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About this report

About this report

Global climate policy will reduce outdoor air pollution

A stringent global climate policy will lead to considerable improvements in local air quality and

consequently improves health. Measures to reduce emissions of greenhouse gases to % of
levels, by , can reduce the number of premature deaths from the chronic exposure to

air pollution by to %. Climate policy will already generate air quality improvements in the
countries (particularly in the ) in the mid-term, whereas in developing countries these

benefits will only in the longer run show to be significant. This is the main message of a report

published by the Netherlands Environmental Assessment Agency ( ), titled ‘Co-benefits of

climate policy’ that was carried out for the

Synergy between air pollution and climate policies

Combustion of fossil energy leads to climate change and air pollution. The , therefore,

posed the question if a global climate policy could bring additional bene ts by reducing outdoor
air pollution, with the associated positive effects on public health. The potential additional

bene ts can be an extra incentive for countries to participate in a future climate agreement. The
study by the Netherlands Environmental Assessment Agency ( ) indicates that there is indeed
a synergy between these policy areas. An integrated strategy tackling climate change and air
pollution will reduce the policy costs and generate a net welfare bene t at the global level.

The co-bene ts of uniform carbon prices around the world will in the medium term become
visible in the rich  countries, and in the longer run in non-  countries. In these latter
countries, however, the costs of such a uniform global climate policy would initially outweigh
the bene ts of better air quality. Moreover, the report reveals that in developing countries
these air quality improvements can be achieved more cheaply by pursuing a directed air quality

policy.

Insuf cient incentive

Although the indirect bene ts of climate policy — improved air quality and public health — could
be an additional incentive for countries to participate in a future climate convention, they are too
small to outweigh the costs of climate policy. For example, in , the costs of such a climate
policy in China — under which greenhouse gas emissions are % lower than the baseline trend
without that policy — will amount to . % of the country’'s . Meanwhile, the bene ts will

be equivalentto . % of . However, these bene ts could also be achieved through a more
targeted air quality policy. In China, such a targeted air quality policy could achieve the same air
quality improvements by , at a cost of . % of

Stringent air pollution policy This study also shows that a stringent air quality policy can lead
to a reduction in emissions of greenhouse gases. For example, if China pursues a stringent air
policy to reduce the number of premature deaths from chronic exposure to outdoor air pollution
by %, by (compared with a baseline trend without policy), this policy will lower in

by %. The air quality bene ts would be equivalent to . % of , while greenhouse gas
emissions would be % lower.

Keywords: climate change, air pollution, integration, damage valuation, costbene t analysis
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1 Typografie

Rapport in het kort

Mondiaal klimaatbeleid leidt tot verbetering van luchtkwaliteit

Streng mondiaal klimaatbeleid leidt tot een forse verbetering van de lokale luchtkwaliteit en
daarmee tot minder gezondheidsverlies. Maatregelen om in  de wereldwijde uitstoot van
broeikasgassen te verlagen tot % van het niveau in ~ kunnen de vroegtijdige sterfte door
chronische blootstelling aan luchtvervuiling verminderen met - %. De verbetering van de
luchtkwaliteit als gevolg van klimaatbeleid zal sneller zichtbaar zijn in de  -landen (vooral
in de ) en pas later in ontwikkelingslanden. Dat blijkt uit deze studie, die is uitgevoerd in
opdracht van de OESO.

Synergie tussen luchtvervuiling en klimaatverandering

De verbranding van fossiele energie leidt tot klimaatverandering én luchtvervuiling. De
veronderstelt daarom dat een mondiaal klimaatbeleid bijkomende voordelen zou kunnen hebben
voor de vermindering van luchtvervuiling en de daarmee gepaard gaande positieve gevolgen
voor de gezondheid. Die mogelijke bijkomende voordelen kunnen landen een extra prikkel
geven om mee te doen aan een toekomstig klimaatverdrag. Uit de studie van het Planbureau
voor de Leefomgeving blijkt dat er inderdaad synergie bestaat tussen de beleidsterreinen. Een
geintegreerde aanpak van klimaatverandering en luchtvervuiling vermindert de kosten van
beleid, en leidt tot een netto welvaartswinst op mondiaal niveau.

De voordelen van wereldwijde uniforme klimaatbeprijzing zullen op de middellange termijn

al zichtbaar zijn in de rijke, -landen en op de wat langere termijn ook buiten de

In ontwikkelingslanden echter wegen de kosten van zo’n wereldwijd uniform klimaatbeleid
vooralsnog niet op tegen de baten van luchtkwaliteit. Dit rapport laat bovendien zien dat in deze
landen de luchtkwaliteit goedkoper verbeterd kan worden door gericht streng luchtbeleid.

Prikkel onvoldoende

Ofschoon de indirecte baten van klimaatbeleid — namelijk een verbetering van de luchtkwali-
teit en gezondheid — een extra prikkel zouden kunnen zijn voor landen om mee te doen aan een
toekomstig klimaatverdrag, zijn deze te klein om de kosten van het klimaatbeleid te overtreffen.
In China zullen bijvoorbeeld de kosten van het klimaatbeleid in  — leidend tot een %
vermindering van broeikasgassen ten opzichte van het basispad zonder beleid - gelijk zijn aan

, % van het . Terwijl de luchtbaten dan gelijk zullen zijn aan , % van het . Wel moet
aangetekend worden dat deze baten via een meer gericht luchtbeleid ook gerealiseerd kunnen
worden. In Chinakanin met ,% van het dezelfde luchtbaten worden behaald door

gericht luchtbeleid.

Streng luchtbeleid
Deze studie laat ook zien dat streng luchtbeleid op zijn beurt kan leiden tot vermindering van de
uitstoot broeikasgassen. Als in China bijvoorbeeld zo'n streng luchtbeleid erop gericht is om in
% van de vroegtijdige sterfgevallen door luchtvervuiling te vermijden (ten opzichte van
een basispad zonder beleid), dan zal dit beleid het in  met % verlagen. De luchtbaten
zijn in dat geval gelijk aan , % van het , terwijl de uitstoot van broeikasgassen in dat geval
% lager uitvallen.

Trefwoorden: klimaatverandering, luchtvervuiling, integratie, schadekosten,
kosten-baten analyse
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Summary

Summary

Policy perspectives on Climate Change and Air Pollution

This report investigates the consequences of the interrelationship between global climate change
() and local air pollution ( ). The major connection between these environmental prob-

lems is the combustion of fossil fuels. As a consequence, policies aiming to mitigate one of
these environmental problems potentially have large effects on the other. For example, climate
policy may reduce the demand for coal in the electricity sector, which lowers emissions that
contribute to local air pollutiod.From an ef ciency point of view, it is important to take into

account these co-effects when deciding on appropriate policy actions in response to one of these
problems. Also for a country’s decision to participate in an international environmental agree-
ment (for example on climate change), the incentive not only depends on the direct costs and
bene ts of this policy strategy, but also on the co-effects of the policy under consideration.

The present study investigates the interrelations between policies for climate change and poli-
cies for local air pollution from three different perspectives or windows (see Figure , based on
Bollenetal., ):

i. Climate change windowpolicies primarily aiming at the mitigation of global climate change
not only reduce emissions of greenhouse gases (Impact ), but also reduce emissions of
air pollutants (Additional impact ), which yields co-bene ts in terms of reduced local air
pollution;

il. Air pollution window:policies primarily aiming at the mitigation of local air pollution not
only reduce emissions of air pollutants (Impact ), but also reduce emissions of greenhouse
gases (Additional impact ), yielding co-bene ts in terms of reduced global climate change;

iii. Integrated approachpolicies are simultaneously aiming at the mitigation of global climate
change (Impact + Additional impact ) and local air pollution (Impact + Additional
impact ), yielding an optimised combination of reductions in emissions of greenhouse gases
and air pollutants.

In this report, the costs and bene ts (including the co-bene ts) are estimated for different
environmental policies. In the climate change window and the air pollution window, co-bene ts
are calculated in two alternative ways. First, co-bene ts are calculated as the monetary value of
the avoided disutility (compared with the Business-As-Usual () scenario) associated with

the damage from local air pollution (premature deaths) and global climate change (tempera-
ture rise), respectively. Second, co-bene ts are calculated as the avoided costs and bene ts of
alternative policy packages that would yield the same co-bene t (i.e. reduction in premature
deaths and greenhouse gas emissions, respectively) at minimum cost. The reason to do so is
that, although co-bene ts calculated in the rst way may be substantial, if these bene ts can be
achieved at lower cost by an alternative policy package (i.e. co-bene ts calculated in the second
way are lower than calculated in the rst way), this is a more appropriate gure to evaluate
whether co-bene ts form an incentive to participate in an international agreement. Indeed, for
example in the climate window, the number of premature deaths prevented through the climate
policy can also be achieved through more cost-effective options to mitigate the impacts of local
air pollution (mostly end-of-pipe control measures).

1 Inthis study LAP represents outdoor air pollution and focuses on the impacts related to the mortality from long-term outdoor exposure to

particulate matter (with a diameter no larger than 2.5 um, further refegred to as PM
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Policy perspective on climate change and air pollution

Air pollutants

(SQ, NQ, VOC, NHPM)

Greenhouse gas emissions

(CQ. CH, NO)

Impact 1

Impact 2

Global climate change (GC3)
mitigation policies

Local air pollution (LAP)
mitigation policies

Climate change wind})w | Integrated approacfi\ | Air pollution Windov+

JLIXUH 7KUHH SHUVSHFWLYHV RQ WKH DQDO\VLV RI FR EHQH¢WYV

Table summarizes the impacts of different variants of mitigation policies representing the three
perspectives in Figure . All numbers refer to percentage deviations from the Business-As-Usual
( *) scenario inthe year forthe e, China and India and also for the world as a whole.

The assumptions of the ¢ scenario are described in ¢ ( ). Table presents both the

number of premature deaths and,@Q. emissions and the monetized impacts (¢ losses from
abatement, bene ts of prevented damage from global climate change and local air pollution).

In the climate change window, the policy package provides a cost-effective way of reducing
global CQ eq. emissionsin  to % below the level (equal to a % reduction of the

e emission level in ). In the air pollution window, the policy package aims to reduce the
global number of premature deaths caused by chronic exposure to outdo@oRbéntrations
in rural and urban areas by % of the  level? In the integrated approach the model is used
to determine the policy package that maximizes global welfare, given the cost of mitigation
and the disutility associated with global climate change and local air pollution (and hence the
bene ts of mitigation).

2 7KUOQREDO ¢JXUH LV EDVHG RQ WKH DJJUHJDWLRQ RI UHJLRQDO ¢(JXUHV GHULYHG D)
approach (see Appendix II).
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Table 1 Main results in 2050 of different windopaliofes (% change compared with BAU)

World OECD China India

Climate change window

climate policy C6&xy mitigation (%) 73 74 81 77
PM-death reduction (%) 42 34 45 40
GDP (%) 2.2 -0.8 6.4 -3.6
GCC benefits (% GDP) 0.1 0.2 0.0 0.0
LAP benefits (% GDP) 1.8 1.4 4.6 3.5
benefits — GDP loss (% GDP) -0.2 0.8 -1.8 -0.2

DOWHUQDW LY Hbenéfits -SGDP LoBs (% GDP) 1.1 1.0 2.8 1.8

,QFHQWLYH SRZHU FOLPDWH\SROBF\ + DOWHUQDWQ@XYH DLU4SRO -2.0

Air pollution window  CQ eq mitigation (%) 40 38 42 61

Air policy PM-death reduction (%) 71 65 70 74
GDP (%) -2.3 -1.0 -6.9 -7.5
GCC benefits (% GDP) -0.1 -0.1 -0.1 0.0
LAP benefits (% GDP) 3.2 2.5 7.3 6.8
benefits — GDP loss (% GDP) 0.9 1.6 0.3 -0.8

DOWHUQDW LY Hbéne&fitsP-EIFH o RGO &P -0.1 0.2 -0.7 -0.3

,QFHQWLYH SRZHU DLU SRGLF\ **"BOWHUQDIWLYH FO4L4PDWH1I®RO -0.5

Integrated approach ~ CO2 eq mitigation (%) 59 70 56 58
PM-death reduction (%) 67 74 65 62
GDP loss (%) 2.9 15 7.4 5.8
LAP benefits (%GDP) 8.3 2.9 6.7 5.6
benefits — GDP loss (% GDP) 0.5 1.4 -0.6 -0.2

Co-bene ts are calculated as the monetary value of the disutility it causes (as % ), and also

as the avoided costs of an alternative policy achieving the same co-bene t at the lowest possible
cost. Within the climate change window and the air pollution window, net bene ts are calculated
for both types of policies. The difference between these two gures, referred to as the ‘incen-
tive power’, represents the net bene ts of climate or air policies when considering co-bene ts

as avoided cost instead of monetized disutility. If the incentive power is a positive number, the
bene ts and co-bene ts (avoided costs) together are large enough to compensate the cost of the

policy.

In the integrated approach, no distinction is made between primary bene ts and co-bene ts.
All effects are included and weighed against each other in order to determine an optimal policy,
maximizing global welfare.

Scope of the study

There have been several assessments focusing on the interactions between policies for global
climate change and local air pollution. As the notion of co-bene ts originated in climate policy
discussions, most of these assessments have focused on the co-bene ts in terms of a reduction in
local air pollution that stem from ¢ mitigation policies (like in thelimate change window

A key conclusion is that ¢ mitigation could yield large near-term co-bene ts in terms of

reduced risks to human health ( ¢, ). Moreover, in developing countries, the number of
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premature deaths will increase over time because of urbanization and the increasing share of the
elderly in the population, despite that local air pollutant control measures will come into effect.
Furthermore, the ratio between co-bene ts related to local air pollution and the marginal costs

of  mitigation are greater in developing than in developed countries, partly due to higher
increase in air pollution in the former group of countries.

There are only a few analyses that investigate the co-bene ts of climate policies from the point
of view of avoided cost of air pollution policies. Moreover, there are not many studies that look
at the interrelations between global climate change and local air pollution through the air pollu-
tion window or in an integrated approach. In this report, these issues are explicitly addressed
through simulations that were made with an extension to the Model for Evaluating the Regional
and Global Effects of ¢ Reduction Policies (¢ ¢ ) to include outdoor local air pollution.

The model takes into account the main pollutants that have an impact on human health, except
for the impact of ozone. The extended model was used to simulate the costs and bene ts of miti-
gating global climate change and local air pollution in a general equilibrium, dynamic, multi-
regional and multi-sectoral framework.

The climate window

Co-bene ts of climate policies are signi cant and increase over time

Simulations in the climate window show that ¢ mitigation policies result in a reduction in

the number of premature deaths due to air pollution compared with the < scenario by around
% globally in  (Table ). Inthe e this percentage is smaller than in India and China.

This is partly because local air pollution in the e countries is mainly driven by the demand

for transport services, whereas outside the < a major driving force is coal burning by house-
holds. This analysis includes the impact of emissions from household energy consumption on
outdoor pollution, but not from indoor pollution. In the next years, cheap * abatement
opportunities in developing countries are more in the electricity than in transport sector, at least
compared with < countries. Thus, the resulting emission reductions have less impact on

local air pollution in the former than in the latter.

Furthermore, exposure to local air pollution is usually higher when pollution results from many
small sources in transport and domestic sources than from large-scale power plants. However,
as illustrated in Table , the co-bene ts are higher in non- «thanin e countries for more
stringent emission reductions or over longer time scale. This is the case when relatively cheap
CO, abatement opportunities in the electricity sector in non- e countries are exhausted, and

* countries run out of options to reduce local air pollution through « mitigation policies.

Beyond , however, co-bene ts tend to stabilise and even decline slightly in terms of number
of deaths as well as in monetary terms. The main reason is that the non-energy related local
air pollution substances such as Ntécome a more dominant source of pollution than energy
combustion so that climate policy can no longer signi cantly reduce emissions responsible for
local air pollution. Hence, the co-bene ts do not increase further and may even decrease.

Co-bene ts of climate policies will increase in the longer term only in non-OECD countries

Aging and strong urbanisation result in a more vulnerable population in non- e regions.
Therefore, the co-bene ts in terms of prevented deaths increase over time. To compare co-bene-
ts with the cost of mitigation policies, the number of prevented premature deaths is multiplied
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by the value of a statistical life. The value of a statistical life is assumed to be proportional to
e per capita in a region. High economic growth and a resulting high value of a statistical life
will therefore boost the co-bene ts in non-  countries further. Finally, with the assumed
uniform CQ, eq. price, emission reductions would be higher in non- «thanin < coun-
tries. When expressed as percentage of ¢, co-bene ts are also larger in non- e« thanin

e countries.

Up until , the co-bene ts of climate policies alone will probably not provide suf cient
incentive to participate in climate mitigation strategies.
It appears that co-bene ts can cover a signi cant part of the costs. The extent to which co-bene-
ts of climate mitigation policies offer economic incentive for countries to participate in climate
policies depends on two factors. First, the extent and the value of the co-bene ts is important. In
, inthe ¢ the bene ts of air pollution are large enough to totally compensate for the
loss of the ¢ mitigation policies. In India and China and also for the world as a whole, this is
not the case, although the bene ts to a large extent compensate for the mitigation cost. Second,
it is also important to consider the cost of achieving the same level reduction of local air pollu-
tion through direct policies. If these costs of direct policies are less than the monetized air pollu-
tion bene ts, these should be considered as the co-bene ts achieved. For all regions this implies
that indeed the co-bene ts increase the incentive to participate in a climate agreement up to
, but they are not enough to fully compensate for the cost of mitigation policies. After
the gains from ¢ mitigation are expected to become large and to outpace the mitigation costs.

Air pollution window

The co-bene ts of stringent air pollution policies are signi cant, and provide an incentive for
many regions to pursue this air pollution strategy.

In many regions, there are large incentives for countries to directly control local air pollution (or
to go througtthe air pollution windoW. Local air pollution could be effectively reduced by add-
on control technologies, which would not reduce « emissions. Signi cant reductions in the
level of local air pollution, as shown in Table , however result in substantial reductions in
emissions, indicating that structural energy adjustments are pursued.

In all three regions, total bene ts of reduced air pollution outweigh total cost in the long run.
In the short-term, net bene ts are only found in the ¢, whereas in China, local air pollu-

tion policies are pro table from  and in India this is not the case until . Because of

the relatively high reduction in emissions of air pollutants and a high energy intensity in India,
the country is confronted with high ¢ losses offsetting air pollution bene ts. As a result, the
reduction in emissions of C@ also relatively high in India.

Although < emissions are substantially reduced as a co-bene t of air pollution policies, until

this does not result in a reduction in global average temperature rise. In the long run (-

), global temperature stabilizes at a level well below the long term global temperature
level in the baseline. The counterintuitive development in global temperature is the result of the
cooling effect of SQ Due to the reduction target for air pollution, issions are reduced
signi cantly (worldwide over %). As a result, the cooling effect of sulphate aerosols, which in
total is estimated to reduce global average temperature by about . degrees, disappears rapidly.
In  the global climate change co-bene ts are negative.
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Integrated approach

The integrated long-term cost-bene t approach balances the means to lower simultaneously the
adverse impacts of climate change and air pollution and shows signi cant climate bene ts only
after

In summary, these simulations and results from the literature review suggest that for coun-
tries giving priority to ¢ mitigation, the local air pollution co-bene ts provide an additional
incentive by off-setting a proportion of the ¢ mitigation costs. These co-bene ts could be
larger than currently estimated since most estimates omit the possible co-effects of ¢ mitiga-
tion on indoor air pollution, which is expected to be large in countries such as India and China
(¢ , ). Still, it remains to be seen whether these indoor induced co-bene ts are large. As
already stated, the < mitigation strategy reduces Cémissions from households only in the
more stringent cases, and in the longer term. In addition, the carbon price will likely yield only
small co-bene ts in terms of reduced indoor air-pollution as there may be a switch from coal
to biomass. Keep in mind that the burning of biomass also generates emissions of particulate
matter.

Moreover, the outdoor air pollution bene ts could also be higher, if the baselipgeRi4sions
were higher. If so, the reductions in C&2. emission would go hand in hand with higher reduc-
tions in PM ;, emissions? However, the co-bene ts could also be lower if the attributive risk
parameter - linking average concentrations of, Ptd the number of deaths — is loweiThe
literature is not conclusive on this issue. With lower attributive risk parameters, the damage of
local air pollution in the baseline and the co-bene ts of the « mitigation strategy will also be
lower.

However, for countries that give priority to air pollution control over climate change policy,
co-bene ts of climate policies are still positive but unlikely to provide suf cient incentive to
participate in a climate agreement. Local air pollution control policies give a higher return

on investment. This result is independent of any assumption on the value of a statistical life,
because the co-bene t of climate policy is offset by the direct bene t of the much cheaper air
pollution policy.

Nonetheless, countries that plan to signi cantly control local air pollution would de facto reduce
e emissions. Finally, as local air pollution and global climate change are both driven by fossil
fuel combustion, there are synergies and higher returns on controlling both ¢ and local air
pollution (ntegrated approach Hence for countries that give priority to mitigate the adverse
impacts of local air pollution, there is an incentive to also invest in mitigation policies and to
maximise bene ts across these areas. The synergies can be seen to especially depend on the

3 ,Q WKLV VHQVH WKH FR EHQH¢{WV DUH UHODWLYHO\ ORZ EHFDXVH RI WKH UHODWLY
dynamics in the regulation of LAP substances in China. In 2007, the anpuabsem&vEo 8%, wheregerfii€sions fell by 10%

(MNP, 2008).

4 ORUH GHDWKYVY DUH HVWLPDWHG LQ WKLY DQDO\VLYVY WKDQ LQ WKH 2(&" HQYLURQPHQ'
contribution to pollution is higher, and hence the number of premature deaths are based on concentratiénisasaegerahtre0 pg/m
DSSURDFK EDVHG RQ :+2 IRU XUEDQ DUHDV WR PHDVXUH RQO\ WKH QXPEHU RI C
DVVXPHG WR EH UHOHYDQW QRW RQO\ FRQFHUQV PRUWDOLW)\ IURP FDUGLRSXOPRQD

exposure to local air pollutants.
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level of value of a statistical life, but even the climate sensitivity parameter. If the value of a
statistical life is high, then the co-bene ts are also high, and vice versa.

Finally, this report demonstrates that the bene ts of local air pollution reduction signi cantly
outweigh those of global climate change mitigation in the integrated approach. The bene ts of
prevented climate damages only show to be signi cant beyond . Hence, the discounted

bene ts of local air pollution certainly outweigh those of global climate change. Still, it is not
argued to only restrict energy policy making today to what should be the rst priority, local

air pollution control, and wait with the reduction of greenhouse gas emissions, but instead to
design policies that simultaneously address both these issues, as their combination also creates
an additional climate change bonus. It seems from the analysis of this report that climate change
mitigation proves to be an ancillary bene t of air pollution reduction, rather than the other way
around.
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Introduction 1

1 Introduction

There are strong linkages between global climate change ( ) and local air pollution ( ).
Emissions from the combustion of fossil fuels contribute signi cantly to both  and

These key environmental issues are discussed extensively in the international political arena: the
rst notably in the United Nations Framework Convention on Climate Change (¢ - ) and the
second in, for instance, the United Nations Economic Commission for Europe’s task-force on
Long-Range Transboundary Air Pollution (¢ - <€ ).

Options to mitigate  may show strong co-bene ts in terms of less  and vice versa. For
example, policies to limit transport emissions and congestion will both improve air quality and
simultaneously have positive consequences on * emissions. However, this is not always the
case. Greenhouse gas (¢ ) emissions can be cut by equipping fossil fuel power plants with
CO, Capture and Storage ( ) technology only addresses greenhouse gases and usually not
emissions of air pollutants.  equipment installed in isolation therefore alleviates  but not

. End-of-pipe abatement techniques reduce emissions of local air pollutantg (80), NH,,
or particulates) Their application thus contributes to diminishing  but not to

Policies neglecting these co-bene ts may be sub-optimal. An integrated analysis of and
was carried out to determine the extent to which the co-bene ts of climate mitigation policies
offer economic incentive for countries to participate in a global agreement to mitigate
emissions. The analysis also provides insight into the co-bene ts of air pollution policies to
offer economic incentive to further reduce on the emissions of air pollutants.

The main issue analysed was the extent to which ¢ mitigation costs are covered by the
co-bene ts in terms of less local air pollution. It seems that climate mitigation costs would be
partially covered by the co-bene ts if the world community could agree a uniform carbon price.
Further, ¢« mitigation policies will only increase co-bene ts outside the ¢ region in the

longer term or by means of stringent policies. A related question is the impact of policy design
(such as CQeq. emissions trading) on these co-bene ts.

For this analysis of the dual - problem, the global top-down model ¢ was used.

«+ (Model for Evaluating the Regional and Global Effects of greenhouse gas reduction
policies) has been developed by Manne and Richels (). This climate change model includes
suf cient bottom-up technology features. For the purpose of this study, the model was expanded
with a module dedicated to local air pollution including mathematical expressions for:

r Emissions of local air pollutants (S®IO,, NH, and primary ¢) in all sectors,

r Chronic exposure of the population to increased IAP (concentration of pollutants),

r Premature deaths from chronieexposure in urban and rural areas,

r Monetary estimates for damage resulting from prematuwleaths.

The module was calibrated to estimates from studies by the World Health Organization

(>, ; )andtheee consortium (Amman etal, ), aswell as several other

sources (Popet al, ;Holland etal, ). Since costestimatesof and damage

as well as most of our other modelling assumptions are subject to uncertainties, a sensitivity
analysis was performed on key modelling assumptions. These include discounting assumptions,
the number of premature -related deaths, and monetary valuation of these deaths.
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The welfare bene ts from preventing -related damage are important in the modi ed version

of e« used in this study. Bene ts can be realized by reducing emissions of,SRO,, NH,,

or particulates. Emission reductions involve end-of-pipe abatement measures, or a switch from
fossil fuels to cleaner forms of energy. When bene ts exceed costs, an incentive is created for
reducing emissions of local air pollutants. A similar and synchronous balancing between costs
and bene ts occurs for C@mission reductions. At the same time, a balancing occurs between
the incentive to act on  respectively , while interactions and spillovers between these two
add to the overall optimisation process.

The analysis employed a stylised version of  which is restricted to outdoor health impacts of
air pollutants and excludes acidi cation and indoor air pollution. There are also several abstrac-
tions in this analysis:

r The focus is on emissions from fossil fuel combustion in the electricity and non-electricity
sectors, and process emissions for all substances as these impact exposyrdud &l
also the main source of ¢ emissions, and thus the principal driver of both  and

r The focus is on ne PMs with a diameter of less than . fm (referred to as)RMhich are
responsible for deaths from particulates in the ambient air.

r The transboundary aspects of secondary aerosol formations are disregarded because inter-
regional transport of these pollutants would need to be addressed, and thus require a more
in-depth version of an air-transport model. This is beyond the scope of this analysis.

r Whereas theoretically can travel thousands of kilometres, the major contribution to local
e concentrations is from emissions close to the source. The high concentrations of primary
¢ in cities and densely populated urban areas mostly result from transport systems and
power plants in the vicinity. Thus, the assumption can be made that reductions in regional ¢
emissions contribute to a decrease in ¢ concentrations within the region under consideration
only, especially in the light of the very large area modelked..

There are also a set of signi cant approximations.

r We modelled at a highly aggregated level because this enabled and to be inte-
grated into a single modelling framework. The drawback is that modelling of local air pollut-
ants is more rudimentary than for instance in ¢ ¢ . The detailed bottom-up abatement cost
for e countries has been reduced to only a few sectors and regions. This approach, however,
has the advantage that the economic aspects are more realistic than in < ¢ , because the
simpli cation enables simulation of time-dependent abatement technology costs.

r The impact on mortality is higher with Blylconcentration than with Plylconcentration. As
very little PM, ;data are available and R)Mata are readily available, these data were used as
proxy for PM, ,data, asin,» ( ).

r There is probably only a linear relationship betweesmissions and concentrations at
intermediate emission levels. The ¢ concentration depends not only on regionally produced
air pollution, but also on local factors such as meteorology. However, at low emission levels,
the increase in  emissions alters the concentration of RMery little and thus is mainly
determined by regional * background values. Nevertheless, this analysis was restricted to a
linear dose-response relationship.

5HJLRQV LQ 0(5*( DUH 86% :&NQDEM {XVWSD OLDSDZ = HIH DRUP H(D 6 WHIUKQW( B QR B B

China, India, MOPEC, and the rest of the warldd@hemploys a time horizon of 150 yearslff)) toith time steps of ten
years.
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r The valuation of premature deaths from chronic exposusectmcentrations is a conten-
tious issue because there are basically two approaches: Value of a Statistical Life ( ) and
Value of a Life Year ( ,) multiplied by the number of Years of Life Lost’ (, ). For the

- program, the European Commission decided to adopt the precautionary principle, and
used the approach [REFERENCE]. It was also argued that is more statistically reli-
able than . This study used the approach but also tested the robustness of the major
conclusions on sensitivity/ uncertainty analysis.

Even though a stylised version of , the model is a starting point for exploring and testing the
potential signi cance of synergy between -and -policies. The study provides a cost-ben-

e t framework that derives economically optimal pathways for, @& emissions of air pollut-

ants, given parameter values and speci ¢ modelling assumptions. These pathways are based on
a trade-off between costs of mitigation efforts and bene ts of preventing mid-term air pollution
and long-term climate change damage.

An overview of the adapted version of  » is presented in Chapter . This chapter focuses
on the adaptation of the original « « model with respect to air pollution, as far as it may give
rise for a sensitivity analysis of the main ndings of the report.

Chapter discusses the perspective of the climate window by exploring the co-bene ts of
climate mitigation policies, and the perspective of the air pollution window is presented in
Chapter by analysing the co-bene ts of mitigation policies of air pollution. The broader inte-
grated perspective of addressing and simultaneously is taken in Chapter which also
addresses the spillovers of Cémissions trading on air pollution policies. The robustness of the
main ndings is tested in Chapter and main conclusions and recommendations are presented
in Chapter .
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2 Model approach

Quantifying the co-bene ts and the incentive power of participating in a global  mitigation
strategy were analysed with model simulations using the extended peer-reviewed ¢ model.
» « was originally developed and applied to simulate the impacts on the regional economy,
to estimate global and regional effects of greenhouse gas ( ¢ ) emissions and the costs of the
emission reductions (Manne and Richels, ). The ¢« model was modi ed (Bollenet

al,. ) to simulate the impacts of outdoor local air pollution ( ) and for this study was

re ned to describe the emissions and impacts of primary ¢ emissions and to take accountof
the health impacts of secondary aerosol formation by simulating regional patterns RNC50

and NH, emissions. The model can simulate the costs and bene ts of and policies in a
dynamic and multi-regional context.

In e+ | the domestic economy of each region is represented by a Ramsey-Solow model of
optimal long-term economic growth, in which inter-temporal choices are made on the basis of
a utility discount rate. Response behaviour to price changes is introduced through an overall
economy-wide production function. The output of the generic consumption depends, as in
other top-down models, on the inputs of capital, labour and energyer@i€sions are linked

to energy production in a bottom-up perspective, and separate technologies are de ned for
each main electric and non-electric energy option. The amount péi@i@ed in each simula-

tion period is translated into an addition to the globa) Gfdcentration and a matching global
temperature increment.

The analysis has global coverage and nine geopolitical regions are distinguished. In each region,
production and consumption opportunities are negatively affected by damage (or disutility)
generated by either or . The cases analysed by ¢ * and the solutions obtained assume
Pareto-ef ciency. Abatement can be optimally allocated with respect to the dimensions of time
(when), space (where) and pollutants (what).

2.1 Cost-bene t mode

In Chapters and the cost effectiveness mode of the model is applied by having the model
calculate the cheapest way to meet some imposed target, such es. €Qissions (at the

regional or global level) or the regional number of premature deaths. However in chapter

the cost-bene t ( ) mode of the model is applied. Here the equations are highlighted that are
most relevant for the -mode. In each year and region an allocation of resources include those
assigned to end-of-pipe abatement costs related to emissiong, ¥GOPM,,,, and NH :

J, K, D

W tr

v K 0

with Y representing output or Gross Domestic Product ( ¢ ) aggregated in a single good or
numeéraire C consumption of this good the production reserved for new capital investments,
J the costs of energif the end-of-pipe abatement costs as added with respect to the original

6 (QHUJ\ VDYLQJ LV RQH RI WKH PRUH H[SHQVLYH PHDQV WR PLWLJDWH FOLPDWH FKD
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e+ formulation, D the output required to compensate for -related damages,étite
net-exports of the numéraire good. The subscrigtslr refer to time and region, respectively.
Solving the cost-bene t problem implies a control system that leads to lower temperature
increases and avoided premature deaths. Together they minimise the discounted present value of
the sum of abatement and damage codikere is disutility associated with the damages from

,and . This is shown by the following relation expressing the objective function (maxi-
mand) of the total problem, being the Negishi-weighted discounted sum of utility:

£nr £ut,r |Og Et,r I:t,rCt,r ()
r t

with n representing the Negishi weightsthe utility discount factoik: the disutility factor
associated with , andF the disutility factor associated with ,. The loss factéris:

E @ ($T/8,)%)" 0

in which T is the temperature rise of its  level, andTl _, the catastrophic temperature at
which the entire economic production would be wiped out.tidependence is thus re...ected

in the temperature increase reached at a particular point in time, whilde¢pendence is
covered by the ‘*hockey stick’ paramekemvhich is assumed to be for high-income regions,
and takes values below unity for low-income regions. The part of « ¢ is kept unchanged

in its original form, but for the part of this theory section below the focus is on the expanded
*»+ model to account for (A) the chain of emissions of SO NO,, NH,, and PN, increasing
their contribution to the PM concentrations, (B) the increase of « concentrations provoking
premature deaths, and (C) the meaning of these deaths in terms of their monetary valuation.

2.2 Valuing Air pollution: VSL

Starting at the end of the impact pathway chain, the question is how should premature deaths
resulting from chronic ¢ exposure be monetised. Holland et al. () recommend using both

and ,, respectively, to value the deaths incurred from e« exposure. The differences
between these two approaches are smaller than the values shown in Table . suggest. Much
of the difference disappears when the , values are multiplied by the number of life years
lost. Typically for Europe, an average of life years lost under current « exposure levels can
be assumed. In this case, the , approach at median estimates results in a valuation of death
approximately % lower than in the approach. In this study, the median estimate of the
approach in  has been assumed as the benchmark case.

As shown in Table ., in Europe for the base year isaboutef. . million ( ).
The following equation holds for the monetised damage (F) from
1'06Nt,r g Yt,r /Ptr ? ( )

tr ¥ .
Ct,r ?‘Y2000,Weur / I:)ZOOO,Weur p_

7 < LV p¢[HGYT ,W LV HTXDO WR WKH VXP RI D SURGXFWLRQ IXQFWLRQ RI D QHZ YLQWI
a putty-clay CES formulation of substitution between new capital, labour, electric and non-electric energy in the production of the composite
RXWSXW JRRG LWK UHVSHFW WR WKH ROG YLQWDJH LW LV DVVXPHG WKDW WKHUF
IXQFWLRQ RI WKH LQYHVWPHQWY RI D FHUWDLQ \HDU DQG D SUHYLRXV WLPH VWHS
FODLPDQWY RI SURGXFWLRQ DQG WKHUHIRUH LI . LQFUHDVHV WKHQ & UHGXFHV ZK
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Table 2.1 Valuation of PM deaths in million 20003é¢8#ce: Holland et al. (2004)

VSL VOLY
Median 1.061 0.056
Mean 2.165 0.130

in whichN is the number of premature death from chronic exposure to Rtk exogenous
number of people in a given population.

For non-European regions, is determined by multiplying  for Western Europe (, ¢)
with the ratio of these respective regions ¢ per capita. For future years, is assumed to rise
with the growth rate of per capita ¢ (income elasticity is one).

The European Commission decided to use the approach instead of the , method for the
- program. The , approach latter can be argued to be less statistically reliable while the
also better re...ects the precautionary principle. This study tested the robustness of the major
conclusions through an uncertainty analysis by applying the  ofa , times the average
number of life-years gained. The valuation of the mortality impacts decline by about %.

Finally, a sensitivity analysis was conducted of the model simulations with an income elastic-
ity of . as opposed to that employed in the benchmark case (see Viscusi and Aldy, ). The
counter-intuitive result emerging from this alternative assumption is that low-income countries
will have a larger in the short to medium term, whereas in the long term the  will be

lower that the base case for all countries.

2.3 From emissions to concentrations to deaths

The concentration in each region is derived from the substance-speci ¢ contribution of emis-
sions to the ambient concentration. Both rural and urban concentrations are added to the
regional average. Equation () summarizes the relationship between the average yearly PM
concentration in fg/frin yeart and regiorr:

Gt,r £Hs,t,r ()
s@

With s the index of substances S®IO,, PM,,, and NH, andH the substance-speci c
contribution to the regional yearly Blyiconcentration, which is based on the weighted mean of
urban and rural concentrations in the following equation ():

H ut,r Cs,t,r,urb C 1 u C
ut,rCs,t,r,urb Cs,t,r,rur ()

$Es,t,r ut,r A§,r,urb &,r,rur

s,itr s,t,r,rur t,r s,t,r,rur
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With u the exogenous time series of the proportion of people living in urban areas in year t in
regionr, SEW the growth of emissions of substarsc timet compared to the year

and the substance-speci c coef cientin urban or rural areas to translate regional emission
increases to the regional yearly average concentration of PM

Equations () and () convert regional emissions of the different substances intpdekicen-
trations. The model is linear in emission changes and does not take account of transboundary
aspects of air pollution. This simpli es the complex interactions between substances in hetero-
geneous areas.

The number of deaths is estimated from emissions of local air pollutants by assuming that the
risk of death increases log-linearly with the ambient concentration of Rkte, the method
follows the approach used by the ,» to estimate total deaths, or years of life lost, from public

e exposure (,», ; ). One risk coef cient was applied, depending on the PM .
concentration, which was multiplied by the population of a given region at a given time. The
coef cient was derived from a large cohort study of adults in the « (Pope etal., ). By

using this coef cient, the analysis basically relies on ne < of a diameter<. fm, or EM

Thus the equation added to ¢ » is:

10591 G,
o 10591G, 1 G

0

in which G is the PM ; concentration in units of  fg/rfy P the population of the region , and
the crude death rate.

Holland et al. () were followed by estimating all deaths above the nil-effect bottom-line of

fa/m?3.92 The values adopted for the regional crude death rates are based on Hilderink ()

and take account of relatively more deaths in aging societies and should thus be represented by
higher values of. As expressed in equation () with increasing levelscfadhe phenomenon of
ageing increased the number of premature deaths from e at a xed concentration level.

The population will increase over the coming years (globally by + % and in the e

region by + %). Also, regions will be confronted with the issues of an ageing population, and
hence the crude death rate will increase (globally by + % and in the < by + % compared

to ). This implies that at constant emissions, more people will die prematurely from long-
term exposure to PM concentration driven by the population growth and composition. If

8

7KH PRGHO RQO\ UHODWHY DQQXDO UHJLRQDO HPLVVLRQ FKDQJHV WR DQQXDO DYHL
DFFRXQW LPSDFW ZRXOG EH VPDOO RQ WKH VLPXODWLRQ UHVXOWY EHFDXVH GLVFF
7KHUH DUH VHYHUDO UHDVRQV IRU WKLV JLUVWO\ WKH GLVFRXQW UDWH LV RQ I
KDYH OLWWOH LPSDFW RQ WKH FKRLFH YDULDEOHY LQ WKH RSWLPVDWLRQ PRGH RI |
ERUGHU ORFDWLRQV KDYH D OLPLWHG LPSDFW RQ WKH UHJLRQDO DYHUDJH FRQFHQ"
DUH VLIQL{FDQW LQ DOO UHJLRQV DQG WKXV ERUGHU ORFDWLRQ LPSDFWV ZLOO R(
QHLIJKERXULQJ UHJLRQV )RXUWKO\ DOWKRXJK VHFRQGDU\ DHURVRO IRUPDWLRQ LV
of the main sources for the concentratigg d3BMLPDU\ 30 UHPDLQV LQ WKH YLFLQLW\ RI LWV VRXUFH
$V RSSRVHG WR :+2 ZKLFK PHDVXUHG WKH QXPEHU ® larGupdeddundadlye RYH D WKUHYV
was applied by calculating only the contribution to the number of premature JeatisemtratiBig.
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emissions of  substances remain constant, then deaths will rise by % in inthe -«
region (globally by + %).

Moreover, sustained growth of income will result in an increased movement to urban areas.
The urbanisation dynamics will also increase the number of people affected by , see equa-
tion (). If emissions are constant from now onwards, then the number of deaths will increase
by between and % inthe e, and by % outside the . In summary, inthe e
scenario, besides growth in  substances, population growth, ageing population, and urbanisa-
tion will increase the number of deaths in by at least % within the ¢, and outside the

« this will be more than double.

2.4  Implementing the BAU

The mains characteristics of the < scenario are growth in population and regional econo-
mies, evolution of emission levels of all greenhouse gases (GHGs), which is described in ¢
( a). The regional time pro les of the  substances (SQ, NO, and NH) follow the e
Environmental Outlook ( ¢, b), and the regional time pro le of primary e is based on
emission intensities from Bollen et al. ()

10 7KH UHVXOWV EH\RQG DUH EDVHG RQ DQ H{WUDSRODWLRQ RI WUHQGV RI H[RJHQ
JRU PRUH GHWDLOV RQ WKH QXPEHUV VHH $SSHQGL[, 7DEOH , DQG ,
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3 Climate change window

The main question to be analyzed here will be how much of the of the ¢ mitigations costs
will be covered by the co-bene ts.

This chapter focuses on the GCC variant. The main assumption is that glohalgCémis-

sions are reduced in  to % ofthe level. This GCC variant has policy relevance,

given the discussion by the G and the European Climate strategies. Other variants considered
in this study are GCC and GCC (for more information on the C€q. emission pro le,

see Appendix ¢, Table ). Simulations have been done for the e region, India and China.
Comparing the < region with two newly industrialising countries is of particular interest
because of the tremendous differences in local air quality and the dramatic economic growth in
these countries.

Firstly, the monetised impacts of climate action are presented in terms of mitigation cost of

* emissions, bene ts of less global warming and the health co-bene ts of improving local

air quality (Section . ). next, we take a step down and focus on the physical impacts of climate
policy: the impacts on ¢ emissions and the impacts on air pollutants are presented in Section
. and Section ., respectively. Section . links co-bene ts in physical terms (emissions

of air pollutants) to health impacts (deaths) and monetary aspects. Finally, co-bene ts are
presented as opportunity costs.

3.1 Co-bene ts of climate policy

Costs and bene ts of climate policy - GCC - are presented in Figure . These include
mitigation costs of climate action, the bene ts of less global warming and the co-bene ts of
improved local air quality in the GCC variant for the e, India and China. Also, the total
costs and bene ts are given as percentage deviations of ¢ from the baseline ( °).

There is a large time lag between mitigation costs and reaping the bene ts from less global
warming (“ rst the pain, then the gain”). Regions suffer an income loss ( *«€) in the rst half of
the century, and climate bene ts () only become apparent after

Co-bene ts from better local air quality ( ) accrue much earlier but tend to ...atten out over
time. Air quality improves rapidly with increasing reduction efforts and stabilises in the second
half of the century. Mitigation options with a high co-bene t for  are relatively cheap and

are taken rst, for instance, in transport. Only after some time, when greater reductions have
to be achieved is attention given to measures with a small impact on air quality such as power
generation.

In all three regions, the total of costs and bene ts turn positive over time, with mitigation costs
declining driven by the reducing cost of the currently expensive technologies of ¢ and

* as the global CO, eq. restriction is greater than %. However, this can only be achieved
by  with substantial penetration of the learning technologies. The cost decreases in the
electricity sector from < to mills per kwH, whereas the more traditional options are
relatively more expensive, ¢ to mills per kwH.
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Costs and benefits of GCC50 variant
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There are striking differences between the regions. Mitigation costs ( «=€) and co-bene ts
() are much higher in India and China than in the < (See Sections . and .). Net

bene ts outweigh the mitigation cost after  inthe e countries, and after  outside

the . *«€ is much higher because of the higher energy intensity in those countries (see
Section .). The high co-bene ts in India and China are due to the high in the baseline,
urbanisation. e already hasa in place. An aging population (see Appendix |: population
dynamics), urbanisation and increasing values make India and China more vulnerable for
local air pollution.

3.2 GHG-emission reductions by sector and region

e emissions for the e region, India and China are presented in Figure . . Four sources

are distinguished: power generation (electricity); transport; household demand and heat genera-
tion; and processes. Emission pro les are given for the business-as-usual ( ¢) scenario and the
GCC variant.

Currently, emissions from the « region are dominant but China will rapidly catch up in the
next years, and by the end of this century emissions will be more than three times that in
the . Indiais also growing rapidly but its increasing contribution to global emissions lags
behind China and the . Despite the high growth rate, emissions from India are less than
Chinaand by  emissions are comparable with the .
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Greenhouse gas emissions by sector
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Reduction of greenhouse gas emissions
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In all regions, emissions from power generation dominate over time. In e, emissions from
transport are still signi cant but will dwindle in the course of the century with oil depletion.

In the GCC variant, « emissions reduce considerably. Global emissionsin are %

below baseline, in  emissions are about % below the e scenario andin there are
virtually no ¢ emissions (reduction is more than % below ¢). Reductions in China and

India are higher than in the < region. In , the emission reduction by the <is %,

while reduction in India and Chinais % and %, respectively. In , the ¢ emis-

sions in GCC are % of emissions in the e scenario, while in India, emissions are % of
baseline values and in China only %. Differences across regions are driven by differences in
marginal abatement costs. An ef cient global climate regime is assumed. Reductions take place
where abatement options are cheapest. Cheap options lie outside the .

With the high energy intensity in India and China compared to the e, any reduction percent-
age hits harder in these countries; mitigation costs as percentage of « ( «»€) are much higher
(see Figure .). In all regions, <<€ increases upto  and thereafter declines because of
learning-by-doing. Despite the higher reduction efforts, mitigation costs less because of a forced
lock-in of ¢ and < technologies. The reduction percentages are high throughout the

century, because the emissions in the ¢ scenario increase rapidly, which explains the small
differences between regional reductions effort.



Climate change window 3

Reduction of air pollutant emissions of GCC50 variant
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In both absolute and relative terms, reductions are highest in power generation (electricity).
Emission reduction from household heat generation and from processes and,aoa+€la-

tively low. But by the end of the century, emissions have to be reduced to such an extent that
emissions from these sources are also considerable.

The situation is similar in the other variants GCC and GCC , and reductions relative to the
e are similar. Emission prolesin ¢, GCC , GCC and GCC forthe e, China,
and India are presented in Figure ..

As can be seen, the emission reductions compared to the < are large. Reduction by is
to %, and increasingto to % by the end of this century.

3.3 Emission reductions of LAP

Emissions reductions of SONO,, NH, and particulate matter in relation to baseline for the

three regions - the e, India and China — are presented in Figure .. 3@ductions are

relatively high inthe <inthe rst years. erelies heavily on measures that affect small

point sources such as household heating and energy for transport services, which have a large
impact on SQemissions. Oil combustion is the only source of &@issions (see Table I. in
Appendix | for emission coef cients of the various technologies).
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Reducing particulate matter (primary PMis important in India and China in the latter half of
the century when measures in transport are inevitable. < reductions in the e are relatively
small given the fact that in the baseline, ¢ emissions are low due to air quality policies in the
past.

3.4 Reduction of LAP, health and income effects

e reductions ( * sum), reduction in deaths due to local air pollution and the associated income
effects of a lower mortality ( ) are presented in Figure .. Outcomes of the GCC variant

are shown for the e, India and China. PMsum is a proxy for and is the weighed sum of
emissions of SQNO,, NH, and primary Particulate Matter (de Leeuw, ).

Health impacts of climate action — fewer deaths due to a better local air quality ( deaths)

- are closely linked to reductions in ¢ sum (reducing ¢ sum also reduces deaths).
Compared to India and China, the population in the e is relatively old and more vulnerable.
For any given reduction percentage, the impact on deaths is thus higher in the . For
example, in  the reduction in * sum relative to «is % and the corresponding

deaths in % lower. In India, in *sumis % lower but deaths are only % lower.

As their population ages, India and China become more vulnerable to

Reduction in <« sum and deaths diverge over time. ¢ sum is not a perfect proxy of

deaths. Reductions in ¢ sum re...ect a regional average. Improvement in urban air quality is
better, due to a relative high reduction in PM . This is not re...ected in the regional average.
This mismatch becomes more prominent with increasing urbanisation over time. The weighing
in * sum is based on regional average. The divergence is not due to a decline in population,
which is assumed to be constant after

Co-bene ts become apparent a little earlier in the < region. In these countries, pollut-
ants affect CQeq. emission reductions especially in the transport sector. In non-  countries,
measures in power generation are taken at rst with somewhat lower bene ts. Only in the
longer term in non- < countries do the CQeq. emission reductions concern the small point
sources such as transport.

Preventing generates in the long run a much higher welfare gain in India and China than in
the e.InIndia and China, the benetsin is to % of ¢ as aresult of less , while

inthe e the accrued bene ts are about % of . There are two reasons for this. Firstly, a
much higher proportion of the population is exposedto .In , mortality dueto is

higher than . % in India and China, and below . % inthe . Secondly, in the long run the
percentage reduction in the weighted sum of emissions due to climate action is higher.

The increase in income effects in India and China over time is also driven by the assumption
that rises proportionally with income (elasticity is one). With the dramatically high growth
in India and China, also explodes. By the end of the century, in India and China is even
higher than in the . This is based on the assumption thatin , in India and China

per unit of outputvas much higher than in the < region.
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Reduction of emissions, premature deaths, and avoideabes of local air pollution
of GCC50 variant
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3.5 Avoided cost versus air pollution bene ts

As described above, co-bene ts of climate mitigation policies provide an additional

economic incentive for countries to participate in a global agreement to mitigate ¢ emissions.

In fact, a decrease in health damage due to reduction in emissions of air pollutants partly offsets
the costs of climate policies. From  onwards, the global total of local air pollution bene ts

from climate mitigation policies exceeds the cost. This implies that even leaving aside the

bene ts of a reduction in the climate change, climate mitigation is bene cial.

However, the extent to which the co-bene ts are an incentive for ¢ mitigation not only

depends on the size of the co-bene ts, but also on the cost of achieving the same level of reduc-
tion in  through direct policies. If this can be achieved at lower cost, the co-bene ts of

climate policies are not suf cient incentive to pursue climate policies. In the absence of climate
policies, countries are likely to pursue policies to reduce . In general, marginal bene ts of
reduced exceed the marginal cost at current e emission levels (see also Section . ).

Therefore, instead of valuing  co-bene ts in terms of premature deaths prevented, they

should be valued at the cost of prevented air pollution policies that would otherwise have been
implemented. To determine these costs, the model was used to calculate the minimum cost of
achieving the same reduction in health damage as achieved as a co-bene t of the climate policy
variants described in the previous section Model runs were performed on regions in which

the number of premature deaths is the same as in the appropriate climate policy variants. This
variant is referred to as (GCC ).

In these model runs, mitigation options were implemented that reduce emissions of air pollut-
ants to meet these restrictions at the least cost, regardless of the impact on the climate system.
Assuming that this reduction in air pollution would occurs (because it is bene cial for a region),
the co-bene ts of climate mitigation imply that this cost is prevented in the presence of climate
policies. The co-bene ts of GCC should not be valued in terms of reduced premature

deaths which are the same in GCC and (GCC ), but as the avoided cost of mitiga-

tion. The higher the cost of policies primarily aimed at , the higher the level of avoided cost
and consequently, the higher the incentive power of co-bene ts for climate policies.

The costs and primary bene ts of climate mitigation (as in Figure .) are presented for the

¢, India and China in Figure .. The co-bene ts included are the avoided cost of  miti-
gation instead of the value of prevented premature deaths. The total impact of the sum of costs
and bene ts is also shown.

Cost of mitigation policies

In all three regions, the avoided costs of policies are much lower than the bene ts of

reduced air pollution as presented in Figure .. Obviously, there are alternative mitigation

options to achieve the same level of reduction in air pollution at much lower costs. In general,

premature deaths can be reduced by relatively low-cost, end-of-pipe control technologies, reduc-

ing emissions of SONO,, NH, and -. In India and China, mitigation costs increase substan-

tially upto  and then decrease. Moreover, climate bene ts are mainly achieved after

As a result, the total costs and bene ts become net returns only in the longer term: in  in the
eandin inIndia and China.
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Costs and benefits of GCC50 (LAP) variant

OECD India China

Impact (% GDP) Impact (% GDP) Impact (% GDP)
6 6 6
4 4 4
2= 7 2+ /’

i /’, B /
0 N =
-2
-4
-6 6
-8- 88—

" \ \ - \ \ " \ \

2020 2050 2100 2020 2050 2100 2020 2050 2100
Costs Benefits related to Total
- Global climate change —— Global climate change (BGCC) === Benefits minus costs

TR (e 1) - Avoided costs of local air pollution

JLIXUH &RVWY EHQH: WA PQW IDVDRLIGHGFRVW LQ *&& YDULDQW

The air pollution policies in  (GCC ) also have limited impact on climate change. Damage
due to climate change increases with respect to the baseline because of the effeahdf SO

its ambiguous role in climate change and air pollution. Howevere8@sions contribute

to air pollution, while SQhas a cooling effect on climate change. This means a reduction in
SQ, emissions because of the harmful effect on human health, while ¢ emissions remain
unchanged causing global temperature to increase at a higher rate. The calculations show that
inthe (GCC ) variant, the damage resulting from climate change increases as a result of
reductions in SQemissions. This is apparently a cost-effective means of reducing air pollution
damage. At the same time, ¢ emissions are reduced with the reduction in air pollutants. The
bene cial consequences of this for the climate (reduction in increasing global temperature) is
camou...aged by the climate impact of a reduction jrei®@3sions. The net effect of these two
opposite effects is a limited but negative climate bene t with respect to the baseline. In Figure
., these damage costs are added to the avoided cost of policies.

Overall picture

Taking all bene ts and costs (climate bene ts and avoided costs)) together, there are no net
bene ts in China and India until , while in the ¢, net bene ts appear from

onwards. In the short term (up until ), the co-bene ts do not provide suf cient incentive to
make climate policies bene cial in these regions.

In fact, this is not the entire story because it depends on the assumption that reduction in the
level of air pollution is in itself a welfare improvement. The optimal level of reduction depends
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on the marginal costs and bene ts of reduction in exposure to air pollution. These bene ts are
based on the number of prevented deaths resulting from reduced air pollution multiplied by the
value of a statistical life ( , see Section ). With the valuation used in this study, for most
regions and also globally the bene ts of air pollution reduction are higher than the cost of miti-
gation for the entire time period.
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4  Air pollution window

The calculations in Chapter show that the bene ts of climate policies are mainly the co-bene-
ts of local air pollution ( ). Moreover, the analyses show that policies primarily aimed

at reduction in air pollution yield the same  bene ts at much lower cost, while having an
impact on climate change. In this chapter, the impact of  policies on climate change is
discussed in terms of the extent to which climate co-bene ts of  policies provide incentive

(in addition to the large bene ts of reducing  within the region itself) for  policies.

The analysis focused on the co-bene ts of air pollution mitigation in terms of reduced climate
change, and the extent to which mitigations costs are covered by these co-bene ts.

A variant was formulated to analyse the impact of air pollution policies on climate change
(LAP ), simulating a reduction of % of premature deaths as a result of air pollution in
compared to the  level. ™

4.1 The costs and bene ts of air pollution policies

Figure . presents the costs and bene ts of air pollution policies for the e, India and

China. These include mitigation cost of air pollution policies ( *=€), the bene ts as a reduction
in premature deaths with respect to the baseline (), and the co-bene ts as a result of the
impact air pollution policies have on climate change (). The sum of the costs and bene ts
are also presented as percentage deviations of  from the baseline ( °).

In all three regions, total bene ts outweigh total cost in the long term. Mitigation costs differ per
region and are much higher in India and China than in the e. In the three regions, the mitiga-
tion costs ( #*€) as well as the bene ts of reduced air pollution () increase between
and .Inthe e, the bene ts exceed the cost, leading to net bene ts over the entire time
period. In China, policies are pro table from , while in India this is not the case until

. After , the bene ts of reduced air pollution exceed the cost substantially in all three
regions. From , there are also co-bene ts from less global warming ().
These results show the costs and bene ts in these regions in a situation where in all
world regions policies are pursued resulting in the same relative reduction in air pol-
lution. A ‘solo effort’ by the < was not investigated, but this would likely result in
higher costs because of other effects on competitiveness and resulting changes in inter-
national trade.

4.2  Emission reductions by sector and region

The LAP variant implies a substantial reduction in premature deaths ( to %), as a result

of reductions in emissions of SNO,, NH, and particulates (¢). In the e, emissions of

these air pollutants are reduced by about % to % in and in India and China by about
% to almost % (Table .). In India and China, the rst decades show in particular a

117KLVY UHGXFWLRQ OHYHO zZDV FKRVHQ RQ WKH EDVLV RI WKH RXWFRPH RI RSWLPDO Y
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Costs and benefits of LAP25 variant
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substantial reduction in primary particles emissions, whereas in the e the reduction jn SO
emissions is relatively high in the short term. In the longer term, reduction percentages are
high for all air pollutants, except for NHEmission reduction percentages are highest in India,
because as a result of relatively high rates of ageing and urbanization, India faces a relatively
high growth rate for the number of premature deaths in the baseline (see appendix I, Table I.).

Figure . shows emissions of air pollutants (as a weighted sum of SO,, NH, and primary

e; see also Chapter ) by sector in the e scenario and the LAP variant for the < and

India (China is not included in the gure because emissions have the same pattern as in India).
In all three regions, the relative emission reduction levels are highest in the transport sector and
for emissions from households and heating ( - %).

Table 4.1 Reduction in air pollution and GHG emssisi LAP25 compared to baseline (BAU) levelef@ECD,
India and China in 2050

SO, NQ NH Primary ~ Premature GHG (Ceq.) Co
PM deaths
OECD 73 65 43 72 65 38 44
India 88 79 66 97 74 61 71

China 78 60 57 95 70 42 45
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Air pollutant emissions by sector
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4.3 Co-bene ts of LAP policies for GCC

Table . also presents the change in ¢ emissions that results from the air pollution policies.
These co-bene ts are the highest in India ( %), followed by China and the « ( %).
emission reductions only concern emissions of,@@issions of other greenhouse gases are

not affected. Because of the relatively high reduction in emissions of air pollutants in India, the
reduction in emissions of C@ also relatively high in India.
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Greenhouse gas emissions by variant

OECD India China
Gt CQequivalents Gt CQequivalents Gt CQequivalents
12 12— 12
b b 7
4
10 10 10 K
4
b b ’
’
8- 8 8- /
/
i i ,'
4
6 6 6 Y
/
i i _/
_—— T T N == >~
4+ 4 J S
e L
. ”’/ -
27 27 /’/’ za\’
o+ ot—————— ot——————+—
2010 2050 2100 2010 2050 2100 2010 2050 2100
=== BAU scenario
—— LAP25 variant
— GCC50 variant
JLIXUH *UHHQKRXVH JDVHV E\ YDULDQW IRU WKH SHHEHCIRGEKLQD IRU WKU't

and India)

Figure . shows the development of ¢« emissions (CQequivalents) over time in the base-

line ( ¢), the ¢ reduction variant presented in the Chapter (GCC ) and the air pollution

mitigation variant (LAP ).In , CO ,-eq. emissions are substantially lower in LAP than

in the baseline ( % inthe <, and % in India and China). In , total global CO ,-eq.

emissions are reduced by %, i.e. from % above the level in the baseline to % above

the levelin LAP . By , the reduction is even more pronounced, from % above the
level in the baseline to % below the  level in LAP .

Compared to the reduction in ¢ emissions resulting from policies primarily aimed at climate

change mitigation (see Chapter ), in  just over % of the ¢ reduction in variant

GCC is achieved as a co-bene t of the air pollution policies in the LAP variant. However,

in contrast with the GCC variant, the  emission reduction in LAP does not result in

the same reduction in global temperature as in the GCC variant (see Figure .). Indeed,

untii  LAP faces a higher global average temperature rise than the baseline. In the long

run (- ), global temperature more or less stabilizes at about degrees above the

level in LAP , which is below the long term global temperature level in the baseline. The

counterintuitive development in global temperature is the result of the cooling effect of SO

(see also chapter ). Due to the reduction target for air pollution in the LAP variant, SO

emissions are reduced signi cantly (worldwide over %), compared with a reduction of about
% in the climate change policy variant (GCC ). As a result, the cooling effect of sulphate
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Global temperature increase by variant
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aerosols, which in total is estimated to reduce global average temperature by about . degrees,
disappears rapidly.

4.4  Reduction of LAP, health and income effects

The policies yield large bene ts in preventing premature deaths from chronic exposure to
PM,, concentrations. The bene ts of air pollution policies are the highest in India, followed by
China and then e« (gure .). The costs and bene ts for China and India ( to % of «)

differ greatly from the < region (. to %).

These differences can be explained by several factors. The energy intensity in China and India
is higher than in the < region. Because of the lower energy prices in India and China, the
relative cost increase due to  policies is higher in these regions. With an increasing share of
the elderly people and the urban people in total population in India and China, the bene ts of
air emission reduction are will be increasing compared to the base year. Moreover, the existing
stringency of the  policies in the e limit the potential gains of additional policy efforts.

4.5 Incentive power co-bene ts

As shown in Figure ., * emissions decrease substantially together with the abatement of air
pollutants.  policies therefore substantially contribute to the target of current climate poli-
cies (for instance, Kyoto, e target): a reduction in emissions of,€Quivalent «. Hence,

this might yield an additional incentive for action to reduce , not so much because of the
bene ts of preventing climate damage (which do not occur until ), but in terms of avoided
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Incentive power of air pollution policies (LAP25 varianis LAP25 (GCC) variant)
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cost of ¢ emission reduction (given the policy targets in the world). To determine the avoided
cost, the model simulated for each region the least-cost solution to achieve the same reduction
in ¢ emissions as achieved inthe - variant. Figure . presents the differences in costs

and bene ts between this least cost ¢ reduction (LAP ( ) and LAP . Comparing the

sum of the costs and bene ts in Figure . with those in Figure . shows that in China this sum
changes from limited net costs in the rst decades (Figure .) to net bene ts over the entire
period (Figure .). Although for the < and India the magnitude of the net cost (until  in

India) and the net bene ts decreases, the sign of the sum of costs and bene ts does not change.
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5 Integrated approaches and policy design

In this chapter the integrated approach will be described, and also some indication will be given
on the relevance of the policy design of climate mitigation.

5.1 The integrated window

The integrated approach fully internalises the externalities of and in the economies in
the three regions. Thus, the external cost (or environmental dual prices) is included in the prices
of energy services and consumer goods. These external costs are set at zero in the ¢ scenario,
and also in the scenarios presented in Chapter and Chapter . Restrictions — either on global
CO, eg. emissions or regional premature deaths from.kposure - are imposed in order to
analyse the impacts on markets. The co-bene ts are ex-post valuations of physical impacts, such
as premature deaths and global temperature increase. These restrictions are not arbitrary but an
integrated scenario approach may give more guidance on less costly emission reduction pro les
with very little increase monetary terms. The integrated scenario () internalises and
damage, yielding energy technology implementation paths that account for all costs and
bene ts of CQand reduction efforts. Thus the resources for energy system adjustments and
end-of-pipe abatement technologies are balanced.

Figure . presents the results of the scenario addressing both externalities up to the point
where marginal discounted losses of consumption from mitigation are equal to the marginal
discounted avoided damage of and (Cost and Bene ts of All externalities, ). The
impacts are evaluated against the e scenario (the baseline scenario without any policies). All
indicators are plotted for the period - and refer to the mitigation costs (through energy
adjustments and use of abatement measures), the bene ts of preventing ( ) and

(), and the net impact ( ¢¢). The three regions presented are the e, China and India..

Striking the balance between the two externalities yields globally more  bene ts than

either the climate or the air pollution window do. The former yields less bene ts because
resources are not spenton abatement that reduces more effectively, and the latter also
yields less bene ts because externality is not fully resolved. There is also extra climate
damage from SCemission reduction that generates  bene ts. The optimal case is superior to
all cases analysed previously in both physical and monetary terms.

In ,the <region generates more costs from mitigation but this goes hand in hand

with higher  bene ts. The net impact is positive and increases with time, which after

is driven by prevented damage of . China can also reduce expenditure on energy adjust-
ments as to lower the peaking costs, recall that in the climate window, ¢ losses may accrue to
.% in , while these are lowered to % in the case. There will be little gains in

compared to the scenarios driven from the air pollution window.

In summary, China will bene t in the case compared to the climate window, and loose in

air pollution window perspective. The net impact will be greater than zero from  onwards.

The driving force for CQeq. emission reduction leading to net losses upto  come from the
long-term bene ts related to , not only to China but also the other regions. A similar line of
reasoning applies to India.
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Costs and benefits of CBALL variant
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Table 5.1 Carbon prices and shadow prices of hitipolin different variants

Variant name Year usa weur japan canz eefsu china india cmopeRow
&DUERQ 3ULFHV LQ 86 W &

% $6 ( 2020 84 342 87 88 75 75 75 0 0
2050 132 615 136 159 136 117 117 101 101

*7%6 2020 57 57 57 57 57 57 57 57 57
2050 187 187 187 187 187 187 187 187 187

GTALL 2020* 0 0 0 0 0 0 0 0 0
2050 71 71 71 71 71 71 71 71 71

$LU BROOXWLRQ 3ULFHV L*®PMYKRXVDQGYV 86 —J P

GTALL 2020 31 34 13 & S 7 & S 18

2050 66 57 18 6 11 31 19 15 69

Note: * the carbon price in 2020 in the GTAtlbiszamise COHPLVVLRQV GHFOLQH EHORZ WKH OHYHO RI
VIQHUJ\ I[URP VLPXOWDQHRRXGORONPEPWHL QRIDQIHSROOXWLRQ

Figure . shows the changes in emissions inthe  compared to the GCC scenario (and

not ¢). abatement leads to greater reductions in emission of SXNO,, NH,, and « at the
expense of the stringent C@batement effort in the GCC case. As stated above, the higher
CO, emissions and the lower S@missions to reduce the PMoncentration increase global
warming slightly. Hence, compared to the GCC scenario, there is less expenditure on energy
and more on  abatement leading to slightly increasing climate damage offset by a larger
reduction in  damage.

5.2 Relevance of policy design in climate policy for the co-bene ts

The interactions between C@missions trading and air pollution policies are discussed. The
marginal costs of abatement of the three variants are presented in Table ..

The case assumes a carbon price in Western Europe to meet emission targets in  and
. These targets are %, %, and % reductionon emissionsin , ,and
respectively. Japan and - e start with a lower carbon price in  than in Western

Europe, but the price increases by % per year..» and 1 also start with a lower carbon

price which increases by . % per year. The other non-Annex | countries startatet ( )

per tonne of carbon in , and increases by . % peryearupto .Beyond ,the

carbon price increases by % per year in all regions, except Western Europe.

The following two cases give insight into the co-bene ts and the policy design of permit prices.
The rstis an alternative to the case and assumes a theoretical global emissions trading
system with permits allocated according to emissions inthe  case (€ ).

The second is th& and is the same as € but in this simulation the air pollution
externality is fully internalised in the regions’ decisions.

Figure . illustrates the impacts of the case, € ,and € to support the argument

that policy design is relevant to estimates of co-bene ts. The information concerns discounted
changes in the ...ow of costs and bene ts of the policy variants compared to the e. The
compliance costs measure the discounted changes in annual consumption (and not ¢ as in the
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Discounted costs and benefits by variant
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previous chapters) over the entire time horizon in trillions of « dollars at . Likewise, the

bene ts of the policies concern the discounted sum of annual changes in damage associated with
either or compared to the e scenario. The discount rates in these calculations are %

in , linearly declining to % in

The costs in Europe vary in each of the three variants. If Europe aims to comply with the

- %, - % CO , emission targets, energy-intensive industries can pass on the higher costs of
production. A terms-of-trade gain is the result that reduces the mitigation costs. JamiSO
sions in China will be lower than in the < scenario, and hence mitigation costs are signi -
cant. However, the air pollution and climate bene ts are almost zero as opposed to signi cant
numbers in the Climate Change window (Chapter ) and Air Pollution window (Chapter ).
The reason is that the C€q. emission reduction is % lower than in the GCC case, with
emissions by  inthe GCC case about one-third of the case. concentrations are

little affected because emissions are only reduced from large point sources that have a relatively
small impact on  exposure. Then the argument of catching up on the monetised bene ts of
prevented damage is less pronounced and decline to zero.

The € case lowers the co-bene ts more than the decline in mitigation costs. The reason is
twofold. Firstly, increasing mitigation efforts in the poorer Southern countries, which are paid
by the Northern countries, reduce the burden of mitigation for the northern countries. Hence, the
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small loss in consumption becomes a gain in consumption in Western Europe because terms-
of-trade gains are smaller than in the  case, but expected to be greater than zero. Secondly,
the mitigation costs decline in Europe because smallere@@sion reduction are paid for,

for example in China. However, the host countries gain from emissions trading, although as
illustrated in Figure ., there is little change in consumption in China.

The € case boosts the prevented damages related to air pollution in all regions. In Europe,
the costs may increase to almost T . trillion () but will be smaller globally. The extra
costs compared to the  case result from the net impact of gains from emissions trading
and the allocation of resources to end-of-pipe abatement measures. However, the bene ts of
prevented air pollution damage will be greater in Europe and in other ¢ counties.

The discounted impacts of the three variants are presented in Figure .. Inthe € case, the

* region changes from a net-importer of CQpermits to a net-exporter in the € case,
and vice-versa for China and India. The reason is that simultaneously tackling the adverse
impacts of climate change and air pollution is more likely to occur in richer countries with
resources to do so. The synergy of both environmental issues in the rich ¢ countries
magni es the CQabatement, and hence results in a zero price for carbon in  as the demand
for permits declines.

In Europe as well as in other < countries, there are additional losses in consumption from
higher abatement costs but these are more than outweighed by the prevented pollution damage.
The world can generate a lock-in to energy extensive consumption patterns (in the coming
years under ¢, the demand for energy-intensive goods is dominated by the ¢). Hence,

China also turns the consumer losses to gains in the € case. The simulations show that

in China — at leastup to - production declines with lower investments by expanding on
consumption that only beyond

Thus, the policy assumptions of climate mitigation are important. Emissions trading without
any additional  policy response may yield lower co-bene ts. The Ofnission reductions
are moved to areas that yield less  bene ts, that is abatement is moved from transport in the
* region to the electricity sector outside the . However, if there are also  policies
that fully internalise the regional externality in the prices of goods, moye@@sion reduc-
tions may be yielded in high-cost abatement countries (¢ countries where is ve to ten
times higher than in countries outside the . Hence, there are many more synergies with
policies in the < countries. The synergy is driven by unresolved externality of that
increases extra C@batement. The drive to pursue extra,@@atement is magni ed by the
chance to switch resources from abatement of to extra C@batement. < countries
may become net-exporters of Cgermits, whereas CQ@batement is much cheaper in non-
e countries.
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6 Sensitivity analysis

Co-bene ts and incentive power of the GCC variant are evaluated against the following alter-
native assumptions:

High Value-of-Statistical Life (VSL)

In the literature, there are indications that  should reach higher values (doubling the base
case). Assumptions regarding are the key to cost-bene t analyses. The upper limit is
million, corresponding to the estimate for inthe (- , ). 12)

Using these higher values gives a reason to spend more on  emissions abatement in the
variant so that more  damage is prevented. The synergy of tackling both externalities
increases and hence reduces the global optimakGCemission from . to about Gt CQeq.

Accounting for the co-bene ts of preventing  from climate policy and considering the oppor-
tunity costs of the same physical bene ts within the regions gives an indication of the incentive
power of co-bene ts to joina  mitigation strategy. The incentive power at global level from
the climate perspective will change little as the bene ts from  policy are the same but the
costs are much lower than the climate policy. Only in China are there fewer disincentives to
participate the GCC abatement coalition. In , the incentive power increases from minus

. to minus . % of

Value-Of-LifeYears (VOLY) approach

The synergy of tackling both externalities reduces and hence increases the global opfimal CO
eg. emission level from . to . Gt CQ, eq. Accounting for the co-bene ts of preventing

from climate policy and considering the opportunity costs of achieving the same physical bene-
ts within the regions gives an indication of the incentive power of co-bene ts to join a
mitigation strategy. The incentive power globally from the climate perspective will change little
as the bene ts from  policy are the same but costs are much lower than the climate policy.
Only in China are there more disincentives to join the GCC abatement coalition. In | the
incentive power increases from - . to - . % of

Impact of various health end points on premature deaths
In this study the effects of air pollution on health has been derived from epidemiological studies
that showed a relationship between total mortality and particulate matter in air. Epidemiological
studies also found signi cant correlation with other health points, such as the effect on cardio-
vascular diseases, lung cancer and pulmonary infection by children under years. The number
of deaths derived from the relation with cardio-vascular diseases shows, on the average higher
values at low concentration and lower values at high concentration. Also in space and time the
ratio with the outcome of total mortality differ, in  the percentage of people dying from
cardio-vascular diseases varied from % (Africa) till % (North-America), these percentage
are expected to convergence and grow gradually, by  this results in percentages between

% (Africa) and % (North-America). On the average the number of calculated deaths are the
same order of magnitude, although a higher number in  countries and somewhat lower in
the rest of the world.

12 This ‘environmental’ VSL is one-third of the total VSL and the same rule is adopted as applied in Holland et al. (2004).
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Lower income elasticity
Income elasticity of . as apposed to implies high for low-income countries, but lower

over time. for non- countries is much higher, and increases by a factor of . to
. But over time, does not rise as rapidly as assumed in the base case, and in non-
countries, is to % higher than the base case. In China, is % higher than in the
case. As already stated, doubling the has little impact on incentive power. There could be an
impact in China, but then again % is much lower than  high. Hence, there is no impact on
the incentive power.

Higher discount rate

Higher discount rate are in line with marginal productivity of capital. One of the main reasons
that in all the sensitivity scenarios the prevented damage (or bene ts) from  policy is signi -
cantly lower than those from  policy is that is intrinsically a long-term problem. Both

climate damage and the effects of climate change mitigation only become manifest in the long
term, and are thus discounted accordingly, at a rate that determines the present-day valuation of
these impacts.

The consequences of two opposing views on discounting were explored. The utility discount
factor, used in the goal-function of the maximand, is the difference between the Marginal
Productivity of Capital ( ) and the per capita growth rate of . In the base case, a prescrip-
tive view of discounting is adopted, witha of % in that declines linearly to % in

(see Weitzmann, ). For the descriptive case, a value of % decliningto % in
for is assumed. Switching to this descriptive approach, reduces the importance of long-
term damage, and thus reduces climate change mitigation. The discounted damage of
will also be lower but becomes more important than energy switches to a low-carbon economy.
Overall, by  emissions will increase to about Gt CQeq. (as opposed to . Gt Ceq.).
There are no impacts on the incentive power as presented in this report because discounting
does not play a role in this variable.

Adding an externality related to energy security
There is disutility associated with the damages from , , and low values of energy related

. This is shown by the following relation expressing the objective function (maximand) of the
total problem, being the Negishi-weighted discounted sum of utility:

£nr £ut,r |Og Et,r I:t,r St,rCt,r ) ()

r t

with n representing the Negishi weightsthe utility discount factoik: the disutility factor asso-
ciated with , F the disutility factor associated with , an& the disutility factor associated
with damages from a low .Finally, the argume8tis added to account for disutility, associ-
ated with a low energy related

St,r 1 £IMPf,t,r ' ()

f Goil,gag

in which is the penalty function for oil and gas, resembling the willingness-to-pay in order
to avoid a lack in (% consumption) related to one of these types of energy. A low value for
oil and gas security translates into high values for and lower valueS.for
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Analytical supply-of-security expressions can be added to the model for oil and gas (for an
extensive analysis of this issue, see Bollen (). Adding this energy-security externality

causes a delay in global demand for oil in scenarios without explicit climate change and air
pollution policy. Even so, oil resources are eventually completely depleted in this case. With
additional climate change policy, oil resources do not deplete, and when complemented by

air pollution policy (  variant), reserves of oil remain larger. There isa % reduction

in cumulative demand (over the coming  years) for oil compared to the  variant.

Emissions decline to Gt CO eq., which is close the climate ambitions of G- . In the

mid-term, there are substantial CO emission reductions in the  region. This is induced

by energy exporters, expanding on combustion of their own abundant (and cheaper) gas and oil
resources. In turn, this implies that energy importing regions increase CO emission reductions,
thus minimising the damage caused by climate change.
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7 Conclusions

Two major interrelated environmental policy issues with signi cant transboundary aspects are
global climate change and local air pollution. These issues are extensively discussed in the
international political arena: the rst notably in the United Nations Framework Convention

on Climate Change (¢ - ), and the second in for instance the United Nations Economic
Commission for Europe’s task-force on Long-Range Transboundary Air Pollution (¢ -

€ ).

Emissions from combustion of fossil fuels contribute signi cantly to global climate change

and local air pollution. Options to mitigate these environmental problems are typically chosen
to address each exclusively. For example, to achieve emission reductions NCSMNH,, or
particulates, end-of-pipe abatement techniques are used which are dedicated to these respec-
tive ef...uents and not to the mitigation of the greenhouse gases ( ¢ ). Their application thus
only contributes to diminishing local air pollution and not global climate change. Alternatively,
one of the ways to reduce  emissions is to equip fossil-fuel power plants with@Pture

and Storage ( ) technology. This technology only addresses this greenhouse gas and usually
not emissions of air pollutants. equipment installed in isolation, therefore, alleviates global
climate change but not local air pollution. Still, policies to limit transport emissions and conges-
tion will also improve air quality, and have positive effects on * emissions.

The analysis here aimed to determine the extent to which co-bene ts of climate mitigation poli-
cies offer economic incentive for countries to participate in a global agreement to mitigate ¢
emissions by addressing the extent to which mitigation cost can be compensated by co-bene ts.
While the analysis was restricted to outdoor air pollution (indoor air pollution was excluded),
the analysis shows that the co-bene ts, in either physical or monetary terms, are substantial
and increase over time. However, in the coming years, the co-bene ts are larger for e
countries than for non- e countries. From  onwards, the air quality improvements from

a global cost-effective ¢ mitigations strategy also outside the ¢ generate rapidly rising
co-bene ts. Further, the cost of climate policy appears to be high compared to air policies that
also yields high bene ts, thus indicating that the “incentive power” of co-bene ts (to participate
in a climate mitigation agreement) is not very great.

The reason is that in the ¢, one of the major contributors to local air pollution is the combus-
tion of oil for transport use. Outside the ¢, income growth especially spurs the demand for
coal for heating purposes, thus driving deterioration of air quality. However, a global effort

to cost-effectively reduce « emissions in the next years is likely be motivated by <
countries through a reduction of oil, thus signi cantly affecting local air pollution. However, in
non- e countries, ¢ mitigation strategy will mainly affect demand for coal in electricity
markets (“low-hanging fruit” options). Although this will signi cantly reduce {#missions,

it will be less effective in air quality improvement. The main reason is that in the < scenario,
newly installed coal- red power plants in these regions are likely have low emission intensities
of the substances relevant for local air pollution anyway.

The co-bene ts of air pollution policy, however, are potentially very large, and may vyield large
reductions in CQemissions if the adverse health impacts are signi cantly reduced worldwide.
The co-bene ts of policy simulations through one of the windows indicate the dilemma and the
priority for environmental policy: global climate change versus local air pollution.
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The extent to which the adverse health impacts of local air pollution are reduced depends on the
costs of emission abatement of substances affecting air quality, but also the bene ts associated
with prevented damage of these policies. The mitigation costs are for either application of end-
of-pipe techniques, and/or structural energy adjustments (partly making end-of-pipe techniques
redundant). The prevented damage depends on the assumptions in valuing the physical improve-
ments. In this analysis, it is represented by the number of premature deaths prevented from
chronic exposure to PMconcentration.

A premature death from long-term exposure to, Pdbncentrations is valued in Europe as

* T million (with an income elasticity of for other regions and future years). The integrated
approach to tackle global climate change and local air pollution simultaneously may argue for
substantial ¢« emission reductions in the short and medium term. Hence, it is not argued to
restrict energy policy-making today to the rst priority of local air pollution control and to delay
reduction of ¢ emissions. Policies need to be designed to simultaneously address both issues,
because the combination creates an additional climate change bonus. As such, climate change
mitigation will prove to be an ancillary bene t of air pollution reduction, rather than the other
way around.
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.1 Assumptions related to Business As Usual (BAU) scenario

Main Assumptions

Table 1.1 Urban share of population UN projectiedisim variant (up to 2050)

usa
weur
japan
canz
eefsu
china
india
mopec
row
oecd
non-oecd

world

Table 1.2 Urban share of population UN projectiedisim variant (up to

usa
weur
japan
canz
eefsu
china
india
mopec
row
oecd
non-oecd

world

2000
0.81
0.73
0.70
0.70
0.77
0.45
0.31
0.66
0.52
0.75
0.50
0.53

2000
0.81
0.73
0.70
0.70
0.77
0.45
0.31
0.66
0.52
0.75
0.50
0.53

2010
0.83
0.74
0.73
0.71
0.79
0.53
0.36
0.68
0.56
0.77
0.54
0.57

2010
0.83
0.74
0.73
0.71
0.79
0.53
0.36
0.68
0.56
0.77
0.54
0.57

2020
0.84
0.75
0.75
0.72
0.82
0.61
0.42
0.69
0.60
0.78
0.59
0.61

2020
0.84
0.75
0.75
0.72
0.82
0.61
0.42
0.69
0.60
0.78
0.59
0.61

2030
0.86
0.77
0.78
0.73
0.84
0.69
0.47
0.71
0.64
0.80
0.64
0.65

2030
0.86
0.77
0.78
0.73
0.84
0.69
0.47
0.71
0.64
0.80
0.64
0.65

2040
0.88
0.78
0.80
0.74
0.86
0.77
0.53
0.72
0.69
0.82
0.69
0.70

2040
0.88
0.78
0.80
0.74
0.86
0.77
0.53
0.72
0.69
0.82
0.69
0.70

2050
0.90
0.79
0.83
0.76
0.88
0.85
0.58
0.74
0.73
0.84
0.73
0.74

2050
0.90
0.79
0.83
0.76
0.88
0.85
0.58
0.74
0.73
0.84
0.73
0.74

2060
0.90
0.79
0.84
0.76
0.89
0.87
0.61
0.75
0.75
0.87
0.76
0.78

2050)

2060
0.90
0.79
0.84
0.76
0.89
0.87
0.61
0.75
0.75
0.87
0.76
0.78

2070
0.91
0.79
0.85
0.75
0.90
0.88
0.65
0.75
0.77
0.86
0.80
0.81

2070
0.91
0.79
0.85
0.75
0.90
0.88
0.65
0.75
0.77
0.86
0.80
0.81

2080
0.91
0.79
0.86
0.75
0.90
0.89
0.68
0.76
0.79
0.86
0.83
0.83

2080
0.91
0.79
0.86
0.75
0.90
0.89
0.68
0.76
0.79
0.86
0.83
0.83

2090
0.92
0.79
0.87
0.75
0.91
0.90
0.71
0.76
0.81
0.85
0.86
0.86

2090
0.92
0.79
0.87
0.75
0.91
0.90
0.71
0.76
0.81
0.85
0.86
0.86

2100
0.92
0.79
0.88
0.75
0.92
0.92
0.74
0.77
0.83
0.85
0.89
0.88

2100
0.92
0.79
0.88
0.75
0.92
0.92
0.74
0.77
0.83
0.85
0.89
0.88
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Table 1.3 Crude death rates (pro mills of populabased on PHOENIX (2004)

usa
weur
japan
canz
eefsu
china
india
mopec
row
oecd
non-oecd

world

Table 1.4

usa
weur
japan
canz
eefsu
china
india
mopec
row
oecd
non-oecd

world

7DEOH

2000
8.2
11.0
10.0
6.6
12.3
7.6
8.6
55
9.6
9.7
8.7
8.8

Indexed growth of exposure from urbamzatd population dynamics (ageing+growth)

2000
1

1
1
1
1
1
1
1
1
1
1
1

(PLVVLRQ &RHIAFLHQWV

2010
8.9
11.0
10.5
6.8
12.3
8.2
O%9
B3
0.3
9.9
9.0
9.1

2010
1.2
1.0
11
11
1.0
1.3
15
1.2
1.2
1.1
1.2
1.2

2020
9.7
10.9
10.9
7.1
12.3
8.9
111
55
9.4
10.2
9.3
9.4

2020
1.4
1.0
11
1.3
1.0
1.6
2.1
1.4
15
1.2
15
15

Technology Name Identification/Examples

&/'8
OIL-1-10
GAS-1-10
RNEW

[%"'1

Coal-direct use

Oil 1-10 cost categories

Gas 1-10 cost categories

Renewables

Carbon free: learning by doing

2030
10.4
10.9
11.4
7.3
12.2
9.3
12.4
ok
9.2
10.5
9.6
9.7

2030
1.7
11
1.2
1.4
1.0
1.9
2.7
1.6
1.7
1.3
1.8
1.7

2040
10.4
10.8
11.4
7.8
12.2
11.0
12.4
5.6
8.9
10.5
9.7
9.8

2040
1.7
1.0
1.2
1.6
0.9
2.4
S}
1.8
1.9
1.3
2.0
1.9

2050
10.4
10.7
11.4
8.3
12.2
12.4
12.4
5.6
8.7
10.5
9.8
9.8

2050
1.8
1.0
1.1
1.8
0.9
2.8
S5
1.9
2.1
1.3
2.2
2.0

Costs in 20@arbon (C.)

$/GJ
2.5

3.0-5.3
2.0-4.3

6
14/6

t/GJ
0.024

0.020
0.014
0
0

2060 2070
10.4 10.4
10.6 10.6
11.4 11.4
8.6 9.0
12.1 12.1
12.4 12.4
12.4 12.4
6.9 8.2
9.7 10.7
10.9 10.8
10.6 11.4
10.6 11.4

2060 2070
1.8 1.8
1.0 1.0
1.1 1.1
1.9 2.0
0.9 0.9
2.8 2.9
3.6 3.8
2.5 3.1
2.5 2.9
1.3 1.3
2,3 2.8
2.3 2.5
SQ
gr/GJ
0,3378
0,1512
0,0000
0,0000
0,0000

2080
10.4
10.5
11.4
9.3
12.1
12.4
12.4
9.4
11.8
10.6
12.3
12.1

2080
1.8
1.0
1.1
2.0
0.9
2.9
3.9
3.7
Sk
1.3
3.1
2.7

NOXx
gr/GJ

0,2177
0,0349
0,3518

0,0000

0,0000

2090 2100
10.4 10.4
10.5 10.4
11.4 11.4
9.7 10.0
12.0 12.0
12.4 12.4
12.4 12.4
10.7 12.0
12.8 13.8
10.6 10.5
13.2 14.0
12.9 13.6
2090 2100
1.8 1.8
1.0 1.0
1.2 1.2
2.1 2.2
0.9 0.9
2.9 3.0
4.1 4.2
4.3 5.0
3.7 4.1
1.3 1.3
3.4 3.7
2.9 3.2
primPM
griGJ
0,1212
0,0167
0,0000
0,0112
0,0000
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Table 1.6 The characteristics of the technologis insthe BAU inside and outside the electricttpsand the
differences between countries

Technology Identification/Examples Costs in 2000Carbon (C.) SO, NOx primPM
Name (earliest Mills/lkWh Bn tons/TWH Mt/TWh Mt/TWh Mt/TWh
possible year of
introduction)
HYDRO Hydroelectric and geothermal 40 0 0,0000 0,0000 0,0000
NUC Remaining initial nuclear 50 0 0,0000 0,0000 0,0000
GAS-R Remaining initial gas fired 36 0.14 0,0000 0,2572,0000 O
OIL-R Remaining initial oil fired 38 0.21 1,8744 0,3952 ,0108 0
COAL-R Remaining initial coal fired 20 0.25 0,9949 8 0,419 0,0125
GAS-N (2010) Advanced combined cycle 13 0.09 0,0000 04 0,23 0,0000
GAS-A (2020) Gas fuel cells + capture & 30 0 0,0000 0,0000 0,0000
sequestration
COAL-N (2010) Pulverized coal withput CO 41 0.20 0,0000 0,3472 0,0000
recovery
COAL-A (2050) Fuel cells with CCS - coal fuel 56 0.01,0287 0 0,0120 0,0003
IGCC (2030) Integrated Gasification + CCS 62 0.02 0,0358 0,2259 0,0012
- coal
LBDE (2010) Carbon-free: learning by doing 100/50 0,0000 O 0,0000 0,0000

1.2 Air Pollution modeling

Table I. shows the values of exogenous parameters (see also chapter ) mentioned in equation
and below.

The equations summarize the relation between the average yearJgétdentration in g/
in yeart and regior:

Gt,r £Hs,t,r ’ ()
s@

With s the index referring to the substances, 30D,, PM,,, and NH, andH the substance-
speci c contribution to the regional yearly Blyconcentration, which is based on the weighted
mean of urban and rural concentrations following equation ( ):

Hs,t,r ut,r Cs,t,r,urb Cs,t,r,rur 1 ut,r C

s,t,r,rur

l'lt,rcs,t,r,urb Cs,t,r,rur ()
Es,t,r ut,r A&,r,urb A,r,rur

The values ofAare derived from the  emission situation and the modeled ( , )

impact of these emissions on the concentration in . Substances speci ¢ correction factor
were introduced for each region to account for differences in meteorological situations and the
average density (inhabitants/Rrof the urban population. Table 1.shows the relative impact

of kg emissions per capita relative to primary particulate emissions, due to the relative slow
conversion of SQ NO, and NH,. The values for the regional level are in good agreement with
de values used by de Leeuw (). The table shows that the urban increase pof iBMomi-
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Table 1.7 Values of exogenous parameters mentinaqdation 2.

OECD China India
Avoan SQ 3.8 1.5 5.3
NQ 519 2.5 8.8
NH 1.7 1.6 1.2
PM, 25 1.1 1.9
A SQ 3.2 2.1 3.6
NQ 2.1 1.4 2.4
NH 4.4 8.9 5.8
PM, 6.2 6.6 13.1
U 2000 0.75 0.45 0.31
2030 0.80 0.69 0.47
2050 0.84 0.85 0.58
2100 0.85 0.92 0.74
5HODWLYH UHJLRQDO FRQWREERWHRBQVRI MWJ FDSLWHDLYYEBOP HPLVVLRQ
SO, 0.50 0.50 0.50
NQ 0.82 0.82 0.82
NH 0.40 0.40 0.40
5HODWLYH XUEDQ FRQWULEXDW.HR® \RR NI FDS HWDVIORUL FRHPLVVLRQ
SO 0.05 0.05 0.05
NQ 0.02 0.02 0.02
NH 0.10 0.10 0.10
5HODWLYH XUEDQ GHQVLWRARWRIWARRERDWHGFWR ERXNXUHFWLRQ ID
86% &$1= -DS 2 2

I1RWH 2(&" QXPEHUV DUH SRSRODMMKHRQHZHRDKMWXIXNGDDYHXNDIHDQ] DQG MDSDQ

nated by the contribution of primary particulate emissions. Globally the largest urban population
density and adverse weather conditions are found in Japan, China and India.

Figure I. illustrates how the concentration exposure is modelled for a generic area. Emissions

of SQ, and NQ and NH contribute secondary aerosol formation to the background concentra-
tions of PM .. By moving upwards from one source category to another, the local contribution

of emissions to ambient concentration increases, and thus the transboundary aspect of emissions
declines. These types of concentrations are mostly characterised by local emissions.

Although sulphates and nitrates add mostly to the background contribution of
PM, .concentration, secondary aerosols are only part of the problem (see also , * Dur

analysis includes all energy-related primary e, which is dominated by concentrations in urban
and rural areas.

The contribution of the < precursor to PM exposure is different from the proportion of emis-
sions of that particular substance compared to the other precursors (SOx, NOx, and NH ). Thus
attaining a health improvement does not imply that the contribution to average concentrations

13 Inurban areas, PFRQFHQWUDWLRQV FRUUHODWH ZLWK EODFN DQG ,RhidsoRd. seecDUERQ ZKLF
(3% &$1%$'$ 8QLWHG 6WDWHV + TUDQVERXQGDU\ 30 + 6FLHQFH $VVHVVPHQW VHH
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Various contributions to the outdoor concentration 9! PM

&RQFHQWBHYDWLRQ J P

Average urbar
and rSraI areq € Urban area—p 4+ Rural arepp

Street

Mostly primary PM Concentration of
premature death

Urban }
] of energy related PM
1 contributio } Mostly primary PM 9y
} From PM
Contribution of
Background contributions from Mostly from $O Secondary aerosols to
region, continent and hemisphere [ NO, NH Concentration of PM

Figurel1 PM FRQFHQWUDWLRQV DQG VRXUFHV LQ XUEDQ DQG UXUDO DUHDV LQ
BRXUFH GHULGECG IURP

(ug/n¥) and also emissions (tonnes) can be used to claim that sulphur emission reductions are
more effective (leaving aside the differences in marginal abatement costs of speci ¢ substances).
To illustrate this, sulphur tends to be emitted by large point sources in suburban areas and to
disperse over larger areas, whereag fhissions are also emitted in urban areas and remain

for quite some time. From examining the options to optimally reduce average exposure to
ambient urban PM, the more effective response is to reduce energy-related « emissions rather
than to reduce sulphur emissions. This point certainly holds for the < countries (see also model
simulations by Amman et al., ), but can also be shown to hold for the ¢ , although histori-

cally there are fewer S@nitigation programs than in the .

In addition, the assumption that substances in  affect air quality only in that local region may
seem unfortunate. However, this simpli cation does not lead to signi cant errors in the simula-
tions, because
Calculations refer to averages over one region. The regions are large, and cover urban and
rural areas. Thus, air quality in border areas does affect the average, but does not fully
represent the average concentration in a region.
Average contributions in the base year are dominated by urban concentrations. Transbound-
ary issues related to urban-dominated concentrations are less important. Thus, any error may
be small. Emissions of primary e remain close to the source as compared, ®nd€sions
and its conversion to sulphates which is actually substance contributing to the exposure of
PM, ; concentrations, mainly because the height of emissions a5$@ average larger than
for . Careful checking of the «+ model regard to SQemissions shows the following:

a. % emissions in Western Europe contribute to air quality in this region, and on average,
% leaks to central European countries (as part of eefsuin e ).
b. Only % of emissions in Central Europeleak to Western Europe.



Co-benefits of climate policy PBL

Emission of particulate matter by variant

Western Europe Eastern Europe and former Sovjet Union
Mt PM, Mt PM,

0,2 0,2 Ry
0,0 T T T \ 0,0 T T T ‘ \
2010 2020 2030 2040 2050 2010 2020 2030 2040 20
BAU scenario CBALL variant
=== Without leakages === Without leakages
—  With leakages — With leakages
JLIXUH , (PLVVLRORURWZ®R UGBBAOREYANdEEFSU DQG WZR VFBAQRALRYV

*&&LAP ZLWK DQG ZLWKRXW OHDNDJHYV

This could serve as an extreme upper estimate for leakage of energy-related primary e, but
should be interpreted as maximum estimate.. Figure shows how the assumption leasksO
ages applied to e affects the net emissions of Western Europe and - .

It can be seen that when transboundary aspects are not included the number of premature deaths
in e-Europe is overestimated by % in ,and %in .Atthe same time, the

number of premature deaths in - ¢ is underestimated by up to %.. This suggests — with a

linear impact on concentrations, premature deaths, and monetisation - an even smaller error in
the damage valuations (including discounting) relevant for utility that may lead to relocation of
resources for CO abatement (in Westerne Europe, % in  and %in ;andfor -,

%).The errors in the global estimates are even smaller, because other regions are even larger
than Western Europe and -+, and also leakages are cancelled out (an increase in one region

is a reduction in the other) thus leading much lower leakages.

In conclusion, as regions are large, leakages and transboundary air quality impacts are limited.
The transboundary aspects of sulphur emissions are larger than feniséions, as shown in
Figure . Errors resulting from not including transboundary air pollution on discounted welfare
changes at the regional level are less than %, and thus our approximation is not likely to have
a signi cant impact on the optimal regional emissions of, @ PM, or on reallocation of
resources.
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1.3  Assumptions emissions of GHG and air pollutants

Global emissions of BAU scenario

Index (2010=100)
300

200+

100

0 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘
2010 2020 2030 2040 2050 2060 2070

Global S@emissions of BAU scenario by source
Mt
160+

120+

80

2000 2020

! I

2080

2050

- Greenhouse gases
— NQ

Particulate matter
— SO

2100

I Process
Non-electric
[ ] oil
] coal
Electric

[ ] oil
B coa



Co-benefits of climate policy

PBL

Global P emissions of BAU scenario by source
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Global non-electric energy of BAU scenario by source
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Appendix Il More detailed results of variants

Table II. presents the CQ, emissions for the regions and scenario’s discussed in the previous
chapters. The BAU scenario is consistent with OECD baseline of the recently published
OECD Outlook. The CBall scenario is the optimal (minimal damage by climate change and air
pollution and maximum economic growth) outcome of the MERGE model. The climate change
policy scenarios are based on a pre determined  global emission reduction (compared to

). For the period - the climate change reduction scenarios follow an optimal
global reduction path based on gradually increase of the permit price (see table Il. ),for CO

Table Il. presents the premature deaths for the regions and scenario’s discussed in the previous
chapters. The CBall scenario is the optimal (minimal damage by climate change and air
pollution and maximum economic growth) outcome of the MERGE maodel. The Air pollution

scenario is based on a pre determined regional premature death reduction ( % in

compared to

Table [l.1 Green house gas emissions of the clamatair pollution policy scenarios (GCC25, GGTIB50,

). The premature death reduction was based on the ratio of @uction for

AP25, CBall)

GT CQeq 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Global

% $8 8.7 11.2 13.1 15.4 17.4 18.3 20.4 22.6 25 27.9 30.7
GCC25 8.7 10.7 10.7 9.7 8.4 7.5 6.4 5.8 5.4 5.2 5.1
GCC35 8.7 10.7 10.5 9.4 8.3 6.5 515 4.6 3.9 8.3 3.2
GCC50 8.7 10.5 9.5 8 6.4 5.0 3.6 3.2 2.9 25 24
AP25 8.7 11.2 10.5 10.3 9.1 7.5 6.3 5.6 5.1 4.8 4.6
&%$00 8.7 10.7 10.2 9.7 8.2 6.3 4.9 4.0 3.8 2.8 2.4
OECD

% $8 3.6 4.0 4.3 4.4 4.6 4.7 4.6 4.5 4.4 4.4 4.5
GCC25 3.6 3.8 3.3 2.4 1.8 1.4 1.1 0.92 0.82 0.79 0.70
GCC35 3.6 3.8 3.4 2.4 1.8 1.4 1.1 0.89 0.72 0.60 0.51
GCC50 3.6 3.7 2.9 2.1 1.6 1.2 0.98 0.79 0.66 0.55 0.47
AP25 3.6 4.0 3.3 2.7 2.0 15 1.2 1.0 0.8 0.7 0.7
&%$0O0 3.6 3.3 2.8 2.3 1.8 1.4 1.1 0.88 0.72 0.59 0.50
China

% $8 1.1 2.3 3.8 4.0 4.7 4.9 6.1 6.8 7.9 9.3 10.9
GCC25 1.1 2.1 2.4 2.4 2.2 2.0 1.8 1.6 1.4 1.3 1.2
GCC35 1.1 2.1 2.4 2.4 2.2 1.5 1.3 0.99 0.85 0.88 0.92
GCC50 1.1 2.0 2.2 1.9 1.4 0.95 0.66 0.47 0.37 0.26 0.37
AP25 1.1 2.2 2.5 2.5 2.4 1.9 1.6 1.6 1.4 1.4 1.3
&%$00 1.1 2.3 2.6 2.5 2.0 1.4 0.96 0.69 0.50 0.36 0.26
India

% $8 0.48 0.71 0.89 1.2 1.5 1.8 2.1 2.4 2.8 8.3 3.8
GCC25 0.48 0.69 0.73 0.75 0.73 0.79 0.71 0.67 0.62 0.58 0.55
GCC35 0.48 0.69 0.72 0.75 0.75 0.61 0.54 0.47 0.41 0.34 0.29
GCC50 0.48 0.67 0.67 0.61 0.51 0.42 0.35 0.31 0.28 0.25 0.24
AP25 0.48 0.71 0.73 0.77 0.80 0.76 0.67 0.53 0.61 0.57 0.54
&%$00 0.48 0.72 0.72 0.74 0.64 0.49 0.40 0.34 0.30 0.26 0.24
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the GCC variant in relation to the BAU and CBall emissions, the same ratio was applied for

the premature death reduction.

Table [I.2 Premature deaths of the climate andligiy pcenarios (GCC25, GCC35, GCC50, AP25, CBall)

millions
Global

% $8
GCC25
GCC35
GCC50
AP25

& %D OO
OECD

% $8
GCC25
GCC35
GCC50
AP25

&% DO O
China
%$8
GCC25
GCC35
GCC50
AP25
&%DOO
India

% $8
GCC25
GCC35
GCC50
AP25

&% DOO

2000

4.5
4.5
4.5
4.5
4,5

4.5

0.88
0.88
0.88
0.88
0,88

0.88

0.93
0.93
0.93
0.93
0,93

0.93

0.46
0.46
0.46
0.46
0,46

0.46

2010

5.8
5.7
5.6
5.6
5,7

5.6

0.77
0.75
0.75
0.74
0,75

0.60

1.6
1.6
1.6
1.6
1,6

1.6

0.84
0.82
0.82
0.81
0,82

0.85

2020

7.5
6.9
6.9
6.5
6,9

6.0

0.80
0.72
0.69
0.65
0,72

0.42

2.2
2.0
2.0
1.9
2,0

1.8

15
1.3
1.3
1.3
1.8

1.2

2030

9.4
8.4
8.4
i3
8,4

6.1

0.88
0.63
0.62
0.62
0,63

0.34

2.5
2.4
2.4
2.0
2,4

1.9

2.2
2.1
2.1
1.8
2,1

1.7

2040

11.5
9.8
9.3
7.6
983

513

0.92
0.62
0.61
0.59
0,62

0.28

3.1
2.8
2.9
2.0
2,8

1.6

3.0
2.5
2.6
2.0
285

1.6

2050

13.0

10.5
9.2
7.6
10

4.3

0.94
0.65
0.65
0.63
0,65

0.24

3.4
3.1
2.6
1.9
3,1

1.2

3.4
3.1
2.6
2.1
3,1

1.3

2060

14.0
10.6
9.2
7.6
11
3.8

0.92
0.63
0.62
0.61
0,63

0.22

3.6
3.1
2.4
1.8
3,1

0.99

3.7
3.1
2.6
2.1
3,1

11

2070

14.7
111
9.6
8.2
11

315

0.91

0.64
0.63
0.62
0,64

0.21

3.6
3.1
2.4
1.9
3,1

0.93

3.8
3.4
2.8
2.3
3,4

1.0

Table 1.3 Permit price for the climate policy smngGCC25, GCC35, GCC50, CBall)

Euro/ton G
GCC25
GCC35
GCC50
&%DOO
Euro/ton CQ,
GCC25
GCC35
GCC50
&%DOO

2010

64

17

2020

118
131
166

95

32
36
45
26

2030

207
228
340
131

56
62
93
36

2080

15.6
11.7

10.1
8.9
12

35

0.91
0.67
0.64
0.64
0,67

0.20

3.6
3.1
2.5
2.1
3,1

0.93

4.0
SES)
3.0
2.6
S15)

1.0

2040

258
363
584
184

70
99
159
50

2090

16.6

12.3

10.6
9.3
12

3.4

0.93
0.75
0.68
0.67

0,7

0.20

3.7
3.2
2.7
2.2
3,2

0.91

4.3
3.6
3.1
2.8
3,6

0.99

210

17.6
13.2
11.1
10.3
13
3.4

0.94
0.78
0.71
0.71

5) 0,78

0.19

3.8
3.2
2.9
2.4
3,2

0.89

4.5
3.8
3.2
3.1
3,8

1.0

2050

262
610
965
251

71
166
263

68



Global climate policy will reduce outdoor air
pollution

A stringent global climate policy will lead to
considerable improvements in local air quality and
consequently improves human health. Measures
to reduce emissions of greenhouse gases to 50%
of 2005 levels, by 2050, can reduce the number
of premature deaths from the chronic exposure
to air pollution by 20 to 40%. Climate policy will
already generate air quality improvements in

the OECD countries (particularly in the USA) in
the mid-term, whereas in developing countries
these bene ts will only in the longer run show to
be signi cant. This is the main message of this
report that was carried out for the OECD.

Netherlands Environmental Assessment Agency, February 2009



