

hips between meteorologic parameters and observed
zone concentrations, and used these relationships to

nfer potential future changes in air quality as climate
hanges.25–28 For example, the California Climate
hange Center developed an ozone prediction equa-

ion based on ambient temperature and then used this
quation to estimate ozone concentrations for future
ime periods using daily temperature outputs for Cali-
ornia from a global scale general circulation model.23

nother “historical” approach uses atmospheric mod-
ls to explore the sensitivity of air pollution levels to
hanges in meterologic inputs during known episode
eriods in the past.23,29,30 Most such studies have shown
hat higher temperatures typically result in higher
imulated ozone concentrations. However, PM2.5 re-
ponses are variable.29,31 Another recent study exam-
ned the sensitivity of ozone to a range of temperature,
umidity, and other conditions that could occur with
limate change in California.31 Other studies have used
lobal and/or regional climate models to examine
uture distributions of weather patterns known to be
onducive to air pollution episodes, such as stagnating

igh pressure systems.32 f

62 American Journal of Preventive Medicine, Volume 35, Num
Integrated modeling links air quality simulation
odels to climate simulation models to examine poten-

ial air quality under alternative scenarios of future
lobal climate change.33 Although more complex and
omputer-intensive than the methods discussed above,
key advantage of integrated modeling is the ability to

ccount for the complex influences of climate, emis-
ions, and atmospheric chemistry on air quality pat-
erns, and in particular, to evaluate how air quality

ight change under a variety of assumptions regarding
oth climate change and emissions of precursor pollut-
nts. Several integrated modeling studies have used
arge-scale global chemistry/climate models to examine
ow air quality may be influenced by future climate
hange over the twenty-first century.34–36

Hogrefe and colleagues37,38 were the first to report
esults of a local-scale analysis of air pollution impacts
f future climate changes using an integrated modeling
pproach. In this work, a global climate model was used
o simulate hourly meteorologic data from the 1990s
hrough the 2080s based on two different greenhouse
as emissions scenarios, one representing high emis-
ions and the other representing moderate emissions.
he global climate outputs were downscaled to a 36 km
22 mile) grid over the eastern U.S. using regional
limate and air quality models. When future ozone
rojections were examined, summer-season daily max-

mum 8-hour concentrations averaged over the model-
ng domain increased by 2.7, 4.2, and 5.0 parts per
illion (ppb) in the 2020s, 2050s, and 2080s, respec-
ively, as compared to the 1990s, due to climate change
lone (Figure 4). The impact of climate on mean ozone
alues was similar in magnitude to the influence of
ising global background ozone by the 2050s, but
limate had a dominant impact on hourly peaks.

Climate change shifted the distribution of ozone
oncentrations toward higher values, with larger rela-
ive increases in future decades occurring at higher
zone concentrations. The finding of larger climate

mpacts on extreme ozone values was confirmed in a
ecent study in Germany39 that compared ozone in the
030s and the 1990s using a downscaled integrated
odeling system. Daily maximum ozone concentra-

ions increased by 2–6 ppb (6%–10%) across the study
egion. However, the number of cases where daily
aximum ozone exceeded 90 ppb increased by nearly

ourfold, from 99 to 384 (Figure 5).
More recently, the influence of climate change on

M2.5 and its component species have been examined
sing an integrated modeling system.40 Results showed

hat PM2.5 concentrations increased with climate
hange, but that the effects differed by component
pecies, with sulfates and primary PM increasing mark-
dly but with organic and nitrated components decreas-
ng, mainly due to movement of these volatile species

rom the particulate to the gaseous phase.

ber 5 www.ajpm-online.net
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As can be seen in the above literature review, the
rend in recent years has been toward increasingly
ophisticated, integrated, policy-relevant regional-scale
odeling studies of the possible future impacts of

limate change on air quality. Most work to date has
ocused on ozone, for which reliable models have been
vailable for some time. The more complex challenge
f modeling climate impacts on fine particle concen-
rations has only recently been attempted, taking ad-
antage of new chemistry models that include mecha-
isms related to the formation of PM component
pecies. Research suggests that urban and regional
zone concentrations in the U.S. may increase approx-

mately 5%–10% between now and the 2050s as a result
f climate change alone, holding anthropogenic pre-
ursor emissions and global background concentra-

igure 4. Summertime average daily maximum 8-hour ozone
050s, and 2080s, based on the IPCC A2 CO2 scenario rela
imulated in each decade.38

PCC, Intergovernmental Panel on Climate Change; ppb, pa
eprinted with permission.
ions constant. Relatively smaller changes (2.5%–5%) b

ovember 2008
ight be observed by 2030, and larger changes by the
nd of the century. It is important to note that trends in
ctual ozone concentrations will depend as much or
ore on control of precursor emissions as on climate

hange. The picture for PM2.5 remains uncertain, with
omewhat conflicting results from the few studies to
ate.

ildfires

ecause the risk of wildfire initiation and spread is
nhanced with higher temperatures, decreased soil
oisture, and extended periods of draught, it is possi-

le that climate change could increase the impact of
ildfires in terms of frequency and area affected.41,42

mong the numerous health and economic impacts

entrations for the 1990s and changes in same for the 2020s,
the 1990s, in ppb. Five consecutive summer seasons were

r billion
conc
tive to

rts pe
rought about by these more frequent and larger fires,

Am J Prev Med 2008;35(5) 463



i
t
w
s
t
a
t
t
I
c
i
w
e
t

c
i
v
m
c
f
s
l
F
7
g
3
e
t
s
s
c
p
c
f
r
A
u

A

A
i
a
m
d
s

s
s
g
s
t
p
b
s
p
i
s
d
r

p
h
s
i
s
g
i
t
s
g
p
2
t
s

F
(
R

4

ncreases in fine particulate air pollution are an impor-
ant concern, both in the immediate vicinity of fires as
ell as in areas downwind of the source regions. Several

tudies have been published in recent years examining
rends in wildfire frequency and area burned in Canada
nd the U.S. Most such studies report upward trends in
he latter half of the twentieth century that are consis-
ent with changes in relevant climatic variables.42–44

nterpretation of trends in relation to climate change is
omplicated by concurrent changes in land cover and
n fire surveillance and control. However, similar trends
ere seen in areas not affected by human interfer-
nce,42 or under consistent levels of surveillance over
he follow-up period.44

How might these trends play out in the future with
ontinued climate change? Integrated modeling stud-
es have examined fire risk associated with climatic
ariables projected under alternative CO2 scenarios,
ainly in Canada. Most studies have projected in-

reases in fire frequency and/or area burned over
uture decades in relation to 2x or 3x CO2 growth
cenarios, due to increases in average temperatures,
onger growing seasons, and/or increased aridity.45–47

or example, Flannigan and colleagues47 projected
4%–118% increases in area burned in different re-
ions of Canada by the end of the present century with
x CO2, but with considerable variation across different
cologic regimes. One study projected general reduc-
ions in future fire burn rates in Canada, although
ome regions showed the opposite trend.48 Authors
uggested that increased precipitation outweighed in-
reased temperatures in regions where fire risk was
rojected to be lower. It should be noted that climate
hange will interact with changes in land cover, the
requency of lightning and other initiators, and topog-
aphy in determining future damage risks to forests.41

ir quality impacts related to projected future wildfires

igure 5. Left: frequency distribution of the simulated daily
June–August) for the years 1991–2000 and 2031–2039. Righ
eprinted with permission.
nder a changing climate have yet to be evaluated. o

64 American Journal of Preventive Medicine, Volume 35, Num
eroallergens

eroallergens that may respond to climate change
nclude outdoor pollens generated by trees, grasses,
nd weeds, and spores released by outdoor or indoor
olds. Because climatologic influences differ for these

ifferent classes of aeroallergens, they are discussed
eparately here.

Historical trends in the onset and duration of pollen
easons have been examined extensively in recent
tudies, mainly in Europe. Nearly all species and re-
ions analyzed have shown significant advances in
easonal onset that are consistent with warming
rends.49–58 There is more limited evidence for longer
ollen seasons or increases in seasonal pollen loads for
irch55 and Japanese cedar tree pollen.56 Grass pollen
eason severity was greater with higher pre-season tem-
eratures and precipitation.59 What remains unknown

s whether and to what extent recent trends in pollen
easons may be linked with upward trends in allergic
iseases (e.g., hay fever, asthma) that have been seen in
ecent decades.

In addition to earlier onset of the pollen season and
ossibly enhanced seasonal pollen loads in response to
igher temperatures and resulting longer growing sea-
ons, there is evidence that CO2 rise itself may cause
ncreases in pollen levels. Experimental studies have
hown that elevated CO2 concentrations stimulate
reater vigor, pollen production, and allergen potency
n ragweed.24,60,61 Ragweed is arguably the most impor-
ant pollen in the U.S., with up to 75% of hay fever
ufferers sensitized.15 Significant differences in aller-
enic pollen protein were observed in comparing
lants grown under historical CO2 concentrations of
80 ppb, recent concentrations of 370 ppb, and poten-
ial future concentrations of 600 ppb.61 Interestingly,
ignificant differences in ragweed productivity were

e maxima averaged over southern Germany during summer
oom of the high-ozone portion of the curve.39
ozon
t: a z
bserved in outdoor plots situated in urban, suburban,

ber 5 www.ajpm-online.net
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nd rural locales where measurable gradients were
bserved in both CO2 concentrations and tempera-
ures. Cities are not only heat islands but also CO2

slands, and thus to some extent represent proxies for a
uture warmer, high-CO2 world.24

With warming over the longer term, changing pat-
erns of plant habitat and species density are likely, with
radual movement northward of cool-climate species
ike maple and birch, as well as northern spruce.62

lthough these shifts are likely to result in altered
ollen patterns, to date they have not been assessed
uantitatively.
As compared with pollens, molds have been much

ess studied.50 This may reflect in part the relative
aucity of routine mold monitoring data from which
rends might be analyzed, as well as the complex
elationships among climate factors, mold growth,
pore release, and airborne measurements.63 One study
xamining the trends in Alternaria spore counts be-
ween 1970 and 1998 in Derby England observed
ignificant changes in seasonal onset, peak concentra-
ions, and season length. These trends parallel gradual
arming observed over that period.
In addition to potential effects on outdoor mold

rowth and allergen release related to changing climate
ariables, there is also concern about indoor mold
rowth in association with rising air moisture and
specially after extreme storms, which can cause wide-
pread indoor moisture problems from flooding and
eaks in the building envelope. Molds need high levels
f surface moisture to become established and flour-

sh.64 In the aftermath of Hurricane Katrina, very
ubstantial mold problems were noted, causing un-
nown but likely significant impacts on respiratory
orbidity.65 There is growing evidence for increases in

oth the number and intensity of tropical cyclones in
he north Atlantic since 1970, associated with unprec-
dented warming of sea surface temperatures in that
egion.62,66

Taken as a whole, the emerging evidence from
tudies looking at historic or potential future impacts of
limate change on aeroallergens led Beggs to state:

[This] suggests that the future aeroallergen char-
acteristics of our environment may change con-
siderably as a result of climate change, with the
potential for more pollen (and mould spores),
more allergenic pollen, an earlier start to the
pollen (and mould spore) season, and changes in
pollen distribution.50

ealth Implications and Adaptive Responses

he emerging findings from a small but growing body
f literature provides an initial evidence base on which
o assess air quality and associated health implications
f climate variability and change. Although much more

esearch is needed before firm, quantitative conclu- r

ovember 2008
ions can be drawn, the limited available evidence
uggests that climate change is likely to exacerbate
ome anthropogenic and naturally occurring pollutants
ncluding ozone, smoke from wildfires, and some pol-
ens. To the extent that such impacts occur where large
umbers of people are exposed, which is more likely to
e the case for ozone and pollen than for smoke from
ildfires, additional adverse health effects can be antic-

pated. People with existing asthma, allergies, and
ther respiratory diseases may be especially vulnerable
o respiratory impacts.

To reduce future air quality impacts of climate-
elated trends, more aggressive emissions controls,
oth in the U.S. and elsewhere, will be needed to make
rogress toward reducing ozone concentrations below
ealth-based standards. The adaptation measures
eeded are the same as those already in place: reduced
missions of key ozone precursors, especially NOx.
ecause the transport sector plays an increasingly
rominent role in urban NOx emissions, efforts to
educe emissions per mile from motor vehicles should
e a high priority. Substantial gains are possible with

mproved fleetwide fuel efficiency. Tightened emis-
ions controls can play a role as well, as can the use of
leaner, high efficiency fuels such as biofuels. Break-
hrough technologies such as electric and fuel cell
ehicles could have significant benefits in the longer
un. In the case of wildfires, maintenance and enhance-
ent of existing surveillance and early response pro-

rams will be critical to mitigate the impacts of poten-
ially increased risks caused by climate change.

Air conditioning is an adaptive response to ozone—
educing indoor exposures compared to those outdoors—
ut exacerbates the problem of pollution emissions
rom the utility sector. Caution is advised in relying on
ir conditioning as a primary adaptive response, in the
bsence of a corresponding program to reduce the
esulting emissions from power plants.

In the case of aeroallergens, ensuring complete and
quitable access to available medications will be impor-
ant, as will stronger education programs directed at
llergen avoidance. Use of innovative air handling and
ltration equipment for reducing the penetration of
utdoor pollens into indoor spaces may also be valu-
ble. Greater awareness of the impacts of indoor mois-
ure on molds and associated respiratory diseases
hould provide additional incentive to shift housing
evelopment away from flood-prone areas. There is a
ressing need for improved surveillance of pollen and
old levels.

esearch Needs

ith respect to integrated modeling of future air
uality under a changing climate, there is a need for
reater use of model ensembles that capture the full

ange of uncertainties in future impacts. The literature
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o date provides mainly selective analyses of particular
odels and scenarios, preventing a comprehensive

uantitative evaluation of central tendencies and vari-
bility around the center.

Further advances in climate/air quality modeling
re in progress, taking advantage of the continuing
rogress in computer processor speeds. Complex inte-
rated models that took a week to run 5 years ago can
ow be run in less than 1 day. These advances will make

t possible to look at finer geographic and temporal
cales, and to begin modeling the two-way “fully cou-
led” interactions between climate and air quality.
The study of climate influences on pollen, mold, and

ther aeroallergens in the U.S. has been extremely
imited to date, due in large part to the lack of routinely
vailable, consistently monitored data on aeroallergen
evels. An improved surveillance system would begin to
lleviate this constraint. Once the empirical relation-
hips are established, integrated modeling studies
ould be used to examine potential future impacts of
limate change.
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