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Abstract

In recent years several European air pollution pas have been based on a cost-effectiveness
approach. In the European Union, the European Camaion starts using the multi-pollutant,
multi-effect GAINS (Greenhouse Gas Air Pollutiotetactions and Synergies) model to identify
cost-effective National Emission Ceilings and djieeimission control measures for each Member
State to reach these targets. In this paper, wdyaghe GAINS methodology to the case of Italy
with 20 subnational regions. We present regionaltes for different approaches to environmental
target setting for PM2.5 pollution in the year 203®/e have obtained these results using
optimization techniques consistent with those ofN&AEurope, but at a higher resolution. Our
results show that an overall health-impact orientggbroach is more cost-effective than setting a
nation-wide limit value on ambient air quality, $uas the one set for the year 2030 by the
European Directive on ambient air quality and cleamir for Europe. The health-impact oriented
approach implies additional emission control castd53 million €/yr on top of the baseline costs,
compared to 322 million €/yr for attaining the ratiwide air quality limit. We provide insights
into the distribution of costs and benefits foricets within Italy and identify the main beneficesi

of a health-impact approach over a limit-value apgech.

Key words: cost-effectiveness analysis, policy @agen integrated assessment models, air
pollution, environmental target setting approachaspulation exposure.

HIGHLIGHTS

* The GAINS cost-optimization methodology has begpliad to the Italian territory.

» Different environmental target setting approachegelbeen compared.

* A regulatory approach focusing on health impacteetrathan on air quality is more cost-
effective.

» Distribution of costs and benefits for the 20 Halregions are presented.
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1 I ntroduction

Air pollution is the single largest environmenta&alith risk in Europe (EEA, 2015) and particulate
matter (PM) has become a major concern for puldialth (WHO, 2015). The European Union
(EV) limit and target values for particulate mattentinued to be exceeded in large parts of Europe
in 2013 (EEA, 2015). Recent studies based on sicenanlysis have assessed the likelihood that
the World Health Organization (WHO) air qualityrstiards and limits will be met in the future, and
what factors this may depend on, both at the Ewogéor example, Kiesewetter et al., 2014 and
2015) and at the national level (Oxley et al., 204i@no et al., 2016).

The cost-effectiveness approach has in recent yess applied in defining several European air
pollution policies. This method has replaced eadproaches to burden sharing, such as a uniform
emission reduction target for all negotiating pegstiwhich was adopted in the earlier stages of
European air pollution control (Hordijk and AmarQ07; Tunistra, 2007). In subsequent policy
processes, cost-effectiveness and effect-basediglea became the rationale to derive quantitative
and differentiated national reduction targets based the carrying capacity of vulnerable
ecosystems (Amann et al., 2011a; Wagner et al.3&0Wagner et al., 2013b). The cost-
effectiveness and effect-based principles have bhésn recently applied to the revision of the
Gothenburg Protocol (Amann et al., 2011b), theenevof the Thematic Strategy on Air Pollution
(Amann et al., 2013) whose results lead to the twlowf the “Clean Air Policy Package” (COM,
2013; Amann et al., 2014a) and to the revisiorhefNational Emission Ceilings (NEC) Directive
(Amann et al., 2015).

Our analysis is focused on Italy, and we use thdNSAtaly model Greenhouse Gas and Air
Pollution Interactions and Synergies Model overyitaD’Elia et al., 2009) to apply the above
methodologies to translate national environmenta ealth targets to regional emission control
targets. GAINS-Italy has been developed in collabon with the International Institute for
Applied System Analysis (IIASA) as it is the natiwversion of the GAINS-Europe model (Amann
et al., 2011a) and allows the evaluation of impaais costs. Starting from information on emission
abatement technologies and economic scenarios esfjgrand productive sectors, GAINS-Italy
produces alternative and/or future emission scesaralternative air quality scenarios and
abatement costs at a 5-year interval starting fi®90 to 2050. Compared to GAINS-Europe, the
development of GAINS-Italy gives many advantageth®national integrated model, i.e. GAINS-
ltaly represents 20 political regions individuaiigd has a spatial resolution of 20x20%an a grid

of 67x75 cells.
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GAINS-Italy is the MINNI (National Integrated Model to support the internab negotiation on
atmospheric pollution component dedicated to elaborating emission smEnao support
international evaluation and negotiation on atmesigh pollution. The MINNI model is an
Integrated Modeling System that links atmospheg®emce with the economics of emission
abatement measures and policy analysis. It wadaea by the Italian National Agency for New
Technologies, Energy and Sustainable Economic Dpwetnt (ENEA) to support the Italian
Ministry of the Environment, the Land and the Seatloe methodological aspects of the policy
design. MINNI consists of several interdependertt Bxterconnected components, each of which
describes individual system aspects and whose aweinponents are a multi-pollutaAtmospheric
Modeling SystenfAMS) and the national GAINS-Italy. They interacta feedback system through
the Atmospheric Transfer Matricd & TMs) and theRAINS-Atmospheric Inventory ligRAIL).

In the present paper we analyze alternative cdstiefeness approaches to reducing PM2.5
concentrations and exposure for Italy. We illugthie distribution of costs and benefits across the
regions when different approaches to air pollutontrol policy are used to meet the same health
objectives. Specifically we analyze three policgrsarios obtained with different approaches for
setting environmental objectives, thabsolute limit valueand the gap closuré procedures, the
latter applied either to PM2.5 concentrations amthe YOLL (Years Of Life Lo$tindicator. We
finally discuss the cost implications for these ra@aghes at different ambition levels. Technical
details can be found in the Supplementary Material.

2 M ethodology

2.1 The optimization module in the GAINS-Italy model

Over the past three decades IIASA has develope®A&IBIS (Regional Air Pollution Information
and Simulation Schopp et al., 1999) integrated model to suppudrnational negotiations on
transboundary air pollution, and then its succegbar GAINS model, which extends the scope to
greenhouse gases (Amann et al., 2011a). In patic@AINS-Europe features an optimization
module, which allows users to identify country-dpecand sector-specific portfolios of
technologies that achieve a given environmentdlinéarget in the most cost-effective manner. We
have adapted the optimization framework to theatatontext with its 20 (emitting) regions, and
the same sectors/activities schema as in GAINSturbike its European counterpart, GAINS-
Italy features a database, which holds sectorsiaes/technologies/pollutant and geographical
information; source-receptor relationships; tecahiand economic characteristics of control

technologies; as well as the implementation ratecwofent and planned future legislation on
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greenhouse gas mitigation and pollution control eeldvant affected sectors such as energy and
agriculture. The database is accessible througtelaximterface and offers upload and download
features.

The objective in the optimization is to find, forgaven future year, the mix of technologies that
allows to achieve a given environmental target aimum cost, where the costs are typically
summed over all regions, sectors and technologiests European counterpart, the technologies
considered in GAINS-Italy for the present purposelude only ‘end-of-pipe’ emission control
technologies, i.e. measures that affect emissiotoifa of one or more pollutants without changing
the activity data (Wagner et al., 2013a); while 4t@chnical measures have not been introduced in
the database but can be evaluated through diffemshtalternative scenarios. The optimization is
formulated as a linear programming problem, i.ee@liations, definitions and constraints are linear
in the decision variables. In the European vergibiGAINS, the ATMs are calculated with the
EMEP chemistry transport model (Simpson et al.,22@nd have a resolution of roughly 28x28
km?. They are used to calculate the regional backgtowtile the urban and roadside increment
have been taken into account respectively with7stekn? CHIMERE Chemistry Transport Model
and a chemical box model (Kiesewetter et al., 281 2015).

In the Italian MINNI system a different path hagbdollowed. The AMS simulates meteorological
fields and computes gas and aerosol transportusiiii and chemical reactions in atmosphere
(Mircea et al., 2014). It is composed by the meiklgical model RAMS Regional Atmospheric
Modelling SystemCotton et al.,, 2003); the emission processor EM§EMission MAnager
ARIA/ARIANET, 2008); the three-dimensional Eulerianodel FARM Flexible Air Quality
Regional ModelSilibello et al., 2008; Gariazzo et al., 2007;kKanen et al., 2012) that includes
transport and multiphase chemistry of pollutantshim atmosphere. The AMS has been applied to
calculate the linear transfer coefficient of theMd (Briganti et al., 2011) that allows the GAINS-
Italy model to calculate regional background comegions of PM2.5 and NOfrom emission
scenarios of the whole Italian territory. As baasecfor the AMS calculations, the emissions for the
year 2015 of the baseline “No Climate Policy sceridgMATTM, 2011) were used for each of the
four meteorological years, 1999, 2003, 2005, 26@r.each of these meteorological years we have
calculated ATMs. In addition, we have also averagked concentration fields of the four
meteorological years to generate a new set of ATMsch in the following we refer to as the
meteorology-average ATM or average ATM for shor. dalculate PM concentrations, regional
emissions of primary particulate and of secondaitiqulate precursors, sulphur dioxide 3O
nitrogen oxides (N§&), ammonia (NH) and non-methane volatile organic compounds (NMYOC

have been considered. For each run, the regioffi@tereee emissions of each precursor were
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alternately and selectively abated by 25%. To test approximation of the linear transfer
coefficients, a comparison with a full run of thevi& for the year 2020 has been carried out
(Briganti et al., 2011). This comparison showed tha ATMs consistently reproduce the complete
AMS run.

Mircea et al. (2014) in presenting the operatiaalluation of the AMS-MINNI for the year 2005
showed a general underestimation of simulated Pafitual average concentration with respect to
the measured data and observed variability comfmedlurban and suburban stations, while for the
year 2010, Ciancarella et al. (2016) showed a gmydement of simulated PM2.5 concentrations
respect to the measured data at the rural stasangar results thus hold for the ATMs.
Furthermore, for a detailed assessment of the itapafca given GAINS-Italy emission scenario,
the AMS system can be run at a resolution of 4x4 &mul 1x1 km.

2.2 Threetarget setting approaches

The current legislation (CLE) scenario represehés ‘baseline’ and reflects all policies that have
been currently legislated, both those that affeativily levels (such as energy and agriculture
policies), as well as pollution control policies fine period 1990-2050 (D’Elia et al., 2009). Our
underlying energy scenario for the GAINS-Italy mbde based on the new National Energy
Strategy (Ministero dello Sviluppo Economico, 208Bd has been elaborated by thstitute for
Environmental Protection and Resear¢lIsPRA) with the Markal-ltaly model (Gracceva and
Contaldi, 2005). We have also compared the GAINS+kEmission inventory estimated withap-
downapproach (D’Elia and Peschi, 2013) to the latasibnal emission inventory submission (lIR,
2016). Discrepancies in reproducing the nationtdltemission inventory have been considered
acceptable if differences remain within a few patage points (Amann et al., 2014b), i.e. in the
interval between +5%.

However, air pollution control technologies whiapresent these policies in the CLE scenario in
GAINS may not always represent the most cost-affeanix to achieve the resulting emission
levels. For this reason both GAINS-Europe and GAIlNS/ calculate a so-called cost-optimal
baseline (COB) scenario, that represents the nos$teffective way to reach the baseline emission
level (Wagner et al., 2013a). All costs reportedhis paper are costs relative to the COB scenario;
this is consistent with the GAINS policy analysis international negotiations.

In GAINS an environmental impact indicator for tergetting can be defined either at the grid cell
or at a more aggregated level. Multiple types ofie¢ts can be defined simultaneously. Here our

focus is on three alternative target setting apgrea that have been used widely in air pollution
policy.
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First, in the absolute limit valueapproacha uniform environmental quality standard is set tha
must be attained in all regions, i.e. in each imtlial grid cell. For example, the annual average
concentration of fine particles or of ozone mudt exceed a certain limit value. As a consequence
of such a policy, much of the improvement in aialkfy would occur in highly polluted areas, as
these are specifically targeted by such a poligmil&rly, much of the effort to reduce emissions
will occur in polluted areas: while some pollutientransported over distances, local emissions are
a key determinant of local air quality. This hasetedemonstrated by the national source

apportionment _(http://ec.europa.eu/environmentfadality/legislation/time_extensions.htm - Italy),

which showed an average contribution of transborynpallution both for PM10 and NQess than
30% for the whole Italian territory with higher paaat the boundaries. Thus, costs and benefits
tend to be localized and correlated. The advantdghis target setting approach is that the air
quality can directly be monitored and comparedotarget value.

In the second approach, thecal gap closureprocedure, costs and benefits tend to be morelgve
distributed across regions. This approach is basethe idea that all feasible options for future
policy lie between what is currently planned (tlee CLE or COB scenario), and the Maximum
Technically Feasible Emission Reductions (MTFR)nsc®, and that a ‘fair’ policy should ensure
that improvements in air quality should occur ewdrgre and in proportion to what is technically
feasible. In the MTFR scenario, the best controhi®logies are employed to the maximum extent,
resulting in the lowest technically feasible legékemissions. In determining MTFR scenarios, only
technology options are considered while local and-technical measures could offer additional
emission and concentration reductions. The diffeedretween the CLE and MTFR scenarios is the
so-called ‘gap’. A gap can be calculated, for exi@nfpr emissionsand it will be different for
different countries and different pollutants. A gagn also be calculated fonpact indicatordike
concentration. It is useful to scale the gap arfthéea relative ‘gap closure of X%’ where X lies
between 0% (no ambition) and 100% (maximum ambjtion matter what the absolute gap is, the
gap closure requires that in all regions or grillisca given indicator is reduced by X% of what is
maximally feasible relative to the CLE/COB scenaifitie choice of X depends on the ambition
level policy makers would like to reach for thefeient impact indicators.

In the following, we apply the gap closure targetting procedure to the PM2.5 concentration level
in each grid cell, so that in each grid cell theantration is reduced by the same share of tte loc
reduction potential. In this case, we will choosed{that we can compare scenarios that exhibit the
same health benefits as the scenario obtainedthgtlabsolute limit value approach. For example,
we first estimate the impact of an absolute linaile of 20 pg/mthat is applied in each grid cell in

the year 2030, in compliance with the Europeandiive on ambient air quality and cleaner air for
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Europe (EC, 2008); we call this policy scenario &BAfterwards, we estimate the population
weighted exposure level (PWEL) for the whole ltaliarritory. We then calculate the lowest gap
closure X on the PM2.5 concentrations that achi¢iressame population weighted exposure level
of the absolute scenario. This X turns out to b&3and we call the corresponding optimized
policy scenario ‘GC’.

The third approach targets theeafs Of Life Lost (YOLL)where we calculate the lowest gap
closure on the total national YOLL that achieves dame population weighted exposure level of
the absolute scenario. This value turns out tod8 and we call the corresponding policy scenario
‘HEALTH’. Each of the three target setting approestresults in a different set of cost-optimal
emission control measures. By comparing scenahas ytield the same health benefits, we can
compare the relative cost-effectiveness of the Gages.

3 Results

3.1 TheBasdineand MTFR scenario at the year 2030

The baseline scenario assumes full implementatiorcuorent legislation, both European and
national. The MTFR scenario shows to what levebpaitutant emissions could be further reduced
beyond what is required by current legislationptiyh full application of the available technical
measures, without changes in the energy strucamésvithout behavioural changes of consumers
(Amann et al., 2014a). In the following table aimglfe (tab. 1 and fig.1), we show results for the
baseline and MTFR scenarios in the year 2030 ah#tienal level, while detailed data for all the

20 administrative Regions are reported in Appeddi$upplementary materials).

Table 1 — The 2005 emission inventory (IR, 201&) ¢he 2030 Baseline and MTFR scenarios for

Italy (absolute emissions in kt and percentageataoiu).

ITALY 2005 Emission 2030 Em|_55|on Change 2005-2030
Inventory scenario
Pollutant Kt Baseline MTFR Baseline MTFR
(kt) (kt) (%) (%)
SO, 407 177 87 -56% -79%
NOyx 1,249 568 499 -54% -60%
PM2.5 165 124 63 -12% -55%
NMVOC 1,281 767 522 -38% -58%
NH3 422 375 205 -11% -51%

In the baseline scenario, MOk and NMVOC emissions are reduced significantly leemv2005
and 2030 (by 56%, 54% and 38%, respectively), wiole PM2.5 (12%) and N (11%) the
Page7 of 20
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reductions are smaller. The MTFR scenario showselier, that also these two pollutants could be
reduced significantly (by 55% for PM2.5 and 51% IXts).

Figure 1 shows the resulting annual mean PM2.5ardnation for the year 2030 in the baseline and
MTFR scenarios on a 20 km grid for the average anetegical year. Comparing these results with
the PM2.5 annual air quality value of pg/m’ required by the Air Quality Directive (EC, 2008),
we observe exceedances of the limit value in tlselbge scenario in the Po Valley and in the Milan
and Naples areas, while in the MTFR scenario thé lralue is attained everywhere (the maximum

concentration across grid cells is i§/m°). A map with the name of the 20 Italian Adminisiza

Regions is reported in Appendix 3 (Supplementaryevial).

N

Wo-2ug/m"3
W24
Wa-s
Me-8
Os-10

W o-2ug/m"3
W2-4
Wa-6
Hs-8
Os-10
Wi0-12
Bi12-14
O14-16
Wi6-18
Lo M1s-20

J e M 20-30
-
!I I >!\\

MTFR

Biw-12
B12-14
Oud-16
W 16-18
E18-20
W20-3 <

Baseline

Figure 1 — Annual mean PM2.5 concentrations foryegsa 2030 with a spatial resolution of 20 km
in the Baseline (left) and MTFR (right) scenari¢coéated by the GAINS-Italy model with the

meteorological average year.

However, the WHO limit of 1qQug/m® cannot be attained everywhere, even in the MTFRa0.

Thus, only with additional changes in the energstey this limit could be attained.

3.2 Comparing target setting for policy scenarios

To illustrate the differences in the target sett@pyproaches the ABS, GC and HEALTH scenarios
have been compared. Figure 2 shows the additiasé$ dy region (on top of the baseline scenario)
in absolute values (million €/yr) and per capita floese three scenarios. The HEALTH scenario
implies an additional air pollution cost of 153 loih €/yr on top of the baseline costs (i.e. ~3¢€ p
capita and year) (fig. 2). In contrast, GC impl&&t million €/yr (4 € per capita and year), while
ABS implies 322 million €/yr (5 € per capita andaye At the national level, the gap closure
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approach targeting total national YOLL implies tbhevest costs, but this is not true for all regions
(fig. 2). Higher costs of HEALTH than GC are obssihfor example in the Lombardia Region

(Northern Italy) where high PM2.5 concentrationg also correlated with a high population

density.
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Figure 2 — Additional costs on top of the base(BE) costs in absolute values (million €/yr - left)

and per capita (€/person — right) by Region to ced@M2.5 concentration in the three policy

scenarios: gap closure on PM2.5 concentrations-(Bl@Ge bar), Absolute Value of 2@y/m® (ABS

- red bar) and gap closure on the health indiqd&ALTH - green bar) — for the year 2030.

Differences are evident not only in terms of cds$ also in terms of emission reductions and

PM2.5 concentrations. It is worth nothing that e tABS scenario only few regions, where

concentration limit are exceeded, are affected diycy changes. Table 2 shows that the implied

reduction in PM2.5, N@ and NMVOC emissions with respect to the baselrenario are very

similar across all the three policy scenarios, wétiuctions of N@ and NMVOC being negligible.

Table 2 — Emission reductions at the national léwethe year 2030 (in %) with respect to the 2030

ITALY/ 2030 Emission reduction respect to the Baseline
2030 Scenario scenario (%)

POLLUTANT GC ABS HEALTH MTFR
SO, -28% -15% -26% -51%
NOyx -2% -1% -1% -12%
PM2.5 -13% -11% -10% -49%
vOoC -1% -1% -1% -32%
NH3 -14% -4% -10% -45%

baseline in the GC, ABS, HEALTH and MTFR scenarios.
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In contrast, S@and NH are much further reduced in the GC and HEALTH sdesahan in the
ABS scenario. However, regional emission reducpatierns actually differ significantly from this
national pattern. Moreover, although all the thpeadicy scenarios show comparable PM2.5
emission reductions at the national level, at #ganal and sectoral level the emission reductions
differ significantly across scenarios, implying ththfferent specific policies would be required to
implement them (fig. 3). For example, in the AB®rsario the primary PM2.5 emission reduction
occurs principally in three regions (Campania, Landi and Veneto) and here largely in the
domestic sector (improved combustion of biomass).tla® other hand, in GC and HEALTH the
reductions are more evenly distributed and all othgions experience a higher emission reduction
(compare red, yellow and blue dots on the rightyaxihe largest contributors to reductions in the
ABS scenarios are the industry and domestic seattnte in GC and HEALTH the contribution of
the domestic sector is lower. Thus, reaching theofigan air quality standard would require to

target fireplaces and traditional stoves speciffgal Campania, Lombardia and Veneto.
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ABRUZZO | BASILICATA = CALABRIA | CAMPANIA | ROMAGNA | GIULIA LAZIO LIGURIA |LOMBARDIA MARCHE MOLISE PIEMONTE PUGLIA | SARDEGNA SICILIA TOSCANA |ALTOADIGE| UMBRIA D'AOSTA VENETO
E £ z z E z z z z z z z z z z z z z z £
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ooo [BIZIEIB2|5|8I2I2 |8 |2]8]2|2)8)2 2/8|2)2)8)2 28|22 18)2)2 8228|125 8|22 8258288228 2518|228 FAH LI
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Figure 3 — Primary PM2.5 emission reduction rekativ the 2030 baseline by region (dots on the
right axis) and sector (bars on the left axis)tfe HEALTH, GC and ABS scenarios.

The only regions that have to reduce \dissions in the ABS scenario are Campania intfeont
Italy, Lombardia and Veneto in the North (cf. fi.that are also the most polluted areas. In the GC
and HEALTH scenarios NHemission are also significantly reduced in Lomimrdoscania and
Emilia Romagna in Central Italy. In all the polisgenarios, the largest contributor to reductions is
the livestock sector and especially cattle farmi@gikingly, while emissions reductions observed
in the GC and HEALTH scenarios are higher, the @ased costs are lower than in the ABS
scenario (fig. 2) because emission reductions oeccreggions and sectors where the reductions can

be achieved more cost-effectively.
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Figure 4 — NH emission reduction relative to the 2030 baselyesgion (dots on the right axis)
and sector (bars on the left axis) for the HEALT3 and ABS scenarios.

Table 3 — Emission reductions (%) for the year 208@ollutant and geographical area and

additional costs on top of the Baseline (BL) fog three policy scenarios and MTFR.

2030 SQ emission reductions | 2030 NG emission reductions| 2030 PM2.5 emission reduction
respect to Baseline (%) respect to Baseline (%) respect to Baseline (%)

n

SCENARIOS| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR

ITALY -28% -15%  -26% 51%| 2%  -1% -1% -12%  -13% -11% -10% -49%
NORTH -22%  -27%  -29% -44%| -3% -2% -2% -13% -15% -15% -11% -51%
CENTRE -34% 0% -34% 52% 1% -1% -1% -11% -11% 6% %-9 -48%
ISS(EX-II\-IHDgnd -29% -11% -23% 55% | -1%  -1% -1% -11%  -11%  -7% -10% -41%

2030 NMVOC emission 2030 NH; emission reductions

reductions respect to Baseline (%) respect to Baseline (%) Add costs on top BL (€/person

SCENARIOS| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR

ITALY A% 1% 1%  -32%| -14% -4%  -10%  -45% 4 5 3 88
NORTH A% 1%  -1%  -36%4 -14% -5%  -10%  -51% 7 10 4 103
CENTRE A% 0%  -1%  -29% -19% 0%  -15%  -39% 2 0 1 11
ISS?_KLHD;‘”O' A% 0%  -1%  -28%| -11% 3% 7%  -33% 2 3 1 70

At a more aggregated geographical level (North,t@esouth and the two islands, and the average
national data), Table 3 summarizes the distributibamissions reductions and costs relative to the
baseline for the policy and MTFR scenarios. We plesen general a more homogenous
distribution of reductions and costs in the GC &t ALTH than in the ABS scenario. Turning to

ambient air quality we observe that by definitibe target value of 20g/m’ is attained in all grid
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1 cells in the ABS scenario, even in the high PMaZBaentration areas such as Milan, the Po valley
2 and Naples.
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5 Figure 5 — Annual mean average PM2.5 concentréfighn’) for the year 2030 in the ABS (top
6 left) and HEALTH scenarios (top right) and concatitm differences (in %) between ABS and GC
7 scenarios (bottom left) and between ABS and HEAILSEEnarios (bottom right).
8
9 In contrast, the maximum annual PM2.5 concentratiosome areas still reaches almost@am’
10 and 24pug/m® in GC and HEALTH, respectively, and is therebytapd5% and 20% higher than in
11 the ABS scenario (fig. 5). However, in both GC dafBALTH, in most areas the concentration
12 level would be lower than ABS. Thus, we estimatd the number of people exposed to more than
13 20 pg/m® in GC and HEALTH would be reduced by 66% relativebaseline, and the share of
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people that can enjoy a level belowd@/m® would rise from 21% in the baseline to 33% (GGJ an
to 31% (HEALTH) instead of only 25% in ABS, cf. fig.

<10 ug/m3 10-20ug/m3 =20 ug/m3

EITALY 'NORTH ®CENTRE ®ESOUTH and ISLANDS

Figure 6 — Population exposure (%) for the yeai02®Bgeographical area in three PM2.5
concentration intervals (less thanfg@m®, between 1Qug/m® and 20ug/m®, more than 2@ig/m°)

for the three policy scenarios and MTFR.

At the regional scale, in the 2030 baseline scenidwé population in the northern area is largely
exposed to higher PM2.5 concentrations and onlyob%e population is exposed to less than 10
ng/m® while 25% of the population is exposed to ovepd0m®. For the south and islands this share
is only 12%, while in the central area no parthef population is exposed to more tharugdm®. In

the three policy scenarios, the share of peoptaémorth exposed to less than igm® does not
vary, indicating that all three policy options gealy improve higher concentration areas. In
contrast, in the south and centre regions the rdifte target setting options have different
implications for the share of people living in asexposed to less than fi§/m®. Regional results,
reported in Appendix 2 (Supplementary materialspvs a large variation among northern regions

and policy scenarios.

3.3  Other ambition levels
Our results are subject to uncertainties, relatmthe specifics of the GAINS model formulation,
model parameters and input data, as well as thergemuncertainty about the future, and

specifically future economic and energy-relatedvdets (Amann et al., 2011a). For GAINS-
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Europe, Schopp et al. (2005) have developed a mekbgy to quantify uncertainties, and their
conclusions equally apply to the Italian versionGAINS. Here, however, we take a pragmatic
approach in the form of sensitivity analyses anglae how our results change as a result of

changing (independently) two key ingredients indhalysis.

Namely, first we explore whether our qualitativenclusions about the different target setting
approaches would change if we change the ambigeel bf the policy, i.e. the target level for the
population weighted exposure level. In fig. 7 we@whhe emission reduction cost curve over a

range of target levels of PWEL for the three tasgting approaches.

7 900
4 800
-4 700
1 600
1 500
1 400

1 300

(1473 uorgu) 53500 [EUONIPP Y

1 200
—absolute concentration target
—gap closure on PM2.5 concentration 1 100

gap closure on health

T T T T 1 0
-100% -80% -60% -40% -20% 0%

Health impact (PWEL) reduction relative to the 2030 baseline

Figure 7 — Comparison of costs for reaching a giveadth impact reduction with three alternative

target setting approaches.

The blue curve was generated by setting more ane mambitious absolute concentration targets
(the lowest level that could be achieved in eveig i 16 g/m°), while the red (green) curve was
generated by increasing the gap closure value e to 100% for the PM2.5 concentration level
in each grid cell (the total national YOLL). We ebge that to reach the same health impact levels
the gap closure approach (in particular when aggieethe national YOLL indicator) lowers the
costs respect to an absolute target approach. Thusgucing the accumulated exposure to PM2.5
concentrations, setting an ambient air quality dsad is economically less efficient than alternativ
approaches for reaching a given health objectivera/temission reductions could occur in more
cost-effective regions and sectors. As a seconsitsgty analysis we compare the alternative target
setting approaches under different meteorology &)gThe results confirm that the ABS target can

only be achieved at higher costs than equivalemfeta in the GC and HEALTH approaches,
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independently of the choice of historical meteoggldor determining the dispersion and chemistry

of the pollution.

Additional costs (million €/yr)

meteo 1999 meteo AVG meteo 2005 meteo 2007 meteo 2003

EmABS ®mmGC EWHEALTH  ==hlealth impact reduction relative to the 2030 baseline

Figure 8 — Comparison of costs for reaching theesabsolute limit value of 2@g/m®for the three

different target setting approaches under diffene@teorological years.

In addition, we have compared the emission cortosts required for a 60% reduction in health
impact for the GC and HEALTH. We have found (fig.tBat GC costs are consistently 50-60%
higher than in HEALTH costs, across all meteorasgconsidered here. Thus, applying the gap
closure approach directly to the health impactdattir, rather than the concentration level, is the

most cost-effective approach, independently ofntie¢eorology.
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Figure 9 — Comparison of costs for reaching theeshealth impact reduction of 60% for the GC

and HEALTH scenarios under different meteorologjers.
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4 Conclusions

In this paper we have constructed and analysedeffesttive scenarios that achieve either certain
air quality standards or health objectives. Forahalysis we have implemented and used the ltalian
version of the GAINS model including an optimizatialgorithm that is fully consistent with the
GAINS-Europe tool, which has been used by polickensain the design and negotiations of future
air pollution control policies. Here we have foadisn long-term accumulated exposure to PM2.5
concentrations. We have compared three alterngdigget setting approaches for identifying cost-
effective policy options: absolute air quality tatg, expressed as limits on annual average PM2.5
concentrations; gap closure on PM2.5 concentrdawel in each grid cell, i.e. for each grid cell
same progress in the reduction in concentratioal$eymeasured against the potential reduction in
each cell; and a gap closure on the total yeatgeofost of the whole Italian territory. We have
specifically compared the cost-effectiveness of déipproaches and found that the absolute air
quality target is the economically least efficiapproach to reducing the overall exposure to PM2.5
concentrations, and this is true across all feasiinhbition levels and different meteorologies. For
the specific case of reaching a universal air gquédirget of 2Qug/m® (or equivalent health benefit)
we found that setting the absolute air quality eéaigplies additional air pollution control costs o
322 million €/yr, while with a gap closure approach PM2.5 concentration (on the YOLL
indicator) the same health benefit could be acliew@h 264 million €/yr (153 million €/yr).
Different target setting approaches also suggéfgreint emission reduction measures to be taken,
and this has implications for implementation ruM& also found that an air quality target of 20
ng/m* by 2030 would lead to a very uneven distributidrremluction efforts and costs across the
twenty Italian regions. Our analysis shows thatssafitial economic and health benefits could be
gained by exploring alternative policy options &mhieving a given set of health objectives. In the
future GAINS-Italy could be used more widely tother explore specific portfolios of emission

control measures beyond current national and Eldl&gpn.
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Table 1 — The 2005 emission inventory (IR, 201&) ¢he 2030 Baseline and MTFR scenarios for
Italy (absolute emissions in kt and percentagectaoiu).

ITALY 2005 Emission 2030 Em|§5|on Change 2005-2030
Inventory scenario
Pollutant Kt Baseline MTFR | Baseline MTFR
(kt) (kt) (%) (%)
SO, 407 177 87 -56% -79%
NOyx 1,249 568 499 -54% -60%
PM2.5 165 124 63 -12% -55%
NMVOC 1,281 767 522 -38% -58%
NH3 422 375 205 -11% -51%

Table 2 — Emission reductions at the national léwethe year 2030 (in %) with respect to the 2030
baseline in the GC, ABS, HEALTH and MTFR scenarios.

ITALY/ 2030 Emission reduction respect to the Baseling
2030 Scenario scenario (%)

POLLUTANT GC ABS HEALTH MTFR
SO, -28% -15% -26% -51%
NO -2% -1% -1% -12%
PM2.5 -13% -11% -10% -49%
VOC -1% -1% -1% -32%
NH; -14% -4% -10% -45%

Table 3 — Emission reductions (%) for the year 208@ollutant and geographical area and

additional costs on top of the Baseline (BL) foz three policy scenarios and MTFR.

2030 SQ emission reductions | 2030 NG emission reductions| 2030 PM2.5 emission reduction
respect to Baseline (%) respect to Baseline (%) respect to Baseline (%)

n

SCENARIOS| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR

ITALY 28% -15%  -26%  -51%| -2% -1%  -1%  -12% -13% -11% -10%  -49%
NORTH 22% 2% -29%  -44%| -3% -2% 2%  -13% -15% -15%-11%  -51%
CENTRE | -34% 0%  -34%  -520 -1% -1%  -1%  -119% -11% -6% %-9 -48%
ISS?XLHDS”O' 20% -11% -23%  -55%| -1% 1%  -1%  -11% -11% -7%  -10%  -47%

2030 NMVOC emission 2030 NH; emission reductions

reductions respect to Baseline (%) respect to Baseline (%) Add costs on top BL (€/person

SCENARIOS| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR| GC ABS HEALTH MTFR

ITALY A% 1%  -1%  -32%| -14% -4%  -10%  -45% 4 5 3 88
NORTH A% 1%  -1%  -36%4 -14% -5%  -10%  -51% 7 10 4 103
CENTRE 1% 0%  -1%  -29% -19% 0%  -15%  -39% 2 0 1 11
SOUTHand | 100 9y 105  -28% -11% -3%  -7%  -33% 2 3 1 70

ISLANDS




HIGHLIGHTS

* The GAINS cost-optimization methodology has been applied to the Italian territory.
» Different environmental target setting approaches have been compared.

* A regulatory approach focusing on health impacts rather than on air quality is more cost-
effective.

» Distribution of costs and benefits for the 20 Italian regions are presented.



