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Johansson, M.; Guardans, R.; Lindström, M.
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Abstract:

This report sumarizes the results of a workshop held by the participants in the EU/LIFE project: Coupling of
CORINAIR data to cost-effective emission reduction strategies based on critical thresholds. The project
participants include FEI, Finland, NERI, Denmark, CIEMAT, Spain, Lund Univ. Sweden, EMEP/MSC-W,
UN/ECE/WGE/CCE and IIASA. The main objetive of the project is to support national activities in assessing
the spatial and temporal details of emissions of sulphur, nitrogen oxides, amonium and volatile organic compounds
and the impacts of acidification, eutrophication and ground level ozone. The repoject workshop enabled
participants to report preliminary results of the two main tasks, emissions and impacts and to agree on
common solutions for the final results.

"Vinculación de los Datos CORINE-AIRE con las Estrategias de Disminución
de Emisiones Basadas en Umbrales Críticos"

Johansson, M.; Guardans, R.¡ Lindström, M.

32 pp. 6 figs. 11 refs.

Resumen:

Este documento resume los resultados de un taller convocado para los participantes en el proyectos EU/
LIFE Vinculación de los datos CORINE-AIRE con las estrategias de disminución de emisiones basa-
das en umbrales críticos. En el proyecto participan los siguientes grupos FEI, Finlandia, NERJ, Dinamarca,
CIEMAT, España, UNIVERSIDAD DE LUND, Suecia, EMMEP/MSC-W, UN/ECE/WGE/CCE e IIASA.
El principal objetivo del proyecto es apoyar las actividades a escala nacional dirigidas a la evaluación de los
detalles espaciales y temporales de las emisiones de azufre, óxidos de nitrógeno, amoniaco y compuestos
orgánicos volátiles así como los impactos de la acidificación, la eutrofización y el ozono troposférico. La
reunión permitió a los participantes informar sobre los resultados preliminares obtenidos y acordar las solu-
ciones comunes para elaborar los resultados finales.
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1 Introduction

This project concentrates on national integrated assessment modelling considering acidification,
eutrophication and ozone-related air pollution problems in European countries. The air
pollutants covered are sulfur, nitrogen oxides, ammonium and volatile organic compounds. The
main objective of the project is to support national activities in assessing the spatial and
temporal details of above-mentioned air pollutant emissions and environmental impacts.
Additional emphasis is put on the national integration of different air pollutants, impacts and
the whole chain of the air pollution cycle: emissions, emission controls and costs, atmospheric.
transport, exposure and deposition, impacts and emission reduction requirements. In this
manner, the project supports the ongoing negotiations under both EU ( European Union) and
UN-ECE/CLRTAP (United Nations Economic Commission for Europe, Convention on Long-
range Transboundary Air Pollution) of reducing air pollutant emissions in Europe to reduce
harmful effects.

The project Coupling of CORINAIR data to cost-effective emission reduction strategies based
on critical thresholds (LIFE97/ENV/FIN/336) is equally funded by the LIFE instrument of DG
XI of EU and the national organisations. The project started in October 1997 and lasts till the
end of the year 1999. It involves four institutes in four countries and three institutes for external
assistance:

Finnish Environment Institute (FEI), Impacts Research Division and Pollution
Prevention Division, Helsinki, Finland; FEI is also the coordinating institute of
the project (coordinator M. Johansson),
National Environmental Research Institute (NERI), Department of Atmospheric
Environment in Roskilde and Department of Terrestrial Ecology in Silkeborg,
Denmark,
Centro de Investigaciones Energéticas, Medio Ambientales y Tecnológicas
(CIEMAT), Madrid, Spain,
Lund University, Department of Chemical Engineering II, Lund, Sweden,
EMEP/MSC-W (Meteorological Synthesizing Centre - West, Cooperative
Programme for Monitoring and Evaluation of the Long-range Transmission of
Air Pollutants in Europe), Oslo, Norway,
Coordination Center for Effects (CCE) under UN-ECE, RIVM, Bilthoven, the
Netherlands,
International Institute for Applied Systems Analysis (IIASA), Laxenburg,
Austria.

The project workshop was held to bring project participants together to exchange experiences
and discuss in detail the contents of various tasks of different institutes. The assembly was vital
for the smooth advance of the project because of its multi-disciplinary integration nature and
different types and levels of integrated modelling in different countries. The importance of
various detailed studies of individual project tasks in connection to integrated modelling
activities was one of the goals for the workshop discussions.

This project workshop report consists first of a description of the workshop aims. The results
from various project tasks are gives as annexes in the end of the report, arranged roughly in the
logical order of the air pollution cycle (emissions, reduction potential and costs, atmospheric
transport, impacts, uncertainty analyses, integration issues). Then, discussion within-two group
sessions on emissions and impacts are described. The main findings of general interest from the
workshop are given in the end.



2 Aims of the project workshop

The project workshop aims were practical-oriented to support the exchange of information
and results in different tasks of the project and to discuss the integration issue and
deliverables. The workshop was divided in two main sections: first, finding practical
solutions to technical problems and second, to agree on definite outputs and schedules in the
fmalization of the project.

The first section was larger than the second one, since this workshop was the first one to
bring all project main participants together. The section contained the following items:

to present main results achieved so far in different tasks and countries,
to disseminate findings to partners with sufficient documentation for
potential application,
to discuss the plans on detailed task contents and harmonization for 1999,
group work sessions to enable informal discussion on important issues within
the project tasks.

The second section concentrating on the technical arrangements on the final phase of the
project contained following points of discussion:

the material for interim reporting,
the contents of the workshop report,
preparation of material for the open workshop on disseminating the project
results and discussing integrated modelling issues,
agreement on the deliverables and other dissemination activities,
the detailed schedule and form for final reporting.

The contents of the discussions of the first section are reported in the following in more
detail. The items of the second section included project-specific details of no general
interest, therefore, they were left out of this volume.

3 Group sessions

During the workshop two group sessions were held. They concentrated on emissions and
impacts, the latter including some integration issues as well. The discussion and findings are
shortly described in the following.

3.1 Emissions group

Emission projections

Projections on emissions base on estimates on future development of various activities
emitting pollutants in air, especially the use of energy. In general, energy scenarios are
available in different countries and they can be used as input to the modelling activities in
this project. No need was seen for a separate energy scenario model or projection tool to be
developed and/or used in the project.

Denmark will have four different scenarios for assessment purposes. These scenarios have
been quantified with the CollectER (=Collect Emissions Register) software belonging to the
tools of the CORINAIR air pollutant emission database system of EU. Although originally



developed for inventory purposes, CollectER can (and has been) be used for (national)
emission projections; currently the Danish quantification is restricted to area sources only.
Finland shall use one or two readily available official national scenarios and Spain will
produce a couple of them. Sweden, however, does not explicitly use any emission scenarios,
since its tasks only consider impacts. In addition, the coordinating activities of Finland will
include a joint assessment on critical load exceedances using emission scenarios from the
reduction strategy negotiations of EU and UN-ECE/CLRTAP.

The RAINS model of IIASA is used for scenario analyses in Europe and effects-based
optimized cost-effective emission reduction strategy alternatives are explored with it. It was-
seen important to be able to compare the work and results in this project with the data in the
RAINS model. To this end, methods and tools were both developed and existing ones taken
on board and modified in order to compare national energy and emission scenarios and
CORINAIR emission inventory data to the RAINS model. The conversion utilities
aggregate the data into the fuel-sector combinations prevailing in the RAINS model. The
first results were encouraging and useful.

Cost curves

Cost curves include all potential technologies and related annualized costs for reducing
emissions of an air pollutant. Often cost curves are prepared at country level. The methods
to construct cost curves depend on the required detailness and availability of data. A proper
comparison subject is the RAINS model, which includes cost curves at an aggregated level
for each country. The RAINS data do not necessarily include very well the national special
conditions. Although this mostly relates to details, some methodological differences may
apply for nitrogen oxides. However, justified and documented improvements can be taken
on board in the RAINS model to some extent.

It was seen beneficial in this project to collect detailed national data, study important
parameters and document the findings in a transparent way. The method on calculating costs
(fixed, changing, annualization) of the RAINS model was considered a proper approach. In
Denmark, the potential usability of CollectER software of the CORTNAIR database will be
explored to assess control technologies and related costs. The findings will be compared
with the cost curves of the RAINS model. In Spain, the cost curves in the RAINS model
will be assessed. In Finland, national cost curves will be compiled using detailed available
national data in a manner, which can be compared to the RAINS model methods. Currently
the best data are from experiences with sulfur control. The uncertainties in cost curves were
considered important to be assessed in general, since the implications to decision-making
can be prominent. The ranges in reductions and costs should be derived from national
detailed data.

Dissemination

The dissemination of results before this workshop has been successful within the countries.
One important channel had unfortunately failed: the technical annexes in project progress
reports did not reach all project participants. Therefore, in the future these annexes should
be copied and sent directly to all participants. However, the personal contacts within the
project had enabled communication and exchange of experience on data collection, different
types of emission projections available in different countries and general methodologies on
the use of CollectER and derivation of cost curves. It was agreed within the project to make
available the documentation of these approaches for all interested parties.



3.2 Impacts group (including integration issues)

Deposition

In this project, sulfur and nitrogen depositions to ecosystems are calculated with both long-
range and mesoscale models. The common long-range model used is the Lagrangian model of
EMEP/MSC-W in 150 km x 150 km grid resolution in Europe. The results of this model are
also employed in the emission reduction strategy negotiations of EU and UN-ECE/CLRTAP.
Based on available data this model performs comparably to other models in giving sufficiently
accurate deposition estimates at the employed resolution.

National deposition modelling using more detailed meteorological descriptions etc. in
mesoscale can give better results on resolutions finer than 150 km x 150 km. A comparison of
national calculations with EMEP-model depositions showed some significant differences. Data
were not available, however, to decide, which was better compared to observations in the study
areas. National calculations on finer spatial scale can potentially give better results by including
national high resolution data on emission distributions, land cover and temporal variation in
emissions.

A comparison will be made between Lagrangian EMEP model in 150 km x 150 km resolution
to the new Eulerian EMEP model in 50 km x 50 km resolution, when these results become
available. The comparison should extend from deposition to critical load exceedances in all four
countries participating in this project. In addition, if data from EMEP/MSC-W are available,
a quick comparison of Eulerian EMEP 50 km x 50 km and differentiated calculation for 11
classes of ecosystems could be made to further assess the variability of deposition due to
surface roughness, i.e., the land cover type.

Critical loads and levels

At European level, critical load exceedances are calculated in the resolution of the employed
deposition model, i.e., in the 150 km x 150 km grid. National modelling can give better results,
because finer resolution is often available for both deposition and critical load estimates.
Methods were developed and used in this project to assess the uncertainty on individual critical
load calculations and on national calculations of exceedances of critical loads. Preliminary
results indicated that inclusion of uncertainties and finer resolution data will lead to an
underestimation of the calculated exceedances.

The work foreseen during this project on critical loads includes the calculation of confidence
ranges for areas with critical load exceedances in three of the participating countries. In Demark
and Sweden, individual uncertainty ranges for critical loads will be calculated with a Monte
Carlo-based calculation with the PROFILE model. In addition, a comparison will be made on
high resolution (20 km x 20 km), also with inclusion of estimated within grid distribution of
depositions.

The work on ozone-related effects will be mainly included in Spanish tasks. The studies will
take into consideration temporal and spatial characteristics of ozone exposure and consequent
effects and assess the impact modelling uncertainties and this should be explicitly brought up
in the reporting.



As to the dynamic modelling of ecosystem impacts, the SAFE and SMART models can be used
to assess site-specific and temporal aspects of emission reduction alternatives. The SAFE model
will be calibrated to a few sites in Denmark. The SMART model will be used for one or two
sites in Finland. An interesting aspect in dynamic modelling is the inclusion of nitrogen status
and dynamics, however, current knowledge and data may not enable a thorough assessment of
this important topic.

Uncertainty

The uncertainties in ecosystem impacts is one of key aspects in the impact tasks. In Sweden,
the calculations are carried out in much more detail than in Denmark, where attention is also
given to the subsequent effects on scenario analysis and decision-making. Uncertainty analysis
is a part of the Spanish ozone effect studies, too. It was stressed, that the validation aspects are
very important and necessary in all impact studies.

Integrated modelling

Integrated assessment modelling has been actively employed in Denmark and Finland of the
four participating countries in this project. However, the connection of various individual
modelling activities in Sweden and in Spain to integrated assessment gives an indication of
proper ground for enhancing national integrating activities. In Denmark, the sensitivities of
national emission reduction requirements have been studied. In Finland, a case study on the
uncertainty of a complete integrated model will be carried out during this project. However, it
was noted that it is not possible to make a proper calculation of uncertainties on integrated
assessment models, mainly due to the conceptual and technical complexities and difficulties.
The uncertainty issue has to be taken into account otherwise, e.g. by assessing different types
of uncertainties separately or performing sensitivity analyses with detached assumptions on
influential factors. The impact tasks have provided results and methods to assess uncertainty
in deposition targets, which can serve as an input to other analyses.

Results of the Eulerian EMEP 50 km x 50 km model will provide new insight in the variability
of deposition estimates, however, these results may not be readily available in time for this
project. Possibilities to increase the use of data from EMEP/MSC-W include, e.g., the use of
one-year Eulerian concentrations and depositions for the whole Iberian Peninsula, Eulerian
model simulations using a limited number (2) of emission scenarios and the use of Hirlam data
in the dispersion models employed in Finland and in Spain.



4 Main findings

Emissions were assessed in each participant country excluding Sweden, where the work
concentrated solely on impacts. Data which were readily available from existing national
CORINAIR databases were used and national energy and activity projections formed a basis
for compiling or converting data for emission scenarios. The RAINS model is used in the
emission reduction negotiations of EU and UN-ECE/CLRTAP and thus serves as a common
point of comparison. Energy and cost curve data were compared to the RAINS model and were
found convergent.

The assessment on the deposition variability gave an indication on the suitability of different
deposition estimates and models in integrated modelling, which can vary from local to
international level. The cooperation between the project and EMEP/MSC-W on atmospheric
transport issues was regarded important and beneficial for both parties. The application of the
Eulerian model 50 km x 50 km source-receptor matrices and assessment of variability in
deposition could provide new insights to be reported in various fora.

The uncertainty analyses carried out for ecosystem impacts gave new and important insight to
the importance of geographical resolution of integrated assessment. The ecosystem protection
tends to become more difficult with higher spatial resolution. The results clearly showed that
in general results and suggestions from individual uncertainty analyses may not be transferable
to other countries or areas, which have their own typical characteristics affecting the impact
assessment. The effects of ozone on commercial cultivars are of economic value, and the effect
of irrigation and dynamics of ozone exposure were quantified for selected Spanish areas.

The integrated modelling activities have been enhanced during the project in all participating
countries. Connections to national decision-making were demonstrated by calculating changes
in emission reduction requirements and costs due to uncertainties in binding deposition targets.
However, due to the scarcity of project resources and the multi disciplinary nature of the
project, the integrating activities in the participating countries are defined to specific sectors,
e.g., in Spain the integration of ozone-related studies is given a priority.

Considerable effort is needed from all participants to successfully prepare and hold an open
dissemination workshop of the project, although the main responsibility is with the coordinator.
A tentative time and place was proposed (7-8 June in Bilthoven, the Netherlands) connected to
the regular biannual UN-ECE task force meeting on integrated assessment modelling (TFIAM)
scheduled for 7-9 June 1999.

Internet pages describing tasks in each country and relevant material in electronic form are an
important and quick way to disseminate project work and results. This medium was considered
important for within-project dissemination as well. All partners are to link their respective task
descriptions in the main page of the project residing at FEI server in Finland. Part of the
documentation is already in electronic format (Adobe's pdf-format) for downloading. The
project home pages are mainly in English with links to other pages and the address is
http://www.vyh.fi/eng/research/euproj/lifeiea/life2.htm.
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5 Workshop presentations

Several presentations were given in the beginning of the project workshop. The two-page
abstracts of these presentations are annexed in the end of this report after the list of participants.
The titles and authors of the abstract are as follows:

Emission scenario development,
Lise Marie Frohn and Gerald Geernaert

Comparison of emission abatement technologies and costs for sulfur and nitrogen oxides,
Niko Karvosenoja

Deposition assessment with national and international data,
Johanna Ahonen and Matti Johansson

Down-scaling the assessment of ozone impact on crops taking into account agricultural
practices for selected crop species,
Benjamin Sanchez Gimeno, Victoria Bermejo, Roció Macarena Alonso Del Amo and Ramon
Guardans

Uncertainty in critical loads assessments,
Mattias Alveteg and Andreas Barkman

Sensitivity of calculated Danish emission ceilings,
Jesper Bak



6 List of participants

Johanna Ahonen
Finnish Environment Institute,
Impacts Research Division
P.O. Box 140, FIN-00251 Helsinki, Finland
Tel +358 9 4030 0302, Fax +358 9 4030 0390,
E-mail johanna.ahonen@vyh.fi

Mattias Alveteg
Lund University,
Department of Chemical Engineering II
P.O. Box 124, S-221 00 Lund, Sweden
Tel +46 46 222 36 27, Fax +46 46 222 82 74,
E-mail mattias. alveteg@chemeng. lth. se

Jesper Bak
National Environmental Research Institute
P.O. Box 314, DK-8600 Silkeborg, Denmark
Tel +45 89 201 400, Fax +45 89 201 414,
E-mail jlb@dmu.dk

Jerzy Bartnicki
EMEP/MSC-W, Norwegian Meteorological Institute
(DNMI)
Postboks 43, Blindem, N-O313 Oslo, Norway
Tel +47 22 96 33 15, Fax +47 22 69 63 55,
E-mail jerzy.bartnicki@dnmi.no

Victoria Bermejo
CIEMAT
Avenida Complutense 22, ES-28040 Madrid, Spain
Tel +34 91 346 6711

Isabel Donaire
CIEMAT
Avenida Complutense 22, ES-28040 Madrid, Spain
Tel +3491 3466174

Lise Frohn
National Environmental Research Institute Department
of Atmospheric Environment
Frederiksborgvej 399, P.O. Box 358, DK-4000
Roskilde, Denmark
Tel +45 46 30 1178, Fax +45 46 30 12 14,
E-mail lmf@dmu.dk

Ramon Guardans
Instituto de Medio Ambiente/CIEMAT diae
Avenida Complutense 22, ES-28040 Madrid, Spain
Tel +34 91 346 6174, Fax +34 91 346 6005,
E-mail guardans@ibml.ciemat.es

Matti Johansson
Finnish Environment Institute,
Impacts Research Division,
P.O. Box 140, FIN-00251 Helsinki, Finland
Tel +358 9 4030 0302, Fax +358 9 4030 0390,
E-mail matti.johansson@vyh.fi

Niko Karvosenoja
Finnish Environment Institute,
Impacts Research Division
P.O. Box 140, FIN-00251 Helsinki, Finland
Tel +358 9 4030 0407, Fax +358 9 4030 0490,
E-mail niko.karvosenoja@vyh.fi

Maria Lindström
Finnish Environment Institute,
Impacts Research Division
P.O. Box 140, FIN-00251 Helsinki, Finland
Tel +358 9 4030 0374, Fax +358 9 4030 0390,
E-mail maria.lindstrom@vyh.fi

Fernando Martin
CIEMAT
Avenida Complutense 22, ES-28040 Madrid, Spain
Tel +34 91 346 6065, Fax +34 91 346 6121,
E-mail nando@ciemat.es

Magdalena Palacios
CIEMAT
Avenida Complutense 22, ES-28040 Madrid, Spain
Tel +34 91 346 6174, Fax +34 91 346 6005,
E-mail magda@ciemat.es

Benjamin Sanchez Gimeno
CIEMAT - IMA 3b
Avenida Complutense 22, ES-28040 Madrid, Spain
Tel +34 91 346 6711, Fax +34 91 346 6121,
E-mail benjamin@ciemat.es

Leonor Tarrason
Norwegian Meteorological Institute
P.O. Box 43 Blindem, N-0313 Oslo 3, Norway
Tel +47-22-963 330, Fax +47-22-696 355,
E-mail leonor.tarrason@dnmi.no

Teresa Gonzales (observer)
TH Huxley School, Air Pollution Group,
Royal School of Mines, room 146
Imperial College, Prince Consort Road, London SW7, UK
Tel +44 171 5949264, E-mail teresa.gonzales@ic.ac.uk

12



ANNEX 1

EMISSION SCENARIO DEVELOPMENT

Lise Marie Frohn and Gerald Geernaert
National Environmental Research Institute, Department of Atmospheric Environment

Frederiksborgvej 399, P.O.Box 358, DK-4000Roskilde, Denmark

Objectives
The main objective of the project is to develop emission estimates and projections of SO2, NOX,
NMVOC and NH3 for the period 1998 through 2010. The idea is by innovative use of existing
software to test some of the already recognized projection tools. Furthermore the basic data for
emission projections will be evaluated.

Methods
The projected emissions are calculated from two sources: projected energy consumption data and
knowledge of future technology and emission control. In this project the latter two are incorporated
in the projected emission factor. As long as the basic data are consistent, it can also be done in
other ways.

The software tool is the CORTNAIR software CollectER, developed for the European
Environment Agency by Spirit Inc. Information Systems (Eggleston & Pulles 1997, Pulles et al.
1998). CollectER is developed for compiling the annual CORINAIR emission inventories using the
selected nomenclature for air pollution (SNAP), but it is also possible to use the SNAP codes when
compiling projected emissions, if knowledge of projected emission factors and energy consumption
is available.

Data
In order to compile emission projections, the necessary basic data are projected energy
consumption data and projected emission factors. For the Danish contribution energy consumption
data based on two different scenarios have been obtained from the Danish Energy Agency
(Ministry of Environment and Energy, 1996). The first scenario is a so-called "business as usual"
scenario (the reference scenario), based on existing directives and legislation. In this scenario it is
assumed that no further technological developments will take place. The second scenario (the
maximum action scenario) includes all of the energy consumption reduction initiatives given by the
Danish Energy Action Plan. The projected energy scenarios can be seen in Figure 1.

600 000 I -

100 000 H i —

2005 2010 2015
Year

Figure 1. Total Danish energy consumption projected to 2035.
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Based on these energy consumption data two emission factor scenarios are calculated. The
first using emission factors from the current CORJNAIR inventories (business as usual) and the
second using emission factors based on assumptions of the expected technological development
(ETD).

Results
The resulting data consist a final database for the year 2010 for each scenario. Furthermore the
temporal development in the different scenarios will be studied through intermediate databases for
the years 2000 and 2005.

The result of combining the two energy scenarios with the two emission factor scenarios is
four different emission scenarios. The combinations: Reference energy - current emission factors
and Maximum action - emission factors based on ETD will to some degree provide the limits on
future emissions. The upper limit (business as usual) can be compared to other unabated emission
projections (like projections calculated with the RAINS model, Amann et al. 1998). The lower
limit can be compared to other official projections, based on the same energy statistics (like the
official national projections made for the UNECE).

The combinations: Reference energy - emission factors based on ETD and Maximum action
- current emission factors provide information on the importance of technological development
(emission factors) vs reduction in energy consumption especially when the cost curves for the
different scenarios are considered.

Conclusions
Developing emission scenarios for comparison is quite complicated, since the result of a projection
depends crucially on the basic data assumptions. The outcome of this project is experience with the
use of CollectER for compiling emission projection, as well as an evaluation of the basic Danish
data for emission projections. Finally the calculated emission projections will be compared to
emission projections compiled with other tools.

References
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ANNEX 2

SPATIALLY AND TEMPORALLY DETAILED EMISSION ESTIMATES

Magdalena Palacios and Fernando Martin

Proyecto de Modelización de la Contaminación Atmosférica,
Dpto. Impacto Ambiental de la Energía, CIEMA T (Centro de Investigaciones Energéticas,

Medioambientales y Tecnológicas). Avda. Complutense 22, 28040 Madrid, SPAIN

Introduction

Atmospheric emission inventories have proved to be a useful tool in air pollution studies. Inventories
provide full and reliable information on pollutant concentrations when entering as inputs in dispersion
models. In this way they are also helpful when looking for new alternatives by comparing different
scenarios with different fuel, technologies, locations, etc and checking their impacts, especially for
assessing cost-effective emission reduction scenarios to minimise environmental effects. This paper
shows a simple methodology to calculate detailed spatially and temporally emissions focusing on a
particular Mediterranean area in Spain. The Mediterranean area is now recognised as one of the major
sources of tropospheric ozone in Europe.

Methodology

A macroscale "top-down" methodology has been applied to estimate atmospheric pollutant emission
inventory over an area in the Mediterranean coast of Spain. It is 100 x 100 km2 centred in Burriana
(Castellón, Spain). Time and spatial resolution were hourly and 1 x 1 km", respectively. Estimates were
done for all relevant sources of anthropogenic emissions. The pollutants considered were SO2, NOX,
NMVOC (Non-Methane Volatile Organic Compounds), CH4, CO, CO2, N2O and NH3. Thus, it includes
up to 18 different NMVOCs. "Ad hoc" software was developed in order to make the involved
computations and furthermore, the use of a geographical information system (PC-ArcView) was required.

Official annual nation-wide emission estimates based on CORINAIR emission factors were taken
as the basis to estimate hourly emissions. All anthropogenic emission generating activities considered
under SNAP classification have been taken into account. The spatial disaggregation of this overall
emission inventory was carried out by applying a "top-down" approach with the use of a geographic
information system. The main advantage of this procedure is the global consistency of the final emission
inventory and it is specially useful in those cases when insufficient detailed data on emitter activities in
the predefined sub-units (grid cells) make the estimation of their emissions difficult. The statistical data
used as reference in this approach is commonly available, allowing to obtain a complete and reasonable
estimation of emissions in areas where detailed data at grid level do not exist. Moreover, this
approximation allows the spatial and sector analysis of emissions and the update of their spatial
distribution.

The followed procedure explained in detail in Palacios et al. (1999) basically consists of four steps:
1. Data collection:
B 1993 annual emission data for 3 Spanish provinces,
B Point sources and area sources including towns, roads, industrial zones, railways, waste disposal and

treatment zones, waste water treatment, compost production, etc.
" Operational time profiles representing annual, weekly and daily cycles.
a Road traffic. Three types of driving modes were considered (urban, interurban and rural), car

categories (those assumed by CORINAIR: Passenger cars, light duty vehicles, heavy duty vehicles,
mopeds and motorcycles), gasoline evaporation from vehicles, traffic census, averaged time cycles of
traffic intensity and air temperature.

2. Non-methane volatile organic compounds (NMVOC) speciation for every SNAP category by
following the procedure of Loibl et al. (1993).
3. Time disaggregation. The obtained time profiles were used to estimate the hourly emission rates for
provinces and for every SNAP activity.
4. Spatial disaggregation. The hourly provincial data of emission were spatially disaggregated in order
to obtain the hourly emission rates in squared cells (lxl km"). This is done by locating the different
considered activities using the most appropriate spatial distribution or surrogate factor. Several different
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geographical covers were established to distribute the emissions from area sources. These geographical
covers provide information about what cells are affected by every SNAP activity. Apportion factors were
used in order to distribute the hourly provincial emission data for every SNAP activity to every grid cell.
The general procedure used in these computations is conceptually simple, although every particular case
has its own complexity. The general formulation can be summarised in the following expression:

E;
Fu-E,

where E^ is the hourly emission in cell (i,j) corresponding to source k, Fk is the apportion factor
associated to the surrogate indicator for the source k, N is the number of cells affected by that source, and
Ei, are the hourly emission for the corresponding SNAP activity.

Results

The spatial distributions of every pollutant is clearly affected by the distribution of the sources being the
major contributors. For example, the results for NOX, and CO shows clearly the mesh of roads and towns
in the area. In the case of NOX, the contribution of industries such as ceramics and refinery is also clear.
The refinery located close to Castellón town is also the major contributor to SO2 emissions. The NOX

emissions for a typical sunny workday in June (when strong photochemical activity could be expected) is
shown in Fig. 1.
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Fig. 1. Hourly emissions rates distribution for NOX at 13:00 local official time for a working day of June
1993.

Conclusions

The results of the pollutant emission inventory done for the Castellón region seem to be very consistent.
The simple "top-down" methodology used for time and spatial disaggregation appears to be suitable for
the spatial and sector analysis and quite easy to update or for setting up new emission scenarios.

Next activities include the application of this methodology for estimating the time and spatial
distribution of pollutants emissions in an area with large conurbation such as the Greater Madrid Area.
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ANNEX 3

COMPARISON OF EMISSION ABATEMENT TECHNOLOGIES AND COSTS FOR SULFUR
AND NITROGEN OXIDES

Niko Karvosenoja
Finnish Environment Institute, Impacts Research Division

P.O. Box 140, FIN-00251 Helsinki

Objectives

Negotiations under UN-ECE and EU on the strategies to combat for acidification and tropospheric ozone
are carried out using RAINS-model developed by IIASA. The model describes present and future
emissions and environmental impacts of each country. In addition, emission control technologies, their
costs and appiicabilities are presented. Reduction requirements for each country can be optimized in order
to achieve cost-effective means to reduce exceedances of critical loads in Europe. In this study, the data
on emission control technologies in the RAINS-model are compared with Finnish national estimates.

Methods

Emission calculation of the RAINS-model covers all European countries. In addition to present emission
levels, various future scenarios are presented. Calculation consists of six economical main sectors and 22
fuel types. Several emission control technologies can be applied to each sector-fuel type combination.

The costs of SOi- and NOx-control technologies, which are presented in the RAINS-model are
compared to corresponding national costs. Cost differences of SO2- and NOx-control technologies have
been studied by comparing the cost curves of RAINS to the curves compiled on the basis of national data.

Data

National costs of reduction technologies have been estimated using actual operation experiences from
Finnish power plants. There are not yet national data on all technologies described in RAINS. All the
national costs have been modified into same interest rates, pay-back times and operation hours as used in
RAINS.

Cost curves are constructed on Finnish 1990 no control -situation according to national energy
pathway in RAINS.
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Fig. 1. Comparison of cost-efficiency of flue gas desulfurization in coal power plant.
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Results
Cost curve comparison: SO2

It can be seen from the national SOT cost
curve that the most cost-efficient reduction
methods of sulfur emissions are
- low sulfur heavy fuel oil
- control technologies of process emissions
- flue gas desulfurization in boilers
Considerably more expensive reduction
methods are
- low sulfur medium distillates
- flue gas desulfurization in heavy fuel oil
boilers

Comparison of national and RAINS SO2 cost curves, Finland 1990
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In the national cost curve, the costs of emission reduction in heavy fuel oil boilers are high. They are
calculated from the flue gas desulfurization of low sulfur (1 %S) oil, whereas RAINS calculates the costs
from the high sulfur (2.4 %S) oil. This explains for the most part the different shape of the curves.
Otherwise, RAINS estimates that the investment costs of flue gas desulfurization plants are higher than
the national experiences indicate

Cost curve comparison: NOX

The national NOX cost curve suggests that
the most cost-efficient reduction methods of
nitrogen emissions are
- combustion modifications of boilers
- EURO-standards of heavy duty trucks and
off-road machinery
Slightly more expensive reduction methods
are
- SCR- and SNCR-technologies in boilers
- three way catalytic converters of light duty
vehicles
The most expensive methods are advanced
converter technologies of light duty
vehicles.

Comparison of national and RAINS NOx cost curves, Finland 1990
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In the national calculations, RAINS cost data has been used for control technologies in traffic sector. The
differences in cost curves arise from power plant and indutrial sectors. RAINS estimates lower costs for
combustion modifications and SNCR-technologies and, in some cases, reduction efficiencies higher than
the national experiences indicate.

Conclusions

National estimates on reduction potentials, both on sulfur and nitrogen oxides, are convergent to the
estimates of RAINS-model. Efficiencies and costs of single technologies vary. The most cost-efficient
sulfur emission reductions can be achieved in power generation sector. For NOX emissions, the largest
reduction potential lies in the traffic sector. The results contribute to the background work of UN-ECE
negotiations and national implementation of the acidification and ozone strategies of EU.
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ANNEX 4

DEPOSITION ASSESSMENT WITH NATIONAL AND INTERNATIONAL DATA

Johanna Ahonen & Matti Johansson
Finnish Environment Institute, Impacts Research Division

P.O.Box 140, FIN-00251 Helsinki, Finland

Objectives

Atmospheric depositions, originated from the long range transport and local emissions are often
calculated using the transport matrices produced in the EMEP/MSC-W Institute in Norway (the EMEP
model). Since the matrices are rather rude, taking into account one emission value and giving one
deposition value for each of the grid cells of the matrix, more detailed national estimation methods have
been developed in country level. In this work, calculated depositions used in national and international
assessment in Finland and in Sweden, were compared. The aim was to investigate statistically the
similarity of the two differently calculated deposition data of NOx, NHx, and SOx.

Materials and Methods

The EMEP depositions were calculated on the resolution of 150km x 150km. The national depositions
for Finland were calculated with the DAIQUIRI model (Syri et al. 1997) that uses the EMEP long- range
transport matrices complemented with the meso-scale deposition fields caused by the individual emission
sources in Finland. It results total depositions of sulfate, and oxydized and reduced nitrogen on about
16km x 16km resolution. For Sweden, the national wet depositions were calculated using the MATCH
model (Persson et al. 1994) on 20km x 20km resolution and the total deposition was derived using stand
characteristics and specific filter factors for each stand type. National depositions were converted to
EMEP 150km x 150km grid using the arithmetic mean. The depositions were calculated for the year 1994
(Fig 1).

NOd 1994, EMEP150 national mean

NHd 1994, EMEP150 national mean

Fig. 1. Calculated depositions for Finland and Sweden with the EMEP model and the national models.
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The method used in the study was the t-distribution test. It was performed to find out if some systematic
differences between the two data sets exist, i.e., it was tested whether the mean of the residuals differs,
at five-percent-risk level, significantly from zero or not.

Before applying the t-distribution test for the gridded data, the normality of the national data within
one EMEP150 grid cell was studied by calculating the mean, the median and the standard deviation of
depositions for each of the grid cells. The close proximity of the mean and the median were required to
demonstrate that the data is normally enough distributed, and the standard deviation less than 30% was
stipulated to ensure that the subgrid variation would not be too large and thus the mean would be
estimator good enough of the value of the grid.

Results

The subgrid variation in Finnish data was within the acceptable ranges except in two EMEP150 grid cells
with SOx and one grid cell with NHx. In Swedish data the within grid cell standard deviation did not
exceed 30%. The mean and the median were also closed to each other in data of both countries and thus
the t-distribution test could be carried out.

The t-distribution test for Finland showed that the national and the EMEP model gives the
depositions that correspond to each other very well. At five-percent-risk level, the mean of the residuals
did not differ significantly from zero (Table 1). This was not surprising since the national model uses the
same matrices of the long-range transport as does the EMEP model.

The t-distribution test for Sweden indicated that there are systematic differences between the
outcome of the national and the EMEP model. The mean of the residuals differed sicnificantly from zero
with all the deposition components (Table 1).

Table 1
T-distribution value in residual test beween the national and the EMEP model depositions in Finland and
in Sweden (values > 0.95 mean no significant difference.)

Finland Sweden
SOx
NOx
NHx

0.99
0.99
0.99

0.93
0.93
0.86

Conclusions

It is seen in the comparison of the Swedish data that there are systematic differences between the two
methods of calculating depositions. Therefore, care should be taken when desiding the suitable deposition
estimates for decision making. Measurements would be needed to verify the accuracy of different
calculations. The Finnish national data corresponded well to the international data. Since there are no
systematic differences between the national mean and the EMEP value, and they are also closed to each
other, we conlude that in international exercises the EMEP150 povides a sufficient basis for the
deposition estimates. However, some large within grid variations indicate that national integrated
assessment might benefit from the deposition estimates aimed more detailed at the separate ecosystems
within a grid cell as done in Sweden. It would be beneficial to see, in assessing the usabilityof the model
outcomes, if this kind of focusing increased the differences also between the Finnish national and the
EMEP data.
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ANNEX 5

DOWN-SCALING THE ASSESSMENT OF OZONE IMPACT ON CROPS
TAKING INTO ACCOUNT

AGRICULTURAL PRACTICES FOR SELECTED CROP SPECIES

B.S. Gimeno, V. Bermejo, R. Alonso, R. Guardans
CIEMAT - Departmento de Impacto Ambiental de la Energía/Ecotoxicology of Air

Pollution, Avda. Complutense 22, 28040 Madrid, Spain

Ozone (O3) is currently regarded as the most prevalent and damaging air pollutant to
which vegetation is exposed in many parts of the world. Current ground-level
concentrations of the gas have been demonstrated to be high enough to depress crop
yield. Impacts are known to depend on cultivar, and to be strongly influenced by
cultivation methods as well as climatic factors, making it difficult to extrapolate
experimental results from one situation to another. There is growing evidence that many
rural parts of the Mediterranean suffer a severe photochemical oxidant problem;
ambient levels of O3 during the spring and summer commonly far-exceeding UN-ECE
critical level guidelines for the protection of vegetation. There are also reports that
several irrigated crops develop 03-like visible symptoms of injury in the field, but few
crop loss assessment studies have been performed. Monitoring data suggest that crops in
eastern Spain - an area harbouring a major centre for fruit and vegetable production -
are among the crops at highest risk from O3 damage in Europe. One of the most-widely
cultivated and economically important crops grown in this region is watermelon
{Citrullus lanatus (Thunb.) Matsum and Nakai) - This crop has been shown to be
susceptible to O3 injury and to develop visible symptoms of damage.

A study was conducted to establish the impacts of ambient O3 on the yield of
watermelon at a site on the East Coast of Spain. Fruit yield and quality were monitored
in plots established in a commercial watermelon field, exposed to non-filtered air (NFA;
near-ambient levels of ozone) or charcoal-filtered air (reduced levels of O3; CFA) in
open-top chambers (OTCs) during two growing seasons. Ambient levels of O3 were
found to exceed current UN-ECE Critical Level guidelines for the protection of crop
yield by c. two-times in 1988 and c. five-times in 1989. A similar range in O3
concentrations has been recorded at this site from 1988 up to 1998. Plants exposed to
NFA developed visible O3 injury on the upper surface of older leaves, and fruit yield
(annual marketable fruit weight and count) was found to be depressed in OTCs
ventilated with NFA in comparison with those receiving CFA. Consistent with
interannual variations in O3 exposure, greater yield losses were experienced in 1989
(39%) than in 1988 (19%) - with the effect mediated predominantly through a decline in
fruit number rather than average fruit weight. These loss percentages would be larger if
we take into account that O3 impact is the greatest in the early harvest period, when both
watermelon yield and their economical value is the highest. In addition, ambient levels
of O3 were found to reduce fruit quality (c.4-10% decline in soluble solids content).

This study demonstrates that ambient levels of O3 on the Spanish Mediterranean
coast are high enough to adversely influence the yield of an economically-important crop
in the region, with the magnitude of the effects greater than would be predicted from
exposure-yield loss relationships for grain and fodder crops grown in central and northern
Europe.

However, ozone-induced phytotoxicity in non-irrigated crops grown in central Spain
would be much lower than that found for irrigated crops in eastern Spain due to the low
air vapor pressure deficit (VPD) and soil-moisture values that are recorded in the area
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that would determine a reduced ozone uptake. To test this hypothesis an eleven year
data base (1985-1996) from the cereal experimental station "El Encin" concerning the
quantitative relationship between wheat yield and soil water availability was assessed.

The correction factor fwmer was calculated following Fuhrer (1995) model
relating the percentage yield loss (%Y) due to the depletion of available water in the soil
(%FC). Therefore, %FC at this particular site was determined from the balance between
precipitation and potential evapotranspiration. The meteorological data corresponding to
those years were recorded at "El Encin" site by the Spanish National Institute of
Meteorology. Calculated %FC values for this site during the 1985-1996 period ranged
34-69%, and were usually under 60% but for spring 1996 where 69% values were
reached. These %FC values determined year variations in fwater = %Y values ranging
from 0.4 to 1. The greatest %Y values coincided with those years presenting low
temperatures (r= -0.824, pO.001), radiation (r= -0.68, p<0.005) or potential
evapotranspiration levels (r= -0.655, p<0.005, n=18 in all cases).

Using the algorithm relating the exposure-response relationship for O3 expressed
as AOT40 (ppm.h) and relative grain yield of wheat under irrigated conditions (Fuhrer
et al. (1997), and using EMEP's estimation of ozone exposure over the Madrid area for
May-July 1990, suggesting AOT40 values in the range of 6000-10000 ppb.h (Posch et
al., 1997), the potential yield losses caused by these O3 levels was calculated both
considering and rejecting the fw modifying factor These results indicate that for those
particular years in which high temperatures and radiation levels are recorded, the actual
yield losses induced by O3 on wheat plants grown in Mediterranean conditions would be
much lower (4.3% against 10.7%) than those predicted from the empirical function
derived in Northern countries. This is a crucial finding for non-irrigated crops in the
Mediterranean region.

Also, fwater was calculated by constructing an empirical relationship between
corp yield loss and soil water availability. In this case, we did not find a significant
relationship of these two parameters for Triticum aestivum but a good correlation was
found for T. durum. From the empirical relationship obtained for T. durum, we
recalculated fwater, values ranging 0.13 - 0.8 were obtained. Similarly, by applying this
correction factor to the exposure-response relationship presented by Fuhrer et al. (1997)
we calculated the O3 exposures that would determine a given yield loss. These results
indicate that for those years in which the highest solar radiation levels are reached O3-
induced yield reductions on non-irrigated T. durum would be much lower (15-80%)
than predicted when plants do not experience restrictions in soil water availability.
These results suggest significant reductions in the area of exceedance of the long-term
critical level of O3 for agricultural crops in the Mediterranean region.

Our findings indicate that the economical assessment of O3 impact on Mediterranean
crops would increase its accuracy by incorporating the environmental factors that
modify its phytotoxicity. Among these factors, soil water availability is crucial since it
determines plant performance and strongly influences O3 uptake by the plant

Thanks are given to Pilar García and Águeda González from the Instituto Madrileño de Investigación
Agraria for their valuable help concerning wheat yield data-base.
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ANNEX 6

UNCERTAINTY IN CRITICAL LOADS ASSESSMENTS

Mattias Alveteg, Andreas Barkman

Department of Chemical Engineering II, Lund University, Sweden

Objectives

The aim of this subproject is to assess the sensitivity and uncertainty in assessments of critical loads of
acidity to forest ecosystems and the corresponding exceedances of critical loads. The results can be used to
estimate the risk of adverse effects on forest ecosystems and to establish cost-effective measures to reduce
uncertainty in critical loads assessments.

Method

The uncertainty in the Swedish national assessment of critical loads and exceedance for forest soils were
investigated through a regional Monte Carlo analysis of the PROFILE model using the Swedish critical loads
database and national estimates of 1994 deposition from SMHI and FVL. By taking the uncertainty in all
calculation points of a grid cell into account simultaneously, modified 5%-ile critical loads and 95%-ile
exceedances were calculated. The results were aggregated on the 150*150 and the 50*50 km grid resolutions
used by EMEP.

Modified percentiles of critical loads and exceedance

In an uncertainty analysis each calculation site has a cumulative distribution function (CDF) of calculated
critical loads and, since the CDFs of different sites tend to overlap, a protection limit should not be linked to
a site-specific calculation. To determine a protection limit, e.g. the 95%-ile exceedance, the uncertainty in all
sites of the grid square should be taken into account simultaneuosly. By addressing all known interdependies

already in the input generation in Monte Carlo
analysis, the difference between the calculated and
the true critical load for one site is independent of the
difference for other sites. In other words, each replica
in the Monte Carlo analysis is an independent
estimate of the true CDF and by analysing all CDF
estimates confidence intervals can be determined for
the different percentiles. The resulting percentiles,
here called modified percentiles, will be different
from the percentiles given by an ordinary critical
loads assessment. The modified percentiles generally
imply lower deposition targets and have more narrow
confidence intervals than site-specific calculations.

Separable classes, risk classes and aggregation

Figure 1. Increasing the resolution increases the area with
uncertain exceedance, but also reveals a few subgrids with
non-exceedance.

In an ordinary critical loads assessment the results
are usually divided into arbitrary classes when
producing maps. An uncertainty analysis, however,
makes it possible to divide the results into
statistically separable classes of critical loads and
exceedances and to map the risk of exceedance of
critical loads (Fig. 1).
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Sensitivity analysis

A sensitivity analysis was performed in order to determine possible
ways to decrease the uncertainty in the Swedish critical loads
assessment. The input parameters were divided into five categories:
Atmospheric deposition (Dep), Stand characteristics (Std), Mineralogy
(Min), Physical soil properties (Phy) and Chemical solution parameters
(Che). The uncertainty in input parameters were removed for one
category at a time and the resulting output uncertainty was compared to
the output uncertainty when uncertainty in all input parameters were
considered. The results were analysed on site level as well as on the 150
by 150 km grid resolution studying the output uncertainty of calculated
critical loads, exceedances and weathering rates.

Results

When aggregating the results from the uncertainty analysis on the 150
by 150 km grid resolution used by EMEP, 18 out of 35 grid squares had
a 1994 deposition that was significantly higher than the critical load and
not a single grid square had a 1994 deposition significantly below the
critical load (Fig. 1). On the 50 by 50 km grid resolution only 20 out of
193 grids received a deposition significantly below the critical load.

The relative importance of uncertainty in the input categories
depended on geographical location as well as on the studied output
parameter. For exceedance calculations, chemical parameters were the
most important in the north of Sweden while atmospheric deposition
was the most important category in southern Sweden (Fig. 2).

Conclusions

Figure 2. The five input
categories ranked according
to their potential to reduce
uncertainty in calculated
exceedance. Number of sites
in each grid square is also
shown.

The uncertainty in calculated critical loads and exceedances can be reduced if they are determined through
an uncertainty analysis. The critical loads and exceedances determined by this method will generally result in
lower deposition targets.

A worrying result from the uncertainty analysis is that only a very small part of Sweden received a
deposition 1994 significantly below the critical load for forest ecosystems. This result stresses the need for
further emission reductions and continued research on acidification.

The sensitivity analysis clearly shows that measures to reduce the uncertainty that are cost effective in
one region may not be cost effective in neighbouring regions. What measures that are cost effective is also
dependent on wether it is the uncertainty in critical loads or exceedances that should be reduced. It is thus
very difficult to give general suggestions applicable to locations outside the studied area.

References

Barkman, A. 1998. Critical loads-assessment of uncertainty. PhD-thesis Lund University, Reports in ecology
and environmental engineering 1:1998

http:// www2.chemeng.lth.se/research/projects/corinair.html

A12



ANNEX 7

SENSITIVITY OF CALCULATED DANISH EMISSION CEILINGS

Jesper Bak

National Environmental Research Institute, Department of Terrestrial Ecology
P.O. Box 314, DK-8600 Silkeborg, Denmark

Background and objectives

The forthcoming UN/ECE multi pollutant, multi effect protocol and the EU Acidification Strategy will set
legally binding national emission ceilings for SOi, NOx, NH3 and VOC's. Emission ceilings are negotiated on
the basis of cost optimised scenarios calculated with the RAINS model targeting the environmental effects of
acidification, eutrophication and ozone, and the health related effects of ozone. The same ambition level for
effects related benefits is applied in setting deposition targets for each EMEP square. The other main elements
in the optimisation calculations are country to grid dispersal matrices for each pollutant based on the EMEP
model, a simplified photooxidant model, and national cost curves for each pollutant. Cost curves describe
abatement potential and cost for different technical abatement measures starting at current reduction plans
(REF) in 2010 and ending at MFR The key elements in the REF scenario are national data on 1990 emissions,
projections on energy consumption and agricultural activities, and the interpretation of current national
legislation and international agreements.

In the optimisation calculations emissions starts at REF values and are successively reduced where it is most
cost effective, until the environmental targets are met in all EMEP squares. The squares, where the target is
achieved latest and at the highest marginal cost are so-called binding grid in the optimisation. Achieving the
target in these grids will ensure an overprotection in all other grids. Especially for small countries like Denmark,
the sensitivity of calculated emission ceilings to uncertainties in deposition targets for nearby binding grids and
to changes in national data, is expected to be large. The aim of the study was to quantify the sensitivity for
reasonable ranges of uncertainty and variation. The analysis has been made on the basis of the Bl scenario
calculated by II AS A for the European Commission (Amann et al, 1996).

Methods

The relationship between deposition targets and the calculated emission ceilings for Denmark has been
investigated by Monte Carlo simulation for the two groups of grids most likely to influence the emission
ceilings for Denmark, i.e. an extended group of binding grids and the 20 grids, where Danish emissions give
the largest contribution. 25 different set of deposition targets have been constructed by drawing deposition
targets for the selected grids from a triangular distribution with mean value corresponding to the default
value from the B1 scenario, and a variation corresponding to an estimated uncertainty in deposition targets (+
20%) (Bak & Tybirk, 1998). The results from the corresponding optimisations have been analysed for
covariance between deposition targets for individual grids and the calculated emission ceilings and costs for
Denmark have been calculated. The sensitivity of the calculated emission ceilings with respect to changes in
national data has been investigated by a simple analysis, where key parameters have been varied within a
reasonable range. The analysis has been made for the energy scenario, the agricultural scenario, the ammonia
emission factors, and the marginal cost on sulphur, NOx, and ammonia abatement.

Results and conclusions

The sensitivity of Danish emission ceilings to uncertainty in deposition targets for the most influential grids
is illustrated in Table 1. The table includes calculated regression coefficients between deposition targets
(meq m"2) and abatement cost (mill. ECU y"1) and the standard error of the estimate. The most remarkable
result is the very strong influence of the deposition target for a single Swedish grid (21 22) on the Danish
abatement costs for sulphur. The uncertainty range in calculated abatement costs for SO2 for Denmark -
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derived from the uncertainty in deposition target for this single Swedish grid is calculated to be between 61
and 332 mill. ECU pr. year. The situation for nitrogen is more complex because of the different deposition
patterns of NOX and NH3.

The analysis of sensitivity to changes in Danish data shows that the calculated emission ceilings are sensitive
to changes in energy scenario. The use of a scenario with higher gross energy consumption gives higher
emission ceilings, but also higher abatement costs. A further result is that reductions in NH3 emissions could
be converted into higher emission ceilings for SO? and NOx, and vice versa. The use of lower Danish
emission factors for ammonia has the potential to change the emission ceilings for SO2 and NOX allowing
higher emissions for the energy sector. However, using the combination of data in the Bl scenario this
mainly accounts for emissions from countries outside Denmark. There is a remarkable lack of relationship
between the marginal costs for SO2 and NOx abatement and the calculated emission ceilings. Increased
marginal costs within a wide range will only result in higher total costs, but no significant changes in
emission ceilings.

Table 1 Regression coefficients (+_s.e.) between deposition target and control costs for Denmark for selected grids. The
coefficients express the relationship between change in deposition target in meq m : and the corresponding change in
abatement costs in million ECU y'
EMEP arid SO. cost N cost
16 14
18 06
21 22
18 20
19 22

-0.55+ 0.29
1.22+0.57

-2.99+0.25
0.98+0.41
0.68+0.59

0.85±0.90
-0.45+0.29
0.49+0.97
0.20+0.62

-1.70+0.51

Table 2 Calculated
scenario

default (Bl)
Energy 1
Energy 2
Energy 3
Animals 1
Animals 2
Art. fert. 1
Art. fert. 2
NH-! emis. fact.
SO, costs 1
SO, costs 2
NO, cost 1
NOX cost 2
NH3 costs 1
NH, costs 2

changes (A) from different scenarios
Danish change to default

activity
-
cw1

cw' + 30%
cw1- 30%
+ 30%
-30%
+ 20%
- 20%
-
-
-
-
-
-

costs ef
-
-
-
-
-
-
-
-

new"
+ 20%
+ 50% -
+ 20% -
+ 50% -
- 20% new2

- 50% new2

in emission ceilings
Aemissions, Denmark

SO.
(30.6)

?

10.8
-6.9
-3.6

0
0
0
0
0
0
0
0
0
0

NOX

(88.3)
3.9
9.1

-4.8
0
0
0
0
0
0
0
0
0
0
0

in kt a.
(kt)

NHX

(82.1)
0
0
0

20.9
-21.8

2.4
-1.9

-25.4
0
0
0
0

-31.7
-44.8

s compared with the Bl scenario.
Aemissions, Europe
SO,

(12660.9)
-0.3
0.3

-0.8
-19.4
18.5
-2.1
1.6

22.1
0
0
0
0

28.1
32.9

NOX

(13535.2)
3.9

-12.8
-4.8

0
0
0
0
0
0
0
0
0
0

14.1

(kt)
NHX

(6042.9)
-1.9
-4.3
2.4

19.8
-19.4

2.1
-1.6
-23

0
0
0
0

-29.3
-42.4

" Agricultural scenario based on full implementation of Danish regulations
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