Chapter 2
Air Quality in Changing Climate: Implications
for Health Impacts

Sourangsu Chowdhury and Sagnik Dey

Abstract Poor air quality is a leading risk factor for global disease. Two major
pollutants — fine particulate matter (PM, 5) and surface ozone — are also linked to
climate change. A unified framework to quantify the morbidity and mortality
burden from air pollution exposure was developed in Global Burden of Disease
Study. 1500 and 2200 premature deaths from ozone and ambient PM2.5 exposure
can be attributed to past climate change (from pre-industrial era to present day).
For the future, air pollution exposure can be quantified by four Representative
Concentration Pathways (RCPs) emission scenarios in a modelling framework. In
addition to the role of climate change in modulating air quality in future, the
changes in socio-economic and demographic condition of the future population
are also expected to determine the burden due to air pollution. These may be
quantified using the demographic and socioeconomic drivers used in formulating
the Shared Socio-economic Pathways (SSP) scenarios. Combining the SSP and
RCP scenarios in a scenario matrix framework would lead to the estimate of
premature mortality burden for the future within an uncertainty range that can
drive the policymakers to exercise adequate mitigation measures, which are
expected to facilitate a healthier and climate secure society in future.

Keywords PM2.5 exposure * Ozone exposure * Changing climate « Premature
mortality burden « RCP scenarios ¢ SSP scenarios

Air Quality, Exposure and Health Impacts

Chronic exposure to PM; s and ozone leads to cardiovascular and cardiopulmonary
diseases and lung cancer and eventually premature death of millions of people
worldwide (Cesaroni et al. 2014; Krewski et al. 2009; Pope et al. 2002; Chen et al.
2008). Some studies have depicted evidence of premature mortality due to diseases
like neurological disorders and diabetes from exposure to ambient PM, 5 (Gouveia
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and Fletcher 2000; Bell et al. 2004). Though the problem is fast growing in the
developing world (West et al. 2016), health impacts of air pollution have been
documented in the developed countries even at very low air pollution exposure (Shi
et al. 2015). PM, s is emitted from various natural and anthropogenic sources and its
spatio-temporal variation is modulated by meteorology and topography. Global
burden of disease (GBD) effort (Lim et al. 2012; Murray 2015) establishes a unified
framework to quantify the morbidity and mortality burden of air pollution globally.
Studies showing evidence of mortality and morbidity due to diseases like chronic
obstructive pulmonary diseases (COPD), ischemic heart diseases (IHD), stroke,
lung cancer, diabetes and acute lower respiratory infection from PM, 5 exposure are
mostly limited to the developed countries. To address this issue, an integrated
exposure-response (IER) function (Burnett et al. 2014) was developed for risk
estimation by incorporating exposure spanning across ambient air pollution, house-
hold air pollution, passive smoking and active smoking (Burnett et al. 2014). This
risk function enabled comparative assessment of the burden of diseases from air
pollution across the world (Arnold 2014).

Exposure to ozone primarily affects the lungs causing short-term changes in lung
function and escalates respiratory syndromes (Bell et al. 2004, 2005). Chronic long-
term exposure to ozone may result in permanent impairment of the lungs, damage
of the tissues lining the airways and development of pulmonary fibrosis (Lin et al.
2008; Jerrett et al. 2009; Li et al. 2016). Tropospheric ozone exposure not only
results in impairment of human health but also damages vegetation with substantial
reduction in crop yield and crop quality (Morgan et al. 2006; Avnery et al. 2011). In
India wheat production is impacted the most due to exposure to ozone with an
estimated loss of 3.5 &+ 0.8 million tons followed by rice and other cereals (Ghude
et al. 2014). On national scale, the yield loss due to ozone exposure is about 9.2% of
the cereals required every year under the provisions of the recently implemented
National Food Security Bill (2013) by the Government of India. Climate change
can further exacerbate the current situation as it has been projected that ozone
exposure will increase in the future (Horowitz 2006). This may lead to food
shortage, which in turn can cause malnourishment impacting the health indirectly.
A study by Jerrett et al. (2009) followed up 448,850 subjects as a part of the
American Cancer Society Cancer Prevention Study II for 18 years and found that
the relative risk (which may be defined as the ratio of probability of an event
occurring in an exposed group to the probability of an event occurring in compar-
ison with nonexposed group) of death from exposure to ground-level ozone due to
respiratory causes with a 10 ppb increase in ozone concentration was 1.040 (95% CI
1.010-1.067). A global study (Anenberg et al. 2010) estimated that about 0.7 £+ 0.3
million premature death/year can be attributed globally to ozone exposure. Another
estimate (Silva et al. 2013) used ACCIMIP model simulations to determine expo-
sure to ozone, the mortality attributed to exposure to ozone for past climate change
(1850 to present day) was estimated to be around 1500 (—20,000 — 27,000) deaths/
year. An India-based study (Ghude et al. 2016) has used a chemical transport model
to estimate the exposure, and the resulting premature death due to chronic obstruc-
tive pulmonary diseases was estimated to be ~12,000 using the 2011 census data for
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the exposed population. Premature mortality (Mort) is generally estimated as a
function of exposed population (Pop), relative risk (RR) and the background
mortality (BM) rate (Anenberg et al. 2010; Murray 2015; Chowdhury and Dey
2016; Silva et al. 2016) and can be expressed as in Eq. 2.1. RR can be estimated as a
function of exposure to pollutants (Pope et al. 2002; Burnett et al. 2014).

RR -1
RR

Mort = Pop x BM X (2.1)

Climate Change and Air Pollution

Since the Industrial Revolution, human activities have released huge amounts of
carbon dioxide and other greenhouse gases (GHG) into the atmosphere, primarily
from fossil fuel burning, to meet the energy demand of the growing population and
industrial needs. Other activities like agricultural waste and solid fuel burning also
contribute to climate-warming pollutants. Black carbon aerosol that is mostly
emitted from incomplete combustion of fossil fuel, biofuel and biomass warms
the atmosphere, which in turn influences the global and regional wind patterns,
humidity and precipitation. Black carbon is also a major component of ambient
PM, 5. Therefore, reducing black carbon has co-benefits to limit climate change and
avert premature mortality burden. Changing meteorology under warming climate is
expected to play an important role in modulating PM, 5 by controlling its dispersion
and life cycle due to changes in boundary layer depth, wind circulation pattern,
precipitation frequency, relative humidity and temperature. Globally the climate is
expected to become more stagnant in the future with weaker global circulation and
decreasing frequency of mid-latitude cyclones (Daniel and Winner 2009). With
increasing stagnation, the pollutants are expected to get piled near the surface
thereby increasing the relative exposure. Increased humidity in the future can
tend to influence local air quality at individual scale by diminishing ambient
bio-aerosols (pollens, grains, spores and other aero-allergens) as they tend to
clump together and become less respirable. Changes in precipitation pattern may
also affect the aerosol scavenging. Wind speed and precipitation are projected to
increase over India (Christensen et al. 2007; Menon et al. 2013) in the future under
the warming climate. Although not much information is available about the
projected mixing layer depth over India, it is expected that increasing temperature
and wind speed will contribute towards expanding the mixing layer depth. It is
implied that these projected meteorological factors in the future will contribute to
escalated washout and ventilation. Thus we may expect that meteorology will
partially help in reducing PM, 5 exposure irrespective of the projected exposure
strength in future.

Ozone is a secondary air pollutant formed in the atmosphere by photochemical
processes in the presence of precursors like oxides of nitrogen (NO,) and volatile
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organic compounds (VOC) which are mostly emitted by mobile vehicular sources
(cars, trucks, etc.), industrial sources and natural sources like lightening, forest and
grassland fires. In urban areas, power plants, industries, chemical solvents and
vehicular emissions are the primary sources of the ozone precursors. In presence
of sunlight, these precursors undergo chemical transformation to form ozone. The
chemistry of ozone formation is temperature dependent and occurs in multiple
number of steps. Methane (emitted primarily due to fossil fuel use, biomass
burning, livestock farming, landfills and waste) which is one of the major compo-
nents responsible for global warming is also one of the major components of VOC,
but in urban settings, the non-methane volatile organic compounds (NMVOC)
emitted generally outpace methane as the major component of VOC responsible
for ozone formation. West et al. (2006) shows that reducing global anthropogenic
methane emissions by 20% will avert around 30,000 premature deaths in 2030, and
the cost-effectiveness of methane reduction is expected to be around $420,000 per
avoided mortality (West et al. 2006). Thus it can be argued that mitigating methane
emission can help to improve air quality globally bringing multiple benefits for air
quality, climate, public health, agriculture and energy. With temperature projected
to increase globally in the future (Daniel and Winner 2009), the ozone concentra-
tion is expected to escalate (Kinney 2008).

From Pre-industrial Era to Present Day

Since the pre-industrial era, human activities led to degradation of air quality across
the globe. Measurements at various sites across the northern hemisphere indicate
that surface ozone has increased by about fourfolds from 1860s to 2000s (Marenco
et al. 1998). The change of surface concentration and exposure to PM, 5 and ozone
from the pre-industrial period to present can be attributed to multiple factors (Fang
et al. 2013) — (a) changes in direct emissions of their constituents and precursors,
(b) climate change induced changes in surface emissions, (c) the influence of
increasing CH, concentration on tropospheric chemistry and (d) changes and
transition in demographical features. Fang et al. 2013 have reported that global
population-weighted PM, 5 and O have increased by about 8 +0.16 pg/m> and
30 4 0.16 ppb, respectively, from the period 1860 to 2000 utilizing the Geophysical
Fluid Dynamics Laboratory Atmospheric Model, version 3. Another study by Silva
et al. (2013) used Atmospheric Chemistry and Climate Model Intercomparison
Project (ACCMIP) group of models to conclude that global population-weighted
PM, 5 and ozone exposure increased by about 7.3 pg/m> and 26.5 ppb, respectively.
Global mean concentrations of PM, 5 and ozone in 1850 were estimated to be
11.4 pg/m® and 28 ppb, respectively, while the corresponding values in 2000
changed to 18.6 pg/m’ and 54.5 ppb, respectively. Over the Indian landmass,
mean concentrations of PM,s and ozone increased from 14.3 |Jg/m3 and
33.2 ppb, respectively, in 1850 to 22 pg/m® and 61.9 ppb, respectively, in 2000.
The exposure over India and South Asia is generally underestimated by the global
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Fig. 2.1 Premature mortality attributed to past climate change in death/year (1000 km?)~! for (a)
ozone exposure (respiratory mortality) and (b) PM, 5 exposure (cardiopulmonary diseases and
lung cancer mortality (Adopted from Silva et al. 2013)

models (Pan et al. 2015). Figure 2.1 depicts the premature mortality that can be
attributed to past climate change (1850-2000) due to PM,s (a) and ozone
(b) exposure, respectively. Past climate change (from pre-industrial era to present
day) was estimated to cause ~1500 and 2200 premature deaths per year from ozone
and PM, 5 exposure, respectively.
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Future Projections

Future air quality will be influenced by changes in emission and meteorology in
warming climate. Changes in anthropogenic emissions are expected to dominate in
the near future (Kirtman et al. 2013) and depend on various socio-economic factors
such as demographic transition, economic growth, energy demand, technological
choices, land use changes and implementation of policies regarding climate and air
quality. Following a meeting on 8th September, 2008, a global initiative was taken
for climate modelling under the fifth phase of the Coupled Climate Model
Intercomparison Project (CMIP5) to enhance the earlier activities by incorporating
20 climate modelling groups from around the world (Taylor et al. 2012). These
model simulations were targeted to focus on major gaps in understanding past and
future climate changes described by Moss et al. (2010). The RCPs (summarized in
Table 2.1) unlike the Special Report on Emission Scenarios (SRES) used for the
earlier CMIP3 simulations include policy interventions and are built based on a
range of projections of future socio-economic factors. These scenarios assume that
certain policy actions will be taken to achieve certain emission targets. The labels of
the four RCPs (RCP2.6, RCP4.5, RCP6 and RCP8.5) indicate a rough estimate of
the radiative forcing at the end of the twenty-first century. Apart from the CMIP5
models, various chemical transport models (CTMs) like GEOS-Chem, WRF Chem
and CMAQ models can also be utilized to estimate the concentration of the criterion
pollutants. The CMIP5 and CTM model simulations for the projected concentration
of various PM, s components (viz. dust, black carbon, primary organic aerosols,
secondary organic aerosols, sea salt and sulphate), VOC and NOy in the future
require data on emissions from RCP scenarios. The projected emissions of VOC
and black carbon (among other constituents) over Asia are depicted in Fig. 2.2. One
study (Silva et al. 2016) projected that global population-weighted ozone concen-
tration in 2030 will change from present-day concentration by —2.5 to 15.2 ppb in

Table 2.1 Details about RCP scenarios

Model
providing
Scenario | Radiative forcing Concentration (ppm) Pathway RCP
RCP8.5 | >8.5 W/m? in 2100 >1370 CO, equiv. in 2100 | Rising MESSAGE
RCP6.0 | ~6 W/m2 at stabiliza- | ~850 CO, equiv. Stabilization AIM
tion after 2100 (at stabilization after 2100) | without
overshoot
RCP4.5 |~4.5 W/m2 at stabili- | ~650 CO, equiv. Stabilization GCAM
zation after 2100 (at stabilization after 2100) | without
overshoot
RCP2.6 |Peak at 3 W/m?> Peak at ~490 CO, equiv. Peak and IMAGE
before 2100 and the before 2100 and then decline
declines declines

The table is adopted from Moss et al. (2010)
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Fig. 2.2 Shows the emission of VOC (a) and black carbon (b) in future over Asia as projected by
the RCP scenarios. These emissions go into the CMIP5 model simulations to determine the
concentration of the pollutants in future decades. The figures are generated from the RCP scenario
database hosted by IIASA

2030 across all the RCP scenarios using data from 14 ACCMIP models, while the
change is projected to range from —11.7 to 13.6 ppb in 2100. They project an
overall decrease of global population-weighted PM, 5 exposure by 2100 ranging
from —0.4 to —5.7 pg/m’ across six ACCMIP models for all the RCP scenarios.

Projected Exposure to Ground-Level Ozone and Ambient
PM, 5

Very few studies have attempted to estimate the future exposure to ozone and
PM, 5. A recently published study (Madaniyazi et al. 2015) recognized the urgency
to project premature mortality due to exposure to air pollutants in developing
countries to facilitate implementation of policies. They also suggested that multi-
model ensembles should be used to project the exposure to the air pollutants and
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Fig. 2.3 Future ozone respiratory mortality for all RCP scenarios in 2030, 2050 and 2100,
showing the multi-model average in each grid cell, for future air pollutant concentrations relative
to 2000 concentrations (Adopted from Silva et al. 2016)

related excess premature mortality to better quantify the related uncertainty.
Another study (Selin et al. 2009) used GEOS-Chem model to simulate future
PM, 5 exposure. Global ozone exposure is expected to increase by 6.1 ppb at the
end of 2050, whereas the increase is expected to be about 24.4 ppb over India. They
estimated that around 812,000 excess premature deaths per year can be attributed to
exposure to ozone in 2050 as compared to 2000 due to changes in emission and
climate. Recently, Silva et al. (2016) used an ensemble of ACCMIP models and
projected global mortality burden due to ozone exposure to increase markedly from
382,000 (121,000-728,000) in 2000 to between 1.09 and 2.36 million deaths/year
across all four RCPs in 2100. Figure 2.3 shows the projected premature mortality
for three future decades. This study also identifies that change in premature ozone-
related respiratory mortality/year in India in 2100 with respect to 2000 is projected
to range from —230,000 to 292,000 across all the RCP scenarios.

The most unsettled issue regarding projection of aerosol concentration and
PM, 5 in future is whether PM, 5 is expected to decrease or increase in future.
Allen et al. (2016) projected that aerosol concentration is expected to increase in
future, whereas Silva et al. (2016) projected that PM, 5 exposure is expected to
decrease relative to present-day exposure by the end of the century. Tagaris et al.
(2009) used CMAQ modelling system to estimate 4000 premature mortality/year
from PM, 5 exposure in the USA due to climate change by the end of 2050. Tainio
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Fig. 2.4 Future mortality due to exposure to PM, s for all RCP scenarios in 2030, 2050 and 2100,
showing the multi-model average in each grid cell, for future air pollutant concentrations relative
to 2000 concentrations (Adopted from Silva et al. 2016)

et al. (2013) used coupled RegCM and CAMx CTM to project a decrease in PM, 5
exposure in future over Poland. Nawahda and Yamashita, (2012) projected PM, 5
exposure to increase in future over East Asia using CMAQ modelling system
which can be attributed to about 1,035,000 premature mortality by the end of
2020. Silva et al. (2016) projected that discounted exposure to PM, 5 by the end of
the century is expected to avert 1,310,000-1,930,000 premature mortality/year
with respect to the estimated premature mortality using 2000 PM, 5 exposure.
Figure 2.4 depicts the projected premature mortality for three future decades
(2030, 2050 and 2100).

Co-benefits of Reducing Air Pollutants

It is well established that human activities affect climate change, and as a conse-
quence they are affected by climate change impacts (Smith et al. 2014). The focus
to mitigate the concentration of warming climate-altering pollutants also holds the
potential to benefit human health significantly. These co-benefits include health
gains from strategies directed primarily at mitigation of climate change from
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policies implicated for health benefits (Haines et al. 2007; Smith and Balakrishnan
2009). In a nutshell, co-benefits are positive impacts on human health that arise
from interventions to reduce the emission of climate-altering air pollutants.
Co-benefits can be achieved in many ways (Smith et al. (2014) and references
therein). For example, the reduction of co-pollutants from household solid fuel
combustion will result in reduced exposure to air pollutants that are associated with
diseases like chronic and acute respiratory illnesses, lung cancer, low birth weights
and still births and tuberculosis. On the other hand, controlling household combus-
tion of solid fuels will reduce emission of black carbon, CH4, CO and other climate-
altering air pollutants. Reduction in CH4 and CO emission will also restrict the
formation of tropospheric ozone. Cutting down the emission of health damaging
co-pollutant from industries will reduce outdoor exposure to ambient air pollution
and hence has the potential to avert large premature mortality. The benefits for
climate include reduction in emission of climate-altering air pollutants like black
carbon, CO and CHy. Increased energy efficiency will reduce fuel demands and
hence reduce emissions of climate-altering air pollutants. Health benefits of
increased urban green space include reduced temperature and heat island effect,
physiological benefits and better self-perceived health status. It also helps in
partially reducing atmospheric CO, via carbon sequestration in plant tissues and
soil. Increased urban greeneries will also facilitate deposition of climate-altering air
pollutants emitted from various vehicular and industrial sources.

Few studies quantify the health and climate benefits of reducing climate-altering
air pollutants. A study in India found that the benefits of hypothetically reducing
solid fuel combustion in households by introducing clean cook stoves would help to
avert about 2 million premature death and 55 million DALYSs over the period of
10 years and reduction of 0.5—1 billion tons of CO, equivalent (Wilkinson et al.
2009). A study (Markandya et al. 2009) assessed the changes in emission of PM, 5
and subsequent effects on human health that could result from climate change
mitigation aimed to halve the GHG emission by 2050 from the electricity genera-
tion sector of India, China and European Union. In all these three regions, changes
in modes of production of electricity to reduce CO, emission were associated with
reduction in PM, s-related premature mortality.

Socio-economic Projection for Vulnerability Assessment

Certain group of population is more vulnerable and susceptible to air pollution than
the others, like children, people with pre-existing heart and lung diseases, people
with diabetes, outdoor workers and aged people (Balbus and Malina 2009; Makri
and Stilianakis 2008). Socio-economic factors also influence the susceptibility
towards air pollution exposure in terms of disproportionate exposure, coping
capacities and access to health care (Makri and Stilianakis 2008). The most
vulnerable population are the homeless with six times more odds to be morbid or
die due to lungs or respiratory infections, asthma and cardiovascular and pulmonary
diseases.
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To assess the relationships between socio-economic development in response to
climate change, the Integrated Assessment Modelling (IAM) and the Impacts,
Adaptation and Vulnerability (IAV) group launched a set of scenarios that describe
the future in terms of social and economic mitigation and adaptation challenges
known as the Shared Socio-economic Pathways (SSP) (O’Neill et al. 2012; Ebi
et al. 2014). This set of scenarios provides projections by age, sex and six levels of
education for all the countries. The five SSP scenarios are a green growth strategy
(SSP1), a middle of the road development pattern (SSP2), a fragmentation between
the regions (SSP3), an increase in inequality across and within regions (SSP4) and a
fossil fuel-based economic development (SSP5). To encompass a wide range of
possible development pathways, the SSP are defined in terms of socio-economic
challenges to mitigation and to adaptation (Fig. 2.5a). Figure 2.6 shows the
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Fig. 2.5 (Left) The scenario space spanned by the SSP scenarios and (right) the scenario matrix
architecture (Both figures are adapted from IPCC 2010)

Population (in millien)
Population (in million)

[XXRRRRRAAR,

i

¥

H

]

s

H

i

i

-

)

i

i

i

]

-

;-

¥

]

IR}

it
LI

|

-

iol

B

i

i

¥

H

i

¥

H

3

i

¥

H

H

i

FEYERETES
\
'
P
/

thon

i

A
Population (in million)

i

!

:\
Ll
)

2000 2070 2630 2030 3040 1000 1060 20TV D8RS 2 1160 mmnmnnmmmnnmm;m
Years Yoars

Fig. 2.6 Projected population used in developing the 5 SSPs’(numbered chronologically from a to
b) for five world regions, namely, Asia, Latin American (LAM) countries, Middle East and Africa
(MAF), OECD (OECD group of countries) and reforming economies (REF)



20 S. Chowdhury and S. Dey

projected population used as a driver for developing each of the five SSP scenarios
for five broad world regions, namely, Asia, Latin American (LAM) countries,
Middle East and Africa (MAF), OECD (OECD group of countries) and reforming
economies (REF).

SSP1 (Vuuren et al. 2016) considers the world to make definite progress towards
sustainability, achieve development goals by cutting off resource intensity and
dependency on fossil fuels. In SSP2 (Fricko et al. 2016) trends typical to recent
decades are projected to continue, with some progress towards achieving develop-
ment goals, historic reductions in resource and energy and slowly decreasing fossil
fuel dependency. In SSP3 (Fujimori et al. 2016) scenario, the pathway assumed is
opposite to sustainability which describes a world with stalled demographic tran-
sition. The SSP4 (Calvin et al. 2016) scenario predicts a very unequal world both
within and across the countries, and the SSP5 scenario (Kriegler et al. 2016)
envisions a world that stresses conventional development oriented towards
economic growth.

Scenario Matrix Architecture: A Way Forward
for Estimating Future Burden Due to Air Pollution

Premature mortality burden from air pollution depends on concentration of
pollutant, exposed population and background mortality rate. The air pollutant
concentration in the future can be projected by climate models following RCP
emission scenarios, while the socio-economic factors like population and back-
ground mortality rate can be quantified following SSP scenarios. Therefore, the
burden of disease in the future is expected to be quantified by RCP-SSP scenario
matrix (4 x 5). This scenario matrix architecture (Fig. 2.5b) can be used in
different ways for scientific and policy analyses. For example, analysts can
compare consequences under the same climate scenario (RCP driven) across all
socio-economic scenarios (“what is the effect of future socio-economic condi-
tions on the impacts of a given climate change”). An assessment of the effect of
future socio-economic conditions on the effectiveness and costs of a suite of
mitigation and adaptation measures to combat climate change would allow com-
paring the differences between the SSP scenarios across a single RCP scenario
(IPCC 2010; O’Neill et al. 2012). For example, population distribution from a
particular SSP scenario can be combined with the exposure to PM, 5 or ozone
under different climate change scenarios to estimate the premature mortality
burden that can be expected for a particular population if the world follows
different climate change pathways in future.
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Concluding Remarks

Despite continuous efforts to restrict various sources of pollutants by the government,
air pollution remains as one of the major environmental hazards in India (Dey and Di
Girolamo 2011). GBD study shows large premature mortality from air pollution
exposure in India. However, burden estimates at regional level needs to be adjusted
for the local condition. Our recent study (Chowdhury and Dey 2016) estimated about
800,000 premature adult deaths per year by adjusting for the heterogeneity in back-
ground mortality rate as a function of socio-economic development represented in
terms of gross domestic product. Following example will clarify the importance of
local adjustment. Delhi has the highest ambient PM, 5 exposure in India, but at the
same time, its GDP is also one of the highest in the country. If the baseline mortality of
Delhi is not adjusted and instead a single India-specific value is considered, the
premature mortality burden of Delhi is overestimated. Similarly, the burden would
have been underestimated in regions that are less developed and have higher back-
ground mortality than all-India average. Therefore, identification of vulnerable
regions based on premature mortality burden and prioritization of mitigation measures
in these regions should be facilitated by such analysis.

The exposure to PM, 5 and ozone has been increasing over India in the last
decade (Saraf and Beig 2004; Dey and Di Girolamo 2011; Dey et al. 2012) resulting
in increasing number of the population being pitched at risk of dying prematurely.
What intrigues the policymakers is whether exposure to air pollution will continue
to increase in the future. To project future premature mortality from air pollution
exposure for India or any other country, the scenario matrix framework will be
useful, because it will enable to isolate the relative roles of meteorological, demo-
graphic and epidemiological changes on the projected burden. Such strategic
knowledge will provide the government adequate information to formulate policy
to mitigate air pollution and develop climate change resilient society.
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