
Editorial

Climate change, indoor environments, and health

For many of us working in the indoor air sciences, it is
clear that climate change has implications to buildings
beyond modifying cooling and heating demands. Thus,
it is surprising that in the world of climate science and
policy, so little is said about how extreme weather
events and long-term climate conditions might affect
health through modification of indoor environments.
Even in the most recent Intergovernmental Panel on
Climate Change report (IPCC, 2007a), there is only
brief reference to indoor health risk in terms of
occupational heat stress and possible co-benefits of
reducing biomass fuel use. The health concerns that
climate scientists have focused on include ecosystem
disruption and zoopathogens, toxic algal blooms,
vector-borne diseases, heat stress, crop losses, and
diminished nutritional value of food. Meanwhile, the
indoor environment, until recently, has not been
considered.
The US Environmental Protection Agency (EPA)

asked the Institute of Medicine (IOM) of the National
Academy of Sciences to convene an expert committee
to summarize the current state of scientific understand-
ing of the effects of climate change on indoor air and
public health and to identify priorities for action. The
committee, which I chaired, included members with
expertise in climate science, aerosol physics, architec-
ture, mycology, medicine, infectious diseases, exposure
assessment, and epidemiology. Table 1 lists the com-
mittee members. The committee was greatly aided by
EPA-commissioned white papers (http://www.epa.gov/
iaq/pubs/index.html) and by workshops held in Wash-
ington, DC, and Berkeley, CA, where we heard from
indoor air and building scientists, physiologists, and
insurance risk assessors.
The specific topic of climate change and indoor

environments is so new that our insights have to be
gleaned from what is already known about building
conditions and occupant behaviors and from inferred
responses to environmental conditions that might
result from the perturbed climate that nature has in
store for us. However, this limitation does not mean
that little can be said about the implications of climate
stresses on infrastructure. Relying substantially on
synthesis from a large body of information on building
conditions that lead to discomfort, degraded health,
and lost productivity, the committee recognized that
indoor environmental conditions already pose consid-
erable health risk and that a warmer atmosphere with

increased outdoor air pollution, forest fires, pollen and
dust, heat waves, excessive rainfall, droughts, and the
longer-term aberrations of regional climates would
impact building performance and occupant health.
Several scenarios can be envisioned in which climate

change and weather extremes might impact buildings.
Pollution and pollen, which are expected to increase,
can penetrate indoors. Once indoors, reactive air
pollutants like ozone can undergo further reactions.
Building elements and furnishings can become wet and
lead to mold growth or infestations. Building envelopes
can become hotter during heat waves, adding to
thermal stress. Changes in the atmospheric conditions
over time will challenge building HVAC systems
currently designed to manage contaminants and meet
thermal comfort expectations that are based on the
past 30 years of weather records. Figure 1 displays
some of the possible pathways by which weather
changes could influence the health of building occu-
pants.
We cannot blame all potentially adverse outcomes

on weather alone. Actions are being taken to reduce
greenhouse gas emissions through energy reduction by
promoting high-efficiency building designs, renova-
tions, and operation. Buildings are being audited (via

Table 1 IOM Committee on climate change, indoor environments, and health

John D Spengler Harvard University (chair) Exposure assessment, IAQ
John L Adgate University of Colorado Exposure assessment, IAQ, risk

assessment
Antonio J Busalacchi University of Maryland Climate science, oceanography,

climate change, and national
security

Ginger L Chew Centers for Disease
Control and Prevention

Aeroallergens, fungi, childhood
asthma

Andrew Haines London School of Hygiene
and Tropical Medicine

Environmental medicine, climate
change, and public health

Steven M Holland National Institutes of
Health

Immunopathogenesis, mycobacterial
infection, internal medicine, and
infectious diseases

Vivian E Loftness Carnegie Mellon
University

Architecture, building performance,
energy

Linda A. McCauley Emory University Occupational and environmental
health, risk to vulnerable
populations

William W Nazaroff University of California,
Berkeley

Environmental engineering,
aerosol physics, IAQ

Eileen Storey NIOSH/CDC Indoor occupational and
environmental health, internal
medicine
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commissioning), and existing homes are undergoing
weatherization to save energy and reduce carbon
emissions. Besides mitigation efforts, more individuals,
businesses, and government entities, anticipating great-
er variability and more frequent extreme weather
events, are in the early stages of adaptation. It is likely
that some of these actions will have unintended
negative consequences on building performance and
indoor air quality. On the positive side, efforts funded
through clean development mechanisms to reduce
carbon emissions will offer more efficient cook stoves,
improving indoor air quality. Biomass fuels in house-
holds are estimated to be responsible annually for
approximately 0.7 to 2.1 million premature deaths in
low-income countries, from a combination of lower-
respiratory infections, chronic obstructive pulmonary
disease, and lung cancer (Smith et al., 2004). Energy
and carbon mitigation in this context can have
substantial health co-benefits, particularly for young
children and women (Smith et al., 2000, 2005).
Energy conservation activities that reduce ventilation

rates in homes and other buildings have the potential
to increase exposures to indoor pollutants and to

increase the rates of infectious disease transmission.
Recently, an expert panel convened by ASHRAE
critically reviewed the literature on ventilation and
indoor health effects and concluded that there is an
association between low ventilation rates and an
increased risk of allergies, SBS symptoms, and respi-
ratory infections (Sundell et al., 2011). In a large
Swedish epidemiologic study, Bornehag et al. (2005)
reported that low ventilation rates in dwellings
increased the risk of allergic symptoms among chil-
dren. At many Chinese universities, students share a
standard-size, 20 square meters, dormitory room.
Occupancy rates depend on degree status: six to eight
per room for undergraduate students, four per room
for master students, and three per room for doctoral
students. Sun et al. (2011) reported that more crowded
dorm rooms had lower outdoor airflow rates and more
respiratory infections. In some respects, it seems that
twenty-first-century research is simply confirming what
Florence Nightingale and Max von Pettenkofer taught
us 150 years ago.
Weather fluctuations and climate variability may

influence the incidence of many diseases in other ways
as well. The geographic ranges of vector-borne diseases
are being altered, and some may include indoor
exposure pathways. Following flooding or excessive
rainfall, rodents might migrate indoors, increasing the
risk of hantavirus pulmonary syndrome (Bayard et al.,
2000).
Past research on the influenza virus has focused on

airborne viruses and generally suggests that survival
and/or transmission is facilitated by low relative
humidity (Weber and Stilianakis, 2008). The influenza
virus has been found to persist in the environment for
hours to days, allowing for secondary transmission of
influenza via inanimate objects known as fomites. How
long viruses survive on fomites is important to trans-
mission potential when an uninfected person contacts
that surface. The survival of viruses on surfaces is
influenced by temperature and humidity. In a recent
publication, Shaman and Kohn (2009) concluded that
absolute humidity is the controlling factor in both the
inactivation of influenza virus and the transmission of
influenza. While some regions will get warmer and
more humid, thus reducing the chance of some viruses
surviving on surfaces, other regions will become drier.
Hotter and drier climates imply that some viruses on
surfaces in air-conditioned buildings, with lowered
absolute humidity, might survive longer on fomites.
Extreme heat and cold have well-documented

adverse health effects. High humidity exacerbates the
effect of heat. Populations with poor housing in high-
density urban areas will be at increased risk owing to
urban heat island effects, which increase the intensity of
heat waves (Wilby, 2003).
Rural populations and people in smaller cities are

also at risk. Lincoln et al. (2011a) computed the
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Fig. 1 Scenarios where climate changes impact buildings and
could possibly affect occupant health, comfort, and productivity
(Reproduced with permission from Climate Change, the Indoor
Environmental and Health, IOM, 2011 by the National Academy
of Sciences, Courtesy of the National Academies Press,
Washington, D.C. Original figure adapted from Su, undated.)
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incident risk ratio (IRR) for hospital admissions for all
causes and for nine specific health outcomes across
Maine for hot days (defined to be the 5% of days that
deviated most from the 30-year climate normal for that
day for May–September in years 2000 through 2008).
The IRR was significant at 11 for heat-related illness
hospitalizations, and it was significant for several other
morbidities including cardiovascular disease, myocar-
dial infarction, diabetes, nephritis, and electrolyte
imbalance (Lincoln et al., 2011b). For a �cool� state
such as Maine, with limited use of residential air
conditioning and relatively mild summers, unusually
hot days were still associated with elevated morbidity.
And if heat wave mortality and morbidity were not bad
enough, Filleul et al. (2006), analyzing the 2003
western European heat wave, showed that adding the
effect of ozone exposure during the prolonged heat
wave elevated the mortality risk by 175%.
Heat waves strain the electrical grid. In the United

States, an aging electrical infrastructure, as reported by
Patterson (2010), has experienced a 124% increase in
non-disaster US power outage rates since early 1990s.
US electricity reliability is low compared to some
nations, leaving at least 500,000 without power on a
daily basis. Loss of power during heat waves or other
weather disasters leaves people without air condition-
ing and without refrigeration. The elderly and infirm
are less capable of coping during these situations,
particularly those depending on refrigerated medicines.
Flood waters were directly responsible for two-thirds
of the 771 Katrina-related deaths. But one-third of the
fatalities were associated with other flood-related
circumstances, including lack of access to potable
water or medical services and exposure to extreme heat
as a result of power outages (Jonkman et al., 2009).
It is not surprising that more people are turning to

electrical generators powered by gasoline. These
engines typically have no exhaust controls and can
produce high carbon monoxide emissions. The US
Centers for Disease Control and Prevention (CDC) has
observed an increase in carbon monoxide poisonings
coincident with recent hurricanes that led to increased
use of these polluting generators (CDC, 2006). CDC
commissioned the US National Institute of Standards
and Technology (NIST) to evaluate the impact of
portable electrical generators when operated close to
homes. Clearly, generator use indoors is not advised,
although it is still done. Blair and his team of NIST
investigators evaluated the impact inside homes when
generators are operated outdoors but too close to
structures so that exhaust is entrained indoors (NIST,
2008).
A large fraction of the world�s population resides

within cities along the coastline or on major rivers.
Increased urbanization and demographic growth over
the coming decades will increase this population.
Climate change could affect coastal areas through

rising sea level, rising sea-surface temperatures, an
intensification of tropical cyclones, and changes in
wave and storm surge characteristics. The IPCC Fourth
Assessment Report: Climate Change 2007 (IPCC,
2007b) states that these changes could affect human
health through coastal flooding and damaged coastal
infrastructure. The IPCC report from Working Group
1 contributors (IPCC, 2007c) concludes, �... with high
confidence, that heatwaves will increase, cold days will
decrease over mid- to low-latitudes, and the proportion
of heavy precipitation events will increase, with differ-
ences in the spatial distribution of the changes
(although there will be a few areas with projected
decreases in absolute numbers of heavy precipitation
events) (Meehl et al., 2007)� (IPCC, 2007b).
Even in areas away from coastlines and major rivers,

flooding and intense downpours can damage building
materials and furnishings, creating conditions that
promote growth of fungi and bacteria. The literature
associating morbidity with indoor conditions of damp-
ness and mold has been critically evaluated by multi-
disciplinary expert committees in the United States and
Europe (Bornehag et al., 2001, 2004; IOM, 2004;
WHO, 2009; Fisk et al., 2007). In the Fisk et al.�s
(2007) analysis, building dampness and mold were
determined to be associated with 30% to 50% increases
in the risks to occupants of a variety of respiratory and
asthma-related health outcomes. Mudarri and Fisk
(2007) attributed 21% (with uncertainty bounds of 12–
29%) of current US asthma cases to dampness and
mold exposure. The associated annual costs of these
approximately 4.6 million dampness-related cases of
current asthma were estimated to be $3.5 billion
(range: $2.1–$4.8 billion) (Mudarri and Fisk, 2007).
These findings are consistent with the earlier

European reviews (NORDAMP and EUROEXPO)
reported by Bornehag et al. (2001, 2004). In fact, the
IOM (2004) and WHO (2009) reports confirm that
dampness and moisture-related health effects are
widely reported across many countries representing
diverse housing stock and climates.
For buildings that rely on mechanical cooling, higher

ambient humidity and warmer temperatures will
increase the performance requirements to cope with
future climate conditions. Cool indoor surfaces when
humidity levels are too high lead to undesirable
condensation. Shedding sensible heat loads in buildings
with oversized HVAC equipment leads to frequent
cycling in which cooling coils do not dry out during off
periods, leading to higher indoor humidity and pro-
moting fouling of cooling coils. Thermal bridges or
thermal discontinuities in the building envelope, espe-
cially those with vapor barriers, can cause not just
moldy conditions but also could lead to material
degradation, releasing chemical contaminants.
It is not clear whether climate change will alter the

prevalence of mite and cockroach allergy. Warmer and
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moister winters will favor mite survival, but more
reliance on air conditioning will lower indoor humidity
and hence mite populations. Cockroaches, being
ubiquitous, are likely to simply adapt to climate
change and will be with us for some time to come.
Shifts in the geographic location of prevalent pests
might be accompanied by more widespread use of
pesticides with concomitant increases in human expo-
sures and associated health risks.
Beyond how changing weather patterns might

impact buildings, programs and actions to save energy
(reduce greenhouse gas emissions) may be modifying
indoor environments on a large scale. It has long been
recognized that buildings and homes leak energy and
hence are prime targets for conservation efforts.
About a third of energy used for residential heating
and cooling is lost to unintentional air leakage. Air
sealing, increased insulation, higher-efficiency combus-
tion and air-handling equipment, and improved oper-
ations for buildings have demonstrated impressive
returns for energy savings (Mills, 2009). Since 1994, in
Germany, the innovative �Fifty/Fifty� energy educa-
tion program has been motivating students, teachers,
and janitors to reduce school energy consumption
with great success. The program is now being
promoted throughout Europe offering the incentive
of returning 50% of the reduced energy cost to the
participating school (http://www.euronet50-50.eu/).
There are many examples of national and utility
energy conservation programs throughout Europe and
Asia with similar goals of reducing energy consump-
tion in buildings and promoting energy-efficient appli-
ances and equipment.
For more than three decades, the US Department of

Energy (DOE) has sponsored a residential assistance
program for weatherizing the households of low-
income families. Several million homes have received
energy weatherization services. In the last few years,
the US Recovery Act invested $5 billion in the program
to help lower the energy bills of nearly 600,000 low-
income families across the country. The program is
weatherizing 25,000 homes a month. Weatherization
programs have been expanded by state and utility
residential audit and upgrade programs, and these have
achieved impressive outcomes, ranging from 10% to
more than 40% reduction in energy losses. The
program translates into real savings, reducing the
financial burden of costly utility bills for low-income
households.
In 1996, EPA partnered with DOE extending the

program for Energy Star labeling (formerly applied
only to appliances and equipment) to new homes.
About a million homes have earned an Energy Star
rating, and this designation is now being earned by
about 20% of all new homes in the United States. In
1999, the US Department of Housing and Urban
Development (HUD) joined the effort, starting the

Home Performance with Energy Star improvements
program for existing homes.
The resurgence of energy-saving programs for homes

and other buildings raises real indoor air-quality
concerns. Responses to the energy crisis of the early
1970s led to serious indoor air problems with moisture,
formaldehyde, unvented combustion, and inadequate
ventilation. We now are beginning to understand the
consequences of lowered ventilation rates on symptoms
and performance in homes, schools, and offices (IOM,
2011). With a large and relatively uninformed work-
force engaged in residential energy conservation
efforts, there is a challenge to avoid repeating old
mistakes. Fortunately, DOE and EPA have recognized
the need to educate this workforce, now estimated at
200,000, and to establish clear criteria about when not
to undertake certain weatherization activities because
of potential indoor air problems (DOE, 2010; EPA,
2011). However, only a few states have training
programs, and the impact of weatherization programs
in terms of altered levels of radon, indoor moisture,
and actual air exchange rates, among other potential
factors that define indoor environmental quality,
remains inadequately understood. In addition, low-
income communities, where indoor pollutant levels are
elevated (Adamkiewicz et al., 2011), may have higher
potential for unintended consequences from weather-
ization.
It is now appreciated that climate change will impact

ambient air pollution through increased emission rates
and faster chemical reaction rates associated with
higher temperatures. In the absence of more effective
emission controls, particulate matter and ozone levels
are projected to increase. Regional droughts and early
spring melt of mountain snow render large areas of
forest and grasslands prone to fire. It has long been
documented that particles and gases of outdoor origin
penetrate into homes and buildings. Buildings without
air-conditioning equipment and without effective filters
will experience outdoor air pollution indoors to a
greater degree.
Earlier onset of spring in northern temperate cli-

mates and the spread of invasive species, such as
ragweed, are introducing new aeroallergens and
increasing sensitization (Asero, 2002; Voltolini et al.,
2000). Increased carbon dioxide (CO2) in the atmo-
sphere has already led to more vegetative growth.
Based on laboratory and field experiments, it is
reasonable to expect that pollen levels in outdoor air
will rise as a consequence of higher CO2 levels, warmer
temperatures, and concomitant longer growing seasons
associated with anthropogenic climate change (Rogers
et al., 2006; Singer et al., 2005; Wan et al., 2002;
Wayne et al., 2002; Ziska et al., 2005, 2009). These
changes could have adverse consequences for health
outcomes like allergic rhinitis, asthma, and atopic
dermatitis (Reid and Gamble, 2009).
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A rise in ambient CO2 and lower ventilation have
other implications of indoor environments. CO2 levels
in excess of 1000 ppm, once thought benign, have
recently been investigated by Usha Satish from the
Department of Psychiatry, SUNY Upstate Medical
University, Syracuse, NY, and a team from Lawrence
Berkeley National Laboratory, Berkeley, CA, led by
William Fisk. Fisk presented the results of their
research, �Impact of CO2 on Human Decision Making
and Productivity�, at the Indoor Air 2011 conference
(Satish et al., 2011). Twenty-two subjects were exposed
in a double-blind chamber study to three different
levels of CO2: 600, 1000, and 2500 ppm. After accli-
mating, the subjects� executive decision-making perfor-
mance was evaluated with a Strategic Management
Simulation (SMS) methodology. This computer simu-
lation has various possible scenarios with tasks that are
potentially complex and volatile, have ambiguity, and
have delayed feedback. SMS has been used widely in
professional settings, including health care, as it
provides results on parameters for �decision making�
(e.g. responsiveness, initiative, emergency responses,
planning, strategy, etc.). This study is the first to
examine the effects of moderate levels of CO2 on
executive decision making as measured by SMS. The
findings, if substantiated, have particular relevance to
buildings and schools where CO2 levels are typically
between 1000 and 1500 ppm (or higher) for extended
periods. Satish et al. (2011) found statistically signifi-
cant decrements in decision-making performance at
1000 ppm CO2, which may be important at the societal
level. Larger decrements in decision-making perfor-
mance were observed at 2500 ppm CO2. These pro-
vocative results will need to be confirmed, but the
implications for �knowledge-based economies� could be
profound. If global CO2 levels continue to increase at
3 ppm per year and fossil fuel combustion in urban
areas adds to the global background, ambient urban
CO2 levels might be 500 to 700 ppm by 2050, requiring

substantially higher ventilation rates to maintain CO2

levels indoors below absolute targets, e.g. 1000 ppm.
The IOM Committee made several recommendations

to EPA and other US federal entities. Changes in
weather around the world will eventually impact all of
us, if they have not already done so. ISIAQ is unique
among all professional scientific societies in that it
explicitly and singularly is focused on indoor environ-
ments. Therefore, our society has an important role to
articulate—through our journals, meetings and posi-
tion statements—about the impacts of climate change
on indoor environments and the health, comfort, and
productivity of people. Toward that aim, Table 2
suggests some activities by which ISIAQ can carry
forward the policies and practices emanating from our
collective scientific endeavors.
The Institute of Medicine�s full report on Climate

Change, the Indoor Environment and Health and a brief
summary are available as free downloads at
the National Academies Press Web site, http://www.
nap.edu/catalog.php?record_id=13115.

John D. Spengler

References

Adamkiewicz, G., Zota, A.R., Fabian, M.P.,
Chahine, T., Julien, R., Spengler, J.D.
and Levy, J.I. (2011) Moving environ-
mental justice indoors: Understanding
structural influences on residential expo-
sure patterns in low-income communities,
Am. J. Public Health, 101, S238–S245.

Asero, R. (2002) Birch and ragweed polli-
nosis north of Milan: a model to investi-
gate the effects of exposure to ‘‘new’’
airborne allergens, Allergy, 57, 1063–
1066.

Bayard, V., Ortega, E., Garcia, A., Caceres,
L., Castillo, Z., Quiroz, E., Armien, B.,
Gracia, F., Serrano, J., Guerrero, G.,
Kant, R., Pinifla, E., Bravo, L., Munoz,
C., de Mosca, I.B., Rodriguez, A., Cam-

pos, C., Diaz, M.A., Munoz, B., Crespo,
F., Villalaz, I., Rios, P., Morales, E., Sit-
ton, J.M.T., Reneau-Vernon, L., Libel,
M., Castellanos, L., Ruedas, L., Tinnin,
D. and Yates, T. (2000) Hantavirus pul-
monary syndrome: Panama, 1999–2000
[Reprinted from MMWR, 49, 205–207,
2000], JAMA, 283, 2232.

Bornehag, C.G., Blomquist, G., Gyntelberg,
F., Järvholm, B., Malmberg, P., Nordv-
all, L., Nielsen, A., Pershagen, G. and
Sundell, J. (2001) Dampness in buildings
and health: nordic interdisciplinary
review of the scientific evidence on asso-
ciations between exposure to ‘‘dampness’’
and health effects (NORDDAMP),
Indoor Air, 11, 72–86.

Bornehag, C.G., Bonini, S., Custovic, A.,
Malmberg, P., Matricardi, P., Skerfving,
S., Sigsgaard, T., Verhoeff, A. and Sun-
dell, J. (2004) Dampness in buildings as a
risk factor for health effects. EUROEXPO:
a multidisciplinary review of the literature
(1998–2000) on dampness and mite
exposure in buildings and health effects,
Indoor Air, 14, 243–257.

Bornehag, C.G., Sundell, J., Hagerhed-Eng-
man, L. and Sigsgaard, T. (2005) Associ-
ations between ventilation rates in 390
Swedish homes and allergic symptoms in
children, Indoor Air, 15, 275–280.

CDC (2006) Carbon monoxide poisonings
after two major hurricanes – Alabama
and Texas, August–October 2005,

Table 2 Ways for ISIAQ to promote a more comprehensive understanding of the impact
of climate change on the indoor environment

Promote research and integrated assessments of the role of ventilation for enhancing
health and productivity.

Promote the harmonized emission testing of consumer products and building materials.
Provide evidence-based research on the benefits and consequences of energy mitigation

programs for residences, schools, and buildings.
Further the utility of financial tools, such as lifecycle costing by monetizing the

IAQ-related costs and benefits of health, comfort, productivity, and material durability.
Advance the understanding of IAQ implications for climate mitigation and adaptation

through:
Developing and disseminating educational material for use in public and professional

education;
Contributing to weatherization and building energy conservation training information;

and
Organizing symposia, workshops, technical sessions, and design competitions for

Healthy Buildings 2012, IA 2014, and for joint conferences with other societies.

Editorial

93



MMWR 55, 236–239. Available at: http://
www.cdc.gov/mmwr/preview/mmwrhtml/
mm5509a4.htm (accessed 1 February
2012).

DOE (2010) Workforce Guidelines for Home
Energy Upgrades, Available at: http://
apps1.eere.energy.gov/buildings/
publications/pdfs/building_america/ns/
eemtg032011_plenary5_workforce_
guidelines.pdf (accessed 1 February 2012).

EPA (2011) Healthy Indoor Indoor Environ-
ment Protocols for Home Energy
Upgrades, Available at: http://www.epa.
gov/iaq/pdfs/epa_retrofit_protocols.pdf
(accessed 1 February 2012).

Filleul, L., Cassadou, S.S., Médina, S.,
Fabres, P., Lefranc, A., Eilstein, D., Le
Tertre, A., Pascal, L., Chardon, B.,
Blanchard, M., Declercq, C., Jusot, J.-F.,
Prouvost, H. and Ledrans, M. (2006) The
relation between temperature, ozone, and
mortality in nine French cities during the
heat wave of 2003, Environ. Health
Perspect., 114, 1344–1347.

Fisk, W.J., Lei-Gomez, Q. and Mendell,
M.J. (2007) Meta-analyses of the associ-
ations of respiratory health effects with
dampness and mold in homes, Indoor Air,
17, 284–295.

IOM (Institute of Medicine) (2004) Damp
Indoor Spaces and Health, Wash DC,
National Academies Press.

IOM (Institute of Medicine) (2011) Climate
Change, the Indoor Environmental and
Health, Wash DC, National Academies
Press.

IPCC (2007a) Climate change 2007: synthesis
report. In: Core Writing Team, Pachauri,
R.K. and Reisinger, A. (eds) Contribution
of Working Groups I, II and III to the
Fourth Assessment Report of the Inter-
governmental Panel on Climate Change,
Geneva, Switzerland, IPCC, 104. Avail-
able at: http://www.ipcc.ch/index.htm
(accessed 1 February 2012).

IPCC (2007b) Climate change 2007: impacts,
adaptation, and vulnerability. In: Parry,
M.L., Canziani, O.F., Palutikof, J.P., van
der Linden, P.J. andHanson, C.E. (eds)
Contribution ofWorking Group II to the
Fourth Assessment Report of the Intergov-
ernmental Panel on Climate Change,
Cambridge, UK, Cambridge University
Press, 976. Available at: http://www.ipcc.
ch/publications_and_data/ar4/wg2/en/
spmsspm-c-4-coastal-systems.html
(accessed 1 February 2012).

IPCC (2007c) Climate change 2007: the
physical science basis. In: Solomon, S.,
Qin, D., Manning, M., Chen, Z., Mar-
quis, M., Averyt, K.B., Tignor, M. and
Miller, H.L. (eds) Contribution of Work-
ing Group I to the Fourth Assessment
Report of the Intergovernmental Panel on
Climate Change, Cambridge, UK and
New York, USA, Cambridge University
Press, 996. Available at: http://
www.ipcc.ch/publications_and_data/ar4/

wg1/en/contents.html (accessed 1 Feb-
ruary 2012).

Jonkman, S.N., Maaskant, B., Boyd, E. and
Levitan, M.L. (2009) Loss of life caused
by the flooding of New Orleans after
hurricane Katrina: Analysis of the rela-
tionship between flood characteristics and
mortality, Risk Anal., 29, 676–698.

Lincoln, R., Reid, C., Mann, J., Anderson,
N. and Smith, A.E. (2011a) Heat-related
morbidity in Maine (Abstract), Proceed-
ings of the 21st Annual Meeting of the
International Society of Exposure Science,
Advance Exposure Science for Environ-
mental Health, Baltimore, MD, 23–27
October, 2011, 47–48.

Lincoln, R., Reid, C., Mann, J., Anderson,
N. and Smith, A.E. (2011b) Heat-related
morbidity in Maine, Presentation (MT01-
04) at the 21st Annual Meeting of the
International Society of Exposure Science,
Advance Exposure Science for Environ-
mental Health, Baltimore, MD, 23–27
October, 2011.

Meehl, G.A., Stocker, T.F., Collins, W.D.,
Friedlingstein, P., Gaye, A.T., Gregory,
J.M., Kitoh, A., Knutti, R., Murphy,
J.M., Noda, A., Raper, S.C.B., Watter-
son, I.G., Weaver, A.J. and Zhaom, Z.-C.
(2007) Global climate projections. In:
Solomon, S., Qin, D., Manning, M.,
Chen, Z., Marquis, M., Averyt, K.B.,
Tignor, M. and Miller, H.L. (eds) Climate
Change 2007: The Physical Science Basis.
Contribution of Working Group I to the
Fourth Assessment Report of the Inter-
governmental Panel on Climate Change,
Cambridge UK and New York, USA,
Cambridge University Press, 747–846.

Mills, E. (2009) Building Commissioning: A
Golden Opportunity for Reducing Energy
Costs and Greenhouse Gas Emissions,
Berkely, CA, Lawrence Berkeley National
Laboratory, Available at: http://
cx.lbl.gov/documents/2009-assessment/
LBNL-Cx-Cost-Benefit.pdf (accessed 1
February 2012).

Mudarri, D. and Fisk, W.J. (2007) Public
health and economic impact of dampness
and mold, Indoor Air, 17, 226–235.

NIST (2008) NIST to Study Hazards of
Portable Gasoline-Powered Generators,
March 5, 2008, Available at: http://
www.nist.gov/el/building_environment/
generators_030508.cfm (accessed
1 February 2012).

Patterson, T. (2010) U.S. electricity black-
outs, CNN Tech, October 15, 2010 7:26
p.m. EDT, Filed under Innovation,
Available at: http://www.cnn.com/2010/
TECH/innovation/08/09/smart.grid/
index.html (accessed 1 February 2012).

Reid, C.E. and Gamble, J.L. (2009) Aero-
allergens, allergic disease, and climate
change: impacts and adaptation,
EcoHealth, 6, 458–470.

Rogers, C., Wayne, P., Macklin, E., Mui-
lenberg, M., Wagner, C., Epstein, P. and

Bazzaz, F. (2006) Interaction of the onset
of spring and elevated atmospheric CO2

on ragweed (Ambrosia artemisiifolia L.)
pollen production, Environ. Health
Perspect., 114, 865–869.

Satish, U., Fisk, W.B., Mendell, M.J.,
Eliseeva, K., Hotochi, T., Sullivan, D.,
Cleckner, L.B., Shekhar, K. and Teng, K.
(2011) Impact of CO2 on human decision
making and productivity, Proceedings of
Indoor Air 2011 – the 12th International
Conference on Indoor Air & Climate,
Austin, TX, June 5–10, 2011.

Shaman, J. and Kohn, M. (2009) Absolute
humidity modulates influenza survival,
transmission, and seasonality, Proc. Natl.
Acad. Sci. USA, 106, 3243–3248.

Singer, B.D., Ziska, L.H., Frenz, D.A.,
Gebhard, D.E. and Straka, J.G. (2005)
Increasing Amb a 1 content in common
ragweed (Ambrosia artemisiifolia) pollen
as a function of rising atmospheric CO2

concentration, Funct. Plant Biol., 32, 667–
670.

Smith, K.R., Uma, R., Kishore, V.V.N.,
Zhang, J., Joshi, V. and Khalil, M.A.K.
(2000) Greenhouse implications of
household fuels: an analysis for India,
Annu. Rev. Energ. Env., 25, 741–763.

Smith, K.R., Mehta, S. and Maeusezahl-
Feuz, M. (2004) Indoor air pollution from
household use of solid fuels. In: Ezzati,
M., Lopez, A.D., Rodgers, A. and
Murray, C.L.J. (eds) Comparative
Quantification of Health Risks: Global and
Regional Burden of Disease Attributable to
Selected Major Risk Factors, Geneva,
World Health Organization, 2, 1435–
1494.

Smith, K.R., Rogers, J. and Cowlin, S.C.
(2005) Household Fuels and Ill-Health in
Developing Countries: What Improvements
can be Brought by LP Gas? Paris, France,
World LP Gas Association and Interme-
diate Technology Development Group
(Practical Action), Available at: http://
ehs.sph.berkeley.edu/krsmith/publications/
2005%20pubs/Household%20Fuels%
20Ill%20health%20(complete%20for%
20web).pdf (accessed 1 February 2012).

Su, J.H. Undated. The implication of weather
extremes and a rapidly changing climate to
indoor environments. PowerPoint pre-
sentation provided by the author.

Sun, Y., Wang, Z., Zhang, Y. and Sundell, J.
(2011) In China, students in crowded
dormitories with a low ventilation rate
have more common colds: evidence for
airborne transmission, PLoS ONE, 6,
e27140.

Sundell, J., Levin, H., Nazaroff, W.W., Cain,
W.S., Fisk, W.J., Grimsrud, D.T., Gyn-
telberg, F., Li, Y., Persily, A.K., Picker-
ing, A.C., Samet, J.M., Spengler, J.D.,
Taylor, S.T. and Weschler, C.J. (2011)
Ventilation rates and health: multidisci-
plinary review of the scientific literature,
Indoor Air, 21, 191–204.

Editorial

94



Voltolini, S., Minale, P., Troise, C., Bignardi,
D., Modena, P., Arobba, D. and Negrini,
A. (2000) Trend of herbaceous pollen
diffusion and allergic sensitisation in
Genoa, Italy, Aerobiologia, 16, 245–249.

Wan, S.Q., Yuan, T., Bowdish, S., Wallace,
L., Russell, S.D. and Luo, Y.Q. (2002)
Response of an allergenic species Ambro-
sia psilostachya (Asteraceae) to experi-
mental warming and clipping:
implications for public health, Am. J.
Bot., 89, 1843–1846.

Wayne, P., Foster, S., Connolly, J., Bazzaz,
F. and Epstein, P. (2002) Production of
allergenic pollen by ragweed (Ambrosia
artemisiifolia L.) is increased in CO2-

enriched atmospheres, Ann. Allergy
Asthma Immunol., 88, 279–282.

Weber, T.P. and Stilianakis, N.I. (2008)
Inactivation of influenza A viruses in the
environment and modes of transmission:
a critical review, J. Infect., 57, 361–373.

WHO (2009) WHO Guidelines for Indoor Air
Quality: Dampness and Mould, Copenha-
gen, World Health Organization, Avail-
able at: http://www.euro.who.int/__data/
assets/pdf_file/0017/43325/E92645.pdf
(accessed 1 February 2012).

Wilby, R. (2003) Past and projected trends in
London�s urban heat island, Weather, 58,
251–260.

Ziska, L.H., Emche, S.D., Johnson, E.L.,
George, K., Reed, D.R. and Sicher, R.C.
(2005) Alterations in the production and
concentration of selected alkaloids as a
function of rising atmospheric carbon
dioxide and air temperature: implications
for ethno-pharmacology, Global Change
Biol., 11, 1798–1807.

Ziska, L.H., Epstein, P.R. and Schlesinger,
W.H. (2009) Rising CO2, climate change,
and public health: exploring the links to
plant biology, Environ. Health Perspect.,
117, 155–158.

Editorial

95


