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Introduction

1 Introduction

The INSTREAM project aims at a quantitative and qualitative assessment of the linkage between
mainstream economic indicators with important indicators for wWaing and sustainability. The
quantitative evaluatiorwill quantify the costs of reaching specific sustainability targets in traditional
economic terms and will identify the interrelationships among the economic and the sustainable
development indicators. Work package 5 of the project targets the developmedtmodelling of
environmental and social indicators. Within this work package the performance of the selected
indicators will be analysed through the monitoring of progress towards sustainability. Furthermore,
selected scenarios will be estimated in orderexamine the performance of the indicators.

The overall objective of the present work packages refers to the development of indicators for
the effect ofairborneemissions on humans, ecosystems atichate In order to reach sustainability
targets, these damages by human activities need to be reduced. The development of indicators for
the three impact categories will serve asneasure for this reduction. As the major disadvantage of
existing sustainability indicators is their focus on certain polligamhich do not express the overall
situation, the focus of the analysis here is to develop indicators that cover all relevant substances
based on a weighting scheme in order to examine the costs and benefits of a policy or measure. This
weighting will be lsed on the impacts caused by the emitted pollutants. As one part of work
package 5, this present study will concentrate on the impacts on human health due to changes in
emissions. There will be two more indicators, one focussing on impacts on biodieedithe other
refers to the costs of meeting European climate change targets.

The following analysis will be based on the previous work done within the EknujEct series,
with a special focus on the outcomes of the NEfgd&ect. The underlying appach will follow the
impact pathway taking into account all relevant effects and pollutants. However, as the existing
results of the ExternE project series mostly cover the emissions -chlkml classical airborne
pollutants, in a first step there willeban analysis if additional pollutants need to be integrated into
the indicator on human health impacts. Based on this identification of relevant pollutants, the
indicator will be developed relatinghanges in emissions to changes in deposition/ambient
concentrations This will be done usingxisting air sourceeceptor matrices (SRI) and multimedia
models. From the changes of concentratipasanges in exposure and in impacts (from existing and
well established concentratieresponsefunctions and expoge-response functions) will be derived.
The different endpoirg then will be weightedand combined in a unique sustainability indicatdhe
developed indicatos for human health impactsbiodiversity losses and climate chang#l then be
examined in dirent pats and future emissioscenarios in order to test the performance and the
applicability of the indicator.

In addition, due to the general undeepresentation of social sustainability indicators in the field,
this deliverable presents a conceptuadsis for developing a set of indicators for measuring and
possibly quantifying social sustainability.

! ExternE: Externalities of Energy, httpulw.externe.info A researclproject series of the European
Commission.

2NEEDS: New Energy Externalities Development for Sustainability; httpulfveedsproject.org
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2 Identification of relevant substances for human health

impacts, biodiversity losses and climate change

The main objective of the analysis presentedthits chapter focuses on the identification of
substances which are most important with respeottheir impacts on human health, biodiversity
losses and climate change and thus need to be included into the different sustainability indicators to
be developé later in this study. This analysis becomes important due to the very large number of
different substances having negative impacts on human health, the ecosystems and climate. While
some secalled classical airborne pollutants such as nitrogen oxides)(NQlphur oxides (S&
ammonia (NH), nonmethane volatile organic compounds (NMVOC) and primary particulate matter
with a diameter below 10pum and below 2.5um (PRM.and PPMs) aswell as a number of heavy
metals have been subject of numerous stuglieith most of them being coordinated within the EU
project series ExternE, there might be more substances to be relevant.

Therefore, this chapter will, in a first step, estimate the total airborne emissions of a major part
of industrial production proceses as well as from agricultural production, the energy and transport
sector.Subsequently, the calculated emissions will be weighted according todhsiage potentials
with respect to human health, biodiversity and climate a final step of this analis the estimated
damage potentials will be valued in monetary terms applying recent results on external cost factors
from the EUproject NEEDS (New Energyeffxalities Development for Sustainability). These two
final steps will allow for a ranking of sstances according to their impacts and thus will enable to
identify the major pollutants which will be integrated in the sustainability indicator to be developed
in this study.

2.1 Estimation of total emissions

In order to allow for a classification of differesubstances according to their (monetary valued)
impacts on human health, biodiversity and climate change, the quantification of the total airborne
emissions of all substances is essential. As this part of the study targets to identify the most
important pollutants with respect to impacts on human health for most of the manufacturing
processes and services within the -2 Member States, extensive datasets for the estimation of
airborne emissions needed to be analysed. Data on the occurring emissioaddme number of
production processes is provided by life cycle inventories. These data can be combined with the total
amounts of actually produced goods and services to estimate the total airborne emissions resulting
during the production of all goods drservices.

2.1.1 The Life Cycle Inventory Ecolnvent

The emissions resulting from production processes of goselwicesor other activities have
been estimated applying the life cycle inventory (LEHltvent. This data base provides emission
factors for morethan 4,000 production processes, services and final products, divided into more than
20 industrial activities. Ecolnvent has been developed by the Swiss Center for Life Cylce Inventories
and the applied version 2.0 has been updated in 2007. A more detailscription of the
methodology is provided by Frischknecht et al. (2607).

3 Further information and reports for Ecolnvent can berfd atwww.ecoinvent.org
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For each production process the Ecolnvent database provides emission factors for more than 500
different pollutants for the production of a certain unit (mass, quantity or arefajhe product.
Furthermore, the emission factors are provided for emissions into air, soil and water with further
sub-divisions for each of these environmental media. However, it has already been stated that the
focus of the present study refers to emissimto the air.

In summary, about 540 entries of the LCI with respect to pollutants and the rredihichthese
are emitted to have been taken into account for the following estimations. This relatively small
number compared to the size of the Ecolnveatabase is explained by tlexistence of aumber of
cases where the damage factors for pollutants of the life cycle impact assessment (LCIA) databases
do not match with the pollutants included in the Ecolnvent dataset.

2.1.2 Data on production

It has already een mentioned that the estimation airborne emission data will b@erformed
for all EUJ27 Member States. For this reason, information on the amounts of goods and services
produced as well as all additional activities are required for these countriese ™ then be linked
to the information from Ecolnvent in order to estimate the total emissions for all covered production
processes in Europe. As a major source of data the European production statistics PRODCOM
(Production Communautaire) have been arsa&ld. These statistics present a dataset collected by the
European statistical agency Eurostat which covers more than 4,500 different products and services.
The classification of goods and services is based on the standardised classification schemesknown a
the PRODCOM list which relies on the statistical nomenclature of economic activities in the European
Community Nomenclature statistique des activités économique dans la Communauté européenne,
NACE} In Williams (2008) the major characteristics of thR@DCOM statistics are presented.
Among others the data collection proceedings are explained, stating that the national statistical
agencies of the Member States collect data using surveys sent to enterprises.

In addition to the PRODCOM statistics, cowgrimdustrial production data, the United Nations
Food and Agriculture Organisation (FAO, 2010) provides an online database on agricultural
production. Furthermore, for the estimation of production data from energy generating activities
and as well as datan waste processing, the Eurostat databases provide valuable information
[Eurostat (2010a) und Eurostat (2010b)]. Finally, for the quantification of emissions from transport
activities results from the TREMOVE model have been appliREMOVE refers to aurBpean
transport and emissions simulation model which was developed on behalf of the European
Commission. The latest version of the model has been developed by the Belgian Institute for
Transport and Mobility in Leuven. A detailed presentation of thecttme and the results of this
model are provided by the report of De Ceuster e(2007)°

With the application of these data sources an estimation of the total emissions in tH&7 EU
Member Stateswas enabled. This required a combination of more tha® &mission factors for

* Further details on the NACE code can be found in the regulation of the European Commission (1990)
®The reportas well as further informatioare accessible atww.tremove.org
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production processes from Ecolnvent and more than 450 data points for produced goods, services
and transport activities.

2.1.3 Remarks on the estimation of total emissions

This sections aims at highlighting the difficulties for the estiorabf total emissions into the air
based on life cycle inventory and life cycle impact assessment data. First, the numbers presented for
the covered production processes fromowent and those for the total production of goods and
services as well asansport activities vary substantially. This difference can be explained by the
difficulties of explicitly allocating the production data to the respective production process. For this
reason about 120 of the 450 production data are allocated to two or npooeluction processes. In
these cases the average emission factors have been estimated and applied to the production data.
On the other hand the opposite case has also been regarded. There are about 50 cases where
production processes have been allocatedtivo or more production data, as it was assumed that
these products go through similarproduction process. An additional difficulty resulted from the
differences in units for production processes and products. There are a few cases where assumptions
on the density or the weight of an average product where necessary in order to estimate the
emissions.

The underlying data and the assumptions allow for an extensive estimation of emissions for a
great part of economic activities within the E23 Member Stats. However, a comparison of the
results with emission data from the European Environmental Agency (EEA) shows that teere a
substantial differences. While the EEA only provides emission data for a number of selected airborne
pollutants, a comparison of #se data already presensdme noticeable problems. The most striking
differences refer to the following issues:

e The estimated emission data for heavy metals (here:G&s,Cr, Cu, Hg, Ni, Pb,a8€e Zn
in some cases fit well with the data from EEA. Haevein four of nine cases the estimated
data is clearly above the information of EEA.

e The estimated emissions for g@re significantly higher than those officially reported by
EEA.

These differences can be explained with the underlying uncertaintieshef applied LCI
methodology and the production data. These uncertainties will be analysed in detail in s2&ion

There are some cases, et and NMVOC where the estimated emissions are substantially
lower than those repoed by EEA. This can be explained by the fact that a major share of the NH
emissions results from agricultural activities while emissions of NMVOC largely result from solvent
uses. Both sectors are included in the estimations only to a limited extendaladdck of data on
total production and production processes in the applied sources.

o Finally, the estimated amount of total emissions of CO is comparably lower than the
reported figures of the EEA. As these emissions mostly result from combustion picesse
this signals that theses processes are only coveredtmsufficient extend in the applied
methodology.

In summary, the estimated emission data matches the officially reported EEA data only to a
limited extend. However, the estimated data will be dpgl for the estimation of monetised
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damages as this exercise does not aim at representing the real damages that occur but aims at
providing a comparison of pollutants according to their damage potentials. Thus, the estimated
amounts of emissions only seras background information to get an impression of the amount of
pollutants emitted across Europe.

2.2 Estimation of damage potentials applying life cycle impact
assessment tools

The main objective of this chapter is to compare a preferably high number efetitf pollutants
according to their potential damages with respect to human hedithdiversity and climate change
This comparison will allow for a definition of relevant airborne pollutants that should be included in
external cost studies and will beciuded in the identification of sustainability indicasowithin in
this study. In a first step, the emission data for air pollutants that will be applied as an input for the
estimations have been calculated and discusgedthe amount emitted of a certaisubstance is not
sufficient to make a statement about the potential damages this pollutant might cause and thus is
not enough to compare different pollutants with respect to their hazard potential, this section will
introduce different methods of asseagi the damage potentials of these substances. The methods
are based on life cycle impact assessment (LCIA) work and represent different datasets for damage
factors.

As research in the field of life cycle analysis in recent years has prodoneedensive anount of
literature and a large number of different results, the focus in this study will refer to only three
databases. In general, LCIA databases serve as a useful tool to assess potentials for improvement in
production processes and allow for comparisouf different processes based on indicators such as
impacts on human health, the ecosystem and climate chamge. three different LCIA databases
applied in the present study will be applied only with respect to stated damage poteatialgborne
pollutantsregardingthe three damage categorie$he major commonality of the three approaches is
the estimation of damage factors for different miend endpoint categories. For this reason the
databases are classified to the group of damagented LCIA or repoint modelling. All three
methodologies arén agreement with the 1SO14044 norm of the European Commission referring to
standards in life cycle analysis.

In general it has to be mentioned that the applied damage factors represent a simplified model
of the much more complex reality. Therefore, they can only be regarded as an approximation of the
damages caused by the numerous pollutants. This approximation and the following monetary
valuation must thus not be seen as an exact estimation of the damagesshan indication of the
relative importance of some monetary valued pollutants over other pollutants. In order to highlight
this important issue, there will not be detailed figures presented in this section but a ranking of the
pollutants with respect tdhe damage potentials.

2.2.1 The LCIA database of Ecolndicator99

The Ecolndicator99 database has already been developed in 199Beblroduct Ecology
Consultants (PRé). The summary of the main features of Ecolndicator99 presented in this section is
based on tle methodology report of Goedkoop and Spriensma (2001) and the report on the twelfth
discussion forum on life cycle analysis by Goedkoop é2@00). Furthermore, in the reports for the
Ecolnvent database for emissidactors a description of different CIA methods by Hischier et al.
(2009) also includes some information on the Ecolndicator99 approach.
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The Ecolndiactor99 database was designed to be an update and continudtitire d995
version. In course of this updating process a new methodology waslamed which has a focus on
the weighting of the estimated damage factors. For this new approach, thealted topdown
approach was applied which does not start with the results of the LCA but with the weighting of the
most important damage categoriefn order to keep the number of damage categories as low as
possible only three categories where chosen for the analysis. These were damages to human health,
ecosystem quality and resource depletiobamages to human health are provided in disability
adjused life years (DAL¥)nd damages to the ecosystem are reported in potentially disappeared
fractions of species (PDP) more detailed discussion of these measures will follow in chagtér®
4.3. On the contrary to other LCIA approaches, effects caused by climate change are directly
measured with their impacts on human health. However, in order to provide a consistent approach
among all LCIA databases, only human health impacts related to ozgee dapletion, ionising
radiation, respiratory and carcinogenic effeetdll be included for the estimation of human health
impacts. The effects caused by the global warming potentials of greenhouse gases will be regarded in
the climate change category.

The followingFigurel provides an overview on the methodology of Ecolndicator99. As one can
see, the line of causesrepresented by the directions of the arrovgsstarts from the emission of
different pollutants and other environamtal effects and ends with the damage categories. The
weighting of these damage categories presents the final step in order derive an indicator for the
damage potentials.

-=(-S_urElus energy for future extraction r_|Cuncmmtion minerals l'— Emo‘:ﬂ?
lus energy for future extraction Fossil fuel availabili er type fossil fuels
J —{Regional effect on vascular plant species l'—'Ch:m,tze in habitat size an,_, Land—usg:
)/ Damage to e — ~=~|occupation and
ecos_yswm l%{ncal effect on vascular plant species |* — ltransformation
quality [% vasc.
A iplant species i —
Y, [Zkmd *yr)
!
%
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“/human health zone laver depl (cancer and cataract)
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Source: Goedkoop und Spriensma (2001),20.

Figurel: Structure of the Ecolndicator99 approach

The estimation of the damage factors in the Ecolndicator99 database is directly related to the
question of weighting the different impact categories. Goedkopp and Spriensma (2000) focused on
research within culturbtheory and present three major types of behaviour:

U The individual perspective states that only clearly proofed effects should be regarded.
Furthermore, only shoftun effects are included as there is a possibility of technological
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progress leading to impvements with respect to the effects in the lomgn. From this
perspective damages to human health are weighted with respect to the age of the

FFFSOGSR LISNE2YZ @Gl tdzAy3a F LISNA2yQa KSKHfGK
U0 The hierarchi perspective focuses on facts that are accepted from economic and
political agents. In a way, this perspective reflects a position where there is a
consideration betweeithe short-run and the longun level of scientific knowledge.
U The egalitarian perspective tak account for the precautionary principle which means
that all effects are covered regardless of the acceptance of the impacts in the economic
or political research. This includes a very lbegn perspective and does not allow for an
assumption on the pential abatement of future problems.

Based on the different perspectives for the analysis of the damage factors and the weighting of
the damage categorieshe Ecolndicator99 developers decided to estimate three different lines of
results and to allow ta user to decide which perspective, i.e. which weighting scheme, is seen as
best suitable. In addition, there is also the possibility for the user to designappty a personal
weighting scheme based on a weighting triangle. In general, Goedkoop andsBmie2001)
recommend the use of the hierarahapproach as most models are based on this balance approach
between longterm and shoriterm impacts. The remaining two perspectives should, in their opinion,
be applied for sensitivity analysis of the resulliis recommendation will be obeyed in the following
estimations of this study.

In a study by Hischier et al. (2009) on the characteristics of different LCIA databases and their
application in combination with the LCI of Ecolnvent, the drawbacks of thikadology have been
analysed. With respect to impacts on human health, the emission of carcinogenic substances in the
oceans is criticised to be insufficient. Furthermore, a differentiation of the impacts of certain heavy
metals caused by inhalation in mpast to the intake via drinking water or food is highlighted.
However, these drawbacks have been discussed with the developers of the Ecolndicator99 approach
and solutions have been implemented. The different approaches for improvement of the
Ecolndicato database will not be discussed in further detail, however, it needs to be mentioned that
the applied version of Ecolndiactor99 reflects the improved version.

2.2.2 The LCIA database of IMPACT2002+

The presentation of the main characteristics of the LCIA @e@blMPACT2002+ (Impact
Assessment of Chemical Toxisshpased on the description of the methodology by Jolliet 24l03)
as well as on Humbert et gR005). The authors were involved in the development of the database
at the Swiss Federal Institutef Technology in Lausanfid&urthermore, as for the previous analysis
of Ecolndiactor99, Hischier et al. (2009) provide a summary of the main features of the IMPACT2002+
database.

In general, the LCIA database of IMPACT2002+ can be seen as a combirtatmaxisting LCIA
datasets. First, the 1,500 examined substances are classified in 14 midpoint categories, i.e. all
substances with identical potential impacts are summarised and expresseddquikglents of a
reference substance. This approach reliestioe methodology of the CML (Centre of Environmental

® The applied version 2.1 of IMPACT2002+hmaccessed and downloadedkttp:/www.epfl.ch/impact.
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Science) handbook on LCA published by Guinée et al (2001). In a second step, these midpoints are
grouped into the damage or endpoint categories human health, ecosystems, climate change and
resource demtion. This approach is based on the above mentioned damage oriented method of
Ecolndicator@9However, a major difference to the Ecolndicator99 methodology is the analysis of
greenhouse gases (GHG) which are examined in a separate endpoint categoryusrarehnot

directly relating to damages on human healfinother difference between the two LCIA databases
refers to the damage factors for the midpoint categories human toxicity as well as aquatic and
terrestrial ecotoxicity. Here, the database of IMPAZDD2+ is based on results provided by
Pennington et al(2005). Thus, the IMPACT2002atabase providesewly devebped concepts and
methods for the comparison of toxic effects on human health and the ecosystems.

The followingFigure2 shows the different midpoint categories and their connection to the four
endpoints of IMACT2002+. In cases where the developers assign a high level of uncertainty between
mid- and endpointsthis is characterised by dotted lines. Furthermore, the feghighlights that the
developers of IMPACT2002+ regard the midpoint categories as an intermediate step along the
pathway from emission of a substance to the final endpoint of damages.

Midpoint Damage
categories categories
Human Toxicity —-\.\_“\‘\‘
Respiratory effects

Ionizing radiation

Ozone layer depletion
/ Photochemical oxidation <_______ ™+,
/ _'_'_______._._.—-—-: Ecosystem Quality
r

-

Aquatic ecotoxicity
LCT results K

\ Terrestrial ecotoxicity -
\ Aquatic acidification ":
Aquatic eutrophication -

Terrestrial acid/mutr

Climate Change
(Life Support System)

Land occupation
Global warming

Non-1 ble energy Resources

‘-—"""'_F'-FFFFFFJ

Mineral extraction
Source: Jolliet et al. (2003), p. 324

Figure2: Structure of the IMPACT2002+ approach

The damage factors for impacts on human health are again given in DALY per kilogram of
emission.The factorfor biodiversity losses are provided in PDFs and climate change is measured in
terms of C@equivalents

2.2.3 The LCIA database of ReCiPe
The estimation of impacts on human healthe ecosystem and climate changas been carried
out using another LCIA data source for damage factors. This latest database of the three applied
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sources has been developed in 2088d is called the ReCiPe methodoldgyhe name of this
database, as it is stated by Goedkoop et al. (2009), was chosen to highlight that this database
provides a recipe for the valuation of emissions and the estimation of potential damages cause by
theseemissions. Furthermore, the name can also be seen as an acronym for the research institutes
involved in the development of ReCiPe, i.e. the National Institute for Public Health and the
Environment (RIVM), the Radboud University of Nijmegen, the alreadyioned CML institute and

the developers of Ecolndicator99 from PRé Consultants. As can be seen from the composition of the
group of developers, the ReCiPe database was designed to combine and update the methodologies
of the Ecolndicator99 method and the CMpproach. This is also shown in the followkigure3
presenting the structure of the ReCiPe database. As can be seen there, the structure is very similar to
that of the Ecolndicator99 approach. Both methodologies regard theesandpoint or damage
categories and do not define a separate category for the impacts of climate change as it is the case
for the IMPACT2002+ approadHowever, the present study aims at differentiating between the
three damage categories. Therefore, tllmmages caused by global warming potentials will be
assigned to the climate change categofurthermore, the ReCiPe database also applies the three
mentioned weighting perspectives (individual, hieracchnd egalitarian). However, one important
difference with respect to the Ecolndicator99 damage factors is also shown in the figure. The impacts
of climate change are not only linked to impacts on human health but are also analysed with respect
to ecosystem damages. However, in order to provide a consistgmroach among all LCIA
databases, only human health impacts related to ozone layer depletion, ionising radiation,
respiratory and carcinogenic effects are included in the analysis.

The objective of combining the approaches of Ecolnidicator99 and CMin with ReCiPe
methodology is similar to the objective of the IMPACT2002+ method, described in the previous
section. This overlap in methodologies is expected to lead to comparable results of the overall
impacts of pollutants for &lthree applied LCIA datases and to allow for the application of
monetary valuation figures to estimate the external costs.

" Theapplied damage factors provided by the ReCiPe methodology as well as reports on the development
the methodology can be accessed the official website of ReCiPtp://www.Icia-recipe.net)
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Figure3: Structure of the ReCiPe methodology

The application of damage factors provideg the ReCiPe database for the estimated emission
data of the different pollutants allows for the estimation of potential damaf@ms264 pollutants.
This number is substantially higher than the number of pollutants covered by the Ecolndicator99
approach vhich can be seen as a result of the updating and extending processes of this method.
However, his number is clearly less in comparison to the results of the IMPACT2002+ application.

2.3 Monetary valuation of damages

The previous chaptemgresented the approah applied for the estimation of emissisdata for
an (as a high as possibleumber of diffeent economic activities and on the other hand analysed the
three LCIA methodologies which will be applied for the estimation of damage potentials for impacts
on human health, biodiversity and climate change. The results of these estimations will be used for a
comparison of the different pollutants with respect to their impacts and to identify those pollutants
which can be classified as being relevant for the ferttanalysis of each of the three damage
categories. In order to allow for comparison not only with respect to DALY, PDF ged@lents,
a monetary valuation of these impacts will also be applied.

The monetary valuation of impacts is based on resutf the currently finished E{groject
NEEDS (New Energy Externality Development for Sustainability). Within this project Desaigues et al.
(2011) applied a contingent valuation method asking 1,463 individuals to state their willingness to
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pay (WTP) for a dauction in mortality risks. Based on these WTP results, Desaigues et al. estimated a
valueof n n Z o foreone DALY ithe EU25. This value will now be applied in order to estimate a
monetary value for the damages calculated with Ecolndicator99, IMPACT2002+ and Re@Gdre.
detailed discussion of this indicator for human health will be préseim chapterd. 1

For the monetary valuation of biodiversity losses, the outcomes of a study by Ott et al. (2006),
based on restoration costs to improve a land use type from one with a lower number of different
species to onevith a higher number of specieise. assuming the restoration is performed in order to
increase the biodiversityThe habitat restoration witlihe least cost resulting in a biodiversity change
of at least 20% is the restorationf integrated arable lanthto organic arable lanth GermanySince
this is a land conversion common in all of the countries considétadas selectedas the minimal
marginal cost of improving biodiversity peDF and f The evaluatiorhas been updated according
to average WTRaken from Kuik et al (2009 which is for Europe 0.4%q/PDFInt instead of
0.45¢€ ,00/PDF/nT derived from Ott et alA more detailed presentation of the indicator for ecosystem
impacts can be found in chaptér2.

Finally, the monetary valuation of climate change impacts iethas themarginal damage costs
for the Pareto-optimal solution The optimal point is the one where marginal damage costs are equal
to marginal avoidance costs. If marginal damage costsld be usedor decision making that are
higher than those in the dpnum, emissions would result that are well below the optimum and thus
welfare would be loweand vice versaThe major lines of argumentation summarised in Preiss et al.
(2008), are the precautionary principle and equity issues. These issues will natcbssgd in ta
presentchapter, but will be analysed in more detail in the chapter developing an indicator for the
costs of climate change. For the screening process presented hereputo@me of the approach
applied in the NEEDS projéstan analysisfa number of different studieseferring to the valuation
of climate change which led to a recommend8d f dzS 2§for area tbane af CQ While there
is a high level of uncertainty behind this value, which will be further discussed in chaptahis
valuewas applied to identify the most relevant pollutants with respg climate change. Changing
this value in any direction will still lead to the same ranking of the greenhouse gases. For the
monetary valuation of other pollutants tha@Q, the conversion factors for G@quivalents provided
by the Intergovernmental Pahon Climate Change (IPCC, 20GK)e been applied

The estimated monetised damagésr human health impacts, biodiversity losses and climate
changewill be used to identify a ranking of the pollutarfts each categoryo find out the relevant
substancedor the further work.

2.4 Identification of relevant pollutants

The linkage of emission data and damage factors as well as the monetary valuation of the
damages lead to a high number of monetary valued pollutants and a large range of results. For this
reasonit is necessary to define a measure to limit this long list of values to those that can be defined
as relevant. This limitation procedure is based on two parts:

0 Only those pollutants will be selected for further analysis, which have a total monetary
damagevalue of at least 0.1 per mill of the highest single score. The other pollutants
with damages below this threshold will be defined as not relevant.

U The pollutantswhich are defined as relevant for the analysis of impacts on human
health, will, in a secondtep, be examined across the different LCIA methods of
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Ecolndicator99, IMPACT2002+ and ReCiPe. As these approaches are based on very
similar methodologies, a pollutant will be defined as relevant, if it is represented among
those pollutants that exceed ehthreshold for at least two of the approaches.

The second criterion is especially required as, besides the basic similarities within the three LCIA
databases, there are a number of important differences in the valuation of pollutahésyaluation
of zinc emitted to air can servas an example for this difficultyWhile this substance is not assigned
any damage factor for human health in the LCIA databases of Ecolndicator99 and thus there is no
monetised damage, this pollutant results among the pollusawith the highest monetised damage
potential when applying the methodology of IMPACT2002+. The second criterion is designed to
adjust for these differences and the underlying uncertainties in the valuation of damage potentials.

The pollutants that fulfilboth criteria will be defined as relevant for the further analysis of
sustainability indicatas for human health impacts, biodiversity losses and climate chaAg¢his
point it is once more important to underline that the absolute values of the monedarmages are
not in the focus of the study. However, these are estimated to serve as a unit to compare the
pollutants to create a ranking of the pollutants. This ranking than allows to get conclusions on the
relative importance of one pollutant over anothpollutant.

2.4.1 Human health impacts

The followingTable1l summarises the results of the screening process for relevant substances
with respect to human health impacts. The table lists those substances which meet the above
mentioned citeria. It has already ken mentioned in the descriptions of the Ecolndiacator99 and the
ReCiPe approaches that in order to provide a consistent approach among all LCIA databases, only
human health impacts related to ozone layer depletion, ionising rahatrespiratory and
carcinogenic effects are included in the analysis.
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Tablel: Results of the screening process for human health impacts

change

relevant pollutants

Ammonia NH;
Arsenic As
Benzene GHs
Benzo[a]pyrene Gooto
Cadmium Cd
Carbon14 Carbon14
Dioxins, measured as 2,3, tg@rachlorodibenzep-dioxin  Dioxine
Formaldehyde CHO
Mercury Hg
Methane, bromochlorodifluorg Halon 1211 CBrClg
Methane, bromotrifluore, Halon 1301 CBrk
Methane CH
Methane, tetradloro-, R10 CcC)
Nitrogen oxides NO
NMVOC, nommethane volatile organic compounds NMVOC
PAH, polycyclic aromatic hydrocarbons PAH
Particulates, < 2.5 um PPM 5
Particulates, > 2.5 um, and < 10um PPMoarse
Radon222 Radon222
Selenium Se
Sulfurdioxide SQ

The table above presenl pollutants which can be assigned twuf main groups:

Classical airborne pollutaniéts, CO, NQ NMVOC, PPM, PPMoaseand SQ,

Heavy metals such as As, Cd and Hg,

Radionuclides such as Carbbf and Rador222as well as

other pollutants such as benzene, benzo[a]pyrene, dioxins, formaldehyde, Halon 1211,
Halon 1301, R0, PAHs and Se.

ot et B et et

2.4.2 Biodiversity losses

Table2 summarises the results of the screening process for relevant substanttesespect to
biodiversity losses or ecosystem damagessed by eutrophication and acidificatiofihe table lists
those substances which meet the above mentioned criteria. It has already be mentioned in the
descriptions of the Ecolndiacator99 and the ReCapproaches that in order to provide a consistent
approach among all LCIA databases, only those damage factors have been applied that are not
related to global warming potential#As can be seen from the table, only three classical airborne
pollutants fufil the criteria of being relevant for the further analysis.

Table2: Results of the screening process for ecosystem damages

relevant pollutants
Ammonia NH;
Nitrogen oxides NGO
Sulfur dioxide SQ
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2.4.3 Climate Change

The results oftie estimations for climate change are summarise@able3. Again, the table lists
those substances which meet the above mentioned criteria. It has already be mentioned in the
descriptions of the Ecolndicator99 and the ReCiPeaaahes that in order to provide a consistent
approach among all LCIA databases, the damage factors relating global warming potentials to human
health and/or biodiversity impacts had toe extracted from the total amount of damages to these
two damage catgories.

Table3: Results of the screening process for climate change

relevant pollutants
Carbon dioxide, CcQ
Carbon monoxide Cco
Dinitrogen monoxide N,O
Ethane, hexafluorg HFC116 GFs
Methane CH
Methane, tetrafluore, R14 ChH
Sulfur hexafluoride Sk

2.5 Availability of emission data

The previous chapter identified numberof pollutants that¢ based on the estimated emission
data¢ can be regarded as relevant with respect to their impacts on human heatilliversity losses
and climate changeHowever, in order to develop an indicator for human health impacts, emission
data for all of these substances needs to be publicly available.efission datds then appliedto
the (monetary) damage factors for the different pollata and allovg for an estimation of the overall
damages to human health, ecosystems or climate change. The changes in the total level of damages
to each of these categories over time will then serve as an indicator of an ecologically and socially
sustainaltle development.

The European Environmental Agency (EEA) collects data on emig§iaitborne substances
based on different reporting schemes. These schemes will be described in the following paragraphs
and will be assessed with respect to their appliigbifor the development of a sustainability
indicator based on the relevaair pollutants.

First, the national emission ceilings (NEC) directive requests the 27 Member States of the EU to
submit annual data on emissions of four main airborne pollutaigs,SQ, NQ, NMVOC and NH
These pollutants are in the focus of the NEC directive as they contribute damages on human health
and the environment bythe formation of ozone and particulate matter as well as by causing
acidification and eutrophication. lmorder to reduce the potential damages, the NEC directive
establishes pollutanspecific and legally binding emission ceilings which are to be met by 2010.
However, as the scope of the NEC directive is limited to the above mentioned pollutants this data
source is not sufficient for the development of sustainability indicatfar human health impacts
biodiversity losses and climate changkich will includea large number o&irborne pollutants.

Secondthere is thedata submitted by the European Commissiorthe Executive Secretary of
the United Nations Economic Commission for Europe (UNECE) via the Executive Body of the
Convention on Longange Transboundary Air Pollution (CLRTAP). The report of the CLRTAP is
published on an annual base and includes eimisgata on a number of air pollutants, includingxSO
NOQ, NMVOC, NH CO, PPN, PPM2.5 heavy metals (including CdHg and Pb), dioxins and
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persistant organic pollutants (POPs). However, the EEA database only provides data on the classical
airborne polutants, some heavy metals and dioxins which is not sufficient for the development of a
sustainability indicator in this study.

Third, the EEA provides an aggregated and gap filled set of emission data. This data set includes
the classical airborne pollutém (CO,SQ, NG, NMVOC, N PPM, and PPMs), heavy metals
(including As, CdHg and S@ as well as Benzo[a]pyrene and PAHswever, with respect to
greenhouse gases only £id included. In sum, 19 of the required 33 pollutants are to be found
within this databaseL ¥ RF I 2y 3INBSyK2dza$S 3L asSa Aa GF1Sy TN
another three substances (GON,O and S§ can be added to this lisEurthermore, the gap filled
data set is based on information from the Convention on EBagge Transboundary Air Pollution
(CLRTAP) of the United Nations Economic Commission for Europe (UNECE). This data is also
accessible via the EEA online data bases and provides data on dioxins (and furans). This results in a
list of 18 pollutants for which enission data are available at the EEA data web$ites, compared to
the list of 33 relevant substances it lacks data on benzene, cafbéncobalt, HFE116,
formaldehyde, halon 1211, halon 130%:1R R14 and Rador222.These ten substances can not be
regarded¢ and thus have to be excluded from the list of relevant pollutanifsone wants to assure
that emission data is publicly accessible (in this case at the EEA).

2.6 Assessment of the uncertainties

The presented approach of estimating the relevant yalhts underlies some significant
uncertainties. These uncertainties occur within th€l approach of Ecolnvent, among thi#ferent
LCIA methodologies and for tlpplied monetary values. This section will discuss the uncertainties in
detail.

2.6.1 Uncertainties in Ecolnvent

The uncertainties within the LCI database of Ecolnvent do not only refer to the overall
methodology but to each single emission factor of the database. Frischknecht et al (2007)
differentiate between fluctuations and stochastic errors, ewvibkdy uncertainties in the
measurements, problems in the adequacy of the adoption of results for one region to another,
uncertainties in the modelling approach, e.g. the assumption of linear relationships, and the
possibility of noraccounting for unknownspects. A quantification of the uncertainty is only feasible
for the stochastic errors.

Frischknecht et al. state a few factors which have not been included in the assessment of the
uncertainties, which might, however, have an impact on the overall uagest of the LCI approach.
The assessment of the uncertainties was approached by a matrix consisting of information on
reliability, completeness, temporal and spatial correlation, other technological relations and the size
of the sample. This matrix is mented in the table below.
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Table4: Matrix for the assessment of uncertainties in Ecolnvent

Indicator score 1 2 3 4 5 Remarks
\erified data partly based Qualified estimate (2.g. by verified means: published in public
s N Non-verified data partly indusirial expert); data envircnmental reports of companies, official
. Verified data based on on assumptions OR non- . " . .
Reliability o te fied data based based on gualified derived from theoretical Non-gualified estimate statistics, etc
measuremen e aia basec on estimates information (stoichiomstry, unverified means: personal information by letter,
measurements.
enthalpy, ete.) fax or e-mail
. Representative data from  |Representative data from . "
F{Iep_r;seman Ve |d’atilxum >50% of the sites relevant |only some sites (<<50%) Hel:lresenttmeld:‘{lamﬁ'en Representativeness
&l sites relevant for the for the market considered  [relevant for the market only one site relevant 1or ), known or data from a Length of adequate period depends on
Compieteness | market considered over an over an adequate period to |considersd OR =50% of the market considered OR small number of sites AND |processftechnolol
adequate period to even e pe = - some sites but from shorter| N P oy
even out normal sites but from shorter from shorter periods
out normal fluctuations periods
fluctuations periods
less than 3 years means: data measured in
T | Less than 3 years of Less than 6 years of Less than 10 years of Less than 15 years of I u::at;;rjknuwnfur :gg? Ufr later, ith investment eycles of
emporal difference to our reference |difference to our reference |difference to our reference [differsnce to our reference |Tore AN 12 years o score Tor processes wilh Invesiment cycles
comelation ar (2000) ar (2000) ar (2000} ar (2000) difference to our reference |<10 years;
Ve ke year (2000} year (2000} vear (2000} for other cases, scoring adjustments can be
made accordingl
Similarity expressed in terms of enviommental
Data from unknown OR legislation. Suggestion for grouping
(ceograghical Average data from larger  |Data from smaller area distinctly different area North America, Australia;
nurr;alun Cata from area under siudy|area in which the area than area under study, or (north america instead of  |European Union, Japan, South Africa;
under study is included from similar area middle east, OECD-Europe |South America, Morth and Central Africa and
nstead of Russia) Middle East;
Russia, China, Far East Asia
Examples for differsnt technology:
Data on related processes Data on refsed processee ;;Ih::m turbine instead of motor propulsion in
Further D:)';‘;;ggz’::ﬁ!i:ﬂ . :’e'c’;‘n“;z‘“ N g‘; same or materials but different Ef;fafgr;f‘;; ':’:EESE‘ES - emission factor B(a)P for diese! train hased on
technological P S N 9y, technology, OR data on N lormy motor data
Jat under study (ie. identical Data from processes and |alboratory $cal .. |/aboratory scale of different = Jes Jated terials:
comelation technoicgy) materials under study but |/ BPOratorY scale processes ooy o xamples for related processes or materials:
f different technok ‘and same technology - data for tyles instead of bricks production
Tom different tzehnalogy - data of refinery infrastructure for chemical
lants infrastructure
>100, continous
S N > 10, aggregated figure in _ sample size behind a figure reported in the
Sample size measurement, balance of (=20 env. repert »=3 unknown information source
purchased products

Source: Frischknecht et al. (2007)4p.

For these five categories a valuation of each process of Ecolnvent has been accompisiegl, v
the respective category from one to five points. Furthermore, an uncertainty factor has been defined
for each of the categories of the matrix. This factor is presentedahle 5 below. With this
information a geometric deaation of the results was estimated as well as minimum, maximum and
average values for the emission factors.

Table5: Result of the valuation procedure

Indicator score 1 2 3 4 5

Reliability 1.00 1.05 1.10 1.20 1.50
Completeness 1.00 1.02 1.05 1.10 1.20
Temporal correlation 1.00 1.03 1.10 1.20 1.50
Geographical correlation 1.00 1.01 1.02 1.10
Further technological comrelation | 1.00 1.20 1.50 2.00
Sample size 1.00 1.02 1.05 1.10 1.20

Source: Frischknecht et al. (2007)46.

2.6.2 Uncertainty with respect to productin data
In addition to the uncertainties of the emission factors, there is also some level of uncertainty in
the production data that has been applied in the estimations of the total emissions. As the majority
of the applied production figureare based oninformation stated by the national statistical agencies
of the EU27 Member States, the overall level of uncertainties can be assumed to be relatively small.
However, one source of uncertainty is the extrapolation of the available data to th27H&Velin
those cases where the national data are confidential. Thus, following the description by Williams
(2008), the total amounts of production on the 2@ level represent rounded values in order to
include a certain level of uncertainty in these values #ng to cope with the confidentiality issues
of the data.
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For the estimations of total emissions from the transport sector, results of the TREMOVE model
have been applied. In the overall documentation of the model by De Ceuster et al. (2007) there is
only an indication of the difficulties in the assessment of the uncertainties of the model. These
mainly result from the segmentation of demand within the transport sector which leads to a very
complex structure and a high number of elasticity parameters. Whiése characteristics of the
model are identified as potential sources for uncertainties, there is no further quantification of the
extent of these uncertainties.

The estimation of emission data for agricultural production is based on data provided by the
FAO. The emission data for produced amounts of electricity was extracted from the Eurostat
database. Both datasets rely on stated figures by the national statistical offices. A detailed analysis of
the potential uncertainties of the data is not availabldowever, as both organisations are taking
part in international conferences and committees working on quality of the data, it can be assumed
that the uncertainties for the stated production figures for agriculture and electricity are relatively
small.

2.6.3 Uncertainties of the LCIA methodologies

Important sources of potential uncertainties for the estimations of the relevant pollutants are
the applied LCIA methodologies and the emission factors for the different pollutants estimated in
these approaches. Thisa®n will provide an overview of the major factors of uncertainty and an
assessment of the overall uncertainties for each of the three applied LCIA methods.

2.6.3.1  Uncertainties in the Ecéndicator99 approach

In the report on the methodology of Ecolndicator@@oedkopp and Spriensma (2000) list three
major sources of uncertainties. These are fundamental and operational uncertainties as well as
uncertainties related to the completeness of the analysed effects. Fundamental uncertainties reflect
difficulties and erors which arise in the process of developing the methodology. This includes the
assumptions that are implicitly chosen when a decision is made for a certain methodological concept.
Thus, this decision is also a choice of a certain range of uncertairitegspooach. The operational
uncertainties result from variations in the estimated results which are based on the respective
parameters. While it is relatively difficult to assess the fundamental uncertainties, the quantification
of operational uncertaintie is feasible. To limit the extent of fundamental uncertainties the three
cultural theory perspectives have been applied. The quantitative assessment of operational
uncertainties was carried out through an estimation of the geometric standard deviatiom tihe
best approximation with a lower (2.5%) and an upper (97.5%) confidence interval. These estimations
were accomplished for all damage factors within the database. An assessment of the completeness
of the database could not be executed in a sufficieatywAn analysis was only feasible for those
pollutants that are less important but not those which are not computable at all.

2.6.3.2  Uncertainties in the methodology of IMPACT2002+

The extem to which the uncertainties of the methodology of IMPACT2002+ wesesead is
limited to qualitative indicatorsin their study on the uncertainties Humbert et al. (2005) foons
some general factors of uncertainty in the approathey state that the uncertainties with respect
to greenhouse gases and resource depletionsargstantially lower than those for effects on human
health and ecosystem quality. Thus, the analysis of these latter damage categories should include all
pollutants that have a share of at least 1% of the total damages. These pollutants can be regarded as
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important as the uncertainties in this rangend are about two orders of magnitude. This range of
uncertainties is seen as relatively precise as Humbert et al. state an overall deviation for all pollutants
of 12 orders of magnitude. The assessment of r@hevsubstances in the presented approach
includes all pollutants with a total monetary damage of at least 0.1 per mill and thus holds this
request. Furthermore, Humbert et al. highlight the importance of changes in the emissionsyof NO
SQ and primary paticles as these pollutants account for the largest share in total impacts. These
pollutants are also part of the result in this chapt&he followingTable6 summarises the qualitative
assessment of the uncertainties within thadnand endpoints of the IMPACT2002+ approach.

Table6: Qualitative Assessment of the uncertainties in IMPACT2002+

. . uncertainties for fate, Damage uncertainties for fate,
Midpoint category exposure and effect category exposure and effect
Human toxicity high (higher for non-
(carcinogens + carcinegens than for Human health
non-carcinogens) carcinogens
Respiratory {inorganics) high Human health high
lonizing radiations high Human hezlth
Ozone layer deplefion medium Human health
Human health
Ecosystem quality
Aquatic ecotoxicity high Ecosystemn quality
Terrgstrial ecotoxicity very high Ecoszystem quality high
Terrestrial high Ecosystem quality
acidification/nutrification d =cosy Huality
Agquatic acidification low Ecosystem quality
Aquatic eutrophication low Ecosystem quality
Land occupation high Ecosystem quality
Glabal warming low g’“smfr:?] change {life support low
yste
MNon-renewable energy low Resources ]
Mineral extraction medium Resources low

Source: Humbert et al. (2005),28

2.6.3.3

In the previous section on the gersé charactesstics of the ReCiPe methodology it has been
pointed out that this approach reflects an update of the Ecolndicator99 apprdamhthis reason,
similar assumptions have been applied for the ReCiPe method, especially with respect to the
fundamental issues of uncertainties. Thus, the cultural theory perspectives of Ecolndicator99 are also
implemented in the approach of ReCiPe. There is no additional quantitative assessment of the
uncertainties in the general documentation of the ReCiPe approgcGdedkopp et al. (2009). For
these reasons it can be assumed that the uncertainties of ReCiPe are similar to those of the
Ecolndicator99 approach.

Uncertainties in the methodology of ReCiPe

2.6.4 Uncertainties in monetary valuation of impacts

The final source of uncertainties is the applied monetaryueslfor the estimation of the
potential external costs of the damages and the ranking of the pollutants. As most of these values
have at first been estimated in course of the ExternE project series of the European Commission, this
project series also proges useful information on the underlying uncertainties. The ExternE
Methodology Update (European Commission, 2005) presents an extensive quantitative analysis of
the uncertainties for different stages of the applied impact pathway approach.
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For the monetay valuation of mortality risks und cases of chronic bronchitis, measurgdars
of life lost (YOL}, the methodology update provides as standard deviation in the values of a factor of
2. For other damage costs, such as hospital admissions, where thetampnvaluation is based on
market values, a lower standard deviation of 1.1 to 1.3 has been estimated. Furthermore, the
ExternE project series examined the uncertainties along the total impact pathway ferS@and
primary particulate matter. As a resuthe methodology update study provides a geometric standard
deviation for these pollutants of about a factor of 3. For other substances which cause impacts
mainly via ingestion of food, such as As, Pb or dioxins, the standard deviation was estimagéed to b
around 6. The calculated standard deviations indicate a certain level of uncertainties in the monetary
valuation of impacts on human health. However, the results of the ExternE project series gain more
and more acceptance and are increasingly appliedramted in projects financed by the EC.

2.7 SummarisingRemarks

The analysis and identification of relevant pollutants for a substantial number of economic
activities includes a range of different uncertainti€sirthermore, the assumptions and uncertainties
of the applied LCIA methodologies have lead to a very rough assessment of the emissions and the
resulting damages. In addition, the monetary valuation which allows for a ranking and a comparison
of the pollutants includes a certain level of uncertaint&eswell. Besides all these uncertainties, the
results of this screening process are applicable for the following estimations. This is reflected by the
fact that the presented list of relevant pollutants includes most of the pollutants that have been
already assessed in the literature. Furthermore, the relevant substances have been assessed with
respect to the availability of emission data provided by the EEA. As a resulf the pollutants
identified as relevant had to be excluded from the developmentanfindicator for sustainable
impacts on human health as there are no data available on the emission of these substances.

This list of relevant pollutants consists of-called classical airborne pollutants, heavy metals
greenhouse gases Y R & 2 Y Solltkshts. RI8ubldhe analysis has not shown surprisingly new
results with respect to the importance of the substance. However, these results can be regarded as a
confirmation for the focus of research within this area. The final list of X1Bepollutants to be
included in thedevelopment ofsustainability indicatafor human health impactsbiodiversity losses
and climate changes presented below. Thesé8 pollutants account for 9%8.% of the overall
damagesfor all damage categoriesstimated with the Eolndicato®9 methodology,for 824 % of
the overall results for IMPACT2002+ arfd®% for ReCiPe.
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Table7: Final result of the screening process for relevant substances
Pollutants Human health impacts| Biodiversity losses| dimate change

Ammonia X X
Arsenic X
Benzo(a)pyrene X
Cadmium X
Carbon dioxide X
Carbon monoxide
Dinitrogen monoxide X
Dioxins

Mercury

Methane

Nitrogen oxides

NMVOC

PAH, polycyclic aromatic hydrocarbor]
Particulates, < 2.5 um

Particulates, > 2.5 um, and < 10um
Selenium

Sulfur dioxide

Sulfur hexafluoride X

x

XX | XX X|X|X]|X]|X]|X
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3  General methodology

The main question in the present study is how the environmental performance of policies (and
technologieskan be assessed. This can be answered by introducing an integrated impact assessment
approach. This approach is defined by a multidisciplinary process synthesising knowledge across
scientific disciplines with the purpose of providing all relevant infoiorato decision makers in
order to help these in finding their decisions. The integration aspect of this approach refers to the
consideration of different emissions sources, e.g. transport, energy conversion, agriculture, etc. and a
range of different politants and impact categories, such as the ones defined relevant in the section
above. Furthermore, different environmental media as well as different scales from local to global
need to betaken into account. The present study will focus only on emissiorair and to the
regional, i.e. European, scale.

3.1 Important issues for integrated impact assessment

There are a number of important issues which need to be taken into account when carrying out
an integrated impact assessment. First, the relation betweersguires, i.e. emissions, and effects,
i.e. impacts on human health etc., ane general non linearThis characteristic of pollutants and
effects makes an assessment of the impacts caused by certain emissions very difficult and require
assumptions on theféects. There are several different relationships between the dose of a pollutant
and its effects. The followingigure4 presents an illustration of different scalled doseresponse
relationships. A detailed description of thessationships can be found in the ExternE methodology
update (European Commission, 2005).

response

A

nonlinear o

lincar s

T S with fertilizer effect

Source: European Commission (2005), p. 42

Figure4: lllustration of different doseresponse relationships

Second, and in addition to thgeneral norlinearity of the doseesponse relationships, the
effects are highly dependant on the time and the site of the emitting activity. This leads to different
impacts for emissions caused by urban transport activities in comparison with emissiona high
stack power plant in a rural area. Furthermore, a difference in the effects also occurs for emissions in
summer and winter due to different background concentration levels and chemical transformation
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processes. In order to account for these imiamt site specific factors, the later chapters will provide
estimations which differ between levels of stack heights and the location of different sectors.

Finally, it is important to mention that it is necessary to assess the impaglamages, such as
health risks or ecosystem damagesid not the pressuresi.e. the emissionsn order to provide
useful informationto the policy makers. This becomes important as the pollutants have very
different impacts on humans or on ecosystems and thus a compaoisthre emissions would not be
sufficient and might lead to policies that do not tackle the targeted problem.

3.2 The impact pathway approach

All these issues lead to the requirement of a bottoqm analysis, especially for more complex
pathways. The bottorup approach which will be applied in the present study was developed in
course of the ExternE project seri@&his secalled impact pathway approach (IPA) is presented in
Figure5 below and starts with an analysis of the site sfieatharacteristics of the emitting source
and links changes in emissions and changes in concentrations. This linkage is based on existing
sourcereceptor matrices (SRM) and muitiedia models. The changes in concentrations are then
related to changes inx@osure and the resulting impacts via concentratresponse functions (CRF).
The impacts resulting from these changes can then be valued in monetary terms in order to allow for
a comparison across different damage categories, i.e. damages to human Hhaalttings and
materials, crop yields and biodiversity. The latest update of the IPA and all its components has been
achieved in the recently finished NEEA8 HEIMTSgrojects.

SOURCE
(specification of site and technology)

=>emission
(e.g., kgiyr of particulates)

l

DISPERSION
(e.g. atmospheric dispersion model)

=increase in concentration
at receptor sites
(eg. e of articulates
n all affected regions)

¥ [ Dose
R
D(()SE-RESPONSE FUNCTION |1 i
or -Yesp
S et |8 1
(e.g., cases of asthma due to ambient
concentration of particulates) |

|

MONETARY VALUATION

(e.g., cost of asthma)

Source: European Commission (2005), p. 2

Figure5: The impact pathway approach

8 ExternE: Extmalities of Energy, http:#ww.externe.infa Project series of the European Commission.
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The main features of the impact pathway approach are the following:

¢ All alternatives, that pose a higher health risk on individuals or exceed sustainability
targets, e.g. health impacts that occur with higher probability, axelwded in advance.
Weighting is only possible for small individual risks and reversible ecosystem damage.

o Assessment of impacts is needed at all spatial leveldocal, regional, hemispheric, global
levels The relative importance of lger scale imacts is increasing as emissions from far
away countries, e.g. China, can influence the concentration level at the European scale.
Thus, an assessment of the emissions on a global scale becomes more important also for
European policy making.

o Life cycle impets, i.e. construction and dismantling, provision of fuels, waste treatment
and disposalshould be taken into accourh order to assess the total impacts that arise
from emissions of a certain technology. The assessment of life cycle impacts is gspeciall
relevant when comparing renewable energy generating technologies as most of these tend
to have very low emissions from the operation of the technology but emission vary in the
upstream processes.

With respect to the monetary valuation of impacts, whismbt in the focus of the present study,
only a few issues need to be mentioned here. The assessment of impacts and the monetary valuation
are based on the (measured) preferences of the affected -inflkmed population i.e. the
willingness to pay for th@voidance of a certain risk. This requires that the available information
needs to be explained before measuring the preferences of individuals, e.g. using contingent
valuation surveys. Furthermore, as these surveys can not ask each and every perséihjraeséer
of unit values becomes necessary, e.g. using income adjustment. Finally, it is assumed that the
monetary values increase with increasing income over time. In order to account for this an inter
temporal income elasticity to GDP per capita growf 0.7 to 1.0 is applied.

It has to be mentioned that there are a number of issues that are not included in the integrated
assessment approach as it is applied in the present study. That is on the one hand effects that are not
considered as externalitieas there are markets at which these effects are covdredexample the
effects on employment are not considered within the integrated assessment as the labour market
covers these effects. This is also the case for the depletion ofemmewable resoures (market for
resources) and changes in research and development expenditures (sunk costs). On the other hand
there are a number of issues that are not implemented in the integrated assessment approach as no
data or methodsare yet availabldor the assesment. This leads to an exclusion of an assessment of
risk aversion, especially ®alled Damocles risks with very low probabilities and very high damage
risks, e.ga nuclear accident, or risk of terrorism or proliferation. Furthermore, visual intrusion o
annoyance can not be assessed as there is a large variability in the stated preferences of individuals
which makes a benefit transfer very difficult. Finally, there are a large number of pollutants already
included in the analysis, however, the precauntoy principle asks for the inclusion of all potentially
hazardous substances. This is not feasible due to a lack of information which substances this refers to
and which effects these substances cause. The assessment of relevant pollutants in theyfitst ch
of this study tries to account for this principle.
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Atool for integrated impact assessmerissthe EcoSense modehn htegrated computer system
developed within the ExternE project series with latest updates in thepigjéct NEEDSThe
EcoSense odel is based on the impact pathway approacthe model allows for anstimation of
average monetary damage factors per courfoy all pollutants in order taestimat éexternal costs
per kg (or per kWig)on a countryspecific level, including LCA dalghelps toovercome the problem
of no availability of sitespecific input datand it avoids costly sophisticated dispersion model runs

° For more information on the EcoSense model, Vitjp://ecosenseweb.ier.unstuttgart.de.
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4  Presentation of the selected indicators for assessing
environmental sustainability

4.1 Impacts on human health

4.1.1 Theoreticalissues of assessing human health issues

In the ExternE project series the number of premature death cases caused by airborne pollutants
have been estimated. However, as an increasing pollution is not directly leading to additional cases
of premature deattbut to a reduction of life expectancy, thyears of life lostYOL)of an increase in
pollution were estimated. For the assessment of heattipacts which are not related to a reduction
of life expectancy but reducthe quality of life, the yearsvéd with disability (YLD) are estimated.
The sum of both indicators is the-salled disability adjusted life years (DALY). This indicator assigns
a value between 0 and 1 for each year, with a score of 1 for death and a score of O for perfect health.

However,it is important to mention that this indicator differs from the original concepta DALY
defined by the World Health Organisation (WHO). These differences refer to the fact that the DALY
indicator, which isincreasingly used in life cycle assessment JLiSAwot weighing health impacts
according to the age of the affected individual. Furthermore, future impacts on human health are not
discountedin relation to present impacts the LCA concepTherefore, the disability weights only
translate the morbidty factors into YOL-kquivalents (Rabl et al., 2009). It is thus recommended to
apply the term YOL&q. for the estimation of both morbidity anghortality risks within LCA research.

4.1.2 Assessment of damage factofsr unknownspatial charateristics of
emitting sources
After identifying the relevant substances with respect to human health impacts based on
estimated emissions for the ER¥, the damage factors for these pollutangshich will be applied in
the development of the sustainability indicator for man health impactswill be discussed. This
assessment of the damage factors will be based on a comparison of different LCA data sets with
results from the recently finished EU project NEEDS.

The assessment of damages will be based on the proceedinge @hffact pathway approach
(IPA)presented in the section above.

In order to develop an indicator for human health impacts for the averag@ Ettale as well as
for each of the Member States, the results of the IPA and NEEDS, provided by Preiss eBaiwj200
be applied in this study. Tee damage factors reflect mortality and morbidity impacts per tonne of
emission of a pollutant. However, the results of NEEDS do not cover all of the substances identified
as relevant for the analysis.

Table8 lists those substances for which a detailed analysis based on the IPA has been carried out.
Furthermore, the table also shows for which substances damage factors need to be taken from LCA
databases. As can be seen from the table the migjmf the relevant pollutants have already been
analysed in the NEEDS project and detailed data on damage factors for human health impacts are
available. Thus, for only four pollutants (Benzo[a]pyrene, Methane, PAHs and Selenium) damage
factors need to b taken from existing results of LCA data bases.
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Table8: Availability of damage factors from NEEDS or LCA data bases
Recommended source

relevant pollutants of damage factors

Ammonia (Nk) NEEDS
Arsenic (As) NEEDS
Benzo[a]pyren€GoHyo) LCA

Cadmium (Cd) NEEDS
Dioxins NEEDS
Mercury (Hg) NEEDS
Methane (Ch) LCA

Nitrogen oxides (NQ NEEDS
NMVOC NEEDS
PAH, polycyclic aromatic hydrocarbons LCA

Particulates, < 2.5 um (PBM NEEDS

Particulates, > 2.5 um, and < 10um (RRM)  NEEDS
Selenium (Se) LCA

Sulfur dioxide (S NEEDS

The four pollutants for which no human health damage factors are available in the results of the
NEEDS project have been identified as relevant for the analysis of overall human health impacts by
applying the three LCI data bases Eoclndicator99, IMPACT2002+ and ReCiPe. Thus, in order to get the
damage factors that are missing, the average value of the damage factors for the three LCA data
bases seems appropriate. On the one hand, this average eaiceunts for the differences in the
approaches of the LCA methodologies leading to the identified relevant pollutants and on the other
hand the underlying uncertainties of each of the LCA data sets do not allow for a determination of
one single LCA methoas first best choice. The average value equally weighs the applied methods
and thus the resulting damage factors for human health impacts reflect all three used methods.

Damage factors for human health impacts for thecsdled classical airborne polluts NH,
NMVOC, NQ SQ, PPM;s and PPM,schave been derived in course of the NEEDS project. Preiss et
al. (2008) provide CRFs for these substances based on which the damage factorsen.andLin
monetary terms have been derive@ihe severity oftte different endpoints is also expressed with the
corresponding monetary values. As less severe endpoints occur with a higher probability, these
effects on human health contribute considerably to the total external costs. However, it is the loss of
life expectancy, measured in years of life lost (YOLL) that represents the most important endpoint.
The damage factors are available for the 27 Member States of the European Wisamportant to
mention that the damage factors which are presented in the ¢abklow and which are applied in
the estimations of the following sections refer to a situation where the spatial characteristics of the
emitting sources are unknowithesedamage factors allow for a first estimation of the human health
impacts of changes the emissions. However, in a situation where more information on the emitting
sources is available, more detailed estimations of the impacts can be made. Theneftre,next
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section, a differentiation of the damage factors according to the heightwhich pollutants are
releasedas well as the location of the souredll be presented.

For heavy metals (As, Cd, Hg) and dioxins, damage factors were estimated in the NEEDS project.
For As and Cd results for the ingestion pathway have been derived bigatjpl of the WATSON
model and provided by Fantke (2008). For the inhalation pathway results of the ESPREME project
summarised by Friedrich (2007) have been applied. These values differ from those reported and
applied for the NEEDS project as an approatlzerodiscounting has been used herEor Hg,
Spadaro and Rabl (2008) estimated the impacts on human health and dioxins have been assessed in
course of the MethodEXx project (2006). While the Y-@d.Lfactors for As and Cd are also available
for each of he EU27 Member States, the damage factors for Hg and dioxins represent average
values for the European Union and thus are applicable to all countries of #& Ebr all of these
pollutants a differentiation between different levels of stack heiglasd different levels of

population densityis not possible.

To summarise the results of the assessment of the damage factors that will be applied for the
estimation of sustainability indicators for the B3 and its Member States, the followirigable9
presents the damage factors for human health impacts measured in-&@lpger kg for the 14
different airborne pollutants. The presented factors represent average values for tH&7 EUhe
damage factors for the ER7 Member States arprovided in tableAlin the appendix.

Table9: Damage factorsn YOLteq. per kg fo the EU27

relevant pollutants

Damage factors ir|
YOLLeq./kg

Ammonia (Nk)

2.655E04

Arsenic (As)

1.567E02

Benzo[a]pyrene (fHz)

3.180E01

Calmium (Cd)

5.814503

Dioxins

1.095E+03

Mercury (Hg)

2.00001

Methane (Ch)

4.526E08

Nitrogen oxides (NQ

1.609E04

NMVOC

1.070E05

8.953E04

PAH, polycyclic aromatic hydrocarbons

Particulates, < 2.5 um (PBM

6.986E04

Particulates, > 2.5 unand < 10um (PPMsd

9.880E05

Selenium (Se)

2.563E03

Sulfur dioxide (S

1.761E04

However, the factors that have been derived on basis of the LCA data sets only represent generic
wazol tQ @lFtdSa +yR OFy
country-specific values reflect a situation of lacking details on the sources of emissions. Thus, these
values can be applied in order to estimate the damages on human health for the case where only the
total amount of emis®n of the presented substances is available. In case of availability of sector
specific emission data a more detailed approach is presentdtkifollowingsection.
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4.1.3 Assessment diuman health impactsn dependence of spatial
characteristics of emitting surces

The results of theEU projects NEEDS and EXIOPQA new environmental accounting
framework using externality data and inpattput tools for policy analysiillow for a further
differentiation of the damage factors with respect to the height deese of the substances as well
as the location of the emitting source in an urban or rural ateaopposition to the damage factors
presented abovethe height of release and the population density around the source need to be
known for all emissions witn the EU or the 27 Member States. Only in this case the application of
the following damage factors can be recommended and will lead to more detailed results for the
calculation of impacts on human health.

As has been presented in the section above, difeerentiation of damage factors according to
the height of release of pollutants and with respect to population density is focussing on the so called
classical airborne pollutants as there is no sufficient information on the impacts of heavy metals and
other pollutants in combination with these spatial characteristics of an emitting source.

The differentiation presented in this section is again based on the outcomes of the NEEDS project
with some additional information for the currently ongoing EXIOPQiegtrpresented in Miller et
al. (2010) There are two parts for the approach of a more detailed spatial estimation of the impacts
on human health. First, the damage factors for the different categories of stack heights and
urban/rural location of the sowes will be presented. Then, in order to apply these damage factors
to the different sectors of the economy, these sectors will be analysed and an approach for the
classification of the emissions of each of the sectors according to the spatial char&gesisthe
emissions will be discussed. These two steps of the analysis then allow for an allocation of the total
emissions of a sector (as provided by EEA) among the different categories and an application of the
respective damage factors.

In the previoussections it has been discussed that the data on emissions provided by the EEA is
best suited for the present analysisor this reason, these data will also be analysed in further detail
in this section. Thus, the total emission data for those sectorgreavby the EEA data sets will be
included in the estimations. In addition, a more detailed sector analysis covering 130 economic
sectors wagarried outwithin the EXIOPOL project.

4.1.3.1 Damage factors for different heights of pollutant release and populatioergities

In course of the EXIOPOL project, damage factors and monetary values for external cost
estimations have been derived for the 27 EU Member States as well as #Blheountries. These
factors differ between four levels of stack heights and a locatf the emitting source in either an
urban or a rural area.

The differentiation between different levels of stack height is based on the outcomes of the EU
funded projects NEEDS for emissions from stationary sources and ASSET (Assessing Sensitiveness to
Transport) for transport related emissions. The results from NEEDS differ between low levels of
emissions (less than 100m) and high levels (above 100m). This differentiation has been refined in

The EXIOPOL project is funded by the European Commission ifi EnerBework Programme, more
information is available awww.feemproject.net/exiopol/index.php
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course of the EXIOPOL project and now differs between 1620§8) and medium (2000m) high
stacks. This additional segmentation of the stacks below 100m was especially relevant for the
distinction of damage# urban and rural areas. In addition to these three levels of stack heights for
stationary sources, emissie at ground level (3m) have been related to transport emissions and
damage factors derived in ASSET have been applied. The foll@aigl0 shows the resulting
damage factors for the differentiatioof heights of pollutant rlease in the EA27.

Furthermore, the analysis presented by Miller et al. (2010) also provides results for a
differentiation of damages according to population densities around the source of emisiorder
to differ between damages resulting from em@s$ of sources located in urban and rural areas,
model runs of the EcoSenseWeb model have been analy&ased on the results of the model runs
mark-up factors have been estimated which reflect the higher damages in highly populated urban
areas comparedad less densely populated rural areas. However, this differentiation only includes the
damages to human health caused by primary particulate matter (PPM) as these are highly correlated
to the population density around the emitting sourcehe resulting dange factors for the EA27 are

presented inTable10. Comment [vwi]:  Stimmt die Tabellg
oder muss das eine andere sein?

It has already been stated that the EXIOPOL project provides damage factors and monetary
values for external cost estimations for 43 countries. However, the table below ordgmigeresults
for the overall ELR7 level.

Table10: Damage factors for relevant pollutants including spatial characteristics of emission source

Damage factors in YO1dq./kg
ground level | low level | medium level | high level
relevant pollutants (0-3m) (3-20m) (20-100m) (>100m)
Ammonia (Nk) 2.65E04 2.65E04 2.65E04 2.65E04
Arsenic (As) 1.92E02 1.92E02 1.92E02 1.92E02
Benzo[a]pyrene (fgH.o) 3.18E01 3.18E01 3.18E01 3.18E01
Cadmium (Cd) 5.81E03 5.81E03 5.81E03 5.81E03
Dioxins 9.25E+02 | 9.25E+02 9.25E+02 9.25E+02
Mercury (Hg) 2.00E01 2.00E01 2.00E01 2.00E01
Methane (Ch) 4.53E08 4.53E08 4.53E08 4.53E08
Nitrogen oxides (NQ 1.71E04 1.71E04 1.61E04 1.20E04
NMVOC 1.07E05 1.07E05 1.07E05 1.07E05
PAH polycyclic aromatic hydrocarbons 8.95E04 8.95E04 8.95E04 8.95E04
Particulates, < 2.5 um (PBM), low pop density 1.69E03 6.99E04 6.99E04 3.51E04
Particulates, < 2.5 um (PBMJ, high popdensity 9.49E03 1.52E03 7.20E04 3.51E04
Particubites, > 2.5 um, and < 10um (PRBM,, low pop density 4.95E04 9.88E05 9.88E05 3.65E05
Particulates, > 2.5 um, and < 10um (RRM), high popdensity 2.71E03 3.83E04 1.23E04 3.65E05
Selenium (Se) 2.56E03 2.56E03 2.56E03 2.56E03
Sulfur doxide (S@ 2.02E04 2.02E04 1.76E04 1.62E04

™ For more information of the model please visttp:/EcoSenseWeb.ier.urstuttgart.de. After registration
Y240 NBfSOFYyl AYyF2NNIEGA2Y 2y (GKS Y2RSf A& LINROBARSR AY
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4.1.3.2 Spatial characterisation for selected economic sectors

As already mentioned, the second part of the consideration of spatial characteristics of the
emitting sources covers the allocation of total emissi¢ms a sector level) according to the spatial
categories for stack height and urban/rural location. Agtie,procedure isased on the findings of
the EXIOPOL project presented in Miller et al. (20IB¢ total emissions of a sector will be
distributed among the four categories of heights and the two categories with respect to population
densityaccording to fraction that have to be defined.

The EXIOPOL project covers 130 different economic sectors. However, the appdibdsdadf
the EEA only refersota more aggregated definition of sectors. For these sectors, the following
assumptions have been made with respect to the activities and processes including in the sector.
CdZNI KSNX2NBs (GKS 99! RIFGFIo6lrasS ftaz2 hyctourdsRoBa | &¢
differences in the sum of officially reported emissions and those included in the database. However,
GKAEd aaSO0i2NE gAaftt y20 068 AyOftdzRSR Ay (GKS Fylfteaa
Tablel1l: Definition of sectors coveretty EEA database
Sector name in EEA Processes included SNAP sectors
Energy industries Energy production 1Ala

Energy industries Other energy processes (petroleum refining, manufacture of solid fuels) 1Alb& 1Alc
Industry (Energy) Energy related processés.g.fuel combustion activities in manufacturing 1A2

Road transport Including different types of vehicles 1A3b

Other transport Including civil aviation, railways, navigation etc. 1A3a,c,d,e
Other (energy) Residential, commercial or agricultural coomiion activities 1A4and 1A5
Fugitive Emissions  Fugitive emissions from energy related processes 1B1to 1B3
Industry (other) Production processes in manufacturing industries 2

Other (nonenergy)  Non-energy related activities such as product use 3

Agriculture Agricultural activities 4

Waste Waste activitiese.g.managed waste disposal on land or waste incineratic 6

With these definitions for theslevensectors of the EEA database, assumptions with respect to
the share of the different stack heighwithin one sector and the average location within or outside
an urban area can be made

Tablel12: Allocation of total sector emissions among spatial categories
Height of release

SNAP 6ctors 0-3m 3-20m 20-100m >100m
Total Total Total Total
urban  rural urban  Rural urban  rural
share share share share
1Ala 100%
1Alb and 1Alc 20% 40% 40%
1A2 40% 50% 10%
1A3b 100%
1A3a,c,d,e 10% 90%
1A4and 1A5 20% 80%
1B1to 1B3 30% 30% 40%
2 30% 70%
3 100%
4 50% 50%
6 50% 50%

The presented damage factors and spatial characterisation of selected sectors will oer furt
applied with EEA emission data in secttf.
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4.2 Impacts on biodiversity

4.2.1 Existingbiodiversityindicators¢ an overview(quasi: state of the arf

Different approaches exist to give an overview about sustainable developwiémtrespect to
biodiversity In Germany, for example, the Statistisches Bundesamt (Federal Office of Statistics)
biannually releases a report on indicatorShe last indicator report was published in July 2010 and
gives an overview of the development ofettdifferent paraneters. About 21 different indicators
exist, they are all indexed and their changes are all recorded in the statistics. Additionally, the
indicators are also classified fiollowing groups to give a better overvievintergenerational justie,
better life quality, social cohesion and international responsibility. Regarding the single indicators,
only a few are associated or could indirectly be associated to biodiversity. These are:

- Greenhouse gas emissiorihere is ample evidence thalimate change affects biodiversity.
According to the Millennium Ecosystem Assessment, climate change is likely to become one
of the most significant drivers of biodiversity loss by the end of the century. Climate change
is already forcing biodiversity tadapt either through shifting habitat, changing life cycles, or
the development of new physical trait€CBDY. But still, here is an urgent need for
accessible information on the likely impacts of climate change on biodivérsitg K G Q& & K@
UNEP WCMC (UnéteNations Environment Program with World Conservation Monitoring
Centre) is atively developing projects, seeking new partners and looking for support in order
to use our resources in the unfolding debate.

- Air pollution: Especially N SQ and NH can (negatively) affect ecosystems by acidification
and eutrophication. This can impair ecosystem quality and biodiveriityse emissions will
be in the focus of the present study.

- Nitrogen surplusNitrogen is an important nutrient for plants. But nitragsurplus caralso
lead to harmful consequences: pollution of ground water, eutrophication of freshwater
ecosystems, coastal areas, sea but also terrestrial ecosystems, development of greenhouse
gases andacidifying/eutrophying airborne pollutastwith their consequences for climate,
biodiversity and landscape quality.

- Increase of settlement and infrastructure areairect consequences d&and utilisation are
loss of natural soil functions, loss of fertile soils for arable land and loss of biodiversity.

- Biodiversity and landscape qualitfhis indicator directly describes biodiversity. In Germany,
GKA&E O0A2RAQOSNEBAGE AYRSE Aa o0l aSRaséhgtedRHati I 2 F ¢
biodiversity is affected by above mentioned irecandthese areall threats for biodiversity.

2 hitp:/iwww.chd.int/climate/intro.shtml
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Biodiversity and landscape quality
Index 2015 = 100

w— index total subindex settlements == subindexforests

wmmw sy bindex farmland ™= subindexinland waters
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Source: Statistisches Bundesamt (20p0)L§ slightly modified

Figure6: Biodiversity and landscape quality

Onthe European scale there are also developmentbetter assesshe charges on biodiversity.
A Pan European initiative, SEBI2010 (Streamlining European 2010 Biodiversity Inditaites)in
2004. ltsgoalis to develop a European set of biodiversity indicators to assess and inform about
progress towards the European 20Hrdets®. The work is performed in collaboration between EEA
(the European Environment Agency), DG Environment of the European Commission, ECNC (the
European Centre for Nature Conservation), UNEP/ PEBLDS Secretariat with the lead of Czech
Republic and UNEWCMC (the World Conservation Monitoring Centre). In 2008 Coordination
Team and Expert groups involving more than 100 expedsiinated by European countries as well
as non Governmental Organisatigrssarted working for the compilation of a First Bpean Set of
Biodiversity Indicators for assessing the 2010 target2009 a report was published which shows
the progressof the 2010 biodiversity targetSome of theSEBIndicators are exemplarily shown in
the following focusing on threats to biodévsity (see also Schutyser et al., 2009)

- ONitrogen depositioa (headline indicator), expressed idcritical load exceedance for
nitrogeré (SEBI 2010 specific indicatoffhe assessment shows that across the-2BU
approximately 47% of (semiinatural eosystem areas were subject to nutrient nitrogen
deposition, and 15% of the ecosystem areas received depositibacidifying compounds
including nitrogen. The critical load exceedance and its extent vary greatly across Europe.

3 These targets are: to halt the decline of biodiversity in the EU by 2010 and to significantly reduce the rate of
biodiversity loss globally by 2010.
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One important question arise what are the trends in nitrogen emissions and where in
Europe does atmospheric nitrogen deposition threaten biodivepsity

- dTrends in invase alien specigs expressed idinvasive alien species in Eurég&EBI2010
specific indicator) Since 1990 theumulative number of alien species introduced has been
constantly increasing. This increase implies a growing potential risk of damage to native
biodiversity caused by alien specisge alsd-igure?).

- dmpact of climate changen biodiversitg, expressed idimpact of climate change on bird
populationg (SEBI2010 specific indicator): Key message is that climate change is having a
detectable effect on bird populations, both, negative as well as positive effects. This indicator
has increased in the last two decades, coinciding with a period of rapid climatic warming in
Europe.Two data sets are combined for this indicator, population trend data and climatic
envelope model projections for simulated

Number of species

4 000
3 500+
3 000+
2500+
20004
1 500+
1 000

500

(\O

[ Primary producers [J Invertebrates [ Vertebrates

Note: How to read the graph: in the 1990s, the total
number of terrestrial alien species reached more than
3 500 Species.

Geographic coverage: Denmark, Estonia, Finland,

Germany, Iceland, Latvia, Lithuania, Poland, Norway,
Russia and Sweden.

Source: EEA/SEBIZ010; NOBANIS.

Source: Schutyser et al. (29), p. 30

Figure7: Cumulative number of alien species established in terrestrial environment in 11 countries

The above mentioned indicatoshow different aspects of biodiversitifor somgan assessment
of the development of e indicators in the past is possible. For others, it is also feasible to assess
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future trends. However, in most casesa comprehensive database is needdBesides direct
interventions into the natural environment (e.g. mining, agricultural land use, iméretsire etc.)
emissionsof all kind of pollutants in different environmental media provoke in most cases negative
effects on biodiversityln this WP we will focus on biodiversity chamye toairbornepollutarnts.

To reach sustainability targets thesardages by human activitighencecaused by different
emissionshave to be reduced. Ofterproposedindicators are restricted to an individual pollutant
which does not reflect the real situation. So it is suggestegse a damage related quantity, whiish
flexible. This indicator should

- consider different pollutants
- be applicable for future scenarios
- Additionally,access to the relevamtatais needed.

Therefore, the PDF index is proposed. In the following chgsee chaptert.2.2) this indicator
will be presented.

4.2.2 In INSTREAM proposed biodiversity indicatagxpressed by PDF

Changes on biodiversity due to eutrophying and acidifying substangesairborne pollution
was successfully developed anested in NEEDS integrated projedn the following, the
development of this indicator wibe presented. We will show why this indicator & tcularly suited
for the assessment of changes on biodiversitye to atmospheric depositionsf acidifying ad
eutrophying substances

First, the methodology will be shortly described. We will therefore focutherwork ofOtt et al.
(2006},

The methodology is subdivided in two branches: Biodiversity losses due to constretticed
land conversion (e.g. bypuilding a power plant) and biodiversity losses due to atmospheric
depositions of acidifying/eutrophying substancespecially SONQ and NH. The first part relies on
the assumption that species being present at a certain location disappear due tera @iessure.
This concept is also called R@dncept (PDF = Potentially Disappeared Fraction) and is presented as
follows Ott et al., 2006, p. 16

PDF = t Sjselsreference
where: & = number of target plant species presentan occupied or convied land use type

Seference= Average species number in the reference area type

¥ For further readinghttp://www.needs-project.org/RS1b/RS1b_D4.2.pdf
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This relationship is also based on workkdfner (2001)who presented the Swiss Lowlartias
reference categoryThe derived PDffalues can be interpreted as the relatidecline in biodiversity
caused by a land use change from Swiss Lowlands use to the respective land use .category
following figure gives some examples of resulting feBdénges. For example, through a conversion
from Swiss Lowland state to heath land¥s@rom all species potentially disappear.

CORINE Type Number of Potantially Disappearad
Ne. Species per m? Fractions (PDF) with
Reference to Swiss Lowlands
2111 Conventional arable 10 074
21142 Fibrelenergy crops (hemp) 1 073
21143 Fibrelenergy crops (chinese reed) 15 0.63
2311 Intensive meadow 17 0.58
322 Heath land 18 0.56
412 Peat bog 19 053
2312 Less intensive meadow 19 0.53
112 Discontinuous urban 22 0.45
3112 Semi-natural broad-leafed forest (arid) 23 043
2212 Organic orchard 23 041
3112 Semi-natural broad-leafed forest (moist) 24 0.41
1223 Rail fallow 24 0.40
1212 Industrial area part, with vegetation 24 039
114 Rural settlement 25 0.38
2113 Organic arable 26 035
141 Green urban 29 027
1224 Rail embankments 32 020
134 Mining fallow 38 0.04
i Matural grassland 39 0.02
125 Industrial fallow 40 -0.01
2115 Agricultural fallow 43 -0.09
325 Hedgerows 44 -0.12
2313 Organic meadow 45 014
314 Forest edge 48 -0.20
245 Agricultural fallow with hedgerows 53 0.34
Swiss Lowland 40 0.00

Source: Ott et al. (2006p. 17

Figure8: Ecosystem Damage Potential for Different Land Use Categories

®The area of the reference category Swigw/lands consists of 8.2% high intensity forest, 17.6% low intensity
forest, 52.8% high intensity agriculture, 9.3% low intensity agricultuBlakes, 0.3% non use, 5.8% high
intensity artificial and 4.8% low intensity artificial.
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An essential criterion of the NEED®thodology for calculating external costs loibdiversity
losses is the use of restoration coslisis assumed that each starting habitat can theoretically be
changed into a different target habitat (which increases habitat quality).

Information about restoration or replacement costs for differéand use categories is derived from
the costs restoring damaged habitats to more valuable habitats, found in different German $tudies
(Ott refersto Schemel et ak1993)and Giihnemann et a[1999) amongst others)

8
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Figure9: Methodologydevelopedin NEEDS project for Valuing Biodiversity Losses

The second part of the methodology is the assessment of biodiversity losses due to atmospheric
depositions. The assessment of impacts on biodiversity is mainly based on wa@dedkoopand
Spriensmd2001) in Ecéndicator99. Since eutrophication and acidificat@mnot necessarily lead to
a reduction of species numbelzrit also to an increaséas many nitrogen compounds are primary
nutrients), the concept of target species is appligdrget species @ specificfor an ecosystem type
if there are no marmade changes in the nutrient and acidity lewdence, the indicator used is the
target species richness. The likelihoadwhich plant species still occur in an area is influenced by
different levels of acidification and eutrophication and is called Probability of Occurrence (POO). The
relationship to PDF is as follows: PDF 2QO0, meaning that the fraction of the species that do not
occur can alsbe described as the fraction of thescies that have disappeared.

In the methodology, the increases or decreases of the number of target species due to additional
depositions (with respect to background level) are modeled with a damage model (Natuurplanner).
The model also contains inforti@n for more than 40 types of ecosystenf species is considered
to meet unfavorable conditions if this probability is lower than some threshold value (set to 2.5%)
and is suffering from stress caused by combined effects of eutrophication and acidifidatithe
following, the fate and damage modeling was only applied for the Netherlands, and the assumption
was made, that the Dutch situation is representative for other European countries as well.

'® Giihnemann et al. (1999): Entwicklung eines Verfahrens zur Aufstellung umweltorientierter
Fernverkehrskonzepte als Beitrag zur Bundesverkehrswegeplanung. Forsibridigt im Auftrag des
Umweltbundesamtes. Berlin. Or: Schemel et al. (1993); Methodik zur Entwicklung von Geldwertaquivalenten
im Rahmen der EingriffsregelugdNaturhaushaltg (Ausgleichsabgabe), Forschungsvorhaben BFANL
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The model results aréhen converted into PDFs per kd deposited substance/m?/year. Since
first calculations refer to the total area dfie Netherlands but biodiversity loss occurs in natural
habitats, the share of natural land in the Netherlands has to be included in the calculation.

Additionally, in theNEEDS methodology it is suggested to consider cospiegific background
conditions of acidification and eutrophication. This is motivated by the fact that additional
atmosphericdepostions will be more harmfuthe more elevated the background conditioabeady
are and the lower the capacity is to absorb the additional atmospheric deposition. Hence, the
acidification and the eutrophication pressure index are introducdthe acidification and
eutrophication index is calculatedybdetermining the criticalload'” for each grid cell and the
corresponding nitrogen and phosphorous depositi®hecritical load exceedance (for N) for Europe
is shown irFigurel0. The critical load exceedance can also be applied as araindifor measuring
ecosystem quality.

Exceedance of critical
loads of nutrient
nitrogen, 2004

eqha'a?

No exceedance
Bl <200
200-400
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600-800
> 800
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Jomnn
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0 500 1000 1507/Km
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Figure 10: Exceedance of the critical loads for eutrophication in Europe (as average accumulated
exceedances), 2004

7 A critical load is defined a@s lguantitative estimate of an exposure to one or mpmlutantsbelow which
significant harmful effects on specified sensitive elements oétiveeonmentdo not occur according to present
1y 26t SReéhéept of critical loads was developed witlind ¥ NJ Y S 6 Edndentidnion lioAgS ¢
Range Transboundary Air Pollution (LRTAP) by UNEE&d(Nations Economic Commission for Europe),
which was decided in 1978ore information can be found undevww.icpméeping.org UNECE Convention on
Longrange Transboundary Air Pollution: Mapping Manual 208dnual on methodologies and criteria for
modelling and mapping critical loads & levels and air pollution effects, risks and trends

18 Sourcefor figure: http://www.eea.europa.eu/dataand-maps/figures/exceedancef-the-criticatloadsfor-
eutrophicationin-europe-as-averageaccumulatedexceedancef2004
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If the sulphur and nitrogen depositions are below the critical loadsthneat to biodiversity is
assumed (meaning pressure index = 0), if the depositions are higher than 5 times the critical loads,
threat to biodiversity is assumed to be at its maximum level (pressure index = 100) (ten Brink et al.
(2000)).Between these vaks, a linear relationshigbetween critical load exceedance and pressure
indexis assumed.

Source of Data
Eco-indicator 99
Austria
—
Fraction of Fraction of Fraction of
natural land natural land natural land CORINEften Brink
(%) (%) (%)
Optional or different concept

Acidification / Acidification / Acidification /
Eutrophication Eutrophication Eutrophication ten Brink
Pressure Pressure Pressure

[ | [

! ] !

Extemnal Costs (E/PDF) econcept
Optional | | |

] 3 ]
Purchasing Purchasing Purchasing
Power Power Power EurostabiOECD
Standard (PPS) Standard (PPS) Standard (PPS)

[ I [

1 ! 1
Ext. Costs per Ext. Costs per Ext. Costs per
kg Substance kg Substance kg Substance
(€/kg) (€kg) (€/kg)

Source: Ott et al. (2006), p. 34

Figurell: Procedure to calculate external costs per kg of pollutant deposition for different countries

In Figure 11 the procedure of calculato the external costs per kg of pollutant deposition is
presented. The derived countgpecific parameterand semiresults are shown in the next table
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Table13: Overview of derived parameters

Country Area(m2) Matural Acidification Eutrophication  Combined Purchasing
£l Land®  Pressurec Pressure ¢ Acidification/ Power
Eutrophication  Standard
pressure @ (PPS)

EU25 4 09E+12 49% 0.390 0.329 0.360 092
Lustria 8.42E+10 63% 0.550 0502 0.526 09r
Belgium 310E+10 22% 1.004 0913 0.959 096
Cyprus 9.24E+09 44% 0.000 0015 0.008 0.89
Czech Republic  7-94E+10 36% 0.657 0598 0.628 0.9
Denmark 5.23E+10 31% 0209 0227 0.218 128
Estonia 4 84E+10 68% 0.112 0.430 0.270 0.58
Finland J91E+11 91% 0.446 0106 0.277 1.16
France 561E+11 36% 0.165 0416 0.290 097
Germany 3.66E+11 34% 0.905 0.892 0.899 1.00
Gresce 1.32E+11 61% 0.000 0.015 0.008 0.78
Hungary 9.3TE+10 26% 0702 0.503 0.603 054
Ireland T.57E+10 36% 0.0%6 0.052 0.074 1.16
Italy J.07E+11 44% 0.154 0392 0.273 094
Latvia 6.39E+10 55% 0.004 0.342 0172 051
Lithuania 6.38E+10 35% 0215 0.292 0.253 0.5
Luxembourg 2.93E+09 36% 1.004 0913 0.959 09r
Malta 1.21E+09 80% 0154 0392 0273 0.68
Netherlands 412E+10 25% 1.000 1.000 1.000 0.98
Poland JA3E+11 33% 0.708 0.705 0.706 049
Portugal 9.08E+10 50% 0.000 0.068 0.034 0.80
Slovak Republic ~ 4.94E+10 45% 0.939 0676 0.808 0.46
Slovenia 2.00E+10 652% 0.766 0593 0.679 0.72
Spain 516E+11 49% 0.009 0.056 0.032 0.80
Sweden 4 50E+11 69% 0.532 0.065 0.299 1.14
United Kingdom ~ 2-49E+11 36% 0.584 0.028 0.307 095
EU Candidates

Bulgaria 1.12E+11 44% 0.000 0160 0.080 039
Croatia 5.70E+10 40% 0.766 0593 0679 051
Romaria 2.39E+11 37% 0.060 0246 0.133 0.38
Turkey T.79E+11 40% 0.000 0.088 0.044 051

Source: Ott et al. (2006), p. 38
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In a final step, monetary values for the damage assessment have to be avdfiablhat, the
restoration costs are usedtt et al. (2006) decribe the approach for the monetary vatien as
follows:

dn the case of valuing biodiversity losses due to depositions of airborne emistiens,
average costs of restoration of more or less natural areas to land use categithdsigh
biodiversity are relevant. It does not make sense to gtigate restoringof e.g. built up
areas into areas with high biodiversity to valuate the impact aofdification and
eutrophication, since only more or less natural areas are affetigdacidification and
eutrophication. Therefore average cost/PDF/m2 agdculatedby investigating only costs
of PDF changes due to land use changes from unsealedlal areas with relatively low
biodiversity (like high intensity agriculturmtensive pasture, etc.) into natural areas with
high biodiversity (like low intelity agriculture, broad leafed forest, forest edge, etc.).
Bearing in mind that these costhould reflect some kind of willingness to pay for
biodiversity changes, we do neixpect that there is a willingness to pay for only very
small and marginal changed biodiversity. Therefore we consider only perceptible land
use changeswitha A 2 RA GSNERAGE AYyONBlIasS o6ptsco 2F Fd €St
costs pePDE.

Therefore, the most efficient habitakestoration costs which lead to an increase of biodiversity
for at least 20% are chosen. This is due for the restoration of integrarable land into organic
arable land and is1 @ egfPDF/m?2. In a further development of this approach, the value slightly
changed td0.47€ ,00/PDF/m2.

With this assumption in mind, the external costs per kg deposition for the pollutantsNER
andNH; could be derived for European countries (Sesblel4).

Advantages of this indicator are:
- This indicator is ready to be applied
- There are different values for the respective pollutants
- Thesevalues are countrgpecific

- Areference situation (for 2004) already existsd modelling future scenarios is possible
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Table14: External costs per kg deposition for the pollutants MO, and NH in European countries for
2004 (average restorationcosts n®n¢ €kt 5CK YU

External Costs per kg Deposition (PPS Corrected) [€/kg for 2004]

unweighted weighted with combined individually weighted
average

Country 50 NO: NH: S0« NO: NH: S0: NO: NH:

EU25 0.38 2.09 571 0.14 0.75 2.05 0.15 0.75 1.88
Austria 0.52 286 779 027 1.51 410 029 151 3N
Belgium 0.18 1.00 273 017 0.96 262 0.18 09 249
Cyprus 0.34 1.84 5.02 0.00 0.01 0.04 0.00 0.01 0.08
Czech Republic 0.16 0.86 235 0.10 0.54 1.48 0.10 0.54 1.41
Denmark 0.33 183 497 0.07 0.40 1.08 0.07 0.40 113
Estonia 0.34 1.84 5.02 0.09 0.50 1.36 0.04 050 216
Finland 0.90 493 1344 025 1.36 372 0.40 1.36 143
France 0.30 165 450 0.09 0.45 1.31 0.05 0.48 1.87
Germany 029 1.57 427 0.26 1.41 384 0.26 1.41 381
Greece 0.40 2 6.03 0.00 0.02 0.05 0.00 002 009
Hungary 0.12 067 1.52 0.07 0.40 1.10 0.09 040 092
Ireland 0.36 1.96 5.33 0.03 0.14 0.39 0.03 014 028
Italy 0.36 1.95 5.3 0.10 0.53 1.45 0.05 053 208
Latvia 0.24 1.31 3.56 0.04 0.23 0.61 0.00 0.23 1.22
Lithuania 0.15 0.83 225 0.04 0.2 0.57 0.03 021 0.66
Luxembourg 0.30 162 442 0.28 1.55 423 0.30 195 403
Malta 047 255 6.96 0.13 070 1.90 0.07 0f0 273
Netherlands 021 1.15 3.14 0.21 1.15 314 021 115 314
Poland 0.14 075 204 0.10 053 144 0.10 053 1.44
Portugal 0.34 1.89 515 0.M 0.06 017 0.00 006 035
Slovak Republic 0.18 097 266 0.14 0.79 215 017 0.79 1.80
Slovenia 0.38 2.09 5.69 0.26 1.42 387 0.29 142 337
Spain 033 182 4.96 0.0 0.06 0.16 0.00 006 028
Sweden 067 ae7 1001 0.20 1.10 299 0.36 110 065

United Kingdom 028 1.55 422 0.09 0.48 1.30 0.16 048 012

EU Candidates

Bulgaria 015 0.80 217 0.01 0.06 047 0.00 0.06 0.35
Croatia 017 0.96 261 012 0.65 178 013 065 155
Romania 012 066 1.681 0.02 0.10 028 001 0.10 045
Turkey 018 0.96 263 0.01 0.04 011 0.00 0.04 023
Other Countries

Iceland 09 530 1443 024 1.31 3ar 041 13 095
Norway 1.04 569 1550 0A7 0.95 259 032 095 041
Switzerand 0.75 412 1123 0.51 2.79 7.60 0.46 2.79 8.33

Source: Ott et al. (2006), p. 40
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Based on the model runs performed in NEEDS (compare Ott (@086), p. 30) followinginput
values(PDF * m2* year per kg depositignare givenand will be applied for the calculation of total
impacts on biodiversity in chapté:.2:

SQ: 1.73 PDF*m2?* year per kg deposition
NOyx. 9.52 PDF*m2* year per kg deposition
NHs:  25.94 PDF*m2* year per kg deposition

Secondly, data onatural area(in %) is needed per eadountry. For the recent situation, data
from CORINE land covgcan be used (as also done in NEEDS approddign modeling future
scenarios the question arises if a land use change will take place or, more concrete, if the fraction of
natural area withire. country will change.

A Data on future land use trends or the fraction of natural land within a country is needed (for 2020,

2030 and 2050). First forecasts of land use change on a global scale are given in the SRES scenarios
(Special Report on Emissi@tenarios (sedakicenovicet al. (2000, p. 223, (IPC®). Further
AYT2NYEFGA2Y O2dAR Ffaz2 68 AyRANBOGfe I @FAflofS

45t SOGSR oA2YSax SOz2aeaisSvya FyR KFEoAadlridas
A Fallback solution: qualitativargumentative &pert guess (for each country)

Acidification/Eutrophication pressureBased on developed emission scenarios (see also chapter
5) the future existing ecological pressure should be derived. This factor destibeseverely a
county will already be influenced by depositions of respective pollutants. Central question: will the
critical loads be exceeded?

A Input: For calculating this index, the critical I16atbee also work from Hettelingh et al., 2008) of
each gid cell and thecorresponding sulphur anditrogen emissions (from SRM or Polyphemus runs)
have to be determined.

CAylLftfter (GKS NBadG2NlIldAzy O2ada LISNI t5C ondnrte
corrected by using PPS (Purchasing Power Stanttarte respective countries and scenario years
whichthen allows for e&compaison of scenarioamongsteachothers by looking at different external
Oz2ada LISNI 13 adoaidlyOS 6exk]130 LISNI S OK O2dzyiNE D

' CORINE €oordinated Information on the European Environment
http://www.eea.europa.eu/publications/CORIRndcoverand http://www.eea.europa.eu/dataand-
maps/data/corineland-coverclc1996250-m-version12-2009

?*|PCC = Intergovernmental Panel on Climate Change

Zcriticalloadh @ RSFTAYSR L a F2ff264a alGKS ljdz yaAadr A0S SadAayYl G
which significant harmful effects on specified sensitive elements of the environment do not occur according to
LINB&aSyil 1y26fSR3ISE (1088 Gritical Yords W Salphud AB Miyoged. {UNBCE/MNabdic

Council Workshop Report, Skokloster, Sweden.
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4.3 Costs for meeting climate change targets

4.3.1 Climate Change Problem and impacts

Since the Forth Assessment RepfhR4)of the Intergovernmental Panel on Climate Change
(IPCC2007) it is unequivocal that we have to face climate change and its impacts. AR4 claims that a
future rise of global average temperaturé i ¢ S NE f A1 St &8¢ & C deNHighed NI 2 NB
occurrence of extreme weather incidents and further partly serious impacts are mentioned. It is
therefore important to includethe impacts of policies on climate change. Impacts through climate
changethat are caused by increased greenhouse gas concentrations should be assessed and
monetary valued.

When assessing damage costs the result is often expressed in cost per emitieel dbn
pollutant. Important Greenhouse gases, besides carbon dioxide,)(CG& methane (Ck), nitrous
oxide (NO), hydrofluorocarbons, sulphur hexafluoride )Sthd ozone (§).

Due to anthropogenic activities atmospheric concentrations of, @8, N,O and Sfhave risen
significantly. C®is the most important anthropogenic grebouse gas and its primary source is
consumption of fossil fuels and land use change, &id NO stem mostly from agriculture, Sffom
electricity sector.

Greenhouse gases (GHG) differ in their warming influence on the global climate system due to
their different radiative properties and lifetimes in the atmosphere. To illustrate GHGs as only one
quantity they are often declared in G@quivalents (C&). The Global Warming Potential (GWP)
measures the radiative forcing of a unit mass of a greenhousengti®e presentday atmosphere
integrated over a chosen time (here 100 years) relative to that of carbon diokide s illustrated in
Table 15 for methane, nitrous oxide and sulphur hexafluoride. The GWP thedeipends on the
chosen time frame as the gases have different residence time in atmosphere. For a time horizon of
100 years 1 ton of Gldenerates as much global warming as 25 tong CO

Tablel5: Lifetimes and GWPs relative to GO

GHG Chemical Formula| Lifetime (years)| GWP (100 years,
Carbon dioxide (efe) ~100 1
Methane CH 12 25
Nitrous oxide N,O 114 298
Sulfur hexafluoride Sk 3200 22800

Source: IPCR007) and http://cdiac.ornl.gov/pns/current_ghg.html

Current works aim at iderftiing the GWPs for Sdsulphur dioxide), BC (black carbon), OC
(organic carbon), VOC (volatile organic compounds) and CO.
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Table16: GWPs relative to CO2 (neéBHGS)

GWP (00 year3 Source Range Reference
SQ -40 Fuglestvedt eal., 2009 -24--56 | Schulz et al., 2006 (+40%)
BC 680 Bond and Sun, 2006 2101500 |Bond and Sun, 2006
ocC -69 Schulz et al., 2007 -35--104 | Bond et al. (+50%)
VOC 34 IPCC, AR4 2-7 IPCC, AR4, ref. to Collins et al. 200
CcoO 1.9 IPCC, AR4 1-3 Range fromARS3, cited in AR4
NQ, ~0 various sources

SourceAmann et al(2010 and Amann2011)

Damage categories that can be quantified and monetized are listed below
(Bundesumweltministerium (BMU) 2006).

Due to increasing global average temperature-kmeel rise occurs that leads to land loss and
additional costs regarding coast protection. These protection measures are relatively well known and
accounted for in most models to assess damage costs. Howteze are impacts not so easily to
assess, for instare a higher probability of storm surges, loss of coastal biodiversity or increased
migration from small islands and low lying coastal areas, which are often not considered.

There are also impacts of climate change on food and agriculirese impactsliffer widely
regionally andare dependenton temperature, precipitation, Cg&fertilizing effect and socio
economic conditions like market accessibility. Middle latitydes example profit from a moderate
temperature rise by increasing agricultural yieldehereas the tropics suffer losses from further
warming. This coherence is mostly included in integrated assessment studies. More frequent
extreme weather incidents will further effect food production, e.g. destruction of crop yields through
hurricanes orA Yy ONB I aS 2F @SN¥Ayad az2zad addzRASa R2yQi
production and extreme weather incidents like heavy precipitation, so damages are underestimated.

Another category is direct and indirect health effects. Extreme weather incidegtdead to an
increasing number of cardiovascular diseases or asthma. Weetlaged catastrophes like floods or
landslides affect health as they can on the one hand lead to accidents and on the other hand to
water pollutions. A lack of hitherto studieasre indirect health effects caused by vectmrne
diseases (e. g. through mosquitoes, ticks, flies), for instance malaria, dengue or meningitis.

Only rudimental approaches for assessment exist for damages in ecosystems and biodiversity.
They may sufferrieversible damages through climate change, as to boundaries in adaptability of
species. One should also keep in mind that human society directly and indirectly depends on
ecosystem goods and services.

The predicted rise of extreme weather incidents astheaves, droughts and storms bring about
regionally different damages as these depend on local circumstances and adaptation mechanisms.
Material damages for instance will rise with growing wealth but the number of deaths may at the
same time decline. Imp& of extreme weather incidents are hardly taken into account, but are
included in the model FUND (Climate Framework for Uncertainty, Negotiation and Distribution)
which will be explained further below.
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It is not possible yeto calculate singular nefinear incidents, e. g. collapse or attenuation of
thermohaline circulation. The effects of such a system swing could be so sudden and disastrous that
the damage will be very big and an adaptation nearly impossible.

4.3.2 Existing measurements

4.3.2.1 Emissions

For having acloser look at global warming, different existing measurements caodeel One
measurement is the yearly G@missions. The followingjable17 shows the total greenhouse gas
emissions worldwide and for the EU27 countries in Mt.

The table points out that some countries in the EU have started to mitigate greenhouse gases as
their total GHG emissions decline since 1990 or at least since 2000, e.g. the United Kingdom and
Germany.
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Tablel7: Total GHG Emissiofis Mt CQe (excludes land use change), in Mt

1850 | 1860 | 1870 | 1880 | 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2007
World 196.7 | 330.4| 532.2| 851.5| 1292.3 | 1933.2 | 2984.0 | 3345.9 | 3785.9 | 4676.7 | 5701.9 | 8990.3 | 13951.7 | 18510.3 | 21068.6 | 23637.9 | 294705
European Union (27) 176.8 | 280.6 | 426.6 | 625.9| 834.5 | 1131.2 | 1438.8 | 1340.7 | 1595.1 | 1824.4 | 1770.6 | 2614.8 | 3837.1 | 4459.8 | 4178.5 | 3953.3 | 4064.5
Austria 2.3 6.1 7.4 23.6 13.0 27.7 57.5 14.5 18.9 7.3 20.9 315 48.9 58.4 58.6 63.3 72.0
Belgium 9.3 15.2 | 247 | 304 39.8 49.7 61.3 55.2 93.7 62.1 76.2 875 122.5 129.4 111.3 122.2 110.0
Bulgaria -- -- -- 0.0 0.1 0.3 0.7 1.1 2.6 4.4 7.5 22.3 61.2 86.5 77.3 43.1 51.2
Cyprus -- -- -- - -- - -- -- -- -- 0.3 0.9 1.7 3.2 4.4 7.0 8.3
Czech Republic -- 0.2 5.0 16.1 27.0 34.9 43.0 35.3 42.5 59.7 59.8 102.1 159.2 168.4 158.7 124.1 124.6
Denmark 0.3 0.5 1.2 1.9 3.0 5.3 7.6 7.7 154 15.3 22.0 314 60.3 63.5 51.4 51.4 51.8
Estonia 0.0 0.0 0.0 0.1 0.2 0.6 0.8 0.2 11 3.9 5.4 11.6 18.9 27.7 36.7 14.6 18.4
Finland - 0.0 0.1 0.1 0.2 0.6 11 0.3 2.7 2.3 6.5 14.8 411 56.1 55.2 54.6 65.3
France 19.6 | 38.1 | 505 | 76.1 97.8 129.3 | 150.6 | 151.8 | 248.1 | 139.7 | 202.3 | 267.6 431.0 475.9 365.3 386.8 380.4
Germany 151 | 36.4 | 76.6 | 1245| 208.2 | 326.8 | 4454 | 429.2 | 471.8 | 654.4 | 510.7 | 814.0 | 1004.1 | 1078.9 969.2 847.3 817.2
Greece -- -- 0.2 - -- 0.4 0.7 0.7 2.9 0.2 4.1 8.1 24.1 51.6 76.9 94.9 106.1
Hungary 0.0 0.9 2.1 3.3 5.3 9.6 11.7 5.6 12.5 15.8 18.4 45.3 61.4 87.7 68.7 55.8 55.6
Ireland 0.4 -- -- 0.4 -- -- 0.2 0.3 9.6 115 9.7 13.3 20.0 26.8 314 425 46.6
Italy - 0.0 2.7 51 12.2 13.9 25.7 17.9 39.6 49.0 41.5 106.4 294.3 380.6 417.7 443.1 461.3
Latvia 0.0 0.0 0.0 0.1 0.1 0.3 0.4 0.1 0.6 2.1 3.0 6.4 104 15.3 18.6 6.8 8.5
Lithuania 0.0 0.0 0.0 0.1 0.2 0.6 0.7 0.2 11 3.6 5.1 10.9 17.9 26.3 34.0 115 15.0
Luxembourg -- -- -- -- -- -- -- -- -- -- 7.4 17.3 16.6 12.1 10.8 8.4 11.1
Malta -- - -- - - - - -- -- -- 0.2 0.3 0.7 1.0 2.3 2.1 2.7
Netherlands 3.1 4.8 4.9 8.0 10.3 14.6 20.8 22.2 40.8 33.4 51.3 66.2 129.9 155.0 158.6 175.0 183.7
Poland 3.2 7.5 16.7 | 26.3 41.9 63.3 94.5 76.4 56.6 167.2 | 112.1 | 193.9 285.3 422.3 350.0 299.3 313.2
Portugal -- -- 0.0 0.9 1.7 2.5 3.2 2.1 4.3 3.9 5.6 6.7 14.0 26.7 42.9 64.6 59.4
Romania - 0.0 0.0 0.0 0.8 11 3.0 4.7 11.6 23.9 19.4 53.4 120.0 183.9 171.8 89.3 96.9
Slovakia -- 0.1 14 4.5 7.5 9.6 11.9 9.7 11.8 16.5 16.7 28.7 44.7 57.2 58.5 38.9 38.7
Slovenia -- - -- - 0.0 0.1 0.2 0.5 1.2 1.3 2.2 4.4 9.0 10.4 13.8 14.6 16.6
Spain 0.5 1.9 3.1 4.4 7.3 11.2 14.9 14.1 23.6 21.6 33.0 55.3 118.5 201.9 220.0 302.9 371.9
Sweden 0.2 0.8 1.3 2.8 4.9 9.2 13.0 104 18.9 18.5 28.7 47.8 90.9 74.6 54.0 54.1 47.7
United Kingdom 122.6| 168.0] 228.5| 297.1| 353.0 | 419.7 | 469.7 | 480.6 | 463.2 | 506.3 | 500.4 | 566.6 630.6 578.5 560.3 535.1 530.2

ZEurther information on CAIT can be founchétp://cait.wri.org/

Source: Climate Analysis Indicators Tool (C¥éTsion 8.0, (Washington, DC: World Resources Institute, 2011)
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These values are also shownFigurel?2 but this time in Pg to make them comparableR@gure
13, where not total GHG emissions, but oAl emissions are presented.
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Source: Climate Analysis Indicators Tool (CAIT) Version 8.0, (Washington, DC: World Resources Institute, 2011)

Figurel2: Total GHG Emissions World and EU27 in PgeCO

The total GHG emissions wonlitle rise but the EU27 seems to have gained a stabilisation at
about 4 Pg C@ per year in the last 20 years.

The difference between G@nd CGQe canbe explained as follows: The £€yuivalent emission
is the amount of CQemission that would cause the @ time-integrated radiative forcing, over a
given time horizon, as an emitted amount of a ldivgd GHG or a mixture of GHGs. The equivalent
CQ emission is obtained by multiplying the emission of a GHG by its Global Warming Potential
(GWP) for the givetime horizon. For a mix of GHGs it is obtained by summing the equivalent CO
emissions of each gas. Equivalent,@&mission is a standard and useful metric for comparing
emissions of different GHGs but does not imply the same climate change responsestgiBeet al.
2007) Figurel3shows the total C@emissions in PgC/year from 182005.
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Figurel3: Total CQ emissions worldwide

CQ is themost important anthropogenic GHG. According to the IPCC (Bernstein et al. 2007) it

represented 77 % of total anthropogenic GHG emissions in 2004.

4.3.2.2 Concentration

Another important measurement is the change of atmospheric concentration gfiC@he
atmosphee. Figurel4 shows the historic concentrations of €@ ppm (parts per million) since 1959

in yearly units. These values are constantly measured in Mauna Loa Hawaii.

2 Further information on the RCP database carfdund at:http:/www.iiasa.ac.at/web
apps/tnt/RcpDb/dsd?Action=htmlpage&page=compare
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Figurel4: Concentration of C@in ppm Mauna Loa Hawaii

It is obvious that the concentration rises from year to ydagurel5 answers the question how
fast this happens. Besides the concentration also the annual growth rate of ppm is measured and can
serve as an indicator for climate change.
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Source: http://www.esrl.noaa.gov/gmd/ccgg/trends/

Figurel5: Annual mean growth rate for Mauna Loa, Hawaii
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The figure shows that the growth rate is rising since 1959. In 2010 the concentration rose 2.4
ppm compared to 2009. Between 2001 and 2010 the ppm concentration rose on average 2 ppm per
year comparedo 1.5 ppm on average between 1980 and 2000.

The measurement of concentration is important to mention as policy targets in scenarios that
underlie models are often expressed in ppm,ECQQ-equivalent concentration is the concentration
of CQ that would cause the same amount of radiative forcing as a given mixture efa@®other
forcing components (Bernstein et al. 2007).

Scenarios from IPCC (SRES) show following possibilities for future concentrations of GHGs:
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Figurel6: Projected increase of GHG concentration in the atmosphere for four different possible futures

The graph shows that SRES B1 is the only one of the scenarios that is near a stabilisation of GHGs
at 450ppm CQe and thus lies within the 2C target.

The concentration of GOn the atmosphere can be an indicator for climate change as the IPCC
showed in 2007 that a concentration of 4pPm CQe would most likely lead to a global warming of
2 °C above industrial leV (seeTable18). Thus if a concentration above 4490ppm CQe or 350
400ppm CQis observed for a longer period of time it can be concluded that the targets will not be
met with current measures.

4.3.2.3 Temperature

As the greenhouseffect leads to increasing average global temperature it is worth looking at the
development of the annual average global temperature.
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Figurel?: Global LandOcean Temperature Index

The dotted black line is the annual mean temperature anomaly. The red line is thgefive
mean and the green bars show the uncertainty estimafEse image follows the methodology
outlined by Hansen et al. (2006). The zero in this figure is the mean temperature from1B®®land
thus the image follows the common practice of the IPCC.Fifnerel7 shows that in 2010 the global
annual mean temperaturavas about 0.63 °C higher than in the reference period 1B&d0.
Furthermore a rising trend is observable.
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Figurel8: Predicted temperature rise until 2100

Note: The bars on the riglaf the figure indicate the best estimate and likely range for the six IPCC marker
scenarios at 209@099 (relative to 1991999).
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Model simulations by the Intergovernmental Panel on Climate Change estimate that Earth will
warm between two and six degre&3elsius over the next century, depending on how fast carbon
dioxide emissions grow. Scenarios that assume that people will burn more and more fossil fuel
provide the estimates in the top end of the temperature range, while scenarios that assume that
greentouse gas emissions will grow slowly give lower temperature predictions. The orange line
provides an estimate of global temperatures if greenhouse gases stayed at year 200G {evels.

The 2°C target is internationally accepted and partly agreed ory. 12010 at the COP16 in
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if more has to be done to reduce emissions.

4324 Impacts

The followingFigure19 published by the IPCC 2007 ilkages examples of impacts associated with
global average temperature change.

Global average annual temperature change relative to 1980-1999 (°C)

G SYLISNI G dzN
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WATER

Increased water availability in moist tropics and high latitudes mm e e - - - - - - - -
Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes mm s -]
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ECOSYSTEMS

—— Up to 30% of species al  —— Significantfextinctioﬂs.-..
increasing risk of extinction around the globe

Increased coral bleaching === Most corals bleached === \Yidespread coral mortality mm e e e - —fie-|

Terrestrial biosphere tends toward a net carbon source as:
~15% e — () Of cosystems affected |

Increasing species range shifts and wildfire risk

Ecosystem changes due to weakening of the meridional w .|
overturning circulation

FOOD

Complex, localised negative impacts on small holders, subsistence farmers and fishers mm = —————(|

Tendencies for cereal productivity

X —— Productivity of all cereals =
to decrease in low latitudes b —=

decreases in low latitudes

Tendencies for some cereal prodUctivity o — CeT2al productivity to
toincrease at mid- to high latitudes decrease in some regions

COASTS

Increased damage from floods and storms mm mm e == - - - - - - - - - - = |
About 30% of

global coastal mm mm m= - - —— -
wetlands lost*

Millions more people could experience

coastal flooding each year e e

HEALTH

Increasing burden frem malnutrition, diarrhoeal, cardio-respiratory and infectious diseases mm s |
Increased morbidity and mortality from heat waves, floods and droughts == = mm e = e - - —— -
Changed distribution of some disease vectors == mm mm mm s = - ——— e ———— -

Substantial burden on health services mm mm |
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t Significant is defined here as more than 40%. % Based on average rate of sea level rise of 4.2mm/year fram 2000 to 2080.

Source: IPCR007), p.10

Figure19: Examples of impacts associated with global average temperature change (Impacts will vary by
extent of adaptation, ate of temperature change and socieconomic pathway)

% Sourcehttp://earthobservatory.nasa.gov/Features/GlobalWarmina/page5.php
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The figure shows the projected impacts of global warming on different sectors subject to the
temperature increase relative to 1981999. The black lines link impacts and the brekea arrows
indicatethat impacts continue with rising temperature. (IPCC 2007)

The figure illustrates that there are already impacts at a rise of global average temperature
below 2 °C but nevertheless a target of not exceeding a rise of global average temperature of more
than 2 °C is scientifically and politically pursued as it seems possible to achieve.

Table18 contrasts which stabilisation levels lead to which temperature increase. It also contains
information about the point of time where the G@missions should peak and which percentage
changes in global G@missions have to be achieved in 2050 related to 2000.

Table 18 Characteristics of posTAR stabilisation scenarios and resulting letegm equilibrium global
average temperature and the sea level rise component from thermal expansion

379 ppm)®
375 ppm)®

rise above pre-industrial

Change In global CO,
Global average sea level
at equilibrium from

emissions In 2050

(percent of 2000

emissions)#
Number of assessed

equilibrium, using ‘best
aslimate’ climate
scenarios

above pre-industrial at
sensitivity® @

stabllisation Including
GHGs and aerosols
Peaking year for CO,
emissions®c
temperature increase

=
=]
T c
5
=5
23
o5
S m
]
Q.
Ow

CO,-equivalent
concentration at
Global average

Category
(2008
(2005

on [ [ o |

I 350 — 400 445 — 490 2000 — 2015 -85 to -50 20-24 04-14 6
1 400 — 440 490 - 535 2000 — 2020 -60 to -30 24-28 05-1.7 18
1 440 — 485 535 — 590 2010 — 2030 -30 to +5 2.8-3.2 06-19 21
v 485 - 570 590 - 710 2020 - 2060 +10 to +60 3.2-4.0 06-24 118
\ 570 — 660 710 — 855 2050 — 2080 +25 to +85 4.0-49 08-29 9
Vi 660 — 790 855 — 1130 2060 — 2090 +80 to +140 4.9-6.1 1.0-3.7 5

Source: IPCR007)

Notes:

a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed
here might be underestimated due to missicarbon cycle feedbacks.

b) Atmospheric CQOconcentrations were 379ppm in 2005. The best estimate of totge@Oncentration in
2005 for all longdived GHGs is about 455ppm, while the corresponding value including the net effect of all
anthropogenic forcig agents is 375ppm G©

c) Ranges correspond to the 15th to 85th percentile of the JésR scenario distribution. @€missions are
shown so multigas scenarios can be compared with,@Dly scenarios.

d) The best estimate of climate sensitivity is 3°C.

e) Note that global average temperature at equilibrium is different from expected global average
temperature at the time of stabilisation of GHG concentrations due to the inertia of the climate system. For
the majority of scenarios assessed, stabilisatb&HG concentrations occurs between 2100 and 2150.

f) Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach
equilibrium for at least many centuries. These values have been estimated using relatively climgaite
models (one lowesolution AOGCM and several EMICs based on the best estimate of 3°C climate sensitivity)
and do not include contributions from melting ice sheets, glaciers and ice capsteronthermal expansion

is projected to result in 0.20t 0.6m per degree Celsius of global average warming abowingustrial.
(AOGCM refers to Atmosphef@cean General Circulation Model and EMICs to Earth System Models of
Intermediate Complexity.)
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Table 18 points ou which boundary conditions are necessary to reach the 2 °C target. The
peaking year of CQemissions should lie between 2000 and 2015 and the change in glohal CO
emissions should b&5 % to-50 % in 2050. The stabilisation target would have to be betwets
490 ppm Cege or 350400 ppm C@ In 2010 the concentration of G@as about 390 ppm GQsee
Figurel4 above).

4.3.3 Existing targets

4.3.3.1 International targets

- Kyoto Protocol

In 1997 the Kyoto Protocol was adopted and it enterea ifarce in 2005. Details were decided
on in 2001 in Marrakesh. There are three markaesed mechanisms in the Kyoto Protocol. These are
Emissions trading, Clean development mechanism (CDM) and Joint implementation (JI). The
instruments shall help theparties to meet their emission targets. The actual emissions of the
countries are monitored by annual emission inventories submitted byp#trées und precise records
of the trading are made. The first commitment period of the Kyoto Protocol ends in 2012 nowti
no new international framework has been negotiated and ratified that would ensure that the
stringent emission reductions that the IPCC indicated as inevitable are executed.

The targets in the Kyoto Protocol cover the six mail greenhouse gases, n&@adhpn dioxide
(CQ), Methane (Ckj, Nitrous oxide (bD), Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs) and
Sulphur hexafluoride (gF The assigned amount of emissions (measured in carbon dioxide
equivalent) that the EU may emit over the commitmgrgriod is-8 % of the emissions in the base
year 1990.Table 19 shows all countries included in Annex B to the Kyoto Protocol and their
emissions targets.

Table19: Kyoto- included countres and their emission targets

County " aoni20n2)

E'U15*,.Bulgaria, Czech Re_public, E;tonia, Lgtvia,Ligchtenstein, 8%
Lithuania, Monaco, Romania,Slovakia,Slovenia, Switzerland

USH** 7%
Canada, Hungary, Japan, Poland -6%
Croatia -5%
New Zealand, Russian Federation, Ukraine 0
Norway 1%
Australia 8%
Iceland 10%

Source: UNFCGR0119

* The 15 States who were EU members in 1997 when the Kyoto Protocol was adopted, took on that 8% target

that will be redistributed among themselvesaking advantage of a scheme under the Protocol known as a
4odzoof S¢x sKSNBoe O2dzyiNAS& KI @S RAFFSNBY(G AYRAGARdZ €
that group of countries. The EU has already reached agreement on how its targetsnedidigbuted.

** Some EITs have a baseline other than 1990.

*** The US has indicated its intention not to ratify the Kyoto Protocol.

Pages4



Presentation of the selected indicators for assessing environmental sustainability

b2GSY 1 ftiK2dAK (KSe& IINB fA&GSR Ay (G(KS /2y@SyiliArzyQa

t NB ( 2 O2 B asihey weig BoEParties to the Convention when the Protocol was adopted.

- Cancun COP 16

The latest Climate Change Conference of the United Nations (CO®obference of the Parties)
in 2010 in Cancun, Mexico wasn't able to decide upon a-KgetoProtocol but several agreements
were achieved.

It was agreed that humagenerated greenhouse gas emissions should be reduced over time in
order to keep the global average temperature rise below 2 °C. Further all countries should be
encouraged to participga in reducing emissions according to their responsibility and capability. All
measures taken up should be made transparent and a global progress towards thierdongoal
shall be reviewed in a timely way. Clean technology should be promoted to achieveest effect.
Alongside developing countries should be enabled by funds to take greater and effective action, like
adaptation to inevitable impacts. Beyond that the world's forests should be protected as they are a
major repository of carbon. And finalbffective institutions and systems to ensure these objectives
should be established. (UNFCEQl1c)

These agreements are significant as they form the basis for the largest collective effort the world
takes on to reduce emissions. Developing nations $leBupported in dealing with climate change
by finance, technology and capachyilding support. The agreements also include a timely schedule
for nations under the Climate Change Convention to review the progress of keeping the 2 °C target.
(UNFCCQO011b)

4.3.3.2 European Union

Combating climate change is a top priority for the European Union. Scientific evidence shows
that the world needs to limit global warming to no more than 2 °C above theinphestrial
temperature in order to prevent the most severe climahange impacts. That is just 1.2 °C above
today's level.

To achieve the 2 °C target the EU has on the one hand to fulfil the quota demanded by the Kyoto
Protocol (8 % until 2012). On the other hand the EU wants to encourage other nations and regions
to do more, so it sets an example by expressing further targets regarding reductions of greenhouse
gas emissions.

In 2007 an integrated approach to climate and energy policy was endorsed to transform Europe
to a highly energefficient, low carbon economy.afgets formulated and implemented by binding
legislation were that the EU wants to cut emissions by at least 20 % of 1990 levels by 2020. If other
major emitting countries would participate in cutting their emissions the EU offered to increase the
reduction to -30 % by 2020 (Eopean Commissior2010).

By 2050 global GHG emissions must be reduced by at least 50 % compared to 1990, which means
reductions in developed countries of @D % compared to 1990 levelai(Bpean Union2008).
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4.3.4 Costs

4.3.4.1 Methodology

Thereare different approaches to express the costs of climate change. Usually damages should
be monetized by assessing the damage costs. It is thereby necessary to be able to assess damages
due to climate change. As this is not possible e. g. because of wtegper until now unknown
damages the alternative is to assess abatement costs. Marginal abatement costs express how much
the last ton of carbon abated costs to reach a given target. Both approaches, damage cost and
abatement cost, are described below.

Damage cost approach

The approach models the physical impacts of climate change (e. g. health impacts), assesses the
damages and combines that, if applicable, with estimations of further measures to reduce damages,
for instance air conditioning. An example fdamage costs are impacts on agriculture that could be
expressed as costs or benefits for producers and consumers (e. g. crop failures).

However it is more difficult to monetize nemarket impacts like biodiversity or human health.
Although the theory andts application are accepted it is not undisputed. Uncertainties arise from
physical impacts of climate change. Some impacts will very likely occur and are covered in detailed
models whereas other possible impacts litte increa® in floods and hurricang or nonlinear
effects likea slowingdown or evencollapse of the Gulf Stream are often not included as there is a
shortage of information. Side effects like possible social damages (e. g. regional conflicts) are even
harder to assess.

Existing damage ets assessments differ considerably as there are various assumptions with
regard to equity and probability. So besides taking into account physical impacts other factors lead to
differing values in damage cost assessment. These are: the discount ratey, wqighting and time
horizon.

The advantage of the damage cost approach is that the damage is quantifieeeoded. If the
assessment offers passable and ascertainable uncertainty bands the results can be directly used in
costbenefit considerations. Ithe modelling of climate change impacts this is not warranted as the
damages mainly occur in the future and there are damages that disclose minor probability but great
measure of damages. As quantifiable damage costs are relatively low, alternative amstessm
methods are considered due to the precautionary principle. One alternative is the assessment of
avoidance costs that is explained below (Maibach et al. 2008).

Abatement cost approach

An alternative method to assess external costs of greenhouse gasiensss the abatement
cost approach. Uncertainties in assessing damages are evaded by assessing marginal abatement
costs of C@emissions to reach a given target (e. g. national, EU or worldwide level). The approach is
not the "first-best" solution but tleoretically correct if one assumes that the chosen target reflects
human preferences. By assuming that the marginal abatement costs are a "willitgresg -value
the abatement cost approach should mainly be used with reduction goals established ingeaisd
legally binding policies. Sensitivity analyses can be performed to calculate abatement costs of other
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targets, e.g. expert guesses but not yet established in policies. Important is to disclose the targets
and reasons behind the assessment.

The Kyod protocol set targets fothe reduction of C@emissions that have been accepted by
many countries as binding. The EU furthermore decided on a reductie® @6 in 2020 compared to
1990 and also developed a strategy to accomplish the target (energy lenate package). LoRg

term targets like the 2 °C target are accepted in Germany, the EU and lately at the COP in Cancun.

However until now there is no allocation of tasks and no international cooperation on how and which
measures should be applied to reaitiis target. Nevertheless the assessment of marginal abatement
costs for this target is an important input for polioyaking.

With reduction targets for CQOgetting stricter the marginal costs per ton of carbon will rise.
Internalisation of higher externacosts will promote C&reduction measures that have higher
abatement costs.

At first, the implementation of relatively cheap measures should be promoted, whereas later
stronger price incentives are necessary to support more expensive measures (MailahchO88).

In scenarios without climate protection marginal damage costs often are high and measures with
abatement costs of the same amount are demanded to be implemented. Economically this is not
right as it leads to reductions and costs that lie abdlve optimal degree. In facthe decision
making for reduction measures has to be based on the marginal damage costs of adpdiratd
solution and thereby internalise them. But it can be reasonable at first to set higher price signals
(accordant to damge costs) in order to reach adaptation and later reduce them gradually. In the
optimum the marginal damage costs equal the marginal abatement costs. If marginal damage costs
are used for decisiomaking which are higher than in the optimum then the emissiavould lie
beneath the optimum and thus welfare would be lowerisTis shown in ta following figure

Marginal marginal damage
Costs 4 marginal abatement costs
Damages costs
Euro ‘ }
Cbau 4 A

gdamages too high

costs too high

opt

min opt — bau  GHGemissions

Source: FriedricR008
Figure20: Pareto-optimal costs for mitigation of GHGs

The xaxis reflects increasing cumulated GEiBissions. With increasing emissions, marginal damage
Ozaitia oAttt ltaz AYONBLFIaS:I 4KAOK Aa akKz2gy Ay
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start to reduce GHG emissions, we would start with the most efficient reduction measures and then

with decreasing emissions will have to use more and more expensive measures, thus marginal
FoldSYSyid FyR g2ARI yOS Ozata eratt AYyONBlFasS 64l
FoldSYSyd Oz2adatdod ¢KS 2LINAYIE BSY¥A@EAZ2YT aDETNBIR &
as here marginal damage costs and marginal avoidance costs are equal (Friedrich 2008).

Excursus: Example for marginal abatement costs: McKinseg @0

aOYAyaSeQa 3ANBSyKz2dzaS 3+ a o6t Sy Sof discl@doasiabotdzNIS L
what actions would be most effective in delivering emissions reductions, and what they might cost. It
provides a global mapping of opportunities to reduce the emissions of greenhouse gases across
regions and sectors.

Aba\ememcost
€ pertCO,e

conversion

Reduced slash and burn agriculture

Gas plant CCS retrofit
Iron and steel CCS new buil
Coal CCS new buil

80 Linhi ichi 4 Reduced pastureland conversion
_Lighting — switch incandescent Goal GCS retrofit
60 { to LED (residential) Grassland managemsnt o et
-Appliances electronics rganic soils restoration
40 Motor systems efficiency
20 18! generation bicfusls
’7|- Cars full hybrid
[i]
20 ] 2 0 35 38
ecthermal Abaleme nt pop.nnal
GtCOye pel

-40 | fice management

50 Small hydra olar CSP

) aste recycling Reduced intensive

a0 | Efficiency improvements other industry agriculture corversion

Landfill gas electricity generation High penetration wind
-100 | linker substtution by fly ash Solar PV .
idi fic build ow penetration wind
-120 Ul .mg ® |c|le|?cy \Iwew .u! egraded forest reforestation
Insulation retrofit (residential) L pasturdland afforestation
-140 | Tillage and residue management L Degraded land restoration
ropland nutrient management L Nuclear
-160 | Cars plug-in hybrid :
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-180
2mM generation bicfusls

o0 L Appliances residential

Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €80 per t00,e if each lever
was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.

Source: Global GHG Abatement Cost Curve v2.1

Source: McKirey & Compny (2010)

Figure21: Global GHG abatement costs curve beyond busirassisual- 2030

Practical application of the approaches

Both approaches described above are applied iddof t SR

GAYGdSaINY¥GSR FaasSaa

These models try to display the whole chain of climate change from anthropogenic impacts across
atmospheric and climatic changes up to impacts on natural systems and society. With IAMs one can
describe the monetary impacts of global climate change.

Pageb8



Presentation of the selected indicators for assessing environmental sustainability

The am is to create an approach that combines physical and economic aspects to better assess
climate change. IAMs try to integrate information by connecting mathematical accounts of different
components of environmental, economic and social systems in one demmodel (Risbey et al.
1996, p. 396). Economic models are extended by stylised climatic effect relationships or submodels.

IAMs join several tasks. First they aim at assessing possible answers to questions relating to
climate change. By describing clirmathange with costs and impacts, the costs and benefits of
measures against it can be described. Furthermore knowledge can be structured. Integrating
knowledge of different fields they can create a framework that leads together current knowledge on
climate change. Thus advantages and uncertainties can be identified. In addition IAMs can relate
climate to other social and economic changes that occur at the same time. At last IAMs are research
instruments which can, apart from a direct assessment, indeperg@endmote basic knowledge and
understanding (Parson, Fishéanden 1997, p. 593).

Thus we can state that IAMs may have constraints but nevertheless they are a useful tool as they
are - up to date- the best way to assess aggregate costs and risks oftelicinge (Stern 2008, p.
145).

An example for an IAM is the FUND model (Climate Framework for Uncertainty, Negotiation and
Distribution) from Richard Tol which is nowdeveloped by David Anthoff.

Important subjective influencing variables

One difficultywhen assessing impacts of climate change is emissions being emitted regionally but
their impacts appearing globally.

Thus the assessment of monetary values per ton of carbon strongly depends on the fact if these
values are adjusted to income levels andcase they are future values, if they are discounted. The
values depend on a number of assumptions and judgements. Below key factors that lead to different
assessments are further described.

¢ Equity weighting

According to our knowledge today, poorer couaf like Africa, South America and India are
more negatively affected by climate change than richer countries in middle and northern latitudes.
Thus the method to aggregate damages and benefits of different regions to a global value has a
decisive influene on the height of the total damage costs.

In economic assessment of climate change induced damages it has been enforced to take into
account the differences in welfare of concerned regions by equity weighting in sensitivity analyses.
This isbased on thetheory of declining marginal utility with increasing income. An additional Euro
thus offers a higher value for a poor person than for a rich person. Contrarizwidamage of one
Euro is more serious for a poor person than for a rich person.

The followingconsideration further describes this: climate change causes an assumptive damage
of one Euro- independently of the region. If this damage occurs in a poorer country which holds an
average income of 100 Euro per capita, the damage is 1/100 of the pemadapitme and the
compensation would have to be according to that amount. In other words: the willingness to pay to
avoid the damage is up to one Euro. If the damage occurs in a rich country with an average income of
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5000 Euro, the damage is 1/5000 of therpcapita income. The damage likewise has to be

compensated with one Euro. In relation to the income the damage in the rich county is less serious.
To illustrate how severe the damage in the poorer region equity weighting is used which shows that
the damag@ of one Euro in the poorer region weighs 50 times the damage in the richer region. 1/100
of the rich country income would be 50 Euro. If one accounts with the weighted damage of 50 Euro it

is obvious that with equity weighting the different weight of dagea in different regions can be

expressed.

Equity weighting can increase damage costs of climate change up to time®éfta (2005)
showed that with the model FUND and sensitivity analyses.

Excursus: Equity weighting

The utilitiarian framework states tia S I O K
weighting of utilities. In economic theory it is almost universally accepted that the marginal utility of
consumption is diminishing. That means that a rich person gets less utility of ooetamra poor
one. Utility thus rises with consumption but at a declining rdgigure22 clarifies this correlation for
different presumed values of E (=elasticity of marginal utility).

LISNE2Y Qa

dzi At A G @

Utility

Consumption

Low E

High E

Figure22: Utility functions for different values of E

Aa

Source: European Commissi@d0%), p. 3

S dzl -

The higher E, the faster the marginal utility decreases with increasing wealth. A high value of E
means that there is a strong aversion to inequality as people who are glméadgain less additional

utility from additional consumption.The influence of different values for E is evident when

comparing two countries, one rich (R) and one poor (P). Suppose that R has ten times the per capita

income of A, then the value of a mggnal Euro for R in relation to the value of a marginal Euro to A

can be calculated. For E=0 (no equity weighting) a Euro has exactly the same value for both countries.
E=1 (used value for United Kingdom in literature) holds that giving 10 cent to Rsasrhis utility

the same amount as giving 1 Euro to R.
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Table20: Effects of inequality aversion when income (R)=10*income(P)
E 0| 05 ] 0.8 1 12 | 1.5 2 4

Loss to R as a fraction of gainto| 1 | 0.31| 0.16 [ 0.1 | 0.06 | 0.03| 0.01 | O

Although a utilitarian would not weigh utility he would weigh consumption flows due to
diminishing marginal utility. In assessment of climate change consequences the average global
income is used as benchmark. This is appropriate if the weighted damages aparednwith
abatement costs that are weighted with the same benchmark (European Commizg8@ih).

Equity weighting is affected by different factors. One is the assumption regarding the elasticity of
marginal utility of income. Beyond that the distributiof damages between rich and poor countries
and the temporal distribution matters. By means of the temporal distribution the choice of discount
rate has to be accounted for. It is described below.

¢ Discount rate

When assessing damage costs the choice afodist rate is of great importance. The costs and
benefits that occur at different points of time are converted to a net present value and thus are
comparable. Many integrated assessment models use a constant discount rate or a constant pure
rate of time peference. Newer works suggest a declining discount rate for very long periods of time.
Low or declining discount rates lead by trend to higher damage costs as future damages gain more
weight. As the values are thus influenced by the discount rate the damagts of climate change
are often stated for different assumed discount rates. According to Watkiss (260&) a sensitivity
analysis with the model FUND shows that the damage costs of FUND with a pure rate of time
preference of 0 % are higher by afar of five than with a time preference rate of 1 %. With a higher
rate of time preference and without equity weighting the shtetm positive effects gain greater
weight so that the aggregated net value of damage costs can be negative and thus thédebeau
benefit out of climate change (Bundesumweltministerium (BMU) 2006).

¢ Uncertainty

Assessments of marginal damages of greenhouse gases are afflicted with considerable
uncertainties. Reasons are the assumptions on secanomic development, incompletaowledge
about physical processes in atmosphere, difficulties at the assessment of the dimension of damages
and influences as well as impacts that are not included in the models (AN200fT).

When examining risk aversion and time preference in refatio marginal damage costs of
carbonestimates byAnthoff et al. (2009)showthat the assumed rate of risk aversion is as important
as the assumed rate of time preference. The assessment of marginal damage costs can be negative
00K GQa | &g évanltie pasifvg S&sFeksinénis can differ by a factor of six orders of
magnitude. That depends on the rate of risk aversion as well as on the assumed rate of time
preference.

4.3.4.2 Models to assess damage costs

Integrated assessment models are used to assksmage costs. Three known and accepted
models are described further below.
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FUND

The FUND model (Climate Framework for Uncertainty, Negotiation and Distribution) developed
by Richard Tol contains several exogenous scenarios and endogenous perturbatisisgtishes
16 different regionsthe time horizon starts 1950 and runs up to 2300 in one year steps. One
assumption is that the previous year influences the impacts of climate change in the following year.
Thus adaptation measures can be accounted Toe time horizorfrom 19501990 serves the model
calibration, 1992000 is based on observations. The climate scenarios from-2000 are based on
the EMF14 standardized scenario which lies between the IPCC scenarios 1S92a and 1S92f. Population
growth, emnomic growth, autonomous energy efficiency improvement (AEEI), the rate of
decarbonisation of the energy use (ACEI) and-laselchanges determine the scenarios.

Different causes for additional deaths through climate change are accounted for. Examples are
heat stress, cold stress, malaria and tropical cyclones.

On the longterm climate change reduces economic growth but measures to mitigajaS@ell
add to that. Atmospheric concentrations of carbon dioxide, methane and nitrogen oxides, the global
avergge temperature, the influence of mitigation measures of carbon dioxide on economic growth
and emission development as well as damages and population changes through climate change are
endogenous impacts in FUND.

The base scenario assumes a rise of globetege temperature in equilibrium of 2.5 °C, while
assuming a doubling of concentration of £0The regional temperature ensues from multiplication
of global average temperature with a constant factor that is built from a mean over 14 GCMs (Global
ClimateModels) which accords to the spatial climate pattern.

The climate impact module from Richard Tol includes the following categories: agriculture,
forestry, sedevel rise, cardiovascular and respiratory disorders in relation with heat and cold stress,
malaia, dengue fever, schistosomiasis, diarrhoea, energy use, water resources and unmanaged
ecosystems.

The impacts of climate change on coasts, forestry, ecosystems, water resources, diarrhoea,
malaria, dengue fever and schistosomiasis are modelled withlsipgrformance functions. Thus the
impacts are neither negative nor positive and they don't change their sign.

Damage potential out of climate change alters with population growth, economic growth and
technological progress. It is expected that some systget more vulnerable, e. g. water resources
(with increasing population), heatlated diseases (with urbanisation) and ecosystems and health
(with higher per capita income). Other systems are expected to get less vulnerable like energy use
(with technicd progress), agriculture (with economic growth) and vectord waterrelated diseases
(with improved health care system) (Antho2007).

DICE

The DICE model (Dynamic Integrated model of Climate and the Economy) of William Nordhaus is
a simple model of @nomy and climate. It is a version of Ramsey's model of economic growth but it
has some additions regarding direct climate damages and shifting resources due to emission
mitigation measures. DICE combines factors like economic growth, carbon dioxidéoamigse
carbon cycle, climate change, climate damages and climate policy. Its origin is economic growth
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theory where economies invest in capital, education and technologies. Nordhaus here adds
environmental capital. Parameters like population, resouraed technological progress are given.
Endogenous variables are global output and capital stock, carbon dioxide emissions and
concentrations, global temperature changes and climate damages (e. g. agricultudeyveksse,
health, catastrophe}. It maximses the discounted net benefit of per capita consumption. Only one
geographic region and one aggregated economic sector is used.

The model answers, depending on the examined policy, the political answer in terms of carbon
taxes or emission mitigation. Altlagh the equations are widely accepted there remain a lot of
uncertainties (Nordhay2007).

PAGE

The PAGE 2002 model (Policy Analysis for the Greenhouse Effect) contains equations that
reproduce the following. First there is the development of emissioh#iee primary greenhouse
gases (CHOCH und Sk). Other greenhouse gases likgQNare modelled as timearying addition to
the background radiation. Furthermore the greenhouse gas effect is simulated by modelling the
concentrations of anthropogenic grekouse gases in the atmosphere and the resulting radiative
forcing. Also the cooling effect of sulphur aerosols as well as the direct and indirect reductions of
radiative forcing is simulated. PAGE2002 contains 8 regions and by building the differeneerbetw
the warming greenhouse gas effect and the regional cooling effect of sulphur aerosols regional
temperature effects are examined. The influences on regional economic growth are assessed as the
percentage loss of GDP in every region. Also investmerdaptation measures like dykes is taken
into account. Economic effects are included in a highly aggregated form. Climate damages e.g. of the
following sectors are considered: agriculture, energy use, health and climate catastrophes (e.g.
meltdown of the wes Antarctic ice shield). A complete list of all equations and default settings of
PAGE2002 can be looked up in H(2@06).

Comparison FUND, DICE and PAGE

The three IAMs are the ones most widely used. For instance the current publication of the
Committee @ Health, Environmental, and Other External Costs and Benefits of Energy Production
and Consumption des National Research Council USA (National Academy of Se@t@esised
them. Table21 shows the input paramets of the three models.
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Table21: Overview parameters of FUND, DICE and PAGE2002

FUND DICE PAGE2002
Regions 16 1 7
Time horizon 19502300 (yearly time steps) 10-year time steps 20002200 (several time steps)
Scenario BVF14° SRES A2
Exogenous population gowth population
economic growth resources
AEEY technolagical progress
ACE?
land-use change
Endogenous CQ-emissions global output technolagical progress
CH-emissions capital stock
NOcemissions CQ-emissions
average temperature CQ-concentration
abatement measures temperature change
emission development climate damages
damages

population change through climate chan

Source: own compilation

The table shows that thEUND model is the most transparent of the three. Publicly available,
that is free downloadable on the internet, are FUND (www.fumodel.org) and DICE
(http://nordhaus.econ.yale.edu/DICE2007.htm). The recommendation for damage costs below are
based on FUN, as this model is accepted worldwide and often used, e.g. intheJEB 2 500G a a¢ K
SO02y2YA0a 2F OfAYIF(GS OKFy3aS FRFELIGFGAZY Ay 9! Oz
based Predictions of Climate Changes and their Impacts), ATLANTIS (Atlantiev8eRide:
Adaptation to Imaginable Worst Case Climate Change), NEEDS (New Energy Externalities
Development for Sustainability), CIRCE (Climate change and impact research: the Mediterranean
environment) etc..Table 22 shows the climate damages included in the models FUND, DICE and
PAGE.

% Scenario of the Energy Modeling Forum 14: Integrated Assessment of Climate Change.
% One scenario of the IPEReport: Special Report on Emission Scenarios (2000).

2 Autononmous Energy Efficiency Improvement

%8 Aoutonomous Carbon Efficiency Improvement
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Table22: Climate damages in FUND, DICE and PAGE

FUND DICE PAGE

agriculture . . Total damage is sum of damages of differet]
forestry Relation cllmatajama}ges: sectors
sealevel rise damages are a functlo_n of

) ) temperature, sedevel ise Damages based on temperature rise, not
cgrdlovascular and respiratory | and C@-concentrations GHGconcentration
disorders by heat and cold stre
malaria no catastrophe Includes: risks for ecosystemes and extrem
dengue fever climate incidents
schistosomiasis
diarrhoea
energy use
water resources
ecosystems

Source: own compilation

4.3.4.3 Overview on assumptions and results of existing studies

Thischapter presents an overview of accepted and relevant studiesble23 lists all relevant
studies. The used models and assumptions are shortly described. Below follows a more detailed view
on the studies.

Table23: Overview of assumptions of the studies
Study Used model Assumptions

scenario A2; decreasing SREP f A 1 &
6 2 29 equity weight =1

PAGE

Social Cost of Carbon not enlisted in detail, values higher that the
FUND
ones of PAG

result is mix of SGtand MAC

shortterm recommended values (2042D20)
IMPACT literature review (amongst others withH based on marginal abatement costs relying o
FUND, PAGE, POLES, GEM E3) EU target20% to-30% until 2020; longerm
values (203€2050) based on damage costs

marginal abatement costs to reach target

CASES Meta-analysis 550ppm C@concentration

marginal abatement costs (cost curves

Kuik et al(2009 Meta-analysis (62 studies) depending on CeXtabilizing targets)

450 ppm Cge, discounted with 4% after 2030,
until 2030 progressive development up to
100e k G, / h

several (own (similar to DICE), POLE

Quinet et al,(2008) IMACLIM, GEMINE3)

DEFRA no information 550 ppm Cge, shadow prices

450550 ppm Cge, marginal damage costs,

Stern Report PAGE o
costs rise in future

*® social Rate of Time Preference

%0'See Great Britain H.M. Treasury (2003)
1sCC = Social Cost of Carbon (damage costs)
% MAC = Marginal Abatement Cost
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Study Used model Assumptions
IPCC no information 550 ppm Cge

EMP® 14 scenario, variable discount rate,

NEBS, Anthoff (2007) FUND variable PRTP, variable equity weighting

different scenarios (2Gtarget, Kyoto+, EMF14

NEEDS, EcoSenseWeb | FUND and metanalysis without EW)

Source: own compilation
Social Cost of Cadn

A detailed assessment of damage costs was conducted in the project Social Cost of Carbon by
AEA Technology and the Stockholm Environment Institute on behalf of Defra UK (2005). The term
Social Cost of Carbon (SCC) describes damage costs (in contfasgitoal Abatement Costs (MAC)).

The study examined a huge number of existing studies on damage cost assessment and compared
them to own modelled results. Results calculated with the model PAGE are shavabla24 and
Table 10. Watkiss (Defra005) states that SCC rise over tifffelhe rising SCC can be explained by:

o finite but long lifetime of carbon in atmosphere,

e decreasing discount rates (social rates of time preference) for future damages due to
uncertainties of future economic development,

¢ non-linearity of impacts of C&&emissions.

Table24: Example of development of damage costs of QWer time (results of PAGE model for SCC over
(A YS Ay Resultdard given in monetary vawf year of emission®®

{/1 Ay @SIFN 2F

59% | central value| 95%
2001 3.6 18.4 52
2010 | 4.8 24.4 63.6
2020 | 5.6 30.8 86
2040 | 10.8 50.8 129.6
2060 | 13.6 74.8 205.2

Source: Defrg2005

33 EMF = Energy Modellingfem (http://emf.stanford.eduj)
% PRTP = Pure Rate of Time Preference

®N.B.: The original source states the valueB/i@ but here are converted to Euro per ton of CG2nversion
factorof 1.45¢ k M (i KS R Y£ perSon 6f2atbdrgE/t @éfuahd.4e LISNJ e gk §.F/ hhn

% When discounting on the year of emission amsesses the net value of the year of emission.

% A range between 5 and 35 is given. Range means the length ofghellest iterval that contains all data.

It's calculated by subtracting the smallest observation (sample minimum) from the biggest (sample maximum).
Here the maximum and minimum9% of the sample are cut off and then the range is calculdteHus lies

2001 between 3.62¢ k l, / h
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Based on A2 scenario with PPP exchange ra@een book SRTP (Social Rate of Time
Preference)38, equity weight of 1°. The results of the PAGE model contain several (but not all)
climate incidents. Not included are social effects.

The social cost of methane emissions were explicitly calculatedisnptroject, based on radiative
forcing and are not a product of the values of @@th a specific GWP (Global Warming Potential
e.g. 25 for ClHaccording to (Intergovernmental Panel on Climate Change 2007). The costsrigfeCH
faster than the SCC valsi of C@that are listed above. This shows that a simple multiplication of the
CQ costs with the GWP would first lead to higher and then to lower than the actual costs of
methane.

Table25: Example of the development of damage sts of CHover time
{/ Ay &S8IN 2%

5% central value| 95%

2001 | 59.45 281.3 768.5
2010 | 108.75 459.65 1220.9
2020 | 147.9 664.1 1769
2040 | 284.2 1334 3606.15

2060 | 437.9 2528.8 7335.55

Source: Defr§2005

Based on scenario A2, with PPP exchange rategnGreok SRTP, equity weight of 1.
The results of the PAGE model contain several (but not all) climate incidents. Not
included are social effects.

In Table26 the lower values are based on damage costs while theeupalues are derived
from comparison of damage costs and abatement cost curves.

Table26: Example shadow prices with regard to recommendations of the study

lower bound | lower value | central value | upper value | upper bound
2000 4 14 22 52 88
2010 4.8 16 26 64 104
2020 6 20 32 82 124
2030 8 26 40 104 148
2040 10 36 56 132 180
2050 12 52 84 168 220

Source: Defr§2005

IMPACT

% Great Britain H.M. Treasury 20§tates the SRTP at 3&in the first 30 years, year 35 at 3%, year 76125
at 25 %, year 12€00 at 2%, year 20800 at 1.3% and at 26 for more than 300 years.

39 A parameter of 1 mearthatthe lossof € T2 NJ 42 YS2y §  ¢OROE fer eafis tdnyfilded Y S 2 F
worsethanthelossofd F2NJ 42YS2y S 6A K WYNAYDR2NE 2F mnznnn
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The results described above were also included in the following study on external costs of
transport (Mabach et al. 2008) IMPACTTable27 shows the overview of IMPACT on damage costs
of climate change.

[N

Table27. h BSNIWASS 2 7F KS RIYF3S O2)aéestimat@d bpvardodsistidies OK | y 3 S

5L YF3S 023904a o6exi

Source Ye_ar (.)f Min | Central | Max Comments
application
ExternE, 2005 2010 9
2000 14 22 87
2010 17 27 107
2020 20 32 138 | Results based on damage cost}
2030 25 39 144 only

2040 28 44 162
2050 36 57 198
2000 14 22 51
2010 16 26 63
2020 20 32 81 Results based on comparsion d
2030 26 40 103 damage and avoidance costs
2040 36 55 131
2050 51 83 166

Watkiss, 2005b

Watkiss, 2005b

Tol, 2005 -4 11 53 Based on studies with PRTP=1
2050 71 Businessasusual scenario
Stern, 2006 2050 25 Stabilisation at 550 ppm
2050 21 Stabilisation at 450 ppm
DLR, 2006 15 70 280 Based on Downing, 2005

External costs of climate change (damage costs)

200 =&=|ower value
180 —@—central value
160 A A  —A—uypper value
140 A / & Watkiss / damage / lower value
® Watkiss / damage / central value
§120 e A Watkiss / damage / upper value
%100 4 ® ExternE / damage / central value
g ¢ Watkiss / damage + avoidance / lower value
i A ¢ Watkiss/ damage + avoidance / central value
” A Watkiss / damage + avoidance / upper value
L 2 & Stern/damage / 450 ppm
g‘f ® Stern/damage / 550 ppm
0 | A Stern/damage / BAU

2010 2020 2030 2040 2050

Figure23 h GSNBBASS 2F G(KS RF Yl 38 02 a lypas estmatdd by vatioisS OKI y 3§
studies

The black markers and grey lines correspond to the recommended values of IMPACT (see
Table29 andFigure25). IMPACT also created an overview of avoidance costs of CO
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Table28: Overview of the CQF @2 A Rt y O

02 a § as estihafed bywariguy sfulies/ h

I 2ARFYOS 028i0a oexkilzyy]
Source Ye_ar c.)f Min | Central | Max Reference for avoidance costs
application
2010 37
RECORDIT, 2000/1 .
2050 135 Long term IPCC 50% reduction target

Capros and Mantzos, 200

Kyoto target: lower value based on trading with
2010 5 38 countries ouside EU, upper value on situation
without trading outside EU

UNITE, 2003 2010 5 20 38 Based on Capros and Mantzos, 2000
2010 20

INFRAS, 2004 .
2050 140 Long term IPCC 50% reduction target
2010 5 19 20

Externk, 2005 o .
2050 95 Stabilisation at 2°C temperature increase
2015 32 49 65

Stern, 2006 2025 16 27 45 Average abatement costs

2050 -41 18 81

SEC, (2007)8

2010 14
2020 38
2030 64
2050 120

Stabilisation at 2°C temperature increase

Lineair extrapolation based 0r020-2030 data

[E/tonne CO2]

Figure24: Overview of the CQF @2 A Rl y OS

External costs of climate change (avoidance costs)

=#=|ower value
=@=central value

== yupper value

/ RECORDIT / avoidance / central value
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C&M* / avoindance / lower value
C&M* / avoindance / upper value
UNITE / avoidance / lower value
UNITE / avoidance / central value
UNITE / avoidance / upper value

EternE / avoidance / lower value

EternE / avoidance / upper value
Stern / avoidance / lower value
Stern / avoidance / central value
Stern / avoidance / upper value
SEC(2007) 8 / central value

*) C&M = Capros and Matzos 2000

EternE / avoidance / central value

O 2 a §) as estihafed bywari@uy sfulies/ h



Presentation of the selected indicators for assessing environmental sustainability

Finally the recommended values for cost per ton of DOMPACT are presented:

Table29Y wSO02YYSyRSR @I f dzS&
single values for a central estimate and lower and upper values

F2N) GKS SEG&Qpekpfessébpsi 1a 2 F

I SYGNI &t @kt dzSa
Year of application| Lower value| Central value| Upper value
2010 7 25 45
2020 17 40 70
2030 22 55 100
2040 22 70 135
2050 20 85 180
200
180 ~ lower value /.
180 1 B central value /
1407 W upper value /'
120
100

[E/tonne CO2]

Figure25wS 02 YYSYRSR @t f dzSa
single values for a central estimate and lower and upper values

2030

FT2NJ

2050

KS SEGSNIekpreSsadzas a 2 F Of

The recommended values were chosen on the basis of following consalesatshorterm
values (2010 until 2020) were chosen on the basis of avoidance costs as the policy targets are known.
For 2010 the Kyoto Protocol was considered and 2020 the targets of the European Commission (20 %
mitigation of emissions until 2020) flew. Longterm values (203@2050) are based on damage costs
as the concept of damage costs is preferred over avoidance costs and on the long term the policy
targets are not expressed so clearly and binding. Enhanced insights on impacts of climate change
(like modelled in FUND) indicate that damage costs are higher than assumed until now, hence newer

studies use higher damage values.

CASES

Kuik (2007) in the project CASES carried out a +ae#dysis of 26 different models to gain the
marginal abatement costfor a stabilisation target of 500 ppm €8y using a therefore developed

meta-regression model.

Table30: Central values for margfi I £

Fol GSYSyi

024808 F INBSyK2dza$S 3!l a

2010 | 2015 | 2020 | 2025 | 2030 | 2040 | 2050
CcQ 19 19 19 23 30 46 61
CH 399 | 399 | 399 | 475 | 636 958 1120
N,O 5890 | 5890 | 5890 | 7006 | 9387 | 11768 | 16529
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Meta-Analysis of different studies (Kuik et al. 2009)

In a furtherstudy Kuik et al. (2009) examined marginal abatement costs of 62 studies. These
studies analysed the marginal abatement costs to reach different-emg stabilising targetsFor
the metaanalysis 62 observations of abatement costs for 2025 and 2050 eakected. These
observations were ldJY | £ A Tﬁﬁec&fmm different dimensions and currencieBhe average
stabilisation target of the data basis is 611 ppm,€@nd 17 observations include technological
progress. 26 models are used in the database of the raatdysis.

The analysistows that the stabilisation target as expected; has a significant negative effect
on the marginal abatement costs. The coefficient is ab6ub. Ths impliesthat the decline of the
target by 1 % (a stricter target) raises the marginal abatement ¢ns&5 %. The following example
demonstrates this: the average marginal abatement costs 2050 for a stabilisation target of 600 ppm
g2dzA R FY2dzyi G2 wp ekl FyR ¢2dd R NRAS G(G2cod e
GKFGQa y 2 &a0NROGSND

Sumning up the metaanalysis shows that the differences between marginal abatement costs
may be partly explained by the different stabilisation targets, the number of considered regions, the
energy sources, the intdemporal optimisation and the inclusion abn-CQ-gases.

MAC in 2025 as function of target MAC in 2050 as function of target
250 40047

% 200 4 E 3004

S S

g " £ 200>

5 ~ = 4 ™

D 1004 g \'\\

[§] 0 - -

< 4

= 504 % 100 —_— T

04 T S 0 . =
450 500 550 600 650 450 500 550 600 650
Stabilisation target {ppm CO2-eq) Stabilisation target (ppm CO2-eq)
Predicted MAC ——-—-- Upper Limit (+ 1 s.e.) Predicted MAC ————- Upper Limit (+ 1 s.e.)
—————— Lower Limit {-1 s.e.) -——- Lower Limit (-1 s.e.)

Figure26: Marginal abatement costs as function of stabilisation target (left 2025; right 2050) after Kuik
et al. (2009

Figure26 shows the determined marginal abatemerdsts as well as the confidence interval for
different stabilisation targets between 45875 ppm Cge. The image shows that the marginal
abatement costs rise with the stringency of the letegm target and that the uncertainty of the
forecast rises if theien gets more ambitious.

The curve reveals: the stricter that means the lower the stabilisation target, the higher are the
marginal abatement costs per ton gMarginal abatement costs with a strict 450 ppm target lie
HAHp |G m@vithaecargdoffShn m € 0 | Y R,ein®056 (428 deck (& 0/dh

Table 31 shows further marginal abatement costs, in this case for the Uniteddkinga
mitigation of greenhouse gases by 60 % until 2050 and for the EU27 for a mitigation of greenhouse

gases by 20 % until 2020.
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Table3l:b | GA2y Il £ 3 NBIAZ2YILf | yR 3f 240 YINHAYLIf 6 0SYSy

2020 2050 Source
UK 1560 142193 Defra 2005
EU27 2393 DenElzen et al., 2007
MAC(500) 37-119 79226 seeFigure26 (Kuik, 2009)
MAC(450) 69-241 128396 seeFigure26 (Kuik, 2009)

La vdeur tutélaire du carbone

¢tKS CNBYyOK 3I32@8SNYyYSyid Ay wnny O2YYraaazySR (K¢
current value for one ton of carbon dioxide that should be used in calculations for public investments
(Quinet et al. 2008). An expert conseion was established (industry, research and public
authorities) and they gained the following results.

Base is the 2 °C target and therefore a stabilisation target at 450 ppms Tie EU targets20 %
until 2020 and-60-80 % until 2050) were consideteln principle the commission assumed 2030 a
gt dzS 2 ¥, This value ix biased dn calculations with different models, but for a global target
of 450 ppm Cgs || @It dzS 2F yc € gl a OFtOdAZI iSRd | 26S@SN
studya@lt £ dz8 2F wmnn € 6+a ARSYGAFTASR FyR (GKAA ol & (K

Based on this knowledge two scenarios were considered between 2010 and 2030. The first
FaadzyrSa dGKIFd GKS @FtdzS wnon A& mnn € JuRThéi KSy A3
probf SY A& G(KIFG GKS @FtdzS wnanmn Ay NBFfAGE A& HT ¢
tAS G np € AY wHnmnd 2A3GK (KS Faadzyldiazy 27F n 2

¢tKS &aSO02yR &a0Syl NR2 || &a dzy S discdunting lwithdzSatedf5.8%nn €
dzy GAf wnamnX | @Frfdz2S 2F oH € A& | OKASOSR AY HAM
FY2dzyda Fo2dzi wnn €3 odzi @rdn3500pYY ka RSy Ry RikyGd Sin
This second scenario is the resmendation of the study.

Table32Y wSO2YYSYRSR Gl tdzS 2F (GKS O02YYAaaiazy Ay exid [/ h
2010| 2020| 2030| 2050
200
(150-350)
value of Boiteaux (updated, 32 42 57 103

recommended value 32 56 | 100

DEFRA: Shadow price

The British Departm@ for Environment, Food and Rural Affairs (DEFRA) in 2007 published a
guideline how to use SCC and shadow prices for economic assessments in the United Kingdom (Defra
2007a and 2007b). The recommended values in Table 18 are based on the stabilisatbrotarg
550ppm CQe.

Table33: Shadow (NA OS A, ekl [/ h

Year 2010 | 2020 | 2025 | 2030 | 2040 | 2050

shadow price carbon dioxide 395 | 481 | 532 | 586 | 715 | 87.1
Source: Defra Economics Gro@0073

The guideline recommends in each case to adjust the shadow prices to the starting year of a
policy measurén order to include inflation. In case a measure starts 2011, the recommendation is to
Pager2
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heighten the value of 2010 with 2 % per year. After that all values of the shadow price should again
rise by 2 % per year to account for the rising damages.

Stern Reviav

The Stern Review is a report that was conducted by (St2008) by order of the British
government. The intention of the enquiry was an assessment of economic impacts of global
warming. The current Social Cost of Carbon (SCC) in the buasessal senario (BAU) in Stern is
85%$/MtCQx 6 KA OK Slj dz: Ih fture cestsowill gse. fFor A $tabilisation path between-450
550 ppm C@e the damage costs today amount to-38 $/t CQwhich equals 214 p ®o  £ltisi  / h
also assumed that the costsei in future.

The damage costs of the Stern Review are relatively high in comparison with other studies.
Furthermore the Stern Review was noticed worldwide. Hence there were several reactions of
scientists on the publication that are worth mentioning. &l Yohe (2006) for example agree with
the evidence that there is an economic reason for climate policy and that the costs of every climate
policy rise. But in detail they think that the height of the assessments is doubtful. They criticise that
the SternReview offers no new assessments of damageabatement costs of climate change but
only depicts existent material. The higher assessments compared to previous studies can be
explained with the very low discount rates that were used. Further criticistha the costs of
climate policy were set very low due to the short time horizon (until 2050). In addition they think
GKFG GKS FaasSaavySyita 2F O2aita FyR o0SyST¥aAida R2yQ
should be stricter than the one demded in the Stern Review.

IPCC

The Intergovernmental Panel on Climate Change (IPCC) (2007) calculated in its Fourth
Assessment Report: Climate Change 2007 (AR4) in model studies the following marginal abatement
costs for a stabilisation level at 500 ppm £Q@ntil 2100: 2680 US$/ t Ce in 2030 and 3455
US$/t CGe 2050. This equals &7 T € s ih 203Mand 251 0 M €,irli 2030 hwhen considering
technological change the costs decrease #655US$/t Cae 2030 and 1830 US$/t Cee 2050. This
equalsdp p €,&2030fand 131 n ¢  &2050/ h

NEEDS

Anthoff (2007 in NEEDS calculated values with FUND 3.0. The emission scenario used is called
Gadl yRIFNRA&ASR 9acC wmné a0Syl NRA 2 &7 GtiC/alin2e0an$20 SYA & a
26 Gt C/a 2100 2100. This equals approximately the IPCC scenario SRE8aat Ufatil 2080) and
mirrors a moderate business as usual scenarable34 shows the results in detail. After 1000 runs
a wide range results. The description considers different modes of equity weighting, discount rate
and aveaging principle.
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Table34h GSNWWASS NBadzZ Ga C! b5 ,0885INI2F SyYraarzyo
| 2005 | 2015 | 2035 | 2055 |

Median

NoEW_0%PRTP_m 9.90| 14.89| 16.12| 25.62
AVEW_0%PRTP_m 31.38| 35.48| 33.47| 41.37
WeuEW_0%PRTP_m 149.49| 175.20| 170.04| 20327
NoEW_1%PRTP_m 0.38 1.50 1.71 5.53
AVEW_1%PRTP_m 6.29 8.44 7.21| 11.66
WeuEW_1%PRTP_m 29.96| 41.69| 36.62| 57.42
NOEW_3%PRTP_m -2.09 -2.17 -2.37 -1.37
AVEW_3%PRTP_m -1.67 -1.43 -1.73 -0.16
WeuEW_3%PRTP_m -7.93| -7.08| -8.78| -0.80
NoEW_ddr_m 0.55 1.36 0.95 2.99
AVEW_ddr_m 2.71 3.52 2.93 5.13
Average

NOEW_0%PRTP_Av 46.01| 59.11| 92.13| 160.53

AVEW_0%PRTP_Av 105.65| 117.45| 132.48| 161.81
WeuEW_0%PRTP_Av | 503.01| 579.54| 672.51| 794.69

NOEW_1%PRTP_Av 10.33| 14.52| 25.63| 52.73
AVEW_1%PRTP_Av 28.10| 32.84| 41.50| 5424
WeuEW_1%PRTP_Av | 133.78| 162.00| 210.62| 266.36
NOEW_3%PRTP_Av -0.12 0.69 3.05| 10.53
AVEW_3%PRTP_Av 2.82 4.01 6.74| 10.89
WeuEW_3%PRTP_Av 13.42| 19.76] 34.18| 53.45
NoEW_ddr_Av 13.55| 16.05| 20.96| 35.37
AVEW_ddr_Av 16.22| 18.77| 23.44| 30.42

Average 1% trimmed
NoEW_0%PRTP_Av1% 36.36| 50.34| 61.56| 95.31
AVEW_0%PRTP_Av1%| 87.53| 103.75| 100.38| 136.69
WeUuEW_0%PRTP_Avl| 416.72| 511.97| 509.50| 671.33
NoEW_1%PRTP_Av1%  8.03| 12.17| 17.56| 31.25
AVEW_1%PRTP_Av1%| 23.49| 28.62| 31.24| 46.01
WeuEW_1%PRTP_Avl| 111.81| 141.23| 15851| 225.95
NOEW_3%PRTP_Av1% -0.54 0.15 1.56 5.50
AVEW_3%PRTP_Av1% 1.97 3.01 4.41 8.98
WeuEW_3%PRTP_Avl 9.39 14.83| 22.38| 44.04
NoOEW_ddr_Av1% 10.37| 13.46| 15.29| 24.28
AVEW_ddr_Av1% 13.39| 16.15| 17.34| 25.67

Source: Anthoff2007 02 y @S NI S R

Comment on abbreviations: NOEW = no equity weighting (willingriegsay per country), AVEW =
average equity weighted (willingness-pay world average), WeuEW = W<Sstrope equity

weighted (willingnesso-pay like in the EU), PRTP = Pure Rate of Time Pneéerddr = declining
discount rate, m = median, Av = average, Av1% = Average 1 % trimmed.
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¢t KSNBE 6SNB RAFTFSNByilG OAaASga 2y G(KS dzasS 2F aSl|dz
coordinator and the consortium decided on three procedures that were agreed on by the majority of
the project:

1) pure economic cosbenefitanalysis (NOEW):

Results of FUND (marginal damage costs) for a pure rate of time preference of 1 % (as it is a
Monte-CarleSimulation this is equivalent with a decreasing future time preference rate in a
deterministic catulation) and no equity weighting are used.

2) Precautionary principle, use of agreed objectives (MAC_Kyoto+):

Marginal abatement costs for Kyoto targets in 2040 % in 2020, then rise of the discount rate
with 3 %l/year.

For Kyoto the current G@riced | NB F 0 A KA 3 KtBandngi dsdunies GtkhE M €
moment. On the other hand the full implementation of the trading mechanisms might lead to a
NBRdzOGA2Y 2F LINAOSa 3FAYy Ay GKS 7TdzifdeRBO a2 GKI
could be used.

The marginal abatement costs rise with a discount rate of 3 % which leads to marginal

Fol G§SYSyid O2 jih 40502 This result i iR dtccorddnce with results of the HEATCO

and Watkissstudy. It is also similar to the French recommerid&y & . 2 A (G SdzE¢ 6 OA G SR
Gdzi St ANJ Rdz OF ND2ySénnnyoo

With these marginal abatement costs the 2ta@yet will probably not be reached. According to
Y dzA 1 Q-tnod¥ &nié vould reach 450 ppm £@ot CQ-equivalents), which equals a warming
of 2.8 °C. This again nearly fits the Parefstimal climate protection path that Nordhaus
determined.

3) Precautionary principle, ambitious goal, 2ta@et (MAC_2°C):

I SNB GKS @I f dzéhadel Zrdm the dzAERaect %€ dskd (marginal abatement

coss). The metanodel examines a series of different models and compares them. When
assuming a 365 ppm G6&tabilisation target for the 2 2@rget then the model produces a value

2F Fo2dzi amhnH el WyhR 6 2dzi HAan e kmuchth@ghedtham pn & ¢
Ay GKS ww/ wSLENI 2F wHant OwdzpAy Sédnuh ol y¥Rncah
2030 to reach the 2 *@rget, but no values after 2030 are given. The results of the NBEIOE!

I NBY o05in2@20 (in adcordancewitwd 0 X HmM €kl AYy HAHPZI cTn e€ki
an artefact, as no expansive mitigation measures for emissions are included in the model. One

has to bear in mind that there are forty years to gain new innovative technological solutions.
Especialy KSy 2y S | aadzySa GKFG FolGSySyid Ozaita 27F ¢
.FaSR 2y (KS&aS 20aSNBIiA2ya ¢S NBQRIOSSYR (2 dzi
Kuik, but to exponentially interpolate between 2010 and 2050. This leads the value2®f 20

closer to the JRC and NEEDS estimations. This can be seen as Best guess, as one knows that after
2030 the values are even less reliable and could change if one gains better results.
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Ly GKS LINRP2SOG b995{ (KAa fSIR yeCOliKydar @2t 26 A
emission.

Table35:wS 02 YYSYRIFGA2Y LINRB,2SOG b995{ Ay exid [/ h

[Euro,ges per tonne CQeq] 2010 | 2015 | 2025 | 2035 | 2045 | 2050
1) NoEW 9 11 14 15 17 22
2) MAC_Kyoto+ 235 27 32 37 66 77
3) MAC_2° 235 31 52 89 152 198

Source: FriedricR008

The growth rate in the higher alternative is 5.5 %l/year. This equals a lower rate of opportunity
costs for private investments and also climate policy measures. Often even a lower rate of social time
preference of 3 %/year iecommended. If one uses this rate the following developing of the higher
alternative is produced:

Table36Y wSO2YYSyRFIGA2Y LINBighSrQalue bplla®ed { Ay exi / h
[Euro,ges per tonne CQeq] | 2010 | 2015 | 2025 | 2035 | 2045 | 2050

MAC_2°, 30/a 61 70 95 127 171 198
Interpolation with 3 % instead of 5.5 %

It is not considered that due to the higher costs in fears before 2050 the marginal abatement
costs 2050 could be significantly lower. The valuégainle36 probably overestimate the costs.

Methodenkonvention (2007)

The German Umweltbundesamt (UBA) published the Methodenkonvemi@®07 and due to
avah f F 6f S fAGSNY (dzZNE NBO2 Y Y, HhaRk&Rextéraal cdgis 6f greent@lisé dzS 2 °
gas emissions. Considered are the damages in the next 100 years, a time preference rate of 1 % and
equity weighting. It is further recommended to carry ouys@ A G A @A G & | y I fadd280a 4 A (K
ekil,®/ WKS t26SNI @I tdzS adSya FNRBY (GKS SELISNI 3FdzSaa
CQ and on the other side from model calculations without weighting regional damages, where the
value is abovei H € Kdnd KB dzLILISNJ @I f dzSesultsFfronm thetuses of & time h
preference rate of @%.

Own calculations with FUND model (2011)

Calculation for marginal damage costs of greenhouse gases madeusing the FUND model
Version 3.6levelopedby Richard Tol and David Anthoff.

The cost per ton of the four greenhouse gases carbon dioxide, methane, nitrous oxide and
ddzf LIKdzNJ KSEI Ff dz2 NARS | NB fyldlieFANDOBdelpmduces Walfes | NB
in $1995. These are converted by dld®r of 1.371 and an exchange rate of 1.173, which leads to a
conversion factor of 1.608. Marginal damage costs of carbon are produced as costs per ton of carbon
and therefore also have to be converted to costs per ton of carbon dioxide by dividingltres\by a
factor of 3.67.

Two different scenarios were usethe SRES Alb and SRESfBde IPCCSRES B1 in 2100 leads
approximdely to a temperature rise of 2C whereas the SRES Alb could be seen as a busiess
usual scenariol000 Monte Carlo runsvere carried out.Scientifically consented is the choice of a
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discount rate of 1 % PRTP and averaging with 1 % trimmed. The following tables show the values for
damage costs with the assumption of a pure rate of time preference betwe®fd) an average &t
is trimmed with 1 % and different kinds of equity weighting.

Table37: Average 1%trimmed, Alb scenarioe oyt

2000 [ 2020 | 2030 2050
cQ
AVEW_0%_Av1% 340.53 452.23 616.55 1116.27
NOEW_0%_Av1% 131.10 214.29 347.76 719.17
WeuEW_0%_Av1% 1607.13 1900.64 2237.50 3112.31
AVEW_1%_Av1% 29.80 4041 54.54 99.45
NOEW_1%_ Av1% 1460 22.88 34.60 70.60
WeuEW_1%_Av1% 140.64 169.84 197.92 276.29
AVEW_3%_Av1% 121 3.07 5.57 14.32
NOEW_3%_Av1% 0.26 121 271 9.43
WeuEW_3%_Av1% 571 12.96 20.28 39.86
CH
AVEW_0%_Av1% 4370.13 5903.83 7848.59 14268.88
NOEW_0%_Av1% 1579.18 2677.66 4333.99 9171.56
WeUEW_0% _Avi% | 2062258 | 2481253 28483.90 39749.66
AVEW_1%_Av1% 959.16 1259.70 1624.58 2741.42
NOEW_1%_Av1% 489.49 75152 1095.85 2072.15
WeuEW_1%_Av1% 4526.63 5292.67 5894.92 7614.40
AVEW_3%_Av1% 358.14 475.93 621.11 1074.16
NOEW_3%_Av1% 195.09 300.63 440.88 854.32
WeuEW_3%_Av1% 1690.39 1999.87 2254.12 2983.29
N,O
AVEW_0%_Av1% 211463.74 | 289107.38 | 407948.30 | 784605.72
NOEW_0%_Av1% 84050.14 | 140504.25 | 23509435 | 512088.89
WeuEW_0%_Avi% | 997902.98 | 1215159.96 | 1480033.23 | 2187364.70
AVEW_1% V% 27238.01 | 36680.14 49290.93 90074.44
NOEW_1%_Av1% 14951.87 | 22985.08 34494.39 68761.30
WeUEW_1% _Avi% | 12854171 | 154106.29 | 178772.89 | 250040.71
AVEW_3%_Av1% 5998.52 812154 10874.51 19752.84
NOEW_3%_Av1% 3477.05 5374.47 8038.70 16120.58
WeUuEW_3% Avi% | 28310.95 | 3412374 39451.60 54814.17
Sk
AVEW_0%_Av1% 21958.83 | 29893.90 41905.82 79803.11
NOEW_0%_Av1% 9549.78 15259.99 24466.38 52484.70
WeUEW_0%_Avi% | 103625.62 | 125496.91 | 15183115 | 220694.36
AVEW_1%_Av1% 1652.50 2202.07 3017.85 5512.71
NOEW_1%_Av1% 931.18 1399.76 2115.97 4205.18
WeuEW_1%_Av1% 7798.22 9243.79 10931.48 15230.56
AVEW_3%_Av1% 25157 336.91 460.78 816.30
NOEW_3%_Av1% 149.25 227.73 345.66 675.84
WeuEW_3%_Av1% 1187.32 1414.61 1669.72 2256.18
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Table38: Averagel%trimmed, B1 scenarioe€ o, ¢t

[ 2000 [ 2020 [ 2030 | 2050
ca
AVEW_0%_Av1% 269.46 340.59 434.05 744.24
NOEW_0%_Av1% 109.88 159.32 235.21 468.53
WeuEW_0%_Av1% 1304.11 1546.28 1760.14 2298.27
AVEW_1%_Av1% 21.86 28.22 36.24 61.58
NOEW_1%_Av1% 10.63 15.39 2155 41.85
WeuEW_1%_Av1% 105.82 128.14 147.01 189.83
AVEW_3% _Av1% -0.62 0.25 151 5.83
NOEW_3%_Av1% -0.69 -0.36 0.10 2.81
WeuEW_3%_Av1% -3.00 116 6.20 18.07
CH
AVEW_0%_Av1% 1985.31 2426.11 1816.80 2771.20
NOEW_0%_Av1% 2596.54 1970.96 2164.18 1730.8
WeuEW_0%_Av1% 1718.18 1859.93 1824.25 2936.34
AVEW_1% _Av1% 2185.33 1637.14 2202.34 1612.94
NoEW_1%_Av1% 2052.83 2527.14 1915.44 2039.90
WeuEW_1%_Av1% 1959.47 2247.22 1837.16 2982.26
AVEW_3%_Av1% 2418.88 1516.43 2202.95 1818.63
NOEW_3%_Av1% 2126.04 1893.53 2059.97 2946.69
WeuEW_3%_Av1% 1547.52 1839.26 2020.70 2670.83
N,O
AVEW_0%_Av1% 14450216 | 185711.83 | 236524.15 | 412671.86
NOEW_0%_Av1% 61413.74 | 89594.78 | 13225857 | 264631.70
WeUEW_0%_Avi% | 69933106 | 843142.02 | 950058.94 | 1274036.55
AVEW_1%_Av1% 213040 | 2645354 | 32387.85 | 51376.43
NOEW_1%_Av1% 11796.60 | 16272.05 | 21938.73 | 3910108
WeuEW_1%_Avi% | 103278.64 | 12007179 | 131270.86 | 158188.32
AVEW_3% _Av1% 5232.08 6390.53 7748.78 12068.60
NOEW_3%_Av1% 2926.34 4038.61 5434.35 9704.30
WeuEW_3%_Av1% 25322.44 29009.84 31410.94 37142.76
Sk
AVEW_0%_Av1% 14256.81 18410.31 24046.37 42160.11
NOEW_0%_Av1% 6655.96 9613.88 14124.87 28038.44
WeUuEW_0%_Avi% | 68998.23 | 83592.76 | 97489.28 | 130062.98
AVEW_1% _Av1% 1227.94 1556.95 1954.07 3225.60
NOEW_1%_Av1% 714.90 995.34 1359.11 2479.95
WeuEW_1%_Av1% 5942.58 7066.48 7920.40 9932.04
AVEW_3%_Av1% 215.48 267.21 328.28 524.71
NOEW_3%_Av1% 124.30 173.27 235.38 428.42
WeuEW_3%_Av1% 1042.89 1212.94 1330.59 1614.67

Pager9



Presentation of the selected indicators for assessing environmental sustainability

4000.00
* AVEW_0%_Av1%_Alb
3000.00
mAVEW 0%_Av1%_B1
AVEW_1%_Av1%_Alb
x AVEW_1%_Av1% B1
+ AVEW_3%_Av1%_Alb
- AVEW_3%_Av1%_B1
2000.00

NOEW_0%_Av1%_ Alb
NoEW_0%_Av1%_ B1
NOEW_1%_ Av1%_ Alb
NOEW_1% Av1% B1
NOEW_3%_Av1%_ Alb
1000.00 -NoEW_3%_Av1%_B1
WeuEW_0%_Av1% Alb

a/ t

. WeuEW_0%_Av1%_B1
. - x WeuEW_1%_Av1%_ Alb

{1 = g * WeuEW_1%_Av1%_ B1
0.00 5 § X | T |+ WeuEW 3% Avi% Alb

- 0, 0,
20110 2020 2030 2040 2050 L-WEUEW_3% Avl% Bl
-1000.00
year

Figure28: Results FUNBMarginalR I Y 38 O2&dGa exid / hH

Page30



Presentation of the selected indicators for assessing environmental sustainability

Commenson abbreviations:

NOEW = no equity weighting (willingnesspay per country), AVvEW = average equity weighted
(willingnessto-pay world average), WeuEW = W&irope equity weighted (willingness-pay like

in the EU), PRT® Pure Rate of Time Preference, Avl% = Average 1 % trimmed, Alb = SRES Alb
scenario, B1 = SRES B1 scenario.

Further kinds of average building are shown in the appefaticlimate change estimations in Tables
Al6 to A3B.

4.3.4.4 Recommendation of costper ton of carbonfor indicators

Following the explained methodology abo{éhapter4.3.4.9) two modes of costs can be seen as
indicator if climate change targets are achieved. The future abatement and damage costs.

Abatement costs

Recanmendationsfor abatementcostsare based orthe values of the metatudy of(Kuik et al.
2009) for a 45(pm CQe-target. A stabilisation target of 456om CQe equals the worldwide
aspired 2°Gtarget which was also confirmed at the Climate Change Cenéer 2010 in Cancun. The
abatement costs lie aP25¢ k (i e (128396¢€ k (i.e)/inh2050. By interpolating the given values
with 5% which considers the market interest radee gains the values ihable39. Thus in 2010 a
central value of 32 Kk (.e (1866¢ kQe) follows.

Table39: Abatement costdor 450ppmtargetA Y € i iaterpolated with 5%
2010 | 2020 | 2025 | 2030 | 2040 | 2050

lower value 18 30 38 48 79 128

central value 32 52 66 85 138 225

upper value 56 92 117 149 243 396

Table40 shows the abatement costs for a target of §58m whichleads to a global warming of
about 3°C The abatement costs thus lie at 83 (i.e (4%134¢€ k (i,e)Int2050 and at 12 « {,e / h
(7-19€ « () ink010.

Table40: Abatement costs for 550JL)Y (i | NB S,d intérpblatedwviih 5% h
2010 | 2020 | 2025 | 2030 | 2040 | 2050

lower value 7 11 15 19 30 49

central value 12 19 25 31 51 83

upper value 19 31 40 51 82 134
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Damage costs

Therecommended values for damage costs of carbon dioxide stem from the model FUND. Values
for other GHGs (methane, nitrous oxide andphur hexafluoridg are listed in the appendix.
Scientifically consented is the choice of a discount rate %W RRTP and enaging with 1% trimmed.

As lower value we recommend the value for damage costs without equity weighting and as upper
value the value which is equity weighted for a European average. All values are discounted to the

year of emission.

Tabledly wSO2YYSyRFGAZ2Y Y| NEAGO I reldionYols@@rio02 8 Ga Ay €

Alb 2010 2020 2030 2050

lower value | NoEW_1%_Av1% | 14.60 22.88 34.60 70.60
upper value | WeuEW_1%_Av1% 140.64 169.84 197.92 276.29
B1 2010 2020 2030 2050

lower value | NoEW_1%_Av1% | 10.63 15.39 21.55 41.85
upper value | WeuEW_1%_Av1%| 105.82 128.14 147.01 | 189.83
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Cost indicator

An ndicatorfor the sustainability of the costs for meeting climate change tazgeuld bethe
comparison with carbon price ithe EUETE. At the moment the prices Table42 are traded.The
comparison of the traded prices with the calculated marginal abatement dostsR A OF G San AF 4 S
the right pathé towards tackling climate changeJnfortunately not all carbon intensive sectors are
included in the trading scheme but it is nevertheless a landmark.

Table42: Current price per ton of carbon dioxide
EUA price (EEETS) March 2011

Dec. 2011| Dec. 2012| Dec. 2013| Dec. 2014

28.02:06.03.2011 15.83 16.52 17.75 18.66

07.03:-13.03.2011 15.76 16.40 17.54 18.43

14.03-20.03.2011 17.12 17.81 18.96 19.89

21.03:27.03.2011 16.80 17.50 18.70 19.70

Sourcehttp://www.iccgov.org/policy4_carbonmarketat-a-glance.htm 09.05.2011

If the traded emission price is lower than the calculated marginal abatement costs per ton of
carbona higher emission path than the°Z arget path isndicated. To gain the target emission path
one would have to avoid emissions until the costs per ton of carbon equatatellatedmarginal
abatement costs.

“°European Emission Trading Scheme
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5  Scenario developmentor future emission scenarios

The assessment of the perfarance of the indicators not only refers to existing data for past
years but also for future scenarios. While the outline of the present work package asks for the
assessment of the indicators for the years 2005 and 2020, data is also available for 20&m6and
These future years have beemalysedin course of thantegrated assessment within thdEIMTSA
project of the EU For each scenario a businessusual (BAU) has been compared to a scenario
including additional policy measure to reduce @Q@uivalert emissions according to the EU climate
policy targets, i.e. a reduction of g@quivalent pollutants by about 71% compared to 1990. A more
detailed description of the sustainability/climate scenarios will be presented within this chapter.

5.1 The BAU scenavi

In a first analysis of the HEIMTSA scenarios the busasassual scenarios for the years 2020,
2030 and 2050 will be described. presentation of the baseline scenarios is taken from project
reports of the HEIMTSA projecespecially the report on thdesign of the case studies (HEIMTSA,
2009) These reports outline the general assumptions and databases that have been applied for the
estimation of the BAU scenarios.

As amajor source for theestimation of the baseline scenarios the EU energy system mode
PRIMES and the therewith derived energy policy scenarios up to 2020 were applied. The
corresponding assumptions refer technicaleconomic parameters, policy assumptions,,@éces,
degree days, discount rates, population and household size, GDP etwdasgroduction, energy
import prices and tax ratedrurthermore, PRMES is linked to other models such as population
growth by Eurostat, economic forecasts from the DG EconorndcFamancial Affairs for the EU, or
transport network developments by a mednamed SCENEB1e BAU scenarios for the estimations
in HEIMTSA include policy measures that have been agreed on the political arena. However, climate
policy measures are only included up to the year 2012. For the years after 2012 no additional climate
policy measures have been assumed to be implemented in the BAU cases.

The emission data for air pollutants and greenhouse gases for the HEIMTSA baseline scenarios
were provided by the GAINS (Greenhouse Gas and Air Pollution Interactions and Synergiesgdatab
GAINS is aitegrated assessment model analysingbemefits of reduction strategies from air
pollution and greenhouse gas sourc&ata on enissions are provided on national level for Europe
(EU27 plus Switzerland, Norway, Croatia and Turk&mision baseline and policy scenarios are
available for the years 2010, 2015 and 20R0order to establish one common coding system within
the project, the Nomenclature for Reporting (NFR) coding system has been chosen and the 445
subsectors of the GAINStdaet were allocated according to the NFR structure. liarrhore, & the
GAINS emission baseline scenario is accessible until 2030, it was extrapolated to 2050. This was done
on the basis of indicators from POLES model runs representing a trend developenétiER sector
from the years 2030 to 2050.

The emission data for airborne heavy metals are mostly based on the results of the EU project
DROPS. In additioprojections of coal combustion for electricity mgration to year 2050 were used.
While the DRO® project only focused on emissions from the energy sector, emission factors and
activities of other sources of emission projections of emissions were used.
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Finally, emissions from waste incineration were derived based on a description of wastedtows f
a number of countriesThedevelopeddatabase and model consider waste quantities, material and
elemental waste compositions, and various technical incineration plant layouts. The waste types
considered are household waste, commercial waste, medicaleyasd sewage sludge forming the
mixture of municipal solid waste.

5.2 The climate scenarios

As mentioned in the section above, for the BAU scenario no climate policy measures after 2012
have been assumed to be implemented. Thus, these measures will orgsessed in the climate
scenarios of the HEIMTSA project.

The policy measures that were analysed in the HEIMTSA project are summafsddes#3 and
Table44. The tables only summarise those policy opg which refer to pollutants that have been
identified as being relevant for the analysis in the present study. Thus, not all policy measures
analysed in the HEIMTSA project are shown h&secan be seen from the tables, the scenarios cover
different ecanomic sectors angbollutants. This variety in economic activities and pollutants allows
for an integrated assessment of the impacts of the different measures to human health as it is in the
focus of the HEIMTSA analysis. However, the changes in impaclisnate change and biodiversity
can also be estimated based on these policy measures. A more detailed description of a number of
specific scenarios will be presented later in this section in order to provide an insight of the different
steps and assumptianfor the calculations of impacts.

Table43: Policy measures assessed in the HEIMTSA scenarios (air pollutants and GHG)

Policy Policy content Sector Stressor Source

Revision National emission ceilings for | All PM, 5, VOC, NHSQ and http://ec.europa.eu/envi

2001/81/EC (NECD| EU membestates in 2020 NQ ronment/air/pollutants/r

ev_nec_dir.htm
Revision of the CAREamework | All PM, 5, VOC, NHSQ and
NG,

2001/93/EC, Improvement of welfare of Agriculture NH;, PMgand PM 5 http://ec.europa.eu/foo

1999/74/EC, farmed animalgpigs, laying d/animal/welfare/farm/i

2007/43/EC hens and broilers) ndex_en.htm

COM(2008) 306 Streamlining the CAP in the | Agriculture NH;, CH, PMpand PM s http://ec.europa.eu/agri

final fields of direct aid system, culture/healthcheck/ind
market instruments and rural ex_en.htm
development

COM(2008) 18 final Carbon capture and storage | All CcQ http://eur -
(CCS)Commission proposal fo lex.europa.eu/LexUriSe
a Directive on the geological /LexUriServ.do?uri=CEL
storage of carbon dioxide X:52008PC0018:EN:NC

COM(2008) 16 final Streamlining and increasing th| All CQ, (NO, PFC) http://ec.europa.eu/envi
scope of the EU emission ronment/climat/emissio
allowance trading system (ETS n/pdf/com_2008_16_en.
post 2012 pdf

Directive Directive on eneuse energy Energy, CcQ http://eur -

2006/32/EC efficiency and energy services| Households lex.europa.eu/LexUriSer
(achievement of a 9% enase /LexUriServ.do?uri=CEL
energy savings target per X:32006L0032:EN:NOT
member state)

Directive Framework Directive on the | Energy, GHG, AP http://ec.europa.eu/ent

2005/32/EC eco-design of Energysing Industry, erprise/eco_design/inde
Products (EuP) Households x_en.htm
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Policy Policy content Sector Stressor Source
COM/2007/0844 Proposal for a Directive on Energy, SQ, NQ, PM, VOC
final industrial emission (recasif Industry,
IPPC Directive, Large Solvent use,
Combustion Plants Directive, | Waste
Waste Incineration Directive, | disposal
Solvents Emissions Directive
and Titanium Dioxide
Directives)
COM(2008) 19 Proposal for a directive omé | Energy CcQ http://ec.europa.eu/ene

promotion of energy from
renewable sources (20% shareg
of renewable energy sources i
2020)

rgy/climate_actions/inde
x_en.htm

MEMO/08/492 Greening Transport Package | Transport CQ, noise http://ec.europa.eu/tran
(Internalisation of transport sport/greening/index_en
external costs, charginaf .htm
heavy goods vehicles, rail nois
abatement)

COM/2007/0856 | CQ-emission based tax, quotal Transport, CcQ http://www.euractiv.co

final or caps Waste m/en/transport/cars

co2/article-162412

COM(2005) 667
final

Revision of Waste Framework| Waste
Directive (Recycling targets,
obligation for national waste
policies)

CQ, NQ, PMy, PM5,
Heavy Metals, POPs

http://register.consilium.
europa.eu/pdf/en/08/st
03/st03646.en08.pdf

Biowaste maagement Waste
(Biological waste treatment is

so far not regulated at EU leve|

CQ, NQ, PMy, PM5,
Heavy Metals, POPs

http://www.biowaste.at/
fileadmin/download/sla_|
060609_positionpaper_k
russelsO1june.pdf

Source: HEIMTS#oject

Table44: Policy measures assessed in the HEIMTSA (heavy metals and dioxins/furans)
DROPS scenarios for £8 +EEA countries:
Sector Heavy metals Dioxins/ furans
Large Baseline 2010 (IPPC Directive 96/61/EC)
Combustion - IPPC Directive 96/61/ECIPPC Draft Reference Doent In BREF not described BATSs specif
Plants on Best Available Techniques for Large Combustion Plants| for dioxins emission reduction

(BREF)
- Large Combustion Plants Directive 2001/80/EC
A dedusting: fabric filters and electrostatic precipitatd
operated in combination with FGD
Baseline 2020
emerging techniques
A techniques foheavy metals reduction (activated
carbon, sulphuimpregnated adsorbents and
selenium impregnated filters)

Baseline 2010 and 2020

see techniques for heavy
metals
additionally SCR to 2010

MFTR 2010 = Baseline 2020

MFTR 2020

- Kyoto Protocol and Council Decision 2002/358/EC

- Directive 2001/77/EC

emerging techniques

A Integrated gasification combined cycle (IGCC) any

supercritical polyvalent technologigsn 2020 50%
participation in electricity generation by thermal
method

MFTR 2010 and 2020
A see techniques for heavy
metals
A additionally SCR to 2010
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DROPS scenarios for 28 +EEA countries:

Sector Heavy metals Dioxins/ furans
Iron & Steel Baseline 2010 Baseline 2010
production - IPPC Directive 96/61/ECIPPC Best Available Technique| - IPPC Directive 96/61/E€BREF

Referencé®ocument on the Production of Iron and Steel (BR
A in sintering: fine wet scrubbing systems or fabric
filters with addition of lignite coke powder
A in blast furnaces: scrubbers or wet ESPs for BF g4
treatment
A in basic oxygen furnace:
- dry ESPs or sdobing for primary dedusting
- fabric filters or ESPs for secondary dedusting
A in electric arc furnaces: fabric filters

Baseline 2020
emerging techniques
A in sintering: catalytic oxidation

- Stockholm Convention

A in sintering: fine wet
scrubbing systems (<0.4 ng
TEQ/NM) or fabric filtration
with addition of lignite coke
powder (PCDD/F emissions
0.1-0.5 ng TEQ/Nf)

A in electric arc furnaces:
appropriate postcombugion
or injection of lignite powder
into the duct before fabric
filters

Baseline 2020
emerging techniques
A in sintering: catalytic

oxidation
A in electric arc furnaces: both
techniques
MFTR 2010 MFTR 2010
A Baseline 2010 and 2020 techniques in exis A Baseline 2010 and 202
installations techniques in existin|
A sorting of scrap installations

MFTR 2020
emerging techniques
A new ironmaking techniques direct reduction ang
smelting reduction

A sorting of scrap

MFTR 2020
emerging techniques
A new ironmakirg techniques-
direct reduction and smeltin|
reduction

Heavy metals

Baseline 2010

- Cement - IPPC Directive 96/61/EAQRPC Draft Reference Documery
Industry on Best Available Techniques in the Cement and Lime
Manufacturirg Industries
A dedusting: fabric filters and electrostatic precipitatd
Baseline 2020
emerging techniques
A FGD techniques in all plants, many plants with | el
techniques for heavy metals reduction (activated
carbon filters)
MFTR 2010
= Baselie 2020
MFTR 2020
emerging techniques
A all plants with techniques for heavy metals reducti
Hg Baseline 2010
¢ Chloralkali - IPPC Directive 96/61/EQRPC Reference Document on {
industry Available Techniques the ChlorAlkali Manufactumg industry

- PARCOM Decision 90/3LRTAP
- LRTAP Aarhus Protocol on Heavy Metals
A phaseout of mercury cells

MFTR 2010
= Baseline 2010
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Scenario developmerfor future emission scenarios

DROPS scenarios for 28 +EEA countries:
Sector Heavy metals Dioxins/ furans

Pb- Petrol Baseline 2010
- Directives 98/70/EC and 2003/17/EC
A ban for use of leaded petrol
A 5mg Pb/in unlead petrol
A high share of passenger cars comply with Euro 20
and 2005 norms
A high share of heavy duties comply with Euro Il no

Baseline 2020
A significant increase of share of LPG cars
A high share of heavy duties comply with Euro IV ar
norms

MFTR 2010
= Baseline 2010
A additionally significant increase of share of LPG cg

MFTR 2020
A increase of share of cars with electric engines and
fuel cells

Source: HEIMTS#oject

The scenarios shown in the tables above lead to changes ientiigsions of the pollutants by the
different sectors. These changes in emissions can now be compared to the situation in the BAU
scenario and the impacts on human health, biodiversity and climate change can be analysed for both
scenarios. This was donedourse of the HEIMTSA project and while not all potential scenarios have
been presented in the tables, for the estimation of the sustainability indicators in the future years,
the emission scenarios of HEIMTSA including all policy measures will be apptiedore detail on
the scenarios please refer to the HEIMTSA project reports
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6 Performance of the indicatorfor human health,
biodiversity and climate change

6.1 DALY
6.1.1 Development of thandicator from 1990 to 2007

An indicator for the EA27 for unknown emnssion sources

In a first applicationthe YOL{eq. factors forunknown spatial characteristics of the emission
sources will be applied to estimate the human health impacts for the overaR ETherefore, the
damage factorgdevelopedin chapter2.1 will be applied to recent emission data for the relevant
substances.

Besides the underlying uncertainties in the EEA aggregated and gap filled data set, these data will
be applied for a first assessment of the human health impacts as the data are availaflleofothe
relevant substances. The most recent available emission data is available for 2007 but emission data
are available from 1990. The data provided by the EEA consists of information of the emission of
PPM, and PPMs, thus, in order to get the erssions for PPM.sethe amount reported for PP
will be subtracted from the amount reported for PRMFurthermore, as the EEA aggregated and gap
filled data does not report emission data for dioxins, this data will be taken from the data based on
the CLRTAP data sédtableAl in the appendipresentsthe data.These data will be analysed and the
resulting YOL:-kg. and monetary values will be estimated. However, due to limited information on
changes in the impacts caused by the relevant pollutants, éssumed that the damage factors for
2007 presented imable9 are valid for the past yeardhis is not necessarily given in reality as the
impacts on human health caused by different pollutants change with changing densities of
population.

In section2.3, a monetary valuation of the damages to human health has been carried out in
order to estimate the external costs caused by the pollutants. The value applied for the monetisation
of human health imp@ (i & g | a,0rfon Bne s¥YOleeq. This value has been reported by
Desaigues et al. (2Q) for the NEEDS project and will be applied here to calculate the monetary
damages to human health caused by the 14 relevant pollutdnterder toconvert this vale into
€2010, inflation data provided by Eurostat have been applied.

While the damages measured in Y@L will serve as an indicator for human health impacts,
the monetary valuation allows for an integration of these damages into-loesefit analysis rad
thus serves as an input into environmental accounting. The estimation of human health impacts
(HHI), measured in YOkY represents the sum of the multiplication of the damage factor (DF),
measured in YOLk&q per kg for each pollutant i with its emissidata (E). Thus, the formula looks as
follows:

HHI => DF *E,

An application of this formula for each of the pollutanésultsin a sum of about 5.3 million
YOLteq or 26 billion €010
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Performance of the indicatof®r human health, biodiversity and climate change

Table45 and Table46 show the results of the estimations. As can be seen from the tables, the
damages to human health in the B for 2007 measured in YO&4. as well as in monetary terms
have dmost been reduced to half of the amount of 1990. This decrease in the overall damages to
human health can also be seen fratigure30 where the YOL-kq. for the secalled classical airborne
pollutants NH, NQ, PPM;, and S@are shown. These pollutants account for about®@éf the total
damages for each year for the time period of 1990 to 2007. The figure also shows that the largest
share of the decrease in the overall amount of Y@d Lresults from the reduced impacts on huma
health caused by S@missions.

In summary the decrease in emissions of the regarded pollutants from 1990 to 2007 lead to a
decrease in human health impacts for the overaltEUevel. If it can be assumed that a decrease in
human health impacts is corapable to an increase in quality of life of the European population, the
estimated YOL-kq. point towards a sustainable pathway with respect to air pollution.

Human health impacts in EU-27

[million YOLL-eq.]

PR R PR PR R PR R R R NN DN DN DN N NN
© © © © © © VW ©© v v O O O O O O o o
© © ©O© O W O O O ©O O o o O o O O O
S B N W & OO N © © © P N ® & a o N

[ENH3 ENOX BPPM2.5 BSO2 Hother]

Figure30: Development of the damages to human health in £ for seécted pollutants
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Table45: Human health impacts measured in YG&d for the EU27 from 1990 to 2007

elevant pollutants

YOLLeq for EU27 from 1990 to 2007

1990 1991 1992 1993 1994 1995 1996 1997 1998

NH; 1,351,422.23 1,270,82.17| 1,234,794.79 1,187,392.99 1,181,252.43 1,164,211.02 1,156,609.24 1,154,884.74 1,151,190.77
As 8,582.36 7,362.56) 6,369.65| 5,598.80] 4,831.17| 4,401.88 4,540.75| 4,459.19 4,104.43
Benzo[a]pyrene 85.99 80.43 71.94 64.32 61.58 60.15 56.81 56.71 54.90
Cd 1,548.00| 1,459.03 1,409.07 1,341.66 1,275.02 1,245.10 1,242.78] 1,205.89 988.15
Dioxins 12,311.0171 11,874.7317 11,266.3641 10,532.712§ 9,831.4717 9,216.7118 7,920.8927 6,842.1269 6,083.4439
Hg 45,534.28 43,187.56| 40,768.78 35,589.05 33,928.31 33,318.85 31,515.75 29,355.74 28,022.45
CH 1,287.37 1,257.84 1,221.17 1,200.82 1,168.89 1,166.10 1,153.86 1,119.57 1,076.50|
NOy 2,733,278.85 2,659,038.30 2,574,619.674 2,478,032.3¢ 2,381,223.471 2,337,293.14 2,306,432.26§ 2,227,692.19 2,165,016.4(
NMVOC 180,850.04 171,353.19 165,066.65 157,557.13 150,202.02 144,180.54 141,506.86 137,203.28 132,989.39
PAH 3,744.35| 3,577.66 3,671.53 3,522.76| 3,185.50 3,328.69 2,834.06| 2,511.99 2,402.41
PPM s 1,269,396.90 1,303,785.91] 1,283,340.55 1,259,986.34 1,231,231.1§ 1,217,85328| 1,204,895.53 1,180,322.89 1,157,170.14
PPMuarse 88,968.56) 88,970.51 87,850.08 85,128.75 83,906.49 82,422.26 80,963.29 81,725.49 81,345.51)
Se 607.04 612.61 619.92 591.57 587.58 575.93 577.94 564.98 585.55
SQ 4,615,148.15 4,108,053.57 3,778,561.87 3,563,287.65 3,268,214.83 2,942,231.2% 2,737,640.54 2,552,008.11 2,256,967.29

TOTAL 10,312,765.14 9,671,096.07 9,189,631.9§ 8,789,826.87 8,350,899.93 7,941,504.91 7,677,890.55 7,379,952.90 6,987,997.34
relevant pollutants YOLLEeq for EU27 from 1990 to 07

1999 2000 2001 2002 2003 2004 2005 2006 2007

NH; 1,142,960.79 1,115,306.84 1,103,386.85 1,089,678.3¢ 1,079,339.5§ 1,072,036.8] 1,068,375.57 1,051,622.34 1,050,129.27
As 3,588.97| 3,588.22 3,641.52 3,456.01 3,419.04 3,424.05] 3,458.14 3,407.80 3,373.8
Benzo[a]pyrene 54.20 53.09 53.83 52.61 51.00 50.01 49.32 48.39 46.73
Cd 1,004.10| 928.80 931.02 900.79 852.33 811.61 806.90 759.75 690.94
Dioxins 5,117.1103 4,678.8619 4,177.2095 3,353.2574 3,020.2420 2,964.0842 2,811.3282 2,698.4256 2,421.3979
Hg 26,562.92 25,953.18 25,047.48 24,355.35 22,996.95 22,832.02 23,091.10 20,777.10 19,739.83
CH, 1,053.59 1,024.40 994.02 973.59 949.85 922.78 907.42 897.42 886.37
NO 2,092,436.5¢ 2,028,198.55 1,982,198.73 1,947,085.99 1,938,657.20 1,909,458.0] 1,857,976.01 1,829,959.57 1,760,351.74
NMVOC 125,856.89 117,411.00 115,176.81 112,915.94 107,980.76 105,959.48 102,462.76 100,815.80 95,805.89
PAH 2,247.08 2,037.41 1,934.78 1,422.80 1,476.83 1,513.81 1,493.46 1,508.43 1,389.23
PPM s 1,132,346.40 1,100,882.29 1,086699.17| 1,043,694.86 1,031,716.94 1,035,402.3¢ 1,004,803.5] 981,998.28 961,638.97
PPMoarse 82,038.50 80,540.01 82,668.11 79,380.84 77,861.88 77,597.69 76,776.54 75,779.40 75,780.25
Se 561.79 591.67 610.33 616.60 658.56 665.62 696.44 636.58 627.76
SQ 1,999,235.9¢ 1,747,982.74 1,749,975.35 1,665,265.79 1,566,908.01] 1,466,462.41 1,432,812.15 1,389,092.37 1,310,373.4(

TOTAL 6,615,064.81 6,229,177.10 6,157,495.19 5,973,152.7¢ 5,835,889.17 5,700,100.69 5,576,520.66 5,460,001.63 5,283,255.55
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Table46:

Performance of the indicatofer human health, biodiversity and climate change

Monetary values for human health impacts for the E2¥ from 1990 to 2007, in million Euggyo
relevant pollutants Human health impacts in million Euggyo
1990 1991 1992 1993 1994 1995 1996 1997 1998

NH; 68.052,34 63.976,51] 62.179,41| 59.792,47 59.483,25 58.625,11 58.242,32 58.155,48 57.969,47
As 432,17 370,75 320,75 281,93 243,28 221,66 228,65 224,55 206,68
Benzo[a]pyrene 4,33 4,05 3,62 3,24 3,10 3,03 2,86 2,86 2,76
Cd 77.95 73.47 70.96 67.56 64.21 62.70 62.58 60.72 49.76
Dioxins 619,93 597,97 567,33 530,39 495,07 464,12 398,87 344,54 306,34
Hg 2,292.93 2,174.76| 2,052.96) 1,792.13] 1,708.50| 1,677.81 1,587.01 1,478.24 1,411.10
CH, 64,83 63,34 61,49 60,47 58,86 58,72 58,10 56,38 54,21
NOy 137.637,24 133.898,77 129.647,78 124.784,@| 119.909,10 117.696,94 116.142,91 112.177,87 109.021,76§
NMVOC 9.106,90 8.628,68| 8.312,11 7.933,96 7.563,59 7.260,37 7.125,73 6.909,02 6.696,83
PAH 188,55 180,16 184,88 177,39 160,41 167,62 142,71 126,49 120,98
PPM 5 63.921,86 65.653,56) 64.624,01] 63.447,99| 61.999,99 61.326,33 60.673,83 59.436,45 58.270,56
PPMarse 4.480,11] 4.480,21] 4.423,79 4.286,75| 4.225,20 4.150,46) 4.076,99 4.115,38 4.096,24
Se 30,57 30,85 31,22 29,79 29,59 29,00 29,10 28,45 29,49
SQ 232.400,82 206.865,52 190.273,6(0 179.433,23 164.574,52| 148.159,26 137.856,87 128.509,15 113.652,05

TOTAL 519,310.53 486,998.58 462,753.94 442,621.31 420,518.67 399,903.14 386,628.55 371,625.57 351,888.22
relevant pollutants Human health impacts in million Euggyo

1999 2000 2001 2002 2003 2004 2005 2006 2007

NH; 57.555,03] 56.162,49 55.562,25 54.871,94f 54.351,32 53.983,58 53.799,22 52.955,59 52.880,40
As 180,73 180,69 183,37 174,03 172,17 172,42 174,14 171,60 169,89
Benzo[a]pyrene 2,73 2,67 2,71 2,65 2,57 2,52 2,48 2,44 2,35
Cd 50.56 46.77 46.88 45.36 42.92 40.87 40.63 38.26 34.79
Dioxins 257,68 235,61 210,35 168,86 152,09 149,26 141,57 135,88 121,93
Hg 1,337.60| 1,306.90| 1,261.29 1,226.44 1,158.04 1,149.73] 1,162.78| 1,046.25] 994.02
CH 53,05 51,58 50,05 49,03 47,83 46,47 45,69 45,19 44,63
NG 105.366,92 102.132,15 99.815,78 98.047,64 97.623,20 96.152,84 93.560,41] 92.149,61] 88.644,43
NMVOC 6.337,66 5.912,36 5.799,85 5.686,01 5.437,49 5.335,71] 5.159,62 5.076,69 4.824,41]
PAH 113,15 102,60 97,43 71,65 74,37 76,23 75,20 75,96 69,96
PPM 5 57.00,54| 55.436,13 54.721,92 52.556,39] 51.953,23 52.138,81] 50.597,98 49.449,59 48.424,3§
PPMoarse 4.131,14 4.055,68 4.162,84 3.997,31 3.920,82 3.907,52 3.866,17 3.815,95 3.816,00]
Se 28,29 29,79 30,73 31,05 33,16 33,52 35,07 32,06 31,61
SQ 100.673,71 88.021,58| 88.121,92 83.856,27| 78.903,36 73.845,31] 72.150,82] 69.949,26 65.985,28

TOTAL 333,108.80 313,677.00 310,067.38 300,784.62 293,872.56 287,034.78 280,811.78 274,944.33 266,044.09
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A countryspecific analysis for the EX7 Member States

Analogously totie approach presented for the determination of human health impacts in terms
of damages (YOldq) and monetary units for the overall EA7 level, the results will also be shown
for each of the 27 Member States. These results allow for a more detaileds@nalfythe human
health impacts across Europe. Thus, the emission data for the 14 relevant pollu@sdgan taken
from the data bases of the EEA and CLRTAP.

An application of te formula presented in sectior6.1.1 resultsin a sum of about 5.2million
YOLteq. and B2 billionEurgyofor 2007. Trese total numbes as well as the countrgpecific YOL-L
eg. and monetary valueare presented in tabkeA2 and A3 in the appendiXhe difference in the
total amount of estimated YQleq. for the ELR7 and the sum for all 27 Member States results from
the fact that the damage factors applied for the 2WU overall results do not represent average
values of the countngpecific values but have been estimated weighing the cowspiscift factors
with the emissions of the respective pollutant in each country. In summary, these differences in the
applied damage factors lead to a higher total amount of Y&l lfor the direct approach to estimate
the impacts on human health for the over&@U27. This value is about 294 higher than the sum of
the national results for YOldq. presented inTable45. Consequently, the monetised damages to
human health also differ between both approaches. While the direct calcuafomthe ELR7 result
in about 26 billion Eurgeo, the calculation and summation of courtspecific damages for the
Member States results in abou62 billion Eurggyo.

To analyse the development of overall human health impdeigure31 summarises the results
presented in table®\2 and A3or France, Germany, Italy, Spain and thefti¢he years 1990, 1995,
2000 and 2005As can be seen from this figure, there is a clear downward tendency for human
health impacts with respet to airborne pollutants in the selected major European countries.
Furthermore, the figure also shows that there are significant differences in the changes of impacts on
human healthThere is a large decrease to be seen in Germany, starting from advighofimpacts,
which is mainly caused by the high numberS® emissions reported in the EEA databaskisT
decreased clearly lower r Spain, departing from a lower level in 1990. However, it will have to be
assessed whether this tendency can be fdun projections for future years. This work will be
presented in the next chapter.
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Figure31: Development of the damages to human health in selected EUMember States

An indicator for human health impacts based on sesjeific damage factors

In addition to the estimation of human health impacts based on average damage factors, the
following section will apply the sect@pecific characteristics and the corresponding damage factors
developed in sectiod.1.3 For these estimations the data provided by the EEA gap filled and
aggregated database will be applied. However, in contrast to the estimations presented above, the
emissions will be regarded on a sector level and will be weighted accordirthetr damage
potentials for the different spatial categories. The emissions of the different sectors are summarised
in tables A5to A15in the appendix.

The application of the sector emission data from the EEA, allocated according to the shares
stated inTable12, with the damage factors for the different levels of stack heights as well as urban
and rural locations leads to more detailed results on the overall impacts on human health inthe EU
27. While data on the damage factde the different spatial categories is also available for each of
the 27 EU Member States and the EEA data base also provides sector emission data for each of these
countries, the present study will only cover the overallEUevel.

The results for tese calculations are presented in the followiligble 47, where the overall
impacts on human health in YO&t. areshown.! v | LILX A OF GA2Yy 27F | -eqdl f dzS
will lead to the external costs for the human health i caused by the 14 relevant pollutants
taking into account the spatial characteristics of the emissions.

As can be seen from these results, the impacts on human health are substantially higher than for
the estimation without further spatial differentiath of the emissions.While the previous
estimations result in a total amount of 5.3million Ye&d. for 2007 (decreasing from 10.3million
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YOLteq. in 1990), the consideration of spatial attributes of the emissions leads to human health
impacts of 7.6millia YOLdeq. in 2007 (starting at 12.6million YG&d. in 1990).This outcome
highlights the importance of the consideration of spatial (an additional temporal) information of the
emissions with respect to human healffhis importance especially refers toet analysis of impacts
caused by primary particulate matter as the damages caused by these pollutants increase with the
density of the affected population and lower heights of relea$his increase in human health
impacts caused by primary particles calsoabe seen fronFigure32 below. In addition to this
presentation of the results, the calculated impacts on human health can also be shown for the
different sectors of the economyrigure33 presents thae results for the time span covered by the
EEA emission data.

However, if the information on the spatial characteristics of the sectors and emission sousces
not available, an estimation applying average damage factors will serve as good first estirttate
order of magnitude of impacts on human heald2 NJ Y2 ad L2t tdzilyda GKS NB
GKS WaLI GALEQ SaldAYlLdAaz2ya NBadAZdG Ay GKS &arvys |
most relevant pollutants, namely N@QSQ and espeilly PPMs and PPMy.se the more detailed
WaLIl ALt Q Fylteaara akKz2pa adoadlydAltte KAIKSNI N
populated areas from low level sources such as for transport related activities.

ac
Y

The estimations have beerawied out for the ELR7 level only but countrgpecific estimations
are also feasible with the results of the NEEDS and EXIOPOL prbijexgs. estimates will not be
presented in the present study.

Human health impacts in EU-27
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Figure32: Damages to human kath for selected pollutants including spatial characterisations
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Human health impacts by sectors

[million YOLL

PR R R R R R R R N DN DNDNDDNDDNDNDN

© © © O VW YW W YW W W O O O O O O o o
© © © © © o O o o O

SO P N W M 00 O N ©® © O P N ® B OO o N

W Energy industries (1Ala) @ Energy industries (1Alb, 1Alc) EIndustry (Energy, 1A2)

W Road transport (1A3b) O Other transport (1A3a,c,d,e) B Other (Energy, 1A4 and 1A5)

@ Fugitive Emissions (1B1-1B3) B Industry (other, 2) O Other (non-energy, 3)

W Agriculture (4) W Waste (6)

Figure33: Damages to human health by economic sector
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Table47: Monetary values for human health impacts for the E27 from 1990 to 200, in million Eurgg;o

sectors 1990 1991 1992 1993 1994 1995 1996 1997 1998
1Ala 2,675,467.1¢ 2,537,209.54 2,361,062.54 2,174,837.54 1,993,821.99 1,873,896.7¢ 1,763,026.60 1,644,695.89 1,507,868.24
1A1lb and 1Alc 372,307.92 367,824.24 339,108.62 330,903.D 298,827.45 244,607.13 230,607.86 221,751.3§  209,497.66
1A2 1,383,348.44 1,265,052.31 1,188,130.4§ 1,111,346.9¢ 1,077,163.61 1,026,504.48 935,694.29 935,713.34  832,375.2]
1A3b 2,801,562.64 2,820,970.44 2,860,665.33 2,828,387.24 2,782,235.1¢ 2,730,073.09 2,682,628.1§ 2,592,084.4¢ 2,557,658.99
1A3a,c,d,e 560,339.85 531,435.65 515,475.73 510,153.24 504,857.59 492,386.75 498,561.53 492,232.17  490,133.75
1A4 and 1A5 1,733,034.44 1,744,467.57 1,638,421.14 1,593,950.7] 1,458,870.8 1,412,691.64 1,455,311.3¢ 1,381,415.227 1,349,897.04
1B1to 1B3 123,675.68 109,935.21 105,757.93 108,857.26 98,405.63 93,822.39 90,601.76| 86,160.88 85,293.53
2 407,514.73 375,524.2] 362,425.65 342,814.39 344,404.99 341,412.47 311,359.56 315,531.4§ 312,119.52
3 1,192,939.21 1,129,87.60| 1,073,242.84 1,049,674.04 1,026,100.53 975,704.40 979,067.04 937,667.94  862,902.47
4 1,320,667.31 1,284,610.29 1,263,661.94 1,237,055.69 1,232,954.4] 1,225,255.10 1,231,830.9] 1,241,413.64 1,237,527.92
6 59,303.18 65,025.51 62,326.60 60,771.76| 59,210.61 59,535.95 59,061.31 59,773.64 59,397.15
Total| 12,630,160.54 12,231,892.64 11,770,278.84 11,348,752.4% 10,876,852.79 10,475,890.13 10,237,750.3¢ 9,908,439.9§ 9,504,671.4¢
sectors 1999 2000 2001 2002 2003 2004 2005 2006 2007
1Ala 1,358,447.70 1,272,633.92 1,232,541.04 1,208,194.54 1,171,317.2§ 1,096,479.44 1,058,611.40 1,049,301.89 998,094.67)
1A1lb and 1Alc 196,359.22 174,307.07 166,450.42 167,624.21 160,664.25 163,289.18 167,341.16 159,493.85 159,874.63
1A2 782,739.63 762,405.47 752,788.41 717,201.26 679,584.96 666,582.14 673,199.85 648,962.35 627,220.96
1A3b 2,502,088.3¢ 2,408,919.3¢ 2,355,382.04 2,276,474.6§ 2,200,885.84 2,160,251.91 2,012,499.1¢ 1,954,444.9§ 1,910,356.6§
1A3a,c,d,e 483,624.90 465,110.91 464,301.55 459,275.04 462,958.43 462,011.53 460,036.78 474,279.5] 449,293.99
1A4 and 1A5 1,306,970.34 1,246,842.594 1,239,187.04 1,155,680.01 1,181,965.89 1,167,014.71 1,177,070.9q 1,124,859.83 1,060,008.4§
1B1to 1B3 76,868.57 70,662.60 68,493.85 68,485.66| 66,216.56| 64,073.97 67,532.09 69,593.50 65,088.92
2 310,409.42 322,235.27 307,396.77 291,876.30 287,550.57 297,429.68 293,732.84 293,397.98 297,468.09
3 817,476.80 814,382.68 809,958.32 811,013.33 807,968.00 807,923.15 806,927.11 810,479.35 796,493.90
4 1,238,463.0§ 1,217,221.2§ 1,211435.18| 1,197,015.1 1,179,409.07 1,171,007.54 1,159,981.8§ 1,149,055.84 1,147,712.3%
6 60,309.32 57,627.08 58,941.01 58,253.10 56,226.40 60,796.04 59,734.99 47,554.78 47,320.60
Total| 9,133,757.39 8,812,348.20 8,666,875.64 8,411,093.2§ 8,254,747.23 8,116859.29| 7,936,668.24 7,781,423.87 7,558,933.2§
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6.1.2 Analysis of future development of the indicator

In chapter5 the scenarios for future years have been described in detail. These scenarios cover a
businessasusual (BAU) scena as well as a scenario with respect to climate change policies for the
years 2005, 2020, 2030 and 20%0.order to apply the resulting emission data for these scenarios,
these data have been compared with the officially reported data by the EEA agdapplthe
previous chapter.

As a first result of the comparison it has to be noted that the future scenarios developed in the
HEIMTSAroject do not cover all of the substances which have been identified as being relevant with
respect to human health immas. However, the three pollutants (Benzo[a]pyrene, PAHs and
Selenium) not included in the following analysis represent less than 1% of thentotedtisedhuman
health impacts estimated by the LCA tools of Ecolndicator99, IMPACT2002+ and ReCiPe. Thus the
analysis of future scenarios in this section includes the most important substances affecting human
health. Furthermore, these three pollutants are among those substances that were not assessed
using the NEEDS results. Thus, for the analysis of the fpemfermance of the human health
indicator it is only the impacts caused by,@4t will be based on LCA information.

A second comparison focuses on the amounts of emission data estimated in the previous
sections of the present study and the data reporfed the future scenariosThe followingTable48
shows the result of this comparison. As can be seen there, large differences in the dataledsst.
differences result from the fact that different data sources are the basighiemission data. While
the HEIMTSA emission data is based on estimations from GAINS, the EEA data relies on national
reported emissions. Furthermore, the EEA data needed to be gap filled as emission data was not
provided in sufficient detail. Theghfferences in the sources of the emission data lead to the figures
presented in the table belowdowever, the scenarios developed within the HEIMp®&#ect provide
a consistent projection of the emission data for the BAU case and the reduction scenariggh€hus
analysis of the future performance of the indicator for human health impacts will be carried out
based on these emission data.

Table48: Comparison of EEA Emission data and BAU 2005 data

EEA Emissior2005 | 2005 BAU scenari( Difference
NH; 4,023.90| 3,533.09] 13.89%
CH, 20,048.11] 27,202.43 -26.30%
NG 11,545.24 12,296.04| -6.11%
PPM 5 1,438.37| 1,636.20f -12.09%
PPMoarse 777.09 1,211.49 -35.86%
SQ 8,137.52 6,862.52] 18.58%

The emission data which are applied in the follogviestimations of YOtdg. and monetised
human health impactsare presented inTable45. As already stated above, these data are analysed
for the years 2020, 2030 and 2050. In addition to the business as usual case with nonatiditio
reduction measures, a scenario focusing or, @ductions has been estimated for each of these
years. These emissions are also presented in the table below.

An additionalanalysis of the different sets of emission data was based on the estimation of an
Fyydz € O2yadlyd WINRBgGK NI GESQ F2NJ GKS &SFNB ™Mddg.
applied to estimate the emissions for 2020 based on the developments reported by the EEA. The
resulting future emissions where compared to the HEIMTSA @nistenario for the same year.
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This comparison resulted in clearly lower emissions for the EEA projections compared to the
HEIMTSA data. This fact can be interpreted as follows: The differences in the emission data can be
explained by the different undering data as shown in sectidn However, as the emissions of the
applied HEIMTSA data are higher than those that result from a rough forecast of the EEA database,
these results seem to be more reliable and present somm fof worst case for the development of

emissions in the future.

Table49: Emission data for future years for E2¥, in kt

2020 2030 2050
Pollutant BAU Climate BAU Climate BAU Climate
scenario scenario scenario
k] k] k] k] k] k]
Ch 21,68592  24200.18 2091061 2370432  19,917.68  22,042.30
NH, 3.295.18 6.344.18 3,376.79 6,538.95 3,357.08 6,701.83
NMVOC 6,560.85 6,685.15 6,519.81 6,535.38 6,267.12 4.743.23
NOy 6,700.20 6,409.55 5,937.56 5,285.28 5,444.95 3,917.54
PPMs 1,264.92 1,425.29 151514 1,581.80 1,471.24 1,028.67
PPMyaree 1,107.92 1,384.06 1,143.90 1,371.94 1,126.54 1,239.51
[36) 3,086.67) 2,799.81 2,988.83 2,333.15 2,841.95 1,414.78
As 1,142.19 1,232.58 1,145.03 1,066.51 1,096.73 611.41
cd 982.43 1,0%.22 985.64 935.34 942.67 541.71
Dioxins 8,018.34 8,723.66 8,012.60 7,539.59 7,681.70 4,319.45
Hg 24515 262.52 245.62 224.88 234.44 137.44

With the emission data presented above, the impacts on human health for the three future years
and for both scearios have been estimatedt is important to mention, that the estimations have
been carried including spatial characteristmsch as the height of stacks and the location of the
emitting source in urban or rural areahe approach to include the additial information is
analogue to the approach presented in the section above.

The results are summarised kigure34. As can be seen therehe overall amount of YOL&q.
estimated for the EL27 in 2020 matches the decrease in hamrhealth impacts estimated for 1990
2007 using EEA emission dathis is further supported by the decrease in human health impacts
caused by SQwhile the impacts caused by N@nd PPM;s are relatively constant, showing lower
decreases in the impactsofparingFigure32 and Figure34 also shows the increasing relevance of
primary particles for human health analysiEhese impacts play a major role when assessing the
human health effects for the futurgears of the HEIMTSA project.
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[Million DALY]

Climate Climate Climate
scenario scenario scenario

2020 2030 2050

ENH3 ENOX BPPM2.5 OPPMcoarse BSO2 @other

Figure34: Human health impacts for future scenarios with respect to climate policy measures

Furthermore, the figure shows that the introduction of different @@lated policy measures will
lead to an increase in human health impacts for the years 2020 and 2030 before these impacts
decrease for both scenarios in 2050. This increase refers to the increasing amounts of emissions of
NH;, and PPM, bothPPM,.se and PPM . These changes in emission® aelated to the policy
measure described in more detail in chapter

The application of the indicator for human health, including the most relevant airborne
pollutants, within the analysis of potential climate policy measuaéming at the reduction of GO
down to a certain level highlights the applicability and relevance of such an indicator. While there is
no doubt in the necessity of measwréackling greenhouse gas emissions, the sffects of such
measures, caused byanges in production processes or individual behaviour, need to be taken into
account. As can be seen from the exercise presented in this chapter, the impacts on human health
are increasing in the first place when £@ducing measures are implemented. @im the very long
run (here 2050) the benefits of these policies can also be felt with respect to human health impacts.
Consequently, an indicator for changes in human health impacts can help decision makers to
implement only those measusgfor reducinggreenhouse gas emissions) whichve no or small
effects on other areas of human life.

It is very important at this point to mention again that the emissions of greenhouse gases have
not been related to human health impacts. While this relation is madéhéLCA databases of
Ecolndicator99 and ReCiPe, linking changes in temperature to impacts on human health, the high
level of uncertaintiesunderlying these relations and the occurrence of these effects only in the very
far future lead to substantial diffidties for the (monetary) valuation of these potential impacts. It
has thus been decided to analyse the emissions of greenhouse gases in a separate chapter.
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Furthermore, there will not be a presentation of a counsiyecific analysis of the human health
impacts for the future scenarios. This is mainly due to the large amount of data that would be
required to be presented in this report. However, it has to be highlighted that these estimations are
feasible and results will be presented in course of the HEWproject.
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6.2 PDF

The analysis of the performance of the indicator for biodiversity lodsesto eutrophication and
acidification effects measured in PDFsvill follow the same structure as for the assessment of the
indicator for human health impacts. Thuas a first application of the PDF indicator, data provided by
the EEA will be analysed for the years 1990 to 2007. In a second step, the future scenarios developed in
the HEIMTSA project will be examined with respect to the changes in biodiversitydchysthe
implementation of different climate policy measures.

6.2.1 Development of theéndicator from 1990 to 2007

As for the indicator for human health impacts, the indicator for biodiversity losses will be analysed
using EEA emissisfor the years 1990 to 200 These emission data are presented in table Al in the
appendix. Again, the damage factors applied for the estimations are assumed to be valid for all these
years. For the monetary valuation the factor applied in chagt8rof 0.47 Eurgys per PDF*m?2 will also
be used in this chapteHowever, as for the human health calculations, this value will be converted in
Eurgoie The estimation of biodiversity losses (BL), measured in PDF*m? represents the sum of the
multiplication d the damage factor (DF), measured in PDF*m2 per kg for each pollutant i with its
emission data (E).

An application of this formula for the three relevant pollutants §NNQ, and SQ) resultsin about
220 billion PDFs which is equal to 119 billion Ewyfor 2007. These results are summarised @ble50
and Table 51. Figure 35 shows the development of biodiversity losses due to eutrophication and
acidification, measured in F®m2, for the time from 1990 to 2007. As can be seen from this figure, the
damages to biodiversity are decreasing by about one third for the time analysed. As for the human
health effects part of this decrease can be explained by the decreasing amo8@sevhissiongor the
time regarded. In addition, decreases in thmissions of the other two pollutants (Nldnd NQ) are
responsible for the overall decline in impacts on biodiversity.
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Figure35: Development of the damages touman health in selected E@7 Member States
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Table50: Biodiversity losses due to eutrophication and acidification in-2, in billion PDF*m?2

relevant pollutants| 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

NH; 132,03| 124,13| 120,64/ 116,01| 115,41| 113,74| 113,00| 112,83| 112,47| 111,67| 108,97| 107,80| 106,46| 105,45| 104,74| 104,38| 102,74| 102,60
NGO 161,69| 157,30| 152,30| 146,59| 140,86| 138,27| 136,44| 131,78| 128,07| 123,78| 119,98| 117,26 115,18| 114,68| 112,96| 109,91| 108,25| 104,14
SQ 45,35| 40,36| 37,13| 35,01| 32,11| 28,91| 26,90| 25,07| 22,18| 19,64| 17,17| 17,19| 16,36| 15,40| 14,41 14,08 13,65 12,87

TOTAL 339,07| 321,79| 310,07| 297,61| 288,38| 280,92| 276,34| 269,69 262,72| 255,09| 246,12| 242,25| 238,01 | 235,53| 232,10| 228,37| 224,64| 219,61

Table51: Monetised biodiversity losses due to eutrophication and acidification in-EtJ in million Eurgy;o

relevant pollutants 1990 1991 1992 1993 1994 1995 1996 1997 1998

NH; 71.298,18] 67.027,95 65.145,16 62.644,34 62.320,38 61.421,31 61.020,25 60.929,27] 60.734,39
NO, 87.312,74 84.941,18 82.244,48 79.159,07| 76.066,57| 74.663,25 73.677,42 71.162,12] 69.159,98
SQ 24.486,60 21.796,10 20.047,92 18.905,74 17.340,17| 15.610,60f 14.525,D 13.540,19 11.974,79

TOTAL 183.097,52 173.765,23 167.437,56 160.709,15 155.727,12 151.695,1§ 149.222,7§ 145.631,59 141.869,17

relevant pollutants 1999 2000 2001 2002 2003 2004 2005 2006 2007

NH; 60.300,19 58.841,23 58.212,35 57.489,12 56.943,67| 56.558,39 56.365,23 55.481,37| 55.402,59
NGO 66.841,47) 64.789,43 63.320,00 62.198,34 61.929,09 60.996,34 59.351,79 58.456,82 56.233,25
SQ 10.607,35  9.274,27 9.284,85 8.835,40 8.313,55| 7.780,61 7.602,07 7.370,11 6.952,45

TOTAL 137.749,01 132.904,93 130.817,20 128.522,87 127.186,31 125.335,35 123.319,09 121.308,30 118.588,29
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Analogously to the approach presented for the determination of human health impacts in terms of
damages (YOtdq) and monetary units, the results will also be shown for eacthef27 Member
States. These results allow for a more detailed analysis of the human health impacts across Europe.
Thus, the emission data for the three relevant pollutants was again taken from the data base of the EEA.

The estimation of biodiversity lees due to eutrophication and acidification caused by, W) and
SQ emissions for the EQ@7 results in abou19 billion PDFs and 125 billion Eprg These total
numbers as well as the countspecificPDF*m2and monetary values are presented in tablb and /6
in the appendix. The difference in the total amountrobnetised biodiversity lossdsr the EU27 and
the sum for all 27 Member States results frokn$ ¥ OG0 GKI G GKS | OSNLEBS Y2y!
been adjusted for each country an@ ¢ @ S NIi Sdp InAsyiiimary, these differences in the applied
damage factors lead to a higher total amount Bfirg,;, for the estimation of the countrnspecific
biodiversity lossesThis value is abo@%higher than the sunfor the EU27 pregnted inTable46.

To analyse the development of overall biodiversity losdeigure 36 summarises the results
presented in tables B\and 46 for France, Germany, ltaly, Spain and the UK for the years 1990, 1995,
2000 and 2005. As can be seen from this figure, there is a clear downward tendernmgdioersity
impacts with respect tothe three airborne pollutants in the selected major European countries.
Furthermore, the figure also shows that there are signifidifferences between the countrieShere is
a large decrease to be seen in Germany, starting from a high level of impacts, which is mainly caused by
the high number o5Q emissions reported in the EEA databade.the other hand, there is an increase
in impacts on biodiversity to be seen for Spdihis increaseis the outcome of increasing emissions of
NH; and NQin Spain from 1990 to 200However, it will have to be assessed whether this tendency can
be found in projections for future years. Thisnkavill be presented in the next chapter.
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Figure36: Development of biodiversity losses in selected 20U Member States
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6.2.2 Analysis of future development of the indicator

In chapter5 the scenarios fofuture years have been described in detail. These scenarios cover a
businessasusual (BAU) scenario as well as a scenario with respect to climate change policies for the
years 2005, 2020, 2030 and 2050. In order to apply the resulting emission datee$er skhenarios,
these data have been compared with the officially reported data by the EEA as applied in the previous
chapter. A comparison of these data with the data reported by the EEA has alreadyst@en in

chapter6.1.2

The emission data which are applied in the following estimatafiRDFs@nd monetisediodiversity
impacts are presented iflable52. As already stated above, these data are analysethe years 2020,
2030 and 2050. In additioto the business as usual case with no additional reduction measures, a
scenario focusing on G@eductions has been estimated for each of these years. These emissions are

also presented in the table below.

Table52: Emission datdor future years for ELR7, in kt

2020 2030 2050
Pollutant BAU Climate BAU Climate BAU Climate
scenario scenario scenario
% k] k4 kg k] k]
NH, 3,295.18 6,344.18 3,376.78 6,538.95, 3,357.08 6,701.83
NOy 6,700.20 6,409.55 5,937.56 5,28528 5,444.95 3,917.54
[36) 3,086.67 2,799.81 2,988.83 2,333.15 2,841.95 1,414.78

With the emission data presented above, the impactsaiversityfor the three future years and
for both scenarios have been estimated. The results are summarigeéidurne37. As can be seen there,
overall amount oPDFstimated for the Et27 in 2020s substantially less than thimpacts estimated
for 2007 using EEA emission datdis difference can be explained by significant differenceén t
applied emission data in both cases as already discussed in clapi2as well as by the assumption of
a further decrease in the emissions up to 20@@mparing Figure35 and Figure37 showsthat the

weight of the different pollutantss similar for both calculations

[Billion PDF*m?2]

BAU Climate BAU Climate BAU Climate
Scenario Scenario Scenario
2020 2030 2050

ENH3 ENOx ESO02

Figure37: Development of biodiversity losses in selected 20U Member States
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6.3 Climate change

Theperformance of thendicatordcosts for meeting climate change targétsill be as follows. At
first a sustainable emission path has to be established. A worldwide accepted target i$Gharget
mentioned in chapte®.3.3 In a second step future scerario, developed in theproject HEIMTSA
with the TIMES modelill depict a possible future emission patiBased onthe scenario we can
detect the distance to the desired targetin this case the emission path for a rise of average global
temperature ofno more than2 °C. After identifying a possible deviance from the target emission
path, this deviance can in a third step be monetary vallieé last step the total damage costs of EU
emissions can be calculated. All mentioned steps are described aneldcauti in detail below.

6.3.1 Emissions

By using the GWPs shownTiablel6 all emissions known to be related to the greenhouse effect
can be displayed in G& The following figure shows the emissions in 2005 ireCThe great
influence of C® emissions is visible as well as the cooling effect of 8Onew feature is the
depiction of the noARGHGs BC, OC and,SIDis obvious that black carbon has a greater influence
than the known GHG # and a cooling effect of OC and,$©apparen. Air quality restrictions
which limit the emissions dDC and SQwill thus affect global warming.
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Figure38: GHG emissions 2005 in EU29 in,€0

A single measure not onigcluding the substances mentioned abdwé alsoall processethat
influenceglobalwarming, like changes in vegetation, carbon storage, albedo chaogkl be best
but is upto date not available.

A future sustainable emission path for Europe leading to a worldwide accepted target to limit
climate change has to be developed. Worldwide accepted is ft@target which equals a
concentration of 45@pm CQe.
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The following grahs showtwo different future emission paths for GHGn Mt CQe for EL29
regarding all sectors andere derived and calculated withinthe project HEIMTSA. In order to
AffdzadGNI GS
displayed. Figure 39 shows the net emission paths where&gure 38 displays the substances

separately.
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The indicator for Europds to observe the difference between théarget emission path
(450ppm) shown above and the actual emissiafsCQe in the EU.

6.3.2 Distance to target

The indicator distance to target comparti®e actual emissions witl sustainable emission path
for the 2°C target.Figure41 shows emission paths for the EU29 calculated with the TIMES model
within the project HEIMTSA (Blesl et al., 20The REF path represents a business as usual scenario
and the 45Qppm path the European contribution to reach the glob&Ctarget. As th&IMES model
only displays the energy sector this emission paths only represent enelagd emissions. The REF
path is includedto show a possible development of the indicator until 20&€ future actual

emissions are at the moment known.
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Figure41: Emission path EU29 (only energglated)
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Figure42: Net emission path EU29 (energy)

Figure4?2 displays the net emission paths for th&R and the 45ppm scenario andrigure43
shows theabove mentionedlistance tothe target emission patf 450 ppm for GHGs
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Figure43: GHG distance tothe target emission path

Theoreticallythe indicator would be applied as followsi the future one compares the actual
emissions with the emissions of the°@ target path. If actual emissions equal thsustainable
emission path the target can be reached. If the actual emissions are higher than the target path this

Pagel10



Performance of the indicatof®r human health, biodiversity and climate change

is not sustainableThe redundant emissions will have to be abated in future years so that iartie
the target (amount of emitted tons e.g. of carbon that was set as a target, see cléptér can be

reached.Thus thedtarget LJF 1 K¢ OKIFy3Sa S@SNE &SINE a | RSOAL
2000 and 2005 there iso deviation as thes&wo are past yeas. If acting consistent one would have
G2 o0dAtR I ySg GFINBSG LIGK SOHSNE GAYS GKS | OGdz ¢

new model run would be necess&tyOnly if, apart from th&HGemissions, the@ssumptions are the
same one can take the difference as a measure.

An alternativeand easierway of applying the indicator wdad be to calculate the cumuled
deviance every year. The problem with this approach is the negligence of the point of avoidance.
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Figure44: Cumulated distance to target emissions EU29

In a last steghe distance to target canlso be expressedscosts.The TIMES model calculates
Annual System Cost3he difference between theniual System Costs of the two scenarios thus
expresses the avoidance costs to méet climate change targeiNote: the Annual System Costs in
TIMES not only depend on the avoided emissions but also on side restrictions like energy supply
security.Figure45 shows the distance between the Annual System Costs of the REF and thprd50
path.

41 Note: the TIMES model only shows the energy sector. To iachate sectors one would have to build a
composite model of energy and agulture (e.g. TIMES and ESIsB€ Banse, M., Grethe, H., Deppermann, A.
and S. Nolte (2010): European Simulation Model (ESIM): Documentation of the Modeh®usté/apo.uni-
hohenheim.de/gisserver/rds?state=medialoader&objectid=5794&applicatioh=Isf
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Figure45: Distance ofAnnual System Costs (TIMES)

6.3.3 Total DamageCosts

The indicator totaldamage costs shows the damage of emitted greenhouse gas emissions (e.g.
for EU29)It is calculated bynultiplying damage costs per ton of carbon with emissions (e.g. EU29)
from all sectors in C@. Although 1 is only the secondbest approach to use thearginal damage
costs instead of average damage costs to calculatetdted damage costs of climate changae
calculation is a benchmark which costs arébtmexpeced. Table53 shows the usedlamage costs
calculated with the BND model.

Table53Y al NBAY I f

2030

2035

RIFIYF3S Ozaia

2040

ennmnaki

2045

2050

Alb 2005 2020 2030 2050
lower value | NoEW_1%_Av1% | 26.51 22.88 34.60 70.60
upper value | WeuEW_1%_Av1% 126.41 169.84 197.92 276.29
B1 2006 2020 2030 2050
lower value | NoEW_%_Av1% 9.17 15.39 21.55 41.85
upper value | WeuEW_1%_Av1% 94.48 128.14 147.01 189.83
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Figure46: Total damage costs of EUZHG emissions

Figure46 shows the range oftotal damage costsof EU® emissiong(from TIMES, only energy
related). The example usethe marginal damage costsf SRER\1Bfor the REF scenariand the
marginal damage costs &REB1 for the 45Qpm scenarido illustrate a possible range of damage
costs whichare an approximation of the real valudsurthermore ve used globamarginaldamage
costs as locally emitted emissions cause damages worldwide and thus global marginal damage costs
can be applied for EU emissions.

An extra featureof the indicatoris that avoided damages can be compared withicédance costs
(Annual System Cosstiown above)
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Figure47: Avoided damage costs EU29

Figure47 shows the avoided damages if the tatgemission path is achieved. The green line
represents values which are European equity weigh@uEW)and are thus an upper bound, the
blue line are avoided damages without equity weighingEW)which represents a lower bound.
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Figure48: Avoided damages and avoidance co&s29

Figure48includes the difference of the Annual System Costs in the prior figure to illustrate if the
avoided damages are worth the effoth thiscase the effort is only worth the expense if the avoided
damage costs are WeuEW.
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6.3.4 Conclusion

The indicatoiGHG emissiomrss easy to calculate and only minor errors occur. A new aspect is
the incorporation of norGHGs like black carbon (BC), organic car@@),non-methane volatile
organic compound§NMVOC), sulphur dioxide (§@nd carbon monoxide (CO). A weak point is that
only a relative comparison to the previous year is possible and the uncertainty if the target path is
really sustainable.

With the ddistance to target a sustainable path is visible but the path has to be calculated by a
model and the 2C target is placed and not deviated from research results.ifidieator écosts of
distance to target is comparable to other indicators and an aggrign is possible. Unfortunately
the costs depend on assumptions, e.g. it is difficult to determine the innovation potential.

GTotal damage costsas indicator are similar to the costs of distance to target. It is an aggregate
measure for damages and acetdor a worldwide emission patt disadvantage is that perhaps not
all damages are included and it has to be politically decided if equity weighting is applied.

All indicators have strengths and weaknesses and thus should and could be further developed.
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7  Social sustainability

7.1 Introduction

The social aspects of sustainability have been given less attention than the economic and
environmental aspects. This includes attempts to develop indicators to help measure sustaijnatudlity
the quantitative researe of INSTREAM is no exceptiofhis means that it is harder to integrate social
sustainability indicators into the sophisticated analysis above and so this section will take a more basic
approach to understanding social sustainability with the aim of tieg a foundation for future
research, both qualitative and quantitative. It should therefore be read alongside the more quantitative
results and the other deliverables to reinforce the key finding that social aspects of sustainability are key
and must ot be overlooked.

Thissectionfirst presents an overview of conceptual issues around social sustainabilityheued,
and indicators for these. A number of potential indicators #ren suggested that are theoretically
coherent and policy relevant, ihaing crime rate, corruption and unemployment.

7.2 Concepts of Social Sustainability
¢KS GSNXY WwWadzaidlAyloAratAdeQ KFLa o068502YS | o6dd 1 62 NF
RSTAYAGA2YyA 2F OFLAGHE &d0201 OWMNRIASSYHi2 td 8A RN
being a useful adjective to describe new policies or activities. However, for many environmental
economists and policy makers, it is crucial to have a deep;batdhced understanding of the concept
and of how it can be measureth particular, indicators for sustainability are needed in order to gauge
how sustainable states are, and where they are unsustainable.

Typically, sustainability is seen as having three pillars, or dimengiessnomic, environmental
and social. The urstanding of the social dimension is very low compared with the other pillars, and
so policies for sustainability are likely to underestimate the social dimension. The recent report
commissioned by Nicolas Sarkozy, known as the SiRgitFitoussi repar, recommends that greater
attention is paid to the wider dimensions of sustainability, including social aspects such as health,
education and personal activities (see, for example, recommendation 6 in Stiglitz et al., 2010). Also,
sociologists have notetthe lack of engagement with sustainability from within their discipline (Becker et
al., 1999; Littig and Griess|&2005; Colantonio, 2008).

Social sustainability, as a concept, is in no small part based on the World Bank Commission on
Environmentand De¥e2 LIY Sy 1 Qa4 mpy T NBLERZ2 NI hdzNJ / 2YY2y Cdzidz
Report after its lead author (World Bank, 1987). This was very influential in bringing sustainable
development into the forefront of the development dialogue, and was also inflakwoutside the
development world. It focused on how the growth of nations and economies is more than just about
GDP growth, and crucially, how growth now has to not be at the cost of growth in the future. Or, to
quote the key definition from the reporR S @St 2 LIYSy i Aa &adzaldlAylofS 6KS
LINBaSyid gAlGK2dzi O2YLINBYAaAYy3d (GKS FtoAtAGe 2F TFdz
Another key conceptual message from the report is that this development has to bedimuthsional,
and the key dimensions are environmental, economic and social. These are often referred to as the
GGKNBS LAfEINERE 2F adadlAylroAtadee ¢KIG Aaz GKS
wider spherethan just food, water and shelter.
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The Brundtland approach to sustainability is of course, rooted in issues of development. However,
sustainability in itself is important even withouh anternationaldevelopment context. The definition
above can still be applied, but in societies wheeeds are mostly met, the debate may move to a level
where it is welbeing or quality of life that has to be met now and in the future, rather than just needs.
Here, we can take a metric such as quality of life, social welfare otbeiely as a guidetoa2 OA S & Qa
aim, and if it decreases in the future, the society can be held to be imaustainable position. Or, to
put it another way, sustainability is a naiecreasing future stream of wedleing.

Of course, measuring the wdlking or quality of lifeof an individual is a contentious business, let
Fft2yS + a20Aa80&8Qad ¢KS ySEG as0iazy 2F OGKA&A LI LX
being and some established indicators. At this stage we can look abeieti, howsoever defined or
measured, as the principal aim of a society, knowing that this statement has been much discussed over
many centuries, and never yet agreed upon. Also, whilst recognising that society is not simply the
aggregation or the average of its members, it may be resmgsto take such a shortcut arder to begin
to instrumentali® such a manyaceted concept.

It is clear that the state of the future is an intrinsic part of the concept of sustainability. Since
predicting the future is at best difficult, moving frondafinition of sustainability to measurement of it
has to allow for the uncertainties and errors of prediction. In particular, we do not know how future
generations are going to derive their wéking or quality of life, so we do not know how we are
currently depleting their ability to create webeing; however, we can be aware of critical factors and
take safetyfirst approaches. Whilst it is likely that future technological and spaidical shifts will
change the game, we can still attempt to assehgtiver future weltbeing is nordecreasing.

Defining sustainability may be possible at a conceptual level, but a more pragmatic approach may be
to follow Becker et al (1999) and define unsustainable states and use these to find a sustainable path.
That is it may be easier to identify unsustainable behaviour or situations, and set policy to avoid these.
However, whilst this approach may be useful for skertn emergency planning, a longgrm
sustainability policy would need to know what it is aiming. f@f course, a useful insight from this
approach is to note that sustainability is not a narrow pathway into the future, but encompasses a large
realm of possibilities which cannot all be identified beforehand, but still are all sustainable.

In economicssustainability is usually linked to capital stocks, that is, if capital isdeoreasing.
Capital here can be natural capital, such as iron ore, forests, clean air or crude oil reserve, or human
capital, such as educated individuals or skilled labouron§trsustainability is where there is no
substitutability between types of capital, and so if natural capital stocks are being depleted, then it is
unsustainable. Weak sustainability allows for substitutability between capital types, so if the depletion
of natural capital is replaced by an identical, or greater, rise in human capital, then this is held to be
weakly sustainable. Here, social capital is likely to be considered part of human capital. However, this
approach does not really allow for differentpests of sustainability, and requires all resources available
i2 a20A8Ge (2 06S Y2ySiAadaSRd 1 26SOSNE (GKS ARSI (¢
into something is useful.

In order to understand sustainability, we are interested irdiity out how inputs to welbeing are
converted to weHlbeing itself. A society will be unsustainable if either the inputs or the conversion

processes are decliningigure49 shows a basic flow from resources, Bus environmental assets and
economic wealth, through systems, which are likely to be economic or social institutions and

Pagell7



Social sustainability

frameworks, to outputshere simplifiedto well-being. It should be noted also that some resources
create wellbeing directly, suchsathe nonuse values of certain environmental and social assets such as
charismatic species, natural wonders, or people we value for themselves. However, it could be argued
that these values are negotiated through various social systenfi@r instance, fndship, or the
communication media which point us towards valuing certain natural phenomena more than others.
Also, it should be noted that the processes may not lead linearly to outputs, and that different
combinations of inputs may lead to the same auitpand that there is not a strict temporal relationship
here ¢ that is, changes in the input side may cause changes in outputs in some later time period(s).

Figure49: Schematic of flows to welbeing

Using this idea of sustability means that whilst we are fundamentally concerned with the
outputs, it may be more useful to monitor the resources/input levels and the functioning of the systems
since these govern the level of outputs. In other words, whilst societatheally nay be the arbiter of
sustainability, indicators for sustainability may more focus on how sustainability is to be generated.

Over time, conceptions of social sustainability have changed, as Colantonio (2008) Gatples4

preserts the more traditional key themes in the subject, such as basic needs and employment, alongside
the more recent themes, here labelled emerging, such as social mixing and cohesion, and social capital.
These present an interesting comparison. It is notelwpithat the emerging themes seem harder to

define simply, but this may be because they have had less time in the dialogue to be simplified. The
table shows that the emerging themes are perhaps less to do with development and more to do with

W& 2 T SoNdpactérigtiCsAlh deneral though, these present a useful overview of the various aspects
of social sustainability

Table54: Traditional and Emerging Social Sustainability Key Themes (Colantonio, 2008:8)

Traditional Emerging

Basc Needs, including housing and environmental health  Demographic Change (aging, migration and mobility

Education and skills Social mixing and cohesion

Employment Identity, sense of place and culture
Equity Empowerment, participation and access
Human rights and gender Health and safety

Poverty Social capital

Social justice Well-being, happiness and Quality of Life

It is important at this point to note that social sustainability is different from social desirability, that
is, ideologicalD2 y OSNYy a +Fo62dzi éKIG YI1Sa az20AS8Side w3az22RQ
makes society sustainable. Whilst there is clearly some overlap, there are a number of other factors
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which must be clarified, for example, some things that may improvelvedtig now could cause a long

term decline in welbeing, such as rapid social change. Also, ideologically, increasing divorce rates could
be seen as primarily either a symptom of increased freedom or decreased social ties, in other words,
increasingsustgit 6 Af AG& 2NJ RSONBIFaAy3a Ado !'faz2z LISNKI LA
may be seen by some nations as diminishing social frameworks and cultural identity, whereas other
nations would see it as an essential human right and key to sustiipamnd weltbeing improvements.

7.3 Definitions

As the above section has outlined, sustainability can be seen to be fundamentally about the
outcomes of the system, and in general, sustainability is about thebgeil of societies or individuals.
This papewill suggest that a usable definition of social sustainability can be:

Social sustainability is the extent to which social functions enable the individual or set of
individuals in question to maintain natecreasing welbeing into the future.

The abovedefinition still leaves a number of things unsaid, such as who sustainability is about,
whether it is a global, national or individual concept, and what social functionings are. Here, they are
held to be institutions in a broad sense, and relationships] ather social structures that help
individuals and society create waléing and has overlaps with the concept of social capliawever, it
is similar to that used by Stiglitz et al (2010:97) which focuses of maintaining the current level-of well
being for future generations. It takes an anthropocentric view, where humans are the reason for
sustainability, rather than an ecocentric view, where the environment is the key recipient. It also
AAYLE ATASE GKS NBfIlGA2Yy3aKAL nmebtiadd@ny and Kdietydaind NB S
overlooks the complex overlaps. However, it does this in order to be usable.

Therefore, the paper will explore now what wbking is and how it can be measured, and what
indicators may suggest that the future wellbeing iswaecreasing (or not).

7.4 Well-being

The idea that an individual'sor to that matter, a society's quality of life can be measured and
defined in one metric is a contentious onlithout presenting a comprehensive overview of the
academic and political fié, this section will explore a commonly used idea of "wbking", which is
more general than "welfare" or "utility" as used by economtbtst is still focussed enough to be of use
in assessing social sustainability.

There are a number of aspects to dity of life that people may use themselves to guide their
decision making, ihndeedii KS& dz& S FyedKAy3 |G ffod {GAIEAGT S
range of factors that influence what we value in living, reaching beyond its maiefaR S¢ ® ¢ KSa S
include having basic needs met, investments into the future, happiness, satisfaction, relative quality of
life and so on.

Compressing all these into one indicator obviously means losing detail in order to gain simplicity and
usability. Also, it allows a greater level of generalisation to say that people (or groups of people) can
measure all the above within an overall framework of "wmding" and whilst different people have
different constructions of welbeing, the practical outcomes the same. Scaling to an aggregate level
such as "society" also brings problems, since it is by no means universally accepted that ses@hgell
is the sum of individual's wellieing (see, for example, Fleurbay, 2008). For example, inequalities,
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absdute poverty, and the possibility of some people losing swelhg in order to increase other
peoples' welbeing, are all likely to be important in measuring societal \veihg.

If we accept the preceding generalisations as workable, we can say thdieirdl is a key metric of
sustainability, since if overall wddeing is decreasing or in a situation where it must decrease in the
future, the situation is unsustainable.

A number of methods have been proposed to measure-beihg itself, falling broaglinto two
categories subjective and objective approaches.

Subjectivewell-being (SWB)akes a direct approach, which is to say, what do individuals say their
own weltbeing is? This may seem extraordinarily simple but given thatheelyg is to a largextent a
subjective condition, to collect it subjectively is consistent and logical. The process of collecting it is to
ask people a question such as "Taking all things together, how satisfied are you with your life as a whole
these days? Are you very sdied, satisfied, not very satisfied, not at all satisfied?" (Fleurbay, 2008: 28)
or, as the WHO's Quality of Life survey puts it, "How would you rate your quality of life? Very poor, poor,
neither poor nor good, good or very good?" (WHO, 2004). Sincethee open to a degree of criticism
concerning translation and cultural paradigms, a lot of work has gone into how the core concept can be
applied across cultures and languages, and a lot of testing has shown that it is, in fact, a robust method.
For example, in bilingual countries, the language of the question does not affect the outcome
(Economist, 2005). Oswald and Wu (2010) used SWB data from the USA, along with geographical data to
test how well subjective webeing relates to objective. Thesurvey $ R I &1 SR aAy 3ISy SN
are you with your life?" with a-point scale response. They find that there is a significant relationship
between objective quality of life indicators in a state and the subjectiveletig reported by residents
in that state. Other studies have also found a relationship between SWB and brain activity (Economist,
2005) All of this suggests that SWB is a usable metric.

However, Fleurbay (2008) raises some conceptual criticisms; aside from the philosophical critiques
of utilitarianism (where social welfare is the sum of individuals' welfare) there is a problem in that
"subjective adaptation is likely to hide objective inequalities". Or, to phrase it differently, "if subjective
well-being is not so sensitive to objectiv@rcumstances, should we stop caring about inequalities,
safety, and productivity?" (p.29). In particular, there are two key "treadmills” that shape SWB over time,
the hedonic treadmill whereby people become desensitized to repeated events/inputs tebeed,
and the aspirational treadmill where people evaluate their SWB by adaptive aspiration levels. In other
words, using SWB as a metric of national Wweihg means that the measurable inputs to the quality of
life are not relevant, since the processefsturning inputs to welbeing are not fixed, and change even
with the level of welbeing. This highlights the fact that subjective and objective-baithg indicators
do measure different things and cannot be used interchangeably. This does not ruisiogieither as a
metric, but it highlights that clarity is a priority.

Another use of SWB as an indicator of veding has been developed by Veenhofen (1996), who
combined it with life expectancy to create "Happy life years" (HLY) or happy life enpgctdere, the
SWB score for a country is converted to a ratio between 0 and 1, where 0 means that everyone is
completely unsatisfied and 1 is where everyone is completely satisfied. This is multiplied by the life
expectancy to give an indication of how nya"happy years" someone would be expected to live. For
example, if the SWB ratio is 0.5 and the life expectancy is 70, then the HLY would be 35 years. This is not
a "value profile" like indices are, but a value in itself, just as GDP is. Veenhofen atait Yhis the
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"degree to which people live long and happy" and is thus a measurement of the outcomes of Quality of
Life rather than the inputs. Veenhofen (2007) has also shown how HLY is correlated to a number of
quality of life indicators, shown ifable 55. Here, Veenhofen has not given an indication of the
significance of the variables, other than to mark some with an asterisk, which the text suggests, but
never confirms, shows significance. Together, the significant variablpkie 66% of the overall
variation. It can be seen that wealth is important, as is freedom and justice, whilst it is worth noting that
disparity in incomes has a negative effect, and that the insignificant variables include personal freedom,
tolerance andsocial security. HLY is a notable indicator because of its conceptual strengths, but is a
slowmoving statistic which makes it difficult for polinyakers to use as an indicator of sustainability.

Table55: Correlation of HLY witkarious other metrics (Veenhofen, 2005)

Condition in nation Correlation with HLY

Zero-order Wealth N
Conrolled

Wealth

s Purchasing power per head * +.73 - 66

Freedom

» Fronomic * +.71 +.38 64

s Political * +.53 +.13 63

s  Personal +.61 +.31 45

Equality

® Disparity in incomes * -.10 +.37 62

& Discrimination of women -.46 -.12 51

¢ Disparity in happiness -.64 -.37 54

Erotherhood

+ Tolerance +.72 +.43 53

¢ Trust in compairiots +.20 +.20 37

*  Voluatary work +.40 +.31 53

»  Social security +.34 =27 34

Justice

# Pule of law * +.65 +.20 64

¢ Respect of civil rights * +.60 +.20 60

& Cormption -.73 -.32 40

Explained variance by variables marked with * 66% 60

Objective welbeing is built on the idea that SWB is based on measurable inputs, and that
jdzZt yGATeay3d GKS&S Ayllzia Aa | gle& 2F YSIadaNRAy3
World Bank's Human Delopment Index (HDI) which, as the name suggests, looks at the development
of nations. Here, development is not equal to quality of life or Wwelhg, but is a proxy for these. The
index takes GDP per capita, life expectancy at birth, and literacy mats@hool enrolment rates to rank
countries in an index. The assumption behind this is that these indicategalth, health and education
- are the key inputs to development and quality of life. They are weighted equally in the index, which is
based on he assumption that each is equally important to development.
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