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1. Introduction

Due to the synergistic and antagonistic
relationships that exist in the environmental
policy arena, environmental policies cannot be
treated in isolation (Hayes, 2006). The concept of
integrated environmental management serves as
auseful activity to enhance the ability to manage
a resource that is affected by anthropogenic
activities (Pahl-Wostl, 2007). Integrated
environmental management allows for a broad
perspective to be taken, whereby al the possible
trade-offs and benefits are considered at various
spatial and temporal scales (PahlWostl, 2007). The
atmospheric composition of the earth is greatly
impacted on by anthropogenic emissions that lead
to avariety of environmental management concerns.

The combustion of fossil fuels (coal, oil and gas)
and biomass for use as energy in homes, industries
and motor vehicles, leads to awide spectrum of air
emissions that include nitrogen oxides (NOXx),
volatile organic compounds (VOng, sul phur
dioxide (SO,), nitrogen dioxide (NO,), methane
ECH4), carbon dioxide (CO,), and particulate matter
PM). These emissions result in a variety of
atmospheric issues that threaten the status of
human health and ecosystems through problems
such as acidification, eutrophication, anthropogenic
induced climate change and smog. Traditionally
when it comes to dealing with these problems,
policies and scientific research have developed in
Isolation from each other.

Air quality (AQ) research for example, has
primarily focused on traditional air pollutants
namely SO,, PM, NO,, ozone (O3), CO, whereas
climate change (CC?] research has focused on the
science of the greenhouse gases (GHGs) namely,
COg,nitrous oxide (N2O), CH,4, hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs) sulphur
hexafluoride (SFg), and Oz responsible for the
internal radiative forcing of the climate.
Furthermore, the policies to deal with these issues
have also developed at different scales. Policy to
deal with air pollution is generally developed at a
national level, with opportunities for regional and
local policies, where the ultimate goal is the
protection of health and ecosystems through air
quality management (AQM). CC policy has,
however, developed at an international level, with
the aim to mitigate CC through areduction of GHGs
and to adapt to the consequent damage that could
occur. The dominant international policy for CC
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mitigation is the Kyoto Protocol which requires
countries that have ratified it, to report on GHG
emissions(non-annex 1 countries) or achievecertain
reductions of GHG emissions by specified time
periods (annex 1 countries).

AQ and CC aretwo issues that are primarily driven
by the same action, which is the combustion of
fossil fuels. Therefore it would seem that there
would be synergies to integrated management of
AQ and CC concerns. Separate policies and
research in isolation have resulted in the co-
benefits of an integrated policy that simultaneously
considers both issues being overlooked (Alcamo et
al., 2002; Swart et al., 2004). As such we find that
there was a gap in knowledge on the scientific
understanding between the links between CC and
AQ. The Intergovernmental Panel on Climate
Change (IPCC) initsthird assessment report in 2001
acknowledged the need to investigate the linkages
between CC and AQ and as conseguence of this,
inthelast decadethere hasbeen an emerging priority
for environmental policy to develop an improved
understanding of the linkages and interactions
between CC and AQ. Therecently published IPCC
fourth assessment report has documented some of
the linkages between CC and AQ (Denman et al.,
2007). Furthermore, citiesin many of the developed
nations such as the United Kingdom and the
United States of America (USA) which have
established AQM programmes are in the process
of trying to capture the synergies between AQM
and CC mitigation.

Integration of AQ and CC policies could
ultimately occur in one of two ways. The first
method of integration could be achieved by
considering AQ Improvements as a result of CC
mitigation measures, where the reduction of
traditional air pollutants is seen as an ancillary
benefit to GHG mitigation. It has been documented
that such ancillary benefits of GHG mitigation are
more likely to be an attractive incentive for those
countries with Kyoto Protocol obligations to
reduce their GHG emissions (Krupnick et al., 2002).
However, in developing countries, the ancillary
benefit of CC mitigation measures that is, reduced
air pollution, is more likely to be the primary
objective of air pollution related policy.

Alternatively, CC considerations can be integrated
into AQM. Research does indicate that integrating
CC considerations into AQM strategies could be
advantageous in developing countries. More
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gpecificdly, it isrecognised that there are Sgnificant
benefits associated with the integration of AQ and
CC a a local level. Research shows that
municipalities have the potential to make a
sgnificant contribution to Internationd efforts to
curb CC as hdf of the world's population lives in
urban areas ;B&stlll, 2001). Thishasresulted inthe
old saying of 'think global and act local' to be seen
as being inaufficient and a new drategy to 'think
localy and act locally' isinstead promoted (Bestill,
2001). Thishighlightsthe need to frame CC within
aloca context in order to promote local action.
An integrated policy at alocal level would alow
for the maximization of the synergitic relationship
between the two issues and the avoidance of
overlaps in policies such that there is reduction of
m|t|% ion costs and more effective monitoring.
Further, at alocal level, GHG reductions can be
achieved alongside policies designed to improve
the liveability of communities, where reduced air
pollution yiélds short to medium term benefits
and CC benefits are long-term. Thus, there are
ggnificant incentives for developing countries to
consider the CC impacts of their local policies.

2. The South African Context

In South Africa, there is a high dependency on
combustion of coa for electricity use, wheré the
generation of electricity from cod is the Ia(r)%&st
emitter of GHGsin the Country (Mukheibir, 2007).
Furthermore, the total estimated anthropogenic
GHG emissions in 2000 were 365 MTonne C02-
eci (mainly and contributed about 1.6 % of the
tcl) dz(\;\é%r)ld carbon equivdent emissons (Hong et
al, :

Electricity generation from cod isalso asgnificant
contributor to air pollution in South Africa.
However, air pollutant sources also stem from the
industrial sector which is the largest energy
consumer in South Africa, and the transportation
sector which is dominated by ger transport,
carbon intensive fuels and ‘increased motorized
vehicles for public transport. Furthermore, due to
poverty and the economics of the country indoor
ar pollution is amgor problem in the country, as

L%?I fuels are burnt indoors for cooking and

ing.

South_gAf.rica. has a congtitutional obligation to
provideitscitizenswith an environment that isnot
armful to their health or well-being and

furthermore, has agloba responsibly to act against

CC. The South African government acceded to the

Kyoto Protocol in July 2002 and is anon-annex 1

country and is therefore only required to report on

GHG emissionsat thistime, AQ hasreceived much

attention in South Africa in recent years due to

the promulgation of the Nationa Environmental

Management: Air QuaI|8/ Act (AQA, Act 39 of

2004) 'in September 2005. The AQA is widely

regarded as being ‘world class' air pollution

legidation. However, by dedling with the i ssues of

CC and AQ in isolation at a policy level, South
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Africa is overlooking the co-benefits of an
integrative policy. At this stage of developing the
country's response to CC and the further
development of AQ legidation, South Africa is
erfectly poised to capitaize on an opportunity to
ind the maost cost effective way of smultaneoudy
dealing with these issues. Furthermore, it is
important to note that even though other countries
have recognised the need for integrated policies,
often they have fdlen short on maximizing the
%/ner ieS of CC and AQ. For example, the new
anadian AQ legislation is criticized as just
roviding lip service to integration of the issues.
ven though their AQ legidation does discuss ah
Pol lutants and GHGs, the mitigation and control of
he pollutants are handled separately and the
synergistic relationship between the two issues
iS not considered (Williams and Chiotti, 2006).
Thus, if South Africa is able to develop more
holistic AQ legislation that incorporates CC
congderations, it will not only set an example for
the rest of Africa but will aso be a globa pioneer
inthisfied.
As it is recognized that int ratln%S cC
consderationsinto loca A M_plang%AQM has
the potential to be beneficial in developing
countries, this is the method of integration that iS
pursued in this study. More specifically, a
mechanism that will facilitate the integration of
theseissuesat local level in South Africalsthrough
the AQA which requiresthat each municipaity must
include an AQMPs in its integrated development
lan (IDP) asrequired in terms of Chapter 5 of the
viunicipal Systems Act, where AQM ' focuses on
finding the most cost effective air improvement

strategy.

The eThekwini Municipality has been progressive
inits approach in dedling with AQ issues, with the
inception of an extensive AQ monitoring network
and the development of its draft AQMP. The
eThekwini Municipality has also undertaken
investigationsinto CC in terms of key challenges,
potential impacts and responses required by the
municipaity, and isin the process of developing an
integrated assessment model for determining the
mitigation and adaptation measures for various
sectors of the municipality that will affected by
CC (Hounsome, 2007). The eThekwini
Municipality therefore, represents an ideal case
study to investi %age integrating CC considerations
into locad AQMPs in South Africa

3. Scientific linkages between CC and AQ

There are numerous factors that need to be taken
into account regarding CCand AQ. AQand CC are
linked by virtue of the fact that they are driven by
the combustion of foss| fuds. However GHGs and
air pollutants may directly and indirectly impact on
each other. Furthermore, CC is anticipated to affect
sources of ar pollutants as well as impact on the
ability of pollutants to be dispersed in the
atmosphere. These topics are discussed further
in the subsequent sections highlighting the scientific
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basis for integrating policies regarding atmospheric
emissions.

3.1.1 Tropospheric O3

Tropoa?oheri ¢ O3 is formed as a secondary pollutant
and affects the self cleansing ability of the
atmosphere (Jacob, 1999; Oltmans et al, 2006). It
isalso harmful to health and ecosystems, and is often
aprioritalforAQM (Bernard et al, 2001; Dentener
etal., 2006).

Tropospheric Os is also GHG with thethird largest
radiative forcing (Forster et al, 2007), the
concentrations of which have increased since pre-
industrial times (Shindell et al, 2006). In addition
to this, the precursor gases of O3 that are treated as
traditional air pollutants also have an indirect effect
on the climate, as they affect the lifetime of other
%ases. A prime exampl e isthe impact that NO, and
O have on CH.,.

3.1.2 Aerosols

Aerosols arefine particles that are suspended in the
air, the sources of which may be both natural and
anthropogenic (Andreae and Crutzen, 1997).
Natural sources provide the primary aerosol
arti cles and anthropogenic sourcesinclude SO, and

Hs responsible for secondary aerosol particles.
Aerosols or particulate matter have serious
implications for health leading to respiratory
illnesses (Bernard et al., 2001).

Aerosols aso are a CC problem. Aerosols affect
the climate both directly and indirectly. Sulphate
aerosol s contribute to cooling the earth by reflecting
sunlight back into space and preventing it from
reaching the earth's surface (Andreae et al, 2005;
Kaufmann et al., 1991). The total amount of
sulphate aerosols is estimated to be about 10 times
larger than the total amount of black carbon (BC)
aerosols which contribute to warming the
atmosphere (Jacobson, 2002). Aerosols also affect
the climate indirectly though changes to clouds.
Aerosols act as cloud condensation nuclei (CCN)
and thus added aerosols alter the cloud-drop size
distribution (Andreae, 2007; Hudson, 1992). Thus
increases in aerosols yields smaller cloud drops and
thus larger cloud albedo. Thisis often referred to as
the "cloud albedo effect” where the decreased
droplet size and increased droplet number results
inincreased reflectivity (Mitchells and Johns, 1997).
It is suggested that reduction of aerosols for AQM
purposes could be unfavourable for global warming.

3.1.3 S0,

SO, isamajor focus of AQM due to the associated
health effects as once inhaled it results in a variety
%ggl)ﬂe and chronic illnesses (Matooane and Diab,

Sulphur emissions are also related to acidification,
and contribute to the formation of the sulphate
aerosol which has a cooling effect on the climate
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(Mayehofer et al., 2002;Posch et al., 1996) which
means that AQ mar_lag_ement of SO, might reduce
both the direct and indirect cooling effects that the
sulphate aerosol produces.

3.1.4 CH,4

CH, is a GHG and has the second largest radiative
forcing and is the shortest-lived with of the GHGs
with a lifetime of about 7.9 yrs (Lelieveld et al,
1998). Atmospheric concentrations of CH, levels
have ‘increased since the 19" century due to rapid
agricultural expansion and industrialization
(Lelieveld et al, 1998). One added CH, molecule
absorbs infra-red radiation is about 25 times more
efficiently than an added CO, molecule. However,
CO; is seen as a priority in GHG mitigation as
CO; levels are ~200 times higher, so that many
of Its absorption lines are already saturated
I68I2|§3veld et al, 1998; Wuebbles and Hayhoe,

CH, is aOFrecur_sor gas to the formation of
background O; with evidence of strong coupling
between CH, increases and O3 levels. The
reduction of CH, emissions is seen as being a
"triple dividend" as it will have many benefits for
mitigating CC and improving AQ, asin additionto
the initial decrease in radiative forcing from CH4,
there will be subsequent reductions in harmful O
concentrations and a reduction of O; radiative
forcing. (West and Fiore, 2005).

3.1.5NOyandVOCs

NO, and V OCshave multiple effects asthey arethe

limiting agents in the photochemical production of

O3 and also contributeto NO, (which contributes

to the problem of eutrophication) and PM

ﬁgglc?]ntrations, having an indirect effect on human
th.

Furthermore, NO, and VOCsalso influencetherate
of CH, destruction. NO, emissions, for example,
generate indirect radiative forcing by shortening the
Ig‘gjti r;}e of CH4 through the enhancement of the OH
radical.

3.1.6 Summary of major pollutants and their
multiple effects

From the above discussion it is clear that
atmospheric emissions result in multiple pollutants
that have numerous effects on health and the
environment. Table 1 provides asummary of these
pollutants and their multiple effects.

3.2 Impact of CC on air pollutants

CC can have a significant impact on the chemical
composition of the atmosphere. Atmospheric
transport processes (wind, convection,
stratospheric-tropospheric exchange { STE}),

Clean Air Journal, Vol 16, No. 2, December 2007



Table 1: Summary of the pollutant and their multiple effects (Adapted from Amann, 2007)

Acidification

S )

NOX

VOCs

CO

Primary
Particles

CH,

CO;

Eutrophication

Ground-level
ozone
Health
impacts via
sec.aerosols

Radiative
forcing
Direct
Via aerosols
Via OH
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transformation controls (temperature, relative
humidity, removal processes, precipitation),
emission controls (effects natural and anthropogenic
emissions) could all be affected by CC (Forster et
al, 2007). Thereis significant research that hasbeen
carried out on the effects of CC on tropospheric Os
and is discussed in more detail here.

Changes in atmospheric circulation could impact
on tropospheric Os, as STE should increase because
of the stronger Brewer-Dobson stratospheric
circulation. Convection is expected to intensify as
the climate warms, though this might not bethe case
in the tropics. It is expected that natural and
anthropogenic sources of the precursor gases of O
will chan?e; thiswill include NOx emissions from
soils and lightning; biogenic VOC emissions from
vegetation and anincrease in energy demands (Bell
and Ellis, 2004; Brasseur et al., 2006; Forster et al .,
2007). Changes in temperature, humidity and UV
radiation will aso impact on Oz production (Grewe,
2007). Model results show that surface Os
concentrations will increase due to chemical
production as a consequence of CC (Racherla and
Adams, 2007).

3.3 CC impact on the occurrence of air pollution
events

CC results in progressive changes to weather
patterns that include changes to the distribution and
amount of precipitation, to temperature, wind speed,
wind direction and large-scale weather producin

systems (Meehll et al., 2000). These factors al

contribute to atmospheric stability and are key
factors responsible for the dispersion of pollutants.
These changes will therefore have animpact on the
occurrence and severity of air pollution events.
Model predictions for the US show an increased
severity and duration of summertime regional
pollution episodes in parts of USA (Lueng and
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Gustafon, 2005; Mickley et al., 2004; Prather et al,
2003, Tao et al., 2007).

4 . Integrated assessment tools for AQ and CC

Atmospheric emissions from processes are
enerally controlled in one of three ways which are
Boubel et al., 1994):

 Changes to processes which lead to less

pollution or reduced emissions (eg. through a
change in operations).

e Change in fud

» End-of-pipe technology

These measures are generally implemented with

respect to air pollution control or CC mitigation

without consideration of each other. However, there
are control measures that directly or indirectly affect

both CC and AQ pollutants. There are numerous
technologies that reduce both air pollutants and

GHGs, for instance engine technologies which

reduce CO, emissions also result in Tower NOx

emissions. However, there are numerous instances
where a control measure targeted at a particular

pollutant, might result in increased emissions of

other pollutants. For example, desulphurization

using C aC Oz resultsin decreased sul phur emissions
but also results in an increase in CO, emissions
(EEA,2004).

Furthermore, it is %enerally accepted that end-of-
|oipe technologies that are selected for AQM can
ead to limited emissions reduction before control
options that require more extreme measures
becomes necessary. This may for example require
a change in fud, from fossll fues to renewable
energy, which is the focus of CC mitigation (to
reduce CO, emissions by using cleaner sources of
energy). Thus, AQM and CC mitigation are
inextricably linked requiring long-term integrative
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policies. Theintention of thisproject isby no means
amechanism to detract from the need to reduce CO,
emissions through energy measures but should
allow municipalities to moderate GHG emissions
through the control of traditional air pollutants,
alongside measures that specifically act to reduce
GHGs. Thusthereis aneedto identity anintegrated
assessment tool that will allow for the estimation
of GHG emissions generated as aresult of different
control options for traditional air pollutants. There
are numerous models or software that are available
for dealing with control options for AQ and CC.
However, there are far fewer models available that
simultaneously address both issues.

Of the tools available, two have been identified as
being appropriate for the scope of this project. The
first of these tools was developed by the
International Institute for Applied Systems
Analysis (IIASA). Initially 11ASA had developed
the Regional Air Pollution Information and
Simulation (RAINS) model which served as a tool
to assess emission control strategies for traditional
air pollutants (SO, NO,, VOCs, NH3 and PM),
addressing health impacts, acidification and
eutrophication. The RAINS model has been
extended to include GHGs (CO,, CH,4, N2O, CFC,
HFC, SFg) in the Greenhouse gas-Air pollution
Interactions and Synergies (GAINS) model which
captures the interactions between the control of
traditional alré)ollutants and GHGs (Amann,
2007a). GAINS allows for the selection of the
emission control measure that is cost-effective for
more than one i)ollutant simultaneously. These
emission control measures include behavioural
changes, structural measures such as fuel
substitution, and technical measures that contain
approxlmatglg_/ 1500 end-of-pipe technologies for
reducing traditional air pollutants, 500 measures
which have an impact on more than one pollutant
(Amann, 2007a). South Africa became a member
of IIASA on 1 July 2007 as part of aDepartment of
Science and Technology (DST) and the National
Research Foundation (NRF) initiative to promote
collaboration with 1TASA and South African
researchers.

The second tool isthe Clean Air Climate Protection
Software (CACP) software that was developed by
International Council for local Environmental
Initiatives (ICLEI) as part of their Citiesfor Climate
Protection (CCP) programme. The CACP software
was specifically designed for the creation of
emissions scenarios for use in the planning process
or the creation of full emissions reduction plans.
Specifically it allows for the tracking of emissions
and reductions of the GHGs éCOz, N,O, and CH,)
and traditional air pollutants (SO,, NO,, VOC and
uio) that arerelated to e ectricity, fud use and waste
disposal. The CACP software consists of thousands
of emission coefficients for all of the major GHGs
and air pollutantsfor avariety of technologies, fuds
and electricity options (CACPS, 2007). Thus, the
software is able to quantify the reduction of GHGs
and air pollutants from a range of control options
Local authorities are thus able to use the software

2

to quantify existing and proposed emission
reduction measures so they are able to compare
alternative emission reduction strategies. Numerous
South African cities are members of the ICLEI and
CCP programme, which includes the eThekwini
Municipality. The ICLEI providesits memberswith
resources, technical assistance and software tools.
The eThekwini Municipality Greenhouse Gas
Emissions Surveys in 2002 and 2004 were
developed as part of the CCP programme.

These tools mentioned above, have been used
widely in Europe (GAINS) and the USA (CACP).
However, thesetool shave predominantly been used
to show the ancillary benerits of improved AQ as a
result of GHG mitigation measures. For example
the use of the GAINS model in Europe showed that
fuel strategies to reduce CO, emissions (by 15%)
would result in a simultaneous decrease in air
pollutants (SO, by 25% and NO, by 8%), such that
the improvements to AQ would prevent thousands
of premature deaths (Amann, 2004b). CACP
software has been used extensively in the USA to
analyze the impacts GHG emission reduction plans
on arr pollutant emissions (Fig.l).

However, thesetools have also been designed, and
thus have the ability to allow for the selection of
control strategies that address the reduction of
traditional air pollutants and ancillary GHG benefits.
Thus, both options (GAINS and CACP) will have
to be further investigated in order to evaluate which
option will be most suitable and viable for use in
A%%le Africa to assess the ancillary benefits of

5. Case Study: eThekwini Municipality

As mentioned earlier, for the purposes of this
project, the eThekwini Municipality has been
selected as a case study. This case study will entail
conducting an impact analysis of the proposed
AQMP for the eThekwini Municipality, focusing
on AQ and CC issues. The draft AQMP has thus
far, prioritized areas for intervention, that include,
SO,, suio, flaring from refineries, odours, benzene,
indoor AQ and the problem area of Jacobs
(eThekwini Municipality, 2007). As part of the
AQM action plan, the municipality suggests control
strategies to reduce emissions of traditional air
pollutants from each of the priority areas. The
Intention isto investigatethe impact that the control
measures identified in the AQM action plan will
have on GHG emissions. A further objectiveis, to
find alternative control measures that allow the
municipality to best capture the synergistic
relationship between traditional air pollutants and
GHGsin order to havean AQM action planin place
that reduces emissions of traditional air pollutants,
whilst simultaneously reducing the municipality's
contribution of GHG emissions. A suitable
integrated assessment tool (such as the GAINS
model or CACP software) will be adapted for use
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Emission Reductions for each Measur e (tons)

Community Measures

NO.
Transportation _Measures
Regional Rail System 69.270 -135,
Expand Mass Transit Bus
System 74,334
Increased Use of
Alternative Fuelsin Motor
Vehicles 33,991 191.293
Land Use Planning 327.469 1,211,000
Decrease motor vehicle 1.166 4,314

-Note: negative numbersindicateincreasesin emissions

SO. VOC CO

-96,837  453.000 5,018,000 -8.521
6,655 310,558 4,034,000 1904
8,349 295,003 2,378,000 540
86,564 1,809,000 19,284,000 28,024
308 6,443 100

Figure 1. CACP Software analysis for transportation control measuresin climate action plan of
Durham, USA (Yienger et al. 2007).

in the municipality and be used to create different
emission scenariosto identify the control strategies
that result in the most economically viable options
for AQ and GHG emission reductions.

6. Expected outcomes

Reducing air pollutants produces short to medium
term benefits for health and ecosystems. However,
the goal of integrating CC considerationsinto AQM
plans is to have measures in place that do not
contribute to GHG emissions or ideally measures
that reduce GHG emissions. This project will
provide the basis for understanding the linkages
that exist between AQ and CC and provide the
impetus towards long-term integrative AC and CC
policies. Asmunicipalitiesin South Africabeginto
develop CC action plans, to sFecifichy control
GHG sources, these plans will also have to be
analyzed so as to determine the optimal control
strategies that harvest the ancillary benefits of
reduced air pollutants.

This project, therefore, forms an integral part of the
first phase towards developing an integrated Air
Quality and Climate Change Action Plan for
municipalitiesin South Africa (Fig. 2), the analysis
of potential CC action plans would also take place
in phase 1. Phases 2 and 3 of such a plan would
require commitment from various stakeholders
(different spheres of government, community
groups, industries ana researchers) within the
municipality to ensure effective implementation and
compliance to obtain the most holistic control on
atmospheric emissions (Fig.2).

The advantages of an integrated AQ and CC action
planisthat an optimal approach for simultaneously
reducing traditional air pollutants and GHGs will
be developed, which will resultin the improvement
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of quality of life of South Africans, who will
encounter the short-term benefits of reduced air
pollutants and which will contribute to the long-
term reduction of GHGs.

Acknowledgements

The authors are grateful to the CSIR and the
International Start Secretariat for financial
support.

Refer ences;

Alcamo, J,, Mayerhdfer, P., Guardians, R., van Harmdlen,
T., van Minnen, J,, Onigkaeit, J., Posch, M. and de Vries B.
(2002). An integrated assessment of regiond ar pollution
and dimate changein Eurape: findings of the AIR-CLIM
Prgject. Environmental Science& Palicy, 5, 257-272.

Amann, M. (2004a). GAINS - Greenhouse Gas ad Air
Pdllution Interactions and Synergies Avallable at: hittp://
www.iiasa.ac.a/gaingmodd %20description.html. Date
aooessd 13 Apil, 2007.

Amann, M. (2004b). Synergies between GHG Mitigetion
and Air Pollution Control. UNFCCC Conference of the
Parties 10. Avaladle at; hitp/mww.iiasaac.alransreportsy
COP10pdf. Date accessed: 21 June, 2007.

Amann, M. (2007). Pallution control over scales: from locdl
hedth impactsto globd dimate 11ASA Symposumin South
Africa April 11-13, 2007. Pretoria, South Africa

Andrege, M. O., Jones, CD. and Cox, PM. (2005). Strong

present-day aerosol cooling implies ahat future Nature.
435(30), doi: 10.1038/neture03671.

Andreae, M.O. (2007). Atmospheric aerosols versus
23


http://
http://www.iiasa.ac.at/gains/model%20description.htmI
http://www.iiasa.ac.at/rains/reports/

Air Quality and Climate
Change Action Plan

Phase|: Research toinform
strategies and policy

Phase 3: Long-term
Implementation and

Phase 2: Reduction of
emissions of priority
pollutants& GHGs

Compliance

Information gathering on air Monitoring
quality and climate change Development of integrative &
policy Evaluation

Integrated assessment
modelling to identify "win-
win" measures

Public Awareness &
Participation of action plan

Regulatory Compliance

Recommendeations for

integrative policy Implementation of policy

Review of planin terms of
climate change and ar

quality gods

Figure 2: Different phases to be undertaken by municipalities to develop their Air Quality and
Climate Change Action Plans

greenhouse gases in the twenty-first century. Philosophical
Transactions of the Royal Society, 365, 1915-1923.

Andreae, M.O. and Crutzen, P.J. (1997). Atmospheric
Aerosols: Biogeochemical Sources and Role in Atmospheric
Chemistry. Science, 276, 1052-1058.

Bell, M. and Ellis, H. (2004). Sensitivity analysis of
tropospheric ozoneto modified biogenic emissions for the mid-
atlantic region. Atmospheric Environment, 38, 1879-1889.

Bernard, SM., Samet, J.M., Grambsch, A., Ebi, EX. and
Romieu, I. (2001). The potential impacts of climate
variability and change on air pollution -related health effects
in the US. Environmental Health Perspectives, 109(2), 199-
209.

Bestill, M.M. (2001). Mitigating climate change in US
cities: opportunities and obstacles. Local Environment, 6(4),
393-406.

Brasseur, G.P., Schultz, M., Granier, C, Saunois, M., Diehl,
T., Botzet, M. and Roeckner, E. (2006). Impact of Climate
Change on the Future Chemical Composition of the Global
Troposphere. Journal of Climate - Special Edition. 19, 3932-
3951.

Boubel, RW.; Fox, D.L.; Turner, D.B., and Stern, A.C.
(1994). Fundamentals of Air Pollution, Third Edition,
Academic Press, San Diego.

Clean Air and Climate Protection Software (CACPS), 2007).
Clean Air and Climate Protection Software: A joint Project of
STAPPA/ALLAPCO, ICELI and the EPA. Available at: http:/
Iwwwxacpsoftware.org/ Date accessed: 15 June, 2007.

24

Dentener, F., Stevenson, D., Ellingsen, K., van Noije, T.,
Schultz, M., Amann, M., Atherton, C, Bell, N., Bergmann,
D., Bey, |., Bouwman, L., Butler, X, Cofaa, J.,, Fiore, A.,
Gauss, M., Hauglustaine, D., Horowitz, L., Isaksen, I.SA.,
Josse, B., Lawrence, M, Krol, M., Lamarque, JF., Montanaro,
V, Muller, JF., Peuch, V.H., Pitari, G., Pyle, J, Rast, S,
Rodriguez, J., Sanderson, M., Savage, N.H., Shindell, D.,
Strahan, S., Szopa, S., Sudo, K., van Dingenen, R., Wild. O.,
and Zeng, G. (2006). The Global Atmospheric Environment
for the next generation. Environment Science and Technology,
40, 3586-3594.

European Environment Agency (EEA), (2004). Air pollution
and climate change policiesin Europe: exploring linkages and
the added value of an integrated approach. EEA Technical
Report. No 5/2004. Available at:http://reports.eea.europa.eu/
technical _report_2004_5/en/
Technical_report_5 2004 _web.pdf

Date accessed: 18 June 2007

eThekwini Municipality. (2007). Draft "Air Quality
Management Plan for eThekwini Municipality, KwaZulu
Natal". Produced by eThekwini Health and the Norwegian
Institute for Air Research. Available at:
http://www?2.nilu.no/AirQuality/data/reports/{ B2D475E8-
BCDC-BAD1-AF03- 9D183B89D4B5} .pdf Date accessed:
7 May 2007.

Forster, P., Ramaswamy, V., Artaxp. P., Bersten, T., Betts, R.,
Fahey, D.W., Haywood, J,, Lean, J,, Lowe, D.C., Myhre, G,,
Nganga, J., Prinn, R., Raga, G., Schulz, M. and Van Dorland,
R. (2007). Changes in Atmospheric Constituents and in
Radiative Forcing. In: Climate Change 2007: The Physical
Basis. Contribution of Working Group 1 to the Fourth
Assessment Report of the Intergovernmental Panel on climate
Change [Solomon, S., Qin, D., Manning, M., Chen, Z.,
Marquis, M., Averyt, K.B., Tignor, M. and Miller, H.L. (eds)].

Clean Air Journal, Vol 16, No. 2, December 2007


http://reports.eea.europa.eu/
http://www2.nilu.no/AirQuaIity/data/reports/jB2D475E8-

Cambridge University Press, Cambridge, United Kingdom and
New York, NY, USA.

Grewe, V. (2007). Impact of climate variability on tropospheric
ozone. Science of Total Environment, 374, 167-181.

Hamilton (2006). Air Quality and Climate Change Corporate
Strategic Plan. Available at http://www.myhamilton.ca/NPv/
rdon!yres/C43C2AB2-0F88-4076-A49A92AD9D3429AC/0/
FTNAL_AQCCStratPlanPhase 1 .pdf Date accessed 20 May
2007.

Hong, Y., John, J.,, Oosthuizen, R., van Tiehoven, M. and
Zunckel, M. (2002). Impacts of air pollution in South Africa.
Proceedings of "Workshop on Impacts of Air pollution in
Southern Africa. Lusaka, Zambia, 27-28 May, 2002.

Hounsome, R. (2007). Urban integrated assessment framework
for climate change. Global scenario's and IDP assessment.
CSIR, Golder Associates. Report No: CCUIAF-Dur-2-Final,
submitted to EThekiwini Municipality. 10 pp

Intergovernmental Panel on Climate Change (IPCC) ,2001.
Third assessment report of the IPCC. Summary for policy-
makers areport of Working Group 1 of the Intergovernmental
Panel on Climate Change. Available at: http://www.ipcc.ch/
pub/spm22-01.pdf Date accessed: 23 May 2007

Kaufman, Y.J.,, Fraser, R.S. and Mahoney, R.L. (1990). Fossil
fuel and biomass burning effect on climate-heating or cooling?
Journal of Climate, 4, 578-588.

Krupnick, A., Burtraw, D. and Markandaya, A. (2002). The
ancillary benefits and costs of climate change mitigation: A
conception Framework. Available at: http://www.oecd.org/
dataoecd/31/46/2049184.pdf Date accessed 23 May, 2007.

Leung, L. R.,and W. |. Gustafson Jr. (2005), Potential regional
climate change and implications to U.S. air quality,
Geophysical Research Letters, 32, L167 11, doi: 10.1 029/
2005GL 0229 11.

Matooane, M and Diab, R. (2003). Health Risk Assessment
for Sulfur Dioxide Pollution in South Durban, South Africa.
Archives of Environmental Health, 58 (12), 763-770.

Mayerhofer, P., de Vries, B., den Elzen, M., van Vuuren, D.,
Onigkeit, J., Posch, M. and Guardans, R. (2002). Long-term
consistent scenarios of emissions, deposition, and climate
changein Europe. Environmental Science and Policy, 5,273-
305.

Meehl, GA., Zwiers, F.,, Evans, J., Knutson, X, Mearns, L.
and Whetton, P. (2000). Trends in Extreme Weather and
Climate Events: Issues Related to Modelling Extremes in
Projections of Future Climate Change. Bulletin of the American
Meteorological Society, 81(3), 427-43 6.

Mukheibir, P. (2007). Possible climate changeimpacts on large
hydroel ectricity schemesin Southern Africa. Journal of Energy
in Southern Africa, 18(1), 4-9.

Mickley, L. J., Jacob, D. J.,, Field, B. D. and Rind, D. (2004),
Effects of future climate change on regional air pollution
episodesin the United States, Geophysical Research Letters,
31,L24103,doi: 10.1029/2004GL021216.

Clean Air Journal, Vol 16, No. 2, December 2007

Oltmans, S.J., Lefhon, A.S., Harris, J.M., Galbally, I., Scheel,
H.E., Bodeker, G., Brunke, E., Claude, H., Tarascick, D.,
Johnson, B.J., Simmonds, P., Shadwick, D., Anlauf, K., Hayden
K., Schmidlin, F., Fujimoto, T., Akagi, K., Meyer, C., Nichol,
S., Davies, J.,, Redondas, A. and Cuevas, E. (2006). Long-
term changes in tropospheric ozone. Atmospheric
Environment, 40, 3156-3 173.

Pahl-Wostl, C. (2007). The implications of complexity for
integrated resources management. Environmental Modelling
& Software, 22, 56 1-569.

Prather, M., Gauss, M., Berntsen, X, Isaksen, I., Sundet, J.,
Bey, |., Brasseur, G.,Dentener, F., Derwent, R., Stevenson, D.,
Grenfell, L., Hauglustaine, D., Horowitz, L., Jacob, D.,
Mickley, L., Lawrence, M., von Kuhimann, R., Muller, JF.,
Pitari, G., Rogers, H., Johnson, M., Pyle, J., Law, K., van Weele,
M. and Wild, O. (2003). Fresh air in the 21st century?
Geophysical Research Letters, 30 (2), 1100, doi: 10.1029/
2002GL016285.

Posch, M., Hettelingh, J-P., Alcamo, J. and Krol, M. (1996).
Integrated scenarios of acidification and climate changein Asia
and Europe. Global Environmental Change, 6 (4), 375-394.

Racherla, P.N. and Adams, P. J. (2007). Theresponse of surface
ozone to climate change over the Eastern United States.
Atmospheric Chemistry Physics Discussions, 7, 9867-9897.

Shindell, D., Faluvegi, G., Lacis, A., Hansen, J., Ruedy, R.
and Aguilar, E. (2006). Role of tropospheric ozone increases
in 20th century climate change. Journal of Geophysical
Research, 111,D08302, doi: 10.1029/2005JD006348.

Swart, R., Amann, M., Rues, F. and Tuinstra, W., (2004). A
Good Climate for Clean Air: Linkages between Climate
Change and Air Pollution. An Editorial Essay. Climatic
Change, 66(3): 263-269..

Tao, Z. Williams, A., Donaghy, K. and Hewings, G. 2007) A
socio-economic method for estimating future air pollutant
emissions—Chicago case study, Atmospheric Environment,
In Press. doi:10.1016/j.atmosenv.2007.02.013

West, J.J. and Fiore, A. M. (2005). Management of
tropospheric ozone by reducing methane emissions.
Environmental Science & Technology, 39 (13) 4685-4691.

Williams, M. and Chiotti, Q. (2006). Emerging Challenges
and Opportunities in the Development of Clean Air Policy
Strategies. NERAM Guidance Document on Air Quality Risk
Management. NERAM V Colloquium Strategic Policy
Directions for Air Quality Risk Management (16-18 October,
2006).

Available at: http://www.irr-neram.ca/
Guidance%20Documents/GD_Chapt_5.pdf Date accessed 28
May 2007

Wuebbles, D.J. and Hayhoe, K. (2002). Atmospheric methane
and global change. Earth-Science Reviews, 57, 117-210.

Yienger, J.,, Bell, R. And Royael, M. (2007). Integrating
Climateand Air EmissionsAction Planning. Availableat: http:/
/www.epa.gov/tm/chief/conference/eil3/ghg/bell.pdf Date
accessed 18 June, 2007

25


http://www.myhamilton.ca/NPv/
http://www.ipcc.ch/
http://www.oecd.org/
http://www.irr-neram.ca/
http://www.epa.gov/tm/chief/conference/eil3/ghg/beIl.pdf

