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Executive Summary

In May 2001, the European Commission launched the Clean Afuimpe (CAFE)
Programme — a knowledge based approach with technical/ciantilyses and policy
development that will lead to the adoption of a Thematic &jyabn Air Pollution, fulfilling

the requirements of the Sixth Environmental Action Programmeirh is to provide long-
term, strategic and integrated policy advice &mhieving levels of air quality that do not give
rise to significant negative impacts on and risks to human haafttthe environment’;
including ‘no exceedance of critical loads and levels for acidification aoghication’.

This report presents the cost-benefit analysis of the Tie®tmategy which was adopted by
the European Commission on 21 September 2005. The strategysdefiissions against a
series of ambition levels for reducing the impacts of ozondiaagarticles on health, and
acidification and eutrophication on ecosystems as show ire Tabl

Table i) Numerical values of the effect indicators for curent legislation, the Thematic
Strategy and Maximum Technically Feasible Reduction scenarida 2020

Current the Strategy Maximum
legislation in Technically
2020 Feasible
Reduction
Years of life lost due to PM2.5 (EU-wide, 137 106.5 96
million YOLLSs) (0%) (75%) (100%)
Acidification (country-wise gap closure on 0% 55% 100%
cumulative excess deposition)
Eutrophication (country-wise gap closure on 0% 55% 100%
cumulative excess deposition)
Ozone (country-wise gap closure on SOMO35) 0% 60% 0094

The % ‘gap closure’ here relates to the gap betweesittiegion in 2020 if Current
Legislation (CLE) was fully implemented and the Maximuethinically Feasible Reduction
(MTFR) scenario of the RAINS model. CLE is also reddrto as the “CAFE baseline”.
Damage, even under the MTFR scenario, is projected $alieantial, as can be seen in the
years of life years lost due to BM

The cost-benefit analysis (CBA) presented in this repkestas its starting point pollution
data generated by the EMEP and RAINS models for the cuegistation, the Strategy and
MTFR scenarios. Benefits are assessed using the CABREnG@thodology, developed
following extensive consultation with CAFE stakeholders, includlifigO and other
European expert groups and independent peer review.

Benefits are assessed for the following receptors:
Health (mortality and morbidity), impacts and monetary eajent;
Materials (buildings), impacts and monetised damages;
Crops, impacts and monetised damages;
Ecosystems (freshwater and terrestrial, including forastggcts in terms of critical
loads and levels exceedance, but without monetisation.
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Health benefits across the EU

Core estimates of health impacts from exposure to ozonerangditicles are shown in
Table ii). These results link ozone exposure to 21,000 deaths Elt25 in 2020, with a
reduction to around 19,000 cases per year with the Strategyparticles, the numbers are
larger, with 2.5 million life years lost in 2020 under eufrlegislation, falling to around 1.9
million under the Strategy. The table also shows thaiddiution is likely to cause many
thousands of hospital admissions each year and many milliongbtidl health across the
EU25.

Table ii) Estimated annual health impacts due to air pollutn in the EU25 under
current legislation, the Strategy and the MTFR in 2020(thousands

Current the

End Point Name legislation ir MTFR
202( Strategy

Ozone effects
lAcute Mortality (thousand premature deaths) 21 19 18
Respiratory Hospital Admissions (thousands) 2C 19 17
Minor Restricted Activity Days (thousands) 42,00( 39,000 36,00
Respiratory medication use (thousand days, chijdren 13,00( 12,000 11,00
Respiratory medication use (thousand days, adults) 8,200 7,500 7,000
Cough and LRS (thousand days children) 65,00( 60,000 56,00
PM effects
Chronic Mortality — thousand years of life lost (YOLLS) 2,500 1,900 , 700
Chronic Mortality — thousand deaths 27¢ 210 190
Infant Mortality (0-1yr) — thousand deaths 0.3t 0.27 0.25
Chronic Bronchitis (thousand cases, adults) 12¢ 99 9(
Respiratory Hospital Admissions (thousands) 42 33 3(
Cardiac Hospital Admissions (thousands) 2€ 20 18
Restricted Activity Days (thousands) 220,000 170,000 160,000
Respiratory medication use (thousand days, chijdren 2,000 1,500 1,400
Respiratory medication use (thousand days, adults) 21,00( 16,000 15,00
Lower Respiratory Symptom days (thousands, children 89,00( 69,000 62,00
Lower Respiratory Symptom days (thousands, adults) 210,000 161,000 150,000

1) The estimates of acute mortality due to ozoedrathis analysis somewhat different from thoggoreed by
the RAINS model. This is due to the fact that ia #malysis carried out for 2020, we use the adeliition of
the population as of 2020. However, the age distidn used in RAINS was based on 2000 data. Thes, t
effects of ozone on mortality are more up-to-datthis report. However, the difference of the CBAI&RAINS
analysis between CLE and the Strategy is small.

2) For chronic mortality (PM), two alternative vakiare presented, based on quantification using wpédife
lost and numbers of premature deaths). The twsunea are not additive.

These health effects have been converted to a moregfaiyalent. Table iii) shows that the
total annual health benefits of the Strategy range fré2ito 135 billion for the EU25. The
range here arises from the use of alternative methoasdiality valuation.
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Table iii) Core estimates of annual health damage and bernitsf due to air pollution in
EU25, with the Thematic Strategy Scenario, and under a MTR scenario in 2020

Billion Eurol/year
Current legislation the
Total Damage in 2020 Strategy MTFR
Low estimate 189 147 133
High estimate 609 474 427
. . the
Benefit over CLE baseline Strategy MTFR
Low estimate 42 56
High estimate 135 181

Non-health impacts

Damage to crops from ozone exposure and to materials from dejalisition in the year
2020 is estimated here to cause aroun@ billion of damage a year under the CAFE
baseline. The Strategy is estimated to provide annuafitseoie 0.3 billion as reduced crop
damage thus benefiting the agriculture sector. In additiogrtheal benefits of reduced
damage to buildings of the Strategy are estimated tbdat 20.2 billion. In total, monetised
non-health benefits have been estimated taOle billion every year due to the Strategy.

These figures specifically exclude damage to ecosysisrttgere is currently no adequate
basis to perform monetisation of ecological damage of fhestpf concern here, and at the
European scale. However, information on critical loads elare=e has been generated by the
RAINS model (Table iv).

Table iv) Summary statistics on critical loads and levelshewing % area over which
there is exceedance across the EU25

2000 Current  the Strategy MTFR
legislation
in 2020
Eutrophication Ecosystems 57% 46% 33% 15%
Acidification Forests 21% 10% 6% 3%
Ozone Forests 61% 56% 52% 28%

The table demonstrates widespread exceedance of tiealdotid for eutrophication and the
critical level for ozone remaining in 2020. Acidification Heeen brought under better
control, though there are still a significant number of ecosyst risk. By summarising
across the EU25, Table iv) does not pick up some importanbdisbnal issues, specifically,
that critical levels exceedance for ozone is sharply divigdéd,little or no exceedance in
Northern EU Member States (Estonia, Finland, Latvia, LithuanchSweden) but extensive
exceedance in all others.

Comparison of costs and benefits

The information given above on monetised benefits of the diffgyolicy scenarios has been
compared against the costs estimated by the RAINS mo@sultRin Table v) are expressed
in terms of net benefits (i.e. the total level of beretthieved) and the benefit:cost ratio
(essentially the effectiveness of each scenario in aclgiéenefits) in relation to the CLE
baseline scenario. At this point, no account is taken ofrtamety other than in mortality
valuation (which generates the Low-High ranges shown).
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Table v) Comparison of annual costs and benefits for the EU25der the different
scenarios relative to the CLE baseline pillion/year) in 2020.No account is taken of
damage to ecosystems, some health impacts, and cultural hage.

the Strategy MTFR
EU Annual monetised benefits (health, materials an
crops)
Low estimate 42 57
High estimate 136 182
EU-25 Annual Total Costs — change over base line
Total 7.1 39.7
NET benefits (Monetised Benefits minus Total Cost:
Low estimate 35 17
High estimate 129 143
Benefit to Cost Ratio
Low estimate 5.9 14
High estimate 19.0 4.6

It is stressed that the analysis above does not includenaffitse— notably it excludes benefits
to ecosystems, some health impacts, for instance those of sgcorgimic aerosols (SOAS)
and impacts on cultural heritage. It is evident fromsit@ping analysis carried out as part of
the CBA that these impacts are likely to add signifideenefits to those already quantified.
The scoping study suggested annual benefits betwie@rto 5.7 billion as a result of the
Strategy. The importance of the un-monetised benefitsaseaident from estimates of the
extent of exceedance of critical levels for ozone and atib@ads for acidification and
eutrophication shown in Table iv).

Uncertainty analysis
Results of the cost-benefit comparison have been subjantdgtensive uncertainty analysis.
This has considered the following factors in particulaectet on the basis of our own
experience and comments made by other experts:
- Statistical uncertainty in health inputs for incidence ratsgonse functions and
valuation data;
Sensitivity to the use of alternative approaches to mgrdisessment;
Sensitivity to a reduced risk factor for the dominant impacititality from chronic
exposure to particles;
Review of unquantified aspects of the analysis that vak lthe results up or down.

Results of the uncertainty analysis demonstrate a robustaraseving from the baseline to
the Strategy with a very high probability of benefits exaegdosts (for all plausible sets of
assumptions considered in the analysis >99%).

Macroeconomic analysis using GEM-E3
No specific macroeconomic analysis was carried for thete®ly. However, based on
macroeconomic analysis on Scenarios A, B and C in theestdiges using GEM-E3 model
(General Equilibrium Model — Energy, Economy, Environment), & demonstrated that:
- The macroeconomic cost in terms of reduced gross donpesticict is about 0.05% in
2020 per annum.
- These costs are very small compared to the health benefils eaosystem
improvements.
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Net effect on employment was zero, implying that someoseetould gain and some
lose in terms of employment.

- The benefits of reduced air pollution return mainly toEkkcitizens.

- The effect on the competitiveness of the sectors is dpea@ihuse the price effect is
limited and all EU member states participate in theeabant effort.

Overall conclusions

This report summarises the benefits of the Strategyifquality in Europe in 2020. It shows
that large benefits are predicted to occur from these soenaith monetised annual health,
crops and materials benefits in the range betwd@rbillion and 136 billion for the year
2020, depending on what values are used for reduced mortality gadticulate matter.

The health benefits alone of the Strategy exceed cosbetiween six and 19 times.

The annual health benefits for every EU citizen fromStrategy are estimated &4 to 301
in 2020. This compares to the average annual costs per atiz&h in 2020.

The above conclusion excludes benefits from effects excludedtfire monetary framework
— notably benefits to ecosystems, to health via reduced @ngptussecondary organic
aerosols, and to cultural heritage. Including these effemtsdincrease the monetised
benefits of reduced air pollution.
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Introduction

Background to this report

In May 2001, the European Commission launched the Clean Afuimpe (CAFE)
Programme — a knowledge based approach with technical/ciantilyses and policy
analysis designed to lead to the adoption of a Thematite&ran Air Pollution, fulfilling

the requirements of the Sixth Environmental Action Programnseairh is to develop a long-
term, strategic and integrated policy advice &mhieving levels of air quality that do not give
rise to significant negative impacts on and risks to human haafttthe environment’;
including ‘no exceedance of critical loads and levels for acidification aoghication’.

Using results from the CAFE analysis, the European Commiasiopted the Thematic
Strategy on Air Pollution on 21 September 20@&itlining the environmental objectives for
future European air quality policy and measures to be takachieve these objectives. This
report provides the comparison of costs and benefits for thadtfeeStrategy scenarios for
reducing damage to health from exposure to ozone and fine @aifRis 5) and to
ecosystems from acidification and eutrophication.

Scenarios investigated

The starting point for the analysis is a scenario that fete@missions in the year 2020 under
current legislation (CLE), summarised in Table 1, asagrthat countries fulfil their Kyoto
obligations and carry on implementing greenhouse gas reductiorepdlicough to 2020.

Table 1. Legislation considered in the Current Legislabn (CLE) scenario (source:
IIASA/EMEP, 2004).

for SO, emissions for NQ emissions for VOC emissions for NElemissions
Large combustion plantLarge combustion plant Stage | directive No EU-wide
directive directive legislation
Directive on the Auto/Oil EURO standards Directive 91/441 National legislation
sulphur content in (carbon canisters)

liquid fuels

Directives on quality off Emission standards for Auto/Oil EURO Current practice
petrol and diesel fuels | motorcycles and mopeds | standards

IPPC legislation on Legislation on non-road Fuel directive (RVP of

process sources mobile machinery fuels)

National legislation and Implementation failure of Solvents directive
national practices (if | EURO-II and Euro-Ill for

stricter) heavy duty vehicles
IPPC legislation for Directive on reducing
industrial processes VOCs from products
(e.g. paints)
National legislation and National legislation,

national practices (if stricter) e.g., Stage |l

Source: IIASA/EMEP (2004)

! Thematic Strategy on Air Pollution (COM(2005) 44®)irective on Ambient Air Quality and Cleaner Aar
Europe (the “CAFE” Directive) (COM(2005) 447) adegtby the European Commission on 21 September
2005, available at e.gttp://europa.eu.int/comm/environment/air/cafe/mtem
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Earlier analysis in CAFE quantified the impacts and astatidamage that would occur
under the baseline scenario and a series of illustrativaisoenvhere emissions were varied
between current legislation and the maximum technicallyig&asduction (MTFR)
according to the RAINS model This allowed identification of different ambition levéds
reducing impacts of ozone and fine particles on health addieaiion and eutrophication on
ecosystems. These were then combined to construct thresceeaarios, labelled A, B and
C. The analysis of these options is included in a previ®tFEESCBA report (AEA
Technology, 2005) and are summarised below, along with the indidatadhe scenario
adopted by the European Commission on 21 September 2005m callettateg)s..

Table 2. Selected numerical values of the effect irdditors for the CAFE scenarios

Current  Scenario the Scenario Scenario Maximum
Legislati A Strategy B C Technically
onin Feasible
2020 Reduction
(CLE) (MTER)
Years of life lost due to] 137 110 106.5 104 101 96
PM, 5 (EU-wide, (75%)
million YOLLS)
Acidification (country- 0% 55% 55% 75% 85% 100%
wise gap closure on
cumulative excess
deposition)
Eutrophication 0% 55% 55% 75% 85% 100%
(country-wise gap
closure on cumulative
excess deposition)
Ozone (country-wise 0% 60% 60% 80% 90% 100%
gap closure on
SOMO35)

The term ‘gap closure’ here relates to the gap bettree@urrent Legislation (CLE) and the
Maximum Technically Feasible Reduction (MTFR) scenariog forecast that substantial
damage will remain even under the MTFR scenario, as shyuime years of life lost to fine
particle exposure.

Methods

The CAFE CBA methodology used here was described in three gsl(iiolland et al,
20054, b; Hurley et al, 2005) available froutp://www.cafe-cba.orgnd described in a
synthesized form in AEA Technology (2005). This latter repod imisludes a more
developed account of the methods used for uncertainty assessienCBA, highlighting
those factors, such as sensitivity to the function used tdifuahronic mortality impacts of
fine particles, that make most difference to the amslysi

The GEM-E3 model has not been used specifically in analysise Strategy scenario, as it
was possible to interpolate between Scenarios A and B bleddry AEA Technology (2005).

2 Note that the MTFR scenario does not provide @ maximum reduction in emissions as the RAINS misdel
unable to include all possible abatement measaresdoes not factor in some potential improvement f
efficiency in the measures that are included.
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Summary Results — Health Impacts

The first set of tables shows the totals for each ofcihie’ set of health impacts for the

EU25. The analysis presents estimated total health impaiss the EU25 for the year 2020
for the CAFE baseline. All are based on 1997 meteorolodatal The analysis has also
presented the total health impacts for the Strategy and TH& in 2020.

The impacts are split into mortality (i.e. prematurattis) and morbidity (i.e. illness) by
pollutant (PM and ozone). The quantification of health impatdsesses the impacts related
to both long-term (chronic) and short-term (acute) exposures.ri#gse includes impacts

of anthropogenic emissions giving rise to R\excluding PM from natural sources and
secondary organic aerosols). Ozone health effects agsaslsagainst the SOMO35 metric —
the sum of the daily maximum 8-hour mean ozone concentratiorawitit-off at 35 ppb

The results show the number of events that take place in eacli.g. the annual number of
impacts or new cas8sor the change in the number of impacts and cases over time

Two alternative approaches are used for chronic mortadityetive years of life lost and
premature deaths. These two estimates shouldenatided.

Health impact assessment - results

The results are shown in Table 4. This presents the totdlersrof impacts with baseline
pollution concentrations in 2020. It also shows the total numberpzfcts under the Strategy
Scenario and the MTFR scenario. Table 5 shows the chamngeacts, i.e. the benefits of
the Strategy and the MTFR over the 2020 baseline.

Here, the analysis has used the RAINS model for PM comdiemt data, and the EMEP
model for other pollutants (including effects on ecosystenasgdon the latest model runs.
This modelling is consistent with other information presentetherscenario analysis under
the CAFE programme.

® This means that for days with ozone concentratimove 35 ppb as maximum 8-hour mean, only the finen¢
exceeding 35 ppb is used to calculate effects.féets of ozone on health are calculated on daj®b85 ppb
as maximum 8-hour mean. It is likely that the oltextiects of ozone on mortality are underestimdtgdhis
approach.

4 For chronic mortality, this involves a differenetric to the output from the RAINS model, which w®mith
the change in years of life lost from sustainedypioin levels over 80 years, i.e. it works withogal ‘stock’
concept, rather than an annualised metric.
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Table 3. Analysis of the Strategy: Estimated annual healthmpacts due to air pollution in 2020 in the EU25, plus the tal impacts under

the Strategy and the MTFR (2020)

End Point Name CORE Functions Legislationciﬁg%gto Stratcfzgs MTFR
Acute Mortality * Premature deaths 30 20,800 19,200 17,759
Respiratory Hospital Admissions (65yr +) Cases 3 O 20,100 18,500 17,160
Minor Restricted Activity Days (MRADs 15-64yr) Days O 42,415,50 39,191,00 36,484,733
Respiratory medication use (children 5-14yr) Days 3 O 12,925,900 11,961,00 11,164,596
Respiratory medication use (adults 20yr +) Days 3 O 8,171,700 7,548,200 7,025,333
Cough and LRS (children 0-14yr) Days 30 65,278,60 60,350,20 56,204,229
Chronic Mortality — YOLL (Years of Life Lost)** Lié years lost PM 2,467,300 1,911,800 1,722,700
Chronic Mortality — deaths** Premature deaths PM 271,60( 210,90( 190,200
Infant Mortality (0-1yr) Premature deaths PM 350 270 250
Chronic Bronchitis (27yr +) Cases PM 128,10( 99,400 89,600
Respiratory Hospital Admissions (All ages) Cases PM 42,300 32,800 29,500
Cardiac Hospital Admissions (All ages) Cases PM 128, 20,200 18,200
Restricted Activity Days (15-64yr) Days PM 221,980) 171,960,90 154,985,400
Respiratory medication use (children 5-14yr) Days M P 1,987,700 1,536,300 1,379,300
Respiratory medication use (adults 20yr +) Days PM 20,879,80 16,183,70 14,591,600
Lower Respiratory Symptom days (children 5-14) Days PM 88,852,30 68,840,10 61,889,500
LRS among adults (15yr +) with chronic symptoms Pay PM 207,562,100 160,856,00 144,995,400

*) Results for acute mortality effects of ozone slightly different to those generated by the RAINSdel, as RAINS keeps population constant at 20@€ls and the CBA
model factors in population change to 2020. Déferes in terms of estimated benefit between culegiglation and the Strategy are, however, small.
**) Two alternative metrics are used for the praation of chronic mortality from PM. Firstly intas of years of life lost and secondly in terms&ofbers of premature

deaths. These are raxditive.
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Table 4. Analysis of the Strategy: Estimated annual healthdnefits (i.e. the difference between the CLE baseline andéhStrategy and
the MTFR) in 2020 in the EU25.

End Point Name CORE Functions the Strateg) MTFR
IAcute Mortality (All ages)* Premature deaths O3 1,600 3,041
Respiratory Hospital Admissions (65yr +) Cases O3 1,600 2,940
Minor Restricted Activity Days (MRADs 15-64yr) Days O3 3,224,500 5,930,767
Respiratory medication use (children 5-14yr) Days O3 964,90( 1,761,306
Respiratory medication use (adults 20yr +) Days O3 623,50( 1,146,36)
Cough and LRS (children 0-14yr) Days O3 4,928,400 9,074,371
Chronic Mortality — YOLL (Years of Life Lost)** Lié years lost PM 555,90 744,600
Chronic Mortality — deaths** Premature deaths PM 60,700 81,400
Infant Mortality (0-1yr) Premature deaths PM 82 100
Chronic Bronchitis (27yr +) Cases PM 28,700 38,500
Respiratory Hospital Admissions (All ages) Cases PM 9,500 12,800
Cardiac Hospital Admissions (All ages) Cases PM 5,900 7,900
Restricted Activity Days (15-64yr) Days PM 50,038,20 67,013,700
Respiratory medication use (children 5-14yr) Days PM 451,40( 608,400
Respiratory medication use (adults 20yr +) Days PM 4,696,100 6,288,200
Lower Respiratory Symptom (LRS) days (child 5-14yr) Days PM 20,012,20 26,962,800
LRS among adults (15yr +) with chronic symptoms Day PM 46,706,10 62,566,700

*) Results for acute mortality effects of ozone slightly different to those generated by the RAINMSdel, as RAINS keeps population constant at 20@€ls and the CBA
model factors in population change to 2020. Déferes in terms of estimated benefit between cutegiglation and the Strategy are, however, small.

**) Two alternative metrics are used for the preation of chronic mortality from PM. Firstly inri@s of years of life lost and secondly in termsoibers of premature
deaths. These are raxditive.
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Health impact assessment - discussion

Ozone concentrationsin the CAFE baseline, annual impacts across the EUe2éstimated

at 21,000 deaths brought forward in the year 20d6wever, ozone also leads to much larger
numbers of estimated morbidity health impacts, with temsillibns of minor restricted

activity days and respiratory medication use days eaah yideese are clearly less serious
effects at the level of the affected individual, but thiégch a much greater number of people.

The Strategy is estimated to reduce the total impeats 6zone on health, for example, by
1,600 avoided deaths brought forward. A similar level of bisnisfpredicted for respiratory
hospital admissions. For other morbidity endpoints, the beneditgraater in terms of
numbers of cases. For example, the Strategy is estinteateduce the incidence of
respiratory medication use by 1.5 million days and of miesiricted activity by 3 million
days.

PM concentrations:Annual impacts across the EU 25 in the CAFE baseli2020 are
estimated at 2.5 million years of life lost each yehinis can also be expressed as 272,000
estimated premature deaths. These results are congigtettie RAINS model, though
RAINS calculates the total (not annual) change in lifegiednthropogenic Pl exposure
also leads to an estimated 350 premature deaths eacdmnyeagst infants aged between 1
month and 1 year. The estimated morbidity effects of £iM2020 range from 68,000
hospital admissions to much larger numbers of less seriemigffor example 20 million
respiratory medication use days, and several hundred midlgiriated activity days.

The Strategy is estimated to reduce the total moriatipacts in the adult population from
PM, s exposure by 556,000 years of life lost each year (61,000 avpidethture deaths).
Additional to this, we estimate that 80 deaths amongst inéaygtd from 1 month to 1 year
would be avoided. For morbidity, it is estimated that that&gy would lead to reductions of
15,000 hospital admissions, 5 million cases of respiratory @ugalicuse, and tens of millions
of restricted activity days.

® The estimates of acute mortality due to ozonératieis analysis somewhat different from those reggbby the
RAINS model. This is due to the fact that in thalgsis carried out for 2020, we use the age digtiol of the
population as of 2020, whereas RAINS uses 200Q diatss, the effects of ozone on mortality are mgreo-
date in this report. However, the difference of @A and RAINS analysis between CLE and the Stsaieg
small.
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Summary Results — Health Valuation

The health impacts and benefits outlined above have been sgbiasnonetary terms, using
the approach outlined in the CAFE CBA methodology (Holland, &x0l4a; Hurley et al,
2004).

The results are shown in Table 6. All values are foEli25. This presents the total damage
with baseline pollution concentrations in 2020. It also showtothédamage for the
Strategy and the MTFR scenario.

Table 7 shows the change in damage, i.e. the benefite &trategy and the MTFR over the
2020 baseline. It is estimated that the annual health beoiefits Strategy will range from
42 billion to 135 billion/year in 2020.
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Table 5. Estimated values of annual damage to health in EU25 in 2020 rfillion).

End Point Name Current Legislation in 2020 the Strategy MTFR
IAcute Mortality (VOLY median)* O3 108t 100z 933
IAcute Mortality (VOLY mean)* O3 243t 225( 2093
Respiratory Hospital Admissions (65yr +) 0O 40 37 35
Minor Restricted Activity Days (MRADs 15-64yr) 0 162¢ 150¢ 1407
Respiratory medication use (children 5-14yr) 3 O 12 11 10
Respiratory medication use (adults 20yr +) (0 8 7 7
Cough and LRS (children 0-14yr) O3 250¢ 231¢ 215¢
Chronic Mortality — VOLY — low (median)** PM 129,@0 99,959 90,073
Chronic Mortality — VOLY — high (mean)** PM 289,556 224,370 202,180
Chronic Mortality — VSL — low (median)** PM 265,965 206,465 186,285
Chronic Mortality — VSL — high (mean)** PM 547,200 424,784 383,265
Infant Mortality (0-1yr) — low (median) PM 49t 383 345
Infant Mortality (0-1yr) — high (mean) PM 99C 765 689
Chronic Bronchitis (27yr +) PM 24,01: 18,619 16,792
Respiratory Hospital Admissions (All ages) PM 85 66 59
Cardiac Hospital Admissions (All ages) PM 52 41 37
Restricted Activity Days (RADs 15-64yr) PM 18,51t 14,342 12,926
Respiratory medication use (children 5-14yr) PM 2 1 1
Respiratory medication use (adults 20yr +) PM 20 15 14
LRS symptom days (children 5-14yr) PM 3,418 2,645 2,378
LRS among adults (15yr +) with chronic symptoms PM 7,97¢ 6,180 5,57(
Total with Mortality — VOLY — low (median)** 188,849 147,131 132,741
Total with Mortality — VOLY — high (mean)** 351,250 273,172 246,352
Total with Mortality — VSL — low (median)** 325,814 253,637 228,958
Total with Mortality — VSL — high (mean)** 608,894 473,586 427,437

*) For acute mortality (), two alternative values are presented, basedrange reflecting the median and mean values fdr ¥@om the NewExt study.
**) For chronic mortality (PM), four alternative lges are presented, based on quantification usagsyof life lost (using the median and mean YOhlue from NewEXxt) and numbers of

premature deaths (using the median and mean V3ie ¥adm NewExt) . These are radditive.
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Table 6. Estimated values of annual health benefits over the CAFE babne (Current Legislation) in the EU25 in 2020 ( million).

End Point Name the Strategy MTFR
IAcute Mortality (VOLY median)* O3 83 152
IAcute Mortality (VOLY mean)* O3 18€ 342
Respiratory Hospital Admissions (65yr +) 0Os 3 6
Minor Restricted Activity Days (MRADs 15-64yr) 0 124 22§
Respiratory medication use (children 5-14yr) 3 O 1 2
Respiratory medication use (adults 20yr +) 0Os

Cough and LRS (children 0-14yr) O3 18¢ 349
Chronic Mortality — VOLY — low (median)** PM 29,04: 38,92]
Chronic Mortality — VOLY — high (mean)** PM 65,18¢ 87,371
Chronic Mortality — VSL — low (median)** PM 59,50( 79,68
Chronic Mortality — VSL — high (mean)** PM 122,41t 163,935
Infant Mortality (0-1yr) — low (median) PM 112 150
Infant Mortality (0-1yr) — high *mean) PM 224 30d
Chronic Bronchitis (27yr +) PM 5,392 7,219
Respiratory Hospital Admissions (All ages) PM 1¢ 26
Cardiac Hospital Admissions (All ages) PM 12 16
Restricted Activity Days (RADs 15-64yr) PM 4,17 5,589
Respiratory medication use (children 5-14yr) PM 0 1
Respiratory medication use (adults 20yr +) PM 4 6
LRS symptom days (children 5-14yr) PM 76¢ 1,034
LRS among adults (15yr +) with chronic symptoms PM 1,794 2,404
Total with Mortality — VOLY — low (median)** 41,71, 56,117
Total with Mortality — VOLY — high (mean)** 78,07" 104,902
Total with Mortality — VSL — low (median)** 72,17¢ 96,86"1
Total with Mortality — VSL — high (mean)** 135,30 181,460

*) For acute mortality (), two alternative values are presented, basedrange reflecting the median and mean values fdr ¥@om the NewExt study.
**) For chronic mortality (PM), four alternative lges are presented, based on quantification usagsyof life lost (using the median and mean YOhlue from NewEXxt) and numbers of
premature deaths (using the median and mean V3ie ¥adm NewExt) . These are radditive.
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Non-Health Impacts

Crops

The approach used for assessing damage to crops was surdnmatiemethodology
section earlier and also in the methodology report, volum&ctount has been taken of the
work of ICP Vegetation, though it is noted that they expressetna@bout the use (as here)
of AOT40 as a metric for crop damage assessment. Analybghifti to flux based methods
as soon as these become available.

Table 7 presents the total crop yield loss from ozone exposuteef&@U25 with baseline
ozone pollution concentrations in 2020, and with the Strategy and MTR&t1otal annual
damage in the year 2020 is estimated at just abb¥ebillion/year— with estimated annual
benefits of 0.3 billion/year for moving to the emission levels of theatgiyy.

Table 7. Estimated annual crop damage due to ozone in the E&in 2020 under
Current Legislation, the Strategy and the MTFR ( Million)

Total damage per year in the EU25 in 2020
Current Legislation the Strategy MTFR
1511 1179 997
Annual benefits in 2020
Current Legislation the Strategy MTFR
0 332 514

Note: Benefits are calculated as the differencevben the Strategy and MTFR over baseline.

The analysis of crop damage shows that these effecésnalein economic terms in relation
to health effects overall (i.e. including RMeffects), though effects from ozone on crops are
similar in magnitude to ozone related health damage.

Materials

Like the crops analysis, the approach used for assessing e#mmagterials was summarised
in the methodology section earlier and also in the methodology replue 1. Account
has been taken of the work of ICP Materials.

Table 8 presents the total material damage from acid digpo utilitarian applications for
the EU25 with baseline ozone pollution concentrations in 2020, andhgittifferent
ambition levels. The total damage in the year 2020 aireasd at just under

0.74 billion/year— with estimated benefits of the Stratigy).19 billion/year above the
baseline.

10
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Table 8. Estimated annual damage to materials used in utiéitian applications from
acid deposition in 2020 in the EU25 under Current Legislatiorthe Strategy and the
MTFR ( million).

Total Damage per Year in the EU25 in 2020.
Current legislation the Strategy MTFR
740 550 460
Benefits in 2020
Current legislation the Strategy MTFR
0 190 280

Note: Benefits are calculated as the differencevben the Strategy and MTFR over baseline.

Ecosystems

The results provided in this section were generated by thBI®Alodel and are presented
also in the report on the Thematic Strategy from IIASAéhn et al, 2005b). The
information is repeated here in the interests of compéste though some additional notes
are provided to assist with interpretation of the data.

Excess nitrogen deposition
There are several mechanisms whereby excess nitrogen deposémosystems can lead to
ecological change.

The first of these, acidification, is dealt with below.

The second mechanism is one of nutrient enrichment of nutrienhpbitats leading to
eutrophication. Nitrogen (N) is generally the elementithatost often limiting to plant
growth. As a result, the availability of N has beengaificant evolutionary force on plants
and is a major determinant of the distribution of different @aeties thus influencing plant
biodiversity negatively and ultimately also the overall biedsity. A third mechanism
concerns nutrient imbalance (e.g., de Vries et al, 2002) endreexcess input of N leads to a
deficiency of macronutrients such as K, P and Mg. Nutrrebalance may lead to an
increased sensitivity to frost, drought and parasitic attack.

The extent of exceedance of critical loads for N actos$Et)25 is summarised in Table 9
and Figure 1. Itis immediately clear that exceedancetafal loads for eutrophication is
widespread. The total area forecast for exceedance in 292@QO0 krf) is equivalent to
the combined area of France and Belgium. Under the Strategyisrsggnificant
improvement, though the area subject to exceedance isigfdl Improvements over time
are gradual, mainly as a result of the small differencesnission of ammonia. The results
presented here are supported by field monitoring (see WGE, 2B0#4er to this, it should
be recognised that these effects will not be equally spreadsaalt types of ecosystem, but
will instead be far more serious for some than for others.

11
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Table 9. Percent of ecosystems area with nitrogen depiisn above the critical loads for
eutrophication. Results calculated for 1997 meteorology, usingigraverage deposition.
Critical loads data base of 2004. The shading highlights counés where the area
subject to exceedance is 50% or more than total ecosystem afbsck) or between 25%
and 49% of total ecosystem area (grey).

2000 2020 2020 2020
Ecosystems area Current the Strategy MTER
(km?) V) legislation

Austria 35563
Belgium 6615
Cyprus 4806
Czech Rep. 18364
Denmark 3031
Estonia 24326
Finland 238698 25% 14% 6% 0%
France 179227 20%
Germany 106908 86%
Greece 13714 2%
Hungary 10763 31% 24% 16% 5%
Ireland 8791 12% 3% 0% 0%
Italy 119679 13%
Latvia 29982 0%
Lithuania 13182 4%
Luxembourg 935 40%
Malta®
Netherlands 3244 27%
Poland 91265 18%
Portugal 11053 0%
Slovakia 18213 4%
Slovenia 4249 21%
Spain 84278 7%
Sweden 184369 1%
UK 73791 0%
EU25 1285046 15%

Source: Amann et al (2005)

') Ecosystems area for which critical loads dataeHaeen supplied

%) Maximum technically feasible emission reductiassumed for all European countries (including neh-E
countries)

% Data for Malta are not available

12
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Figure 1. Percentage of total ecosystems area receiving nitrogéeposition above the
critical loads for eutrophication for the year 2020; currentlegislation baseline (top
graph) and the Strategy (bottom graph). Calculations are based aneteorological
conditions of 1997 using grid-average deposition. The report Bdmann et al (2005b),
from which these figures were taken, provides further masg.

13
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Acid deposition to forest ecosystems

Table 10 and Figure 2 show results for the Strategyl@MTFR scenario for the exceedance
of the critical load for acidity to forests. Th&ARIS model estimates that in the year 2000 more
than 20% of European forests, or almost 250,000(amarea equivalent to that of the UK)
received acid deposition above their critical load$ie emission reductions that are already
agreed in the ‘current legislation’ should redugs lly the year 2020 to approximately

120,000 kA With its environmental objectives, the Strategyuld bring this area below

67,000 km. The worst affected country in terms of % ardecaéd is the Netherlands, by some
considerable distance.

Table 10. Percent of forest area with acid depositioabove the critical loads for
acidification. Results calculated for 1997 meteorology, using eg@stem-specific
deposition. Critical loads data base of 2004. The shading highlitghcountries where the
area subject to exceedance is 50% or more than total ecosystarea (black) or between
25% and 49% of total ecosystem area (grey).

2000 2020 2020 2020
Ecosystems area Current the Strategy MTFR
(km?) V) legislation

Austria 34573 4.7% 2.5% 0.5%
Belgium 6526 25.2% 16.3% 13.3%
Cyprus 1854 0.0% 0.0% 0.0%
Czech Rep. 18344 29.9% 10.2% 1.8%
Denmark 3009 31.8% 5.7% 1.5% 0.3%
Estonia 21252 0.3% 0.0% 0.0% 0.0%
Finland 236139 1.6% 0.9% 0.8% 0.4%
France 168823 12.4% 4.2% 2.6% 0.7%
Germany 103113 43.0% 25.3% 12.9%
Greece 13714 0.6% 0.0% 0.0% 0.0%
Hungary 10763 3.9% 1.1% 0.4% 0.0%
Ireland 4166 47.0% 23.0% 17.7% 9.1%
ltaly 92577 2.3% 0.7% 0.3% 0.3%
Latvia 28941 0.6% 0.5% 0.0% 0.0%
Lithuania 12438 2.9% 1.0% 0.4% 0.0%
Luxembourg 934 35.1% 13.7% 1.8% 0.0%
Malta®
Netherlands 3778
Poland 88281 19.7% 1.1% 0.2%
Portugal 11053 2.6% 0.5% 0.2% 0.0%
Slovakia 18211 22.7% 6.9% 3.1% 0.4%
Slovenia 4190 2.8% 0.0% 0.0% 0.0%
Spain 84269 1.0% 0.0% 0.0% 0.0%
Sweden 180911 23.7% 15.3% 12.8% 8.4%
UK 19822 49.0% 23.4% 12.4% 6.0%
EU25 1167682 20.8% 10.2% 5.7% 3.1%

Source: Amann et al (2005b)

') Ecosystems area for which critical loads dataeHzsen supplied

%) Maximum technically feasible emission reductiassumed for all European countries (including neh-E
countries)

% Data for Malta are not available
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Figure 2. Percentage of forest area receiving acid depositi@above the critical loads for
the year 2020 current legislation baseline (top graph) and th&trategy (bottom graph).
Calculations are based on meteorological conditions of 1997 using eggiem specific
deposition. Source: Amann et al (2005b).
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Acid deposition to semi-natural ecosystems

A number of countries have provided estimates of critical |é@dso-called “semi-natural”
ecosystems. This group typically contains nature and landpcaj@etion areas, many of
them designated as “Natura2000” areas of the EU Habitatideec

Results in Table 11 and Figure 3 demonstrate the scdie problem in aggregate terms for
each country. As in other parts of this section, howekieraggregate data provide only
limited guidance on the scale of the problem, given thatrdifteypes of ecosystem will be
affected to very differing extents. This reflects difieces in deposition patterns at finer
scales than can be investigated in the current analysisaaiation in the sensitivity of
ecosystems. Results are not complete (given the number ofiesurtt represented, and the
limited area considered in some countries for which dataaiéable), and for this reason,

the information on area exceeded inksnot provided. The most robust guidance provided
by the results probably concerns the trends observed. Howeveedaxce in Germany and
the Netherlands remains relatively high in both countries.

Table 11. Percent of the area of semi-natural ecosystemmnsidered by the RAINS
model with acid deposition above the critical loads for adification. 1997 meteorology,
ecosystem-specific deposition. The shading highlights couids where the area subject
to exceedance is 50% or more than total area of semi-naturatosystem (black) or
between 25% and 49% of total area of semi-natural ecosystem @y).

2000 2020 2020 2020
Ecosystems area Current the Strategy MTFR
(km?) D legislation

France 10014 37.6% 9.0% 2.5% 0.6%

Germany 3946 40.9% 25.1% 11.3%
Ireland 4609 2.3% 1.0% 0.4%
ltaly 26085 0.0% 0.0% 0.0%

Netherlands 1296 47.8% 26.7% 17.8%

UK 49700 9.3% 4.0% 1.3%

Source: Amann et al (2005b)

1) Ecosystems area for which critical loads dataeHaeen supplied

%) Maximum technically feasible emission reductiassumed for all European countries (including neh-E
countries)
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Figure 3. Percentage of the area of semi-natural ecosystemseiving acid deposition
above the critical loaddor the year 2020 current legislation baseline (top graph) anche
Strategy (bottom graph). Calculations are based on meteorologicabiditions of 1997
using ecosystem specific deposition. Source: Amann et{2005b).
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Acid deposition to freshwater bodies

The effects of acidification on freshwater ecosystem$aetter understood than impacts on
terrestrial ecosystems. The impact of greatest publicecori@as been the loss of game fish
(salmon and trout) from rivers and lakes in acid sensdtieas, particularly in northern
Europe, though this is linked to other ecological changes alsducRens in acidifying
emissions are starting to show benefits in terms of ecasysieovery (WGE, 2004).
Improvements are not uniform, however, and recovery will takeegstime, first for water
chemistry to stabilise and improve, and then for biologicaivery.

Table 12. Percent of catchments area with acid depositi above the critical loads for
acidification. Results calculated for 1997 meteorology, using gridverage deposition.
Critical loads data base of 2004.

2000 2020 2020 2020
Ecosystems area Current the Strategy MTFR
(km?) V) legislation
Finland 30886 0.7% 0.7% 0.6% 0.2%
Sweden 204069 14.9% 10.5% 9.0% 5.2%
UK 7757 8.1% 3.7% 2.3% 1.3%

Source: Amann et al (2005b)

') Ecosystems area for which critical loads dataeHzeen supplied

%) Maximum technically feasible emission reductiassumed for all European countries (including neh-E
countries)
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Figure 4. Percentage of freshwater ecosystems area receivargd deposition above the
critical loads for the year 2020 current legislation baseline @p graph) and the Strategy
(bottom graph). Calculations are based on meteorological conditiemof 1997 using grid-
average deposition. Source: Amann et al (2005b).
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Impacts on forests from ground-level ozone

For the CAFE baseline projection, the forest area wheieatiiévels are exceeded is
estimated to decline from 61% of the European forests in 2088%oin the year 2020
(Table 13). The table also demonstrates a sharp division lvebwaatries with respect to
the extent of critical levels exceedance.

Table 13. Percent of forest area where the critical \els for ozone are exceeded. Results
calculated for 1997 meteorology. The shading highlights countrieghere the area

subject to exceedance is 50% or more than total ecosystem afbsck) or between 25%
and 49% of total ecosystem area (grey).

2000 2020
Ecosystems ared Current the Strategy MTFR
(km?) V) legislation
Austria 37211
Belgium 5964
Cyprus 1116
Czech Rep. 25255
Denmark 2807
Estonia 18420
Finland 207003
France 137329
Germany 104559
Greece 21854
Hungary 16451
Ireland 2464
Italy 79743
Latvia 25101
Lithuania 18901
Luxembourg 1054
Malta 3
Netherlands 2912
Poland 89100
Portugal 27336
Slovakia 20144
Slovenia 10724
Spain 104595
Sweden 273144
UK 14557
EU25 1247749

Source: Amann et al (2005b)

') Ecosystems area for which critical loads dataeHzsen supplied

%) Maximum technically feasible emission reductiassumed for all European countries (including neh-E
countries)

Aggregating the indicators for forest effects

The analysis carried out in the RAINS model does not pehmitatal ecosystem area subject
to exceedance of one or more critical load/level for acatifin, eutrophication and ozone to
be calculated. However, given that the ozone results festindicate extremely high
exceedance in most countries and close to zero exceadant®w cases, it is possible to use
the aggregated national data to estimate the area eof fargject to exceedance of both the
critical load for eutrophicatioar acidification and the critical level for ozone. These tssul
are useful as they demonstrate the extent to which faestsubject to more than one
pollutant stress (Table 14).
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Table 14. Summary statistics for the EU25 showing area obrfest subject to exceedance
of the critical level for ozone, critical loads for eutrofnication and acidification, and
combined exceedances of ozone and acidification and ozone antt@phication. Black
and grey shading highlights cases where exceedance covers >58d 25 to 50% of
forest area.

Current Legislation | the Strategy MTFR
in 2020

Ozone 28%
Acidification 10% 6% 3%
Eutrophication 46% 33% 15%
Ozone + acidification 16% 6% 3% 1%
Ozone + eutrophication 47% 35% 28% 9%

Table 15 repeats the analysis, but excludes Estonia, Fitlatvii, Lithuania and Sweden as
exceedance of the critical level for ozone in these cogririelose to zero. Itis seen that
summary results for the European Union outside of these cousteiessibstantially more
severe than when they are included.

Table 15. As Table 14, but excluding the Baltic countrieEstonia, Finland, Latvia,
Lithuania and Sweden).

Current Legislation | the Strategy
in 2020

Ozone

Acidification

Eutrophication

Ozone + acidification

Ozone + eutrophication
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Initial Comparison of Costs and Benefits

The information in the previous sections on benefits has begpacethagainst the
annualised costs of the scenarios, as estimated by theSRAbdel. This is referred to as
the ‘initial comparison of costs and benefits’, as no accouakén at this stage of
uncertainty in estimates of either cost or benefit. The arsaabtiosts from RAINS are
shown in Table 16 and the annual monetized benefits are shdvabl® 17. The monetized
health benefits over total costs are shown in Table 18a &atalso presented graphically in
Figure 5 to Figure 10.

Table 16. Annualised Costs in Million in 2020 - change over base line, including road
transport measures for the Strategy and the MTFR.

the Strategy MTFR
Austria 95 1403
Belgium 298 981
Cyprus 9 80
Czech Rep. 172 614
Denmark 86 800
Estonia 15 158
Finland 63 1088
France 1177 7787
Germany 1401 4340
Greece 74 1000
Hungary 144 567
Ireland 94 707
Italy 692 3412
Latvia 14 137
Lithuania 48 433
Luxembourg 19 51
Malta 3 20
Netherlands 328 979
Poland 633 3787
Portugal 153 1457
Slovakia 68 367
Slovenia 29 187
Spain 688 4449
Sweden 71 1567
UK 776 3349
EU-25 7149 39720

Source: Amann et al 2005b
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Table 17. Health benefits (million) for the Strategy and MTFR over the Current
Legislation baseline in 2020.

Health benefit for the Strategy Health benefit for the MTFR
LOW HIGH LOW HIGH
(VOLY median) (VSL mean) (VOLY median) (VSL mean)
Austria 659 2070 974 3056
Belgium 1417 4495 1935 6127
Cyprus 6 14 10 24
Czech Rep. 1181 3931 1513 5026
Denmark 313 1068 501 1706
Estonia 27 100 49 181
Finland 41 130 127 407
France 5872 1738¢ 8399 2483(
Germany 10198 3527: 12975 4477
Greece 304 1112 472 1715
Hungary 1426 5307 1754 6516
Ireland 186 478 278 712
Italy 4319 1610( 5970 2217t
Latvia 96 251 157 413
Lithuania 102 488 165 787
Luxembourg 79 189 105 252
Malta 12 36 18 53
Netherlands 2517 7623 3296 9968
Poland 3911 1224: 5031 1572
Portugal 462 1574 706 2396
Slovakia 676 2065 874 2662
Slovenia 180 610 257 867
Spain 1626 5310 2290 7462
Sweden 207 656 482 1532
UK 5902 1680( 7772 2208¢
EU-25 41717 13530’ 56109 18145°

Note for acute mortality (§), two alternative values are presented, basedrange reflecting the median and mean values
for VOLY from the NewExt study. For chronic moitgl(PM), four alternative values are presentedgeobon

quantification using years of life lost (using thedian and mean YOLL value from NewExt) and numioérgemature
deaths (using the median and mean VSL value fromBx . These are naidditive. The numbers above show the low
and high estimates.

The ratio of benefits to costs (combining the above taldgmeisented below. A ratio > 1
indicates that benefits are greater than costs (i.ee Hrernet benefits). Note the numbers are
presented for health benefits only
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Table 18. Ratio of health benefits to total costs in 2020 ovire Current Legislation
baseline for the Strategy and the MTFR.

Ratio of health benefit to total cost Ratio of health benefit to total cost
the Strategy MTFR
LOW HIGH LOW HIGH
(VOLY median) (VSL mean) (VOLY median) (VSL mean)
Austria 6.9 21.8 0.7 2.2
Belgium 4.8 15.1 2.0 6.2
Cyprus 0.6 15 0.1 0.3
Czech Rep. 6.9 22.9 2.5 8.2
Denmark 3.7 12.5 0.6 2.1
Estonia 1.9 6.8 0.3 11
Finland 0.6 2.1 0.1 0.4
France 5.0 14.8 11 3.2
Germany 7.3 25.2 3.0 10.3
Greece 4.1 15.0 0.5 17
Hungary 9.9 36.8 3.1 11.5
Ireland 2.0 5.1 0.4 1.0
Italy 6.2 23.3 1.7 6.5
Latvia 7.0 18.5 1.1 3.0
Lithuania 2.1 10.2 0.4 1.8
Luxembourg 4.0 9.7 2.1 5.0
Malta 4.1 12.3 0.9 2.7
Netherlands 7.7 23.3 3.4 10.2
Poland 6.2 194 1.3 4.2
Portugal 3.0 10.3 0.5 1.6
Slovakia 9.9 30.3 2.4 7.3
Slovenia 6.3 21.4 1.4 4.6
Spain 2.4 7.7 0.5 1.7
Sweden 2.9 9.2 0.3 1.0
UK 7.6 21.7 2.3 6.6
EU-25 5.8 18.9 14 4.6

Note for acute mortality (§), two alternative values are presented, basedrange reflecting the median and mean values
for VOLY from the NewExt study. For chronic moitgl(PM), four alternative values are presentedgeobon

quantification using years of life lost (using thedian and mean YOLL value from NewExt) and numioérgemature
deaths (using the median and mean VSL value fromBx® . These are natdditive. The numbers above show the low
and high estimates.

The benefits by Member State, the benefit per year psopeand the benefit/cost ratio is
shown in the figures below for the low and high estimateeokfits. 23 of 25 Member
States are projected to have net benefits from thee§ifalt needs to be emphasized that the
ratio is calculated between health benefits alone ovalrdosts. Thus the benefits of

®If low health values are used, Finland and Cyprus ajeqteal to have lower benefits than costs.
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improved environment are not included. In the impact assessiniat proposal for the
directive on Ambient Air Quality and Cleaner Air for Europei(@&@ean Commission DG
Environment, 2005) the health related benefits o P&duction are compared against the
costs of reducing P4 specifically.
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Figure 5. Annual monetised health benefits of the Stragy per Member State in 2020 (million). Valuation of health benefits is LOW,
i.e. based orthe median estimate of the Value of a Life Year Lost.

12000

10000
8000
6000 —

4000

SN | N | ..

Million Euro (LOW)

Health Benefits of Thematic Strateg

26



AEAT/ ED48763001/Thematic Strategy. Issue 1

Figure 6. Annual monetised health benefits of the Stragy per Member State in 2020 (million). Valuation of health benefits is HIGH
i.e. based on the mean estimate of the Value of a Staitisd Life.
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Figure 7. Estimated health benefits (Euro per person afountry population) by Member State from the Strategy in 2020.Valuation of
health benefits are_LOW, i.e. based othe median estimate of the Value of a Life Year.
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Figure 8. Estimated health benefits (Euro per person afountry population) by Member State from the Strategy in 2020.Valuation of
health benefits is HIGH, i.e. based othe mean estimate of the Value of Statistical Life.
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Figure 9. Ratio of health benefits over total costs by Mendls State of the Strategy in 2020. Valuation of health benegiis LOW, i.e.
based onthe median estimate of the Value of a Life Year.
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Figure 10. Ratio of health benefits over total costs by Menel State of the Strategy in 2020. Valuation of health bengdiis HIGH, i.e.
based onthe mean estimate of the Value of Statistical Life.

40

35 -

30 ]

25 - ]

20 = —

15 1 ] _ —

10 H — — — — — b

Health Benefit:Cost Ratio (HIC
|
|

31



AEAT/ ED48763001/Thematic Strategy. Issue 1

Table 19 shows the net monetised net benefits (excludinguodes, impacts on ecosystems
and cultural heritage, effects of secondary organic aerosdisaitih and so on) of the
scenarios (benefits minus costs), and the benefit taatstbenefits divided by costs). The
former shows the level of quantifiable benefits achietteeljatter shows the effectiveness of
the policies, where the larger the ratio, the more economigtfiCient the policy is.

The table shows that when compared against the baselingateg$ and the MTFR lead to
net benefits.

The cost-benefit analysis shows that the benefits dbtitetegy exceed costs significantly (by
a factor of at least six). The ratio of benefits tasasthe MTFR falls, due to the rise in
costs of measures relative to the benefits obtained.

The total benefit per person (EU average) from the $yate 94 to 301 per year. This
compares to costs (EU average) bb.

Table 19. Summary of annual costs and benefits in 2020.

Monetised Benefits Units the Strategy MTER
Total with Mortality — VOLY — low (median)  million 42,239 56,903
Total with Mortality — VOLY — high (mean) million 78,599 105,692
Total with Mortality — VSL — low (median) million 72,698 97,656
Total with Mortality — VSL — high (mean) million 135,829 182,251
Total costs 7,149 39,720

Net benefits (Monetised Benefits minus
Total Costs)

Total with Mortality — VOLY — low (median)  million 42,239 56,903
Total with Mortality — VOLY — high (mean) million 78,599 105,692
Total with Mortality — VSL — low (median) million 72,698 97,656
Total with Mortality — VSL — high (mean) 135,829 182,251

Benefit Cost Ratio (Monetised Benefits
divided by Total Costs)

Total with Mortality — VOLY — low (median) Ratio 5.9 1.4
Total with Mortality — VOLY — high (mean) Ratio 11.0 2.7
Total with Mortality — VSL — low (median) Ratio 10.2 25
Total with Mortality — VSL — high (mean) Ratio 19.0 4.6

Note Annualised benefits include health, materials arapa@amage but exclude damage to the environment as
well as damage from natural and secondary partitaga
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Uncertainty / Sensitivity Analysis

Methods for describing uncertainties

The focus for the uncertainty assessment of the CBA conassessment of the probability
of benefits exceeding estimated costs. Volume 3 of theadelogy reports describes the
uncertainties associated with the CAFE analysis and metbodsdling with them. These
were demonstrated extensively in the report on results gioliey option scenarios A, B and
C from the CAFE-CBA (AEA Technology, 2005).

A number of uncertainties are not addressed in detaildrreéport, on the grounds that they
will not have a substantial effect on the balance of arsisbenefits of the CAFE scenarios.
These include account of:

- Additional impacts of both PM and ozone on health which it tsafel quantifiable with a
lower level of confidence than those ‘core’ effects tmatquantified above. Inclusion of
the sensitivity functions for ozone would greatly increase ozanmeades, but these are
insignificant in relation to the total PM damage.

Monetising ozone related mortality using the value of sieaislife (VSL) concept as

well as the value of a life year (VOLY) concept.

Different approaches to valuation of ozone related mortadisting sensitivity to the use
of the value of statistical life method as well asuakie of a life year approach. [For PM
effects, both methods are used whilst for ozone, only the V@laypplied.]

Alternative estimates of average loss of life expectamozone related mortality.

Some uncertainties that not accounted for here in detaileagy more important. Perhaps
most notable is the potential effects of different toxisifer the components of the PM
mixture, i.e. primary PMs from different sources, sulphates and nitrates. In Voluofetie
CAFE-CBA Methodology Report it was recognised that thereanask of quantitative
evidence for distinguishing between particles at quantificatidre Health Effects Task
Force of WHO considered this issue in 2003, and again in tié&EG&llow-up questions.
They noted that:
o Toxicological studies have highlighted that primary, combustionseeri
particles have a high toxic potency; and that
o0 Several other components of the PM mix — including sulphaigsitrates —
are lower in toxic potency.

Unfortunately there is a lack of established risk estés for the different components and we
agree with the WHO (2004) evaluation that it is currendypossible to precisely quantify

the contributions from different sources and different PM componeisalth effects. This
should be considered a research priority for the coming.years

The current methodology assumes that there is a short timedyethanges in ambient PM
and consequent reductions in the risk of mortality (i.@ssumes there is no lag). If,
alternatively, it were judged that there was a signifitiame-lag between changes in ambient
PM and changes in risks of mortality, then the valuatiomaitality impacts would differ,
because these effects would occur in the future and would exstdpconomic

discounting.
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A scoping analysis has been undertaken for the baselinermus time-lags between
changes in pollution and changes in death rates. The onlyaditer position to the zero lag
with a reasonable level of acceptance is that proposed BPASn its analysis of the costs
and benefits of the US Clean Air Act, where it is assdithat 30% of the effect of reduced
pollution on death rates occurs immediately (year 1); 50%eoéffiect is distributed over
years 2-5; and the remaining 20% is distributed over years @428.would have only a
modest effect in reducing estimated damage, of around 10%.

Uncertainty analysis: Results

Statistical analysis and sensitivity analysis on mo rtality valuation

The first part of the uncertainty analysis for the Sgwie to estimate probability
distributions for_ nebenefits (total benefit of the core health and crop otgpminusthe costs
estimated by the RAINS model). The total annual cosbafeanent measures across the
EU25 estimated by the RAINS model for the Strate@yX( billion per year) is treated as a
point estimate with no account taken at this stage of itsrtamety. Probability distributions
for the benefits are derived from the assumptions and rangasin Volume 3 of the
Methodology Report for incidence rates for death and illnegmseire-response functions
and valuation estimates.

Results are shown in Figure 11, which combines statisticalysis on all core health impacts
with sensitivity analysis on the method used for mortalityation. Extremes are
represented by the VOLY-median (lower bound) and VSL-mean (Uqgperd) combinations.
In the centre, the VOLY-mean and VSL-median ranges agallly indistinguishable.

It is immediately obvious that there is a significant adrm the results, the extremes ranging
from a little less thanO (i.e. a small excess of cost compared to benef#)rtet benefit of

200 billion per year. Overall, the probability that benefiidé @exceed costs across these
results is in excess of 99% (Table 20).

34



AEAT/ ED48763001/Thematic Strategy. Issue 1

50 0 50 100 150 200 250 300 350
Net benefit ( billion)

3.500
3.000+

T

T

2.500+
2.000+
1.500+
1.000+

Probability (10k runs,
10-5)

0.500+

0.000
-100

Bl VOLY, median Bl VSL median
] VOLY, mean B VSL mean

Figure 11. Probability distributions showing net benefit(benefit — cost) for proceeding
from the baseline for 2020 to the Strategy, with sensitivityot different approaches to
mortality valuation also shown.

Table 20. Annual costs and benefits for the EU25 of procdieg from the baseline for
2020 to the Strategy, and the probability that benefit will ezeed cost.

Cost (core Benefit (core Net benefit (core | Probability that

estimate, billion) | estimate, billion) | estimate, billion) benefit > cost
VOLY - median 7.1 42 35 >99%
VOLY — mean 7.1 78 71 >99%
VSL — median 7.1 73 65 >99%
VSL — mean 7.1 136 128 >99%

There is a significant gap in terms of the measuredete® move from the 2020 baseline to
the Strategy. From the CBA perspective this is problemasi it does not ensure that the
more expensive measures identified in the RAINS modeéesssary to meet Strategy
objectives are justified. However, we can approximate gimaranalysis by looking at the
costs and benefits of the increment between Scenario Atifige in our previous report

from August 2005, and the Strategy. The results shown in Talder2@nstrate that for this
increment there remains a more than 99% probability of berefiteeding costs according to
the core assumptions made for the benefits analysis.
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Table 21. Annual costs and benefits for the EU25 of procdieg from Scenario A to the
Strategy, and the probability that benefit will exceed cost.

Cost (core Benefit (core Net benefit (core | Probability that

estimate, billion) | estimate, billion) | estimate, billion) | benefit > cost
VOLY — median 1.2 4.7 34 >99%
VOLY — mean 1.2 8.8 7.5 >99%
VSL — median 1.2 8.2 6.9 >99%
VSL — mean 1.2 15 14 >99%

Various sensitivity analyses have been run to investlgaierobust these estimates are to
alternative assumptions relating to mortality assessmablé2). If a lower risk factor of
4% per 10pg.mM was used ani the value of a life year was 75% below the lowest value
used in the Cost Benefit Analysis of the Strategy, tiereld still be a 99% probability that
the monetized benefits would be higher than the total coste @trategy. In other words,
even with these conservative assumptions about risks and valamage of air pollution to
human health, the Strategy is robust. Sensitivity to miyredsessment is low because the
costs of meeting the Strategy are more than matchdtelyenefits of improved morbidity
and reduced crop damage.

Table 22. Sensitivity analysis on mortality.

Probability that monetised benefits are
higher than the total costs of the Strategy
Baseline to the Scenario A to the
Strategy Strategy
1. Use of a 4% per 10ug-hnisk factor for
chronic mortality effects of particles rather 99% 97%
than 6%.
2. Reducing the lowest value of a life year
adopted (52,000) by additional 75%. * 99% 96%
3. Combining 1 and 2. 99% 91%

*) This lowering of value of life year lost is nstipported by ExternE or NewEXxt valuation. This Malue has
been proposed by industry stakeholders (Concaw)200

Two other major issues on uncertainty have yet to be addre3he first is that a number of
benefits have not been quantified for the monetised benétisse include:

1. Health impacts of secondary organic aerosols. A preliyiestimate of additional
annual benefits from this effect of betwedn7 and 5.7 billion was made in the
earlier report on Scenarios A, B and C (AEA Technology, 208%imilar additional
benefit would be expected under the Strategy.

2. Damage to ecosystems from eutrophication, acidification emuthd level ozone.

3. Damage to cultural heritage.

Taken together these impacts would add significantly teskimmated benefits quantified
here, further increasing the robustness of the conclusion thefiteeare greater than costs for
the Strategy.

The second major issue as yet not addressed relates ttaunygen cost estimates. Several
studies (most recently by Watkiss et al, 2005) have demaatstirzt forecasts of emission
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control costs tend to be significantly overestimated. Tilaig be for a number of reasons,
such as:

Improved abatement efficiency of existing techniques;

Reduced costs of existing techniques;

Emergence of new abatement technologies;

Market trends away from the most polluting options;

Etc.

The problem of cost overestimation was highlighted by the CapErt of June 2005 by
Amann et al (2005a), which identified a number of fact@AR reform, implementation of
the IPPC Directive in agriculture, use of further emissiontrols for seagoing ships) that
could lead to significant cost savings. This provides fujjtstification for concluding that
the result showing that benefits exceed costs is robust.
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Assessment of the Macroeconomic Impact of
the CAFE Scenarios

Macro-economic analysis was not carried out specificallyff@iStrategy because results can
be extrapolated between Scenarios A and B of the earpiertfdEA Technology, 2005).

The costs of the Strategy are about 20% higher than theafdStenario A. While the effect
of Scenario A on GDP was projected to be 0.04% it cambeluded that the effect of the
Strategy on GDP would be about 0.05% in EU25 in 202G the effect on employment of
Scenarios A and B was very similar, the effect of that&yy on employment is projected to
be in accordance to Scenarios A and B. As the nett@fifieemployment of Scenarios A and
B was zero, this is concluded to be the case for thee§yrat

The simulations with GEM-E3 in AEA Technology (2005) allow aseasment of the full
economic effects of the scenarios considered. They compleneedétailed results from
RAINS and the CBA with the impact of air quality policiestbe economy. The following
conclusions can be drawn of the macroeconomic impact of the@tra

The macroeconomic cost in terms of reduced gross domestic produus 0.05% in
2020 per annum.

These costs are very small compared to the health Izearfitecosystem improvements.
Net effect on employment was zero, implying that some sestouid gain and some lose
in terms of employment.

The benefits of reduced air pollution return mainly toEhgcitizens.

The effect on the competitiveness of the sectors is snedlige the price effect is limited
and all EU member states participate in the abatenfient e

" Using Scenario B (which was projected to cost 30éte than the Strategy) as the starting point wegistti
the same result.
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Overall conclusions

This report has estimated the benefits of the Thematategy on Air Pollution in terms of
reduced impacts to health, crops, materials and ecosyateoss the EU25. In addition, the
results of the Maximum Technically Feasible Reduction seehave been shown for
reference.

Ozone concentrationsThe Strategy is projected to reduce ozone related mghiaBEU25 in
2020 by 1,600 cases, from a baseline of 21,000 cases/yeanil# &vel of benefits is
predicted for respiratory hospital admissions. At the other etitecfeverity spectrum the
Strategy is also estimated to generate 1.5 milliss tkays of respiratory medication use and 3
million fewer minor restricted activity days.

PM concentrations:In 2020 the reduction in PM concentrations arising from trete)y is
estimated to lead to a saving of 556,000 years of lifteerEU25. This can also be expressed
as 61,000 avoided premature deaths. It is also estimatdtidtatrategy would avoid 80
infant deaths, 15,000 hospital admissions, 5 million cases ofatsyi medication use, and
tens of millions of restricted activity days each year.

The monetised equivalent of the health effects is dominatdtM, sand mortality, though
PM, s related morbidity is also significant.

Annual health benefits of the Strategy range fret® to 135 billion. The range reflects
alternative approaches to mortality valuation.

Non-health impacts across the EU25 — in terms of reduced/&iojpand damage to materials
— are about0.5 billion per annum. In monetary terms these impactsragdl in relation to
health damages overall. However, effects from ozone on cregsmailar in magnitude to
ozone related health impacts.

Risks to ecosystems in terms of exceedance of criéicals and loads have been analysed by
the RAINS model. Extremely high levels of exceedancéettitical level for ozone and
forests, and for nitrogen deposition to ecosystems were Higgdig Despite significant
improvements with respect to acidification, these ozonendrmgen deposition continue to
pose serious threats to European ecosystems.

Monetised benefits have been compared against the anntsafroos the RAINS model,
leading to the conclusion that the Strategy will givgdanet benefits. The health benefits of
Strategy are between six (with the low estimate of/tiiee of life year lost) and 19 (with a
higher value of human life) times higher than the totalscokthe Strategy.

This analysis does not include all benefits. Notably tmetis of improved air pollution to
ecosystems and cultural heritage and some health impaetsibabeen included in the
monetised benefits due to lack of data. Investigation obamted impact, health effects of
secondary organic aerosols, indicates that these omisselilsedy to generate significant
additional benefits, in excess df billion/year.

Results of the cost-benefit comparison have been subjantagtensive uncertainty analysis.
This demonstrates a robust case for moving from the baselihe Strategy with a very high
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probability of benefits exceeding costs (>99% for all plausible sf assumptions that were
tested).

No specific macroeconomic analysis has been carried outd@ttategy. However, based
on macroeconomic analysis of Scenarios A, B and C in ttierestages of analysis it can be
concluded that:
- The macroeconomic cost in terms of reduced gross donpesticict is about 0.05% in
2020 per annum.
- These costs are very small compared to the health benefils eansystem
improvements.
- The net effect on employment was zero, implying that someéoss would gain and
some lose in terms of employment.
- The benefits of reduced air pollution return mainly toEkkcitizens.
- The effect on the competitiveness of the sectors is dpealhuse the price effect is
limited and all EU Member States participate inabatement effort.
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