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Purpose of this report
This document reports progress in the FINSKEN2 project to 2001. It first summarises the main
objectives of the project as a whole and the key results. It then describes, by subproject3, the major
tasks, achievements to date, future plans and publications.
Objectives of FINSKEN
The FINSKEN project aims to develop state-of-the-art projections of changes in environmental and
related factors in Finland during the 21st century. The scenarios being developed include (responsible
institutes are bracketed):
•
•
•
•
•
•

Project and scenario co-ordination (Finnish Environment Institute, FEI-1)
Socio-economic and technological scenarios (Finnish Futures Research Centre, FFRC)
Climate scenarios (Finnish Meteorological Institute, FMI-1)
Sea-level scenarios (Finnish Institute of Marine Research, FIMR)
Atmospheric composition scenarios (Finnish Meteorological Institute, FMI-2 and FMI-1)
Acid deposition scenarios (Finnish Environment Institute, FEI-2)

One of the key objectives of FINSKEN is to develop scenarios that are mutually consistent. To the
extent possible, all scenarios developed in FINSKEN are being related to the global scenarios recently
published in the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions
Scenarios (SRES) – see below.
Key results (see: http://www.vyh.fi/tutkimus/ilmakeha/finsken/ )
Work is ongoing, and final scenarios are still being prepared. However, some of the key new features
of FINSKEN scenarios compared to scenarios prepared previously are:
•
•
•
•

•
•

FINSKEN scenarios are all based on the global SRES scenarios.
A first attempt is being made to develop socio-economic scenarios for Finland in the 21st century,
based on modelling and stakeholder dialogue.
Climate scenarios for Finland reflect the latest information on uncertainties in climate
projections, are available at a higher space and time resolution than previously, and integrate
work on observed trends with analysis of climate model information.
Scenarios of tropospheric ozone and of the deposition of acidifying sulphur and nitrogen
compounds have been prepared for an extended time horizon relative to earlier work. They
account not only for future changes in emissions (across the range of SRES scenarios), but also,
for the first time, for possible future changes in climate.
The first comprehensive set of sea-level scenarios has been prepared for the Finnish coastline,
accounting both for global sea-level rise under the SRES scenarios and also, for the first time, for
possible changes in atmospheric circulation.
FINSKEN scenarios are being made available for downloading from a single site on the Web.

1

On behalf of the FINSKEN team members listed under each activity
Part of the Finnish Global Change Research Programme (FIGARE), funded by the Academy of Finland and
the Ministry of Transport and Communications
3
More detailed summaries are posted on the Web at: http://www.vyh.fi/tutkimus/ilmakeha/finsken/
2
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The global IPCC SRES scenarios
The IPCC defined four narrative storylines, labelled A1, A2, B1 and B2, describing consistently the
relationships between the forces driving greenhouse gas and aerosol emissions and their evolution for
large world regions and globally (Figure 1). These storylines were then quantified, to provide families
of scenario for each storyline. In all 40 scenarios were quantified, six of which are used as illustrative
scenarios by the IPCC. Three alternative technological futures are used as illustrations for the A1
storyline: A1FI (fossil intensive), A1T( predominantly non-fossil) and A1B (balanced across energy
sources). One illustrative scenario represents each of the A2, B1 and B2 storylines (Table 1).
A1 storyline and scenario
family: a future world of very
rapid economic growth, global
population that peaks in midcentury and declines thereafter,
and rapid introduction of new
and more efficient technologies.

A2 storyline and scenario
family: a very heterogeneous
world with continuously
increasing global population and
regionally oriented economic
growth that is more fragmented
and slower than in other storylines.

B1 storyline and scenario family:
a convergent world with the same
global population as in the A1
storyline but with rapid changes in
economic structures toward a
service and information economy,
with reductions in material
intensity, and the introduction of
clean and resource-efficient
technologies.

B2 storyline and scenario family:
a world in which the emphasis is
on local solutions to economic,
social, and environmental
sustainability, with continuously
increasing population (lower than
A2) and intermediate economic
development.

Figure 1: The four IPCC SRES scenario storylines (based on Nakicenovic et al., 2000).

The driving forces underlying the SRES scenarios are used to frame socio-economic scenarios for
Finland. Similarly, the SRES scenarios of emissions, and their modelled effects on atmospheric
composition, climate and sea-level, are used to describe future atmospheric, climatic and sea-level
conditions in the Finnish region. Examples of the global driving forces and emissions scenarios are
shown in Table 1. The SRES scenarios are referred to extensively in the following status reports.
Table 1: Some features of the 6 IPCC SRES illustrative scenarios at global scale for 2020, 2050 and 2100
compared to 1990 (Data from Nakicenovic et al., 2000).

Storyline/family
Illustrative scenario
Population (billion)
2020
2050
2100
World GDP (1012 1990 US$/yr)
2020
2050
2100
CO2 emissions, fossil fuels (GtC/yr)
2020
2050
2100
Sulfur dioxide emissions (MtS/yr)
2020
2050
2100
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1990
5.3

A1FI

A1
A1B

A1T

A2
A2

B1
B1

B2
B2

7.6
8.7
7.1

7.5
8.7
7.1

7.6
8.7
7.0

8.2
11.3
15.1

7.6
8.7
7.0

7.6
9.3
10.4

53
164
525

56
181
529

57
187
550

41
82
243

53
136
328

51
110
235

11.2
23.1
30.3

12.1
16.0
13.1

10.0
12.3
4.3

11.0
16.5
28.9

10.0
11.7
5.2

9.0
11.2
13.8

87
81
40

100
64
28

60
40
20

100
105
60

75
69
25

61
56
48

21

6.0

70.9
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Project and scenario co-ordination
Timothy Carter, Ilona Bärlund4, Stefan Fronzek3, Maria Lindström 5, Johanna Riisanen4, Riku Suutari3
Finnish Environment Institute (FEI-1)
The FINSKEN co-ordination subproject is responsible for the integration of scenario development
work among the Partners, for the scheduling of FINSKEN activities, and for the reporting and
dissemination of results.
Tasks
1. Project direction, to ensure common goals and timetabling between Partners as well as
consistency between the scenarios being developed
2. Scenario formulation, presentation and documentation
3. Communication and feedback
Status report
Task 1: Project direction
Co-ordination meetings: There have been four full co-ordination meetings at FEI and a thematic
meeting on socio-economic scenarios at FFRC, Turku:
5 October 1999
20 March 2000
18 December 2000
28 August 2001 (Turku)
25 January 2002
Minutes of these meetings are available from the FINSKEN Website.
Task 2: Scenario formulation, presentation and documentation
Methods: The methods of scenario development in FINSKEN are being developed in conjunction
with ongoing activities of the IPCC and the European Commission (Carter et al., 2000; Hulme and
Carter, 2000; Carter et al., 2001; Mearns et al., 2001; Carter, 2001). These take a global or European
view of global change scenario development, which is the essential first step in providing a consistent
international context for constructing scenarios that are specific to Finland . Partners in FINSKEN are
interpreting and applying this contextual information to develop scenarios at national scale (see
elsewhere in this report).
FINSKEN Seminar: On 28 May 2001 the project hosted a 1-day seminar entitled "Global change
scenarios for Finland" at Paasitorni, Helsinki. This was attended by 68 participants representing the
research community, the private sector, local government and ministries. The goals of the seminar
were: (i) to describe the methods being used by FINSKEN researchers to develop scenarios of global
environmental change for Finland (ii) to obtain feedback from representatives of the private sector,
public sector, non-governmental organisations and researchers concerning their requirements for
global change scenarios, and (iii) to present preliminary scenarios for discussion. Abstracts from the
meeting are available on the Website.

4
5

Researchers: Suutari, Jan–Aug 2000; Bärlund, Jan–Aug 2001; Fronzek, Nov 2001–
Research assistants (part-time): Riisanen, Jan–Dec 2000; Lindström, Nov–Dec 1999, Jan 2001–
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Related projects: In closely related scenario development work, FEI participates in two EC-funded
projects – PRUDENCE and ATEAM (5th Framework Programme), two EC concerted actions
(ACACIA and ECLAT-2) and supporting work for the IPCC funded by the Finnish Ministries of the
Environment and of Foreign Affairs, IPCC and the Canadian government.
Task 3: Communication and feedback
Website: A Website has been developed (Finnish and English) containing details about the project, its
participants, results, events and lists of publications (some downloadable):
http://www.vyh.fi/tutkimus/ilmakeha/finsken/
http://www.vyh.fi/eng/research/projects/finsken/
Brochure: In order to inform potential users of scenario information about the objectives of the
FINSKEN project, a 4-page brochure has been produced in Finnish and English. The brochure is also
downloadable from the FINSKEN Website.
Questionnaire: A 2-page questionnaire (in Finnish, Swedish and English - also downloadable) was
sent out along with the brochure to over 600 persons in early 2001. This was designed to survey likely
stakeholder requirements for global change scenarios. An analysis of the questionnaire responses was
reported at the FINSKEN Seminar and is presented on the Website (Bärlund and Carter, 2001).
Examples of the results are given in Figure 2. A paper has also been submitted to a journal.
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Figure 2: Responses to the FINSKEN questionnaire survey among non-researchers (NONRES) and researchers
(RESEAR): (a) reasons for obtaining global change scenarios; (b) preferences for the time horizon of scenarios
(percentage of responses). Source: Bärlund and Carter (2001).
Full report available at: http://www.vyh.fi/tutkimus/ilmakeha/finsken/haastut.htm
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Conferences and seminars: In addition to the May Seminar, elements of the FINSKEN project have
been presented at numerous meetings in Finland and abroad (see detailed reports for lists).
Plans for 2002
Task 1: At least one further project co-ordination/planning meeting will take place during 2002.
Tasks 2 and 3: Final FINSKEN scenarios will be provided by Partners and presented in a consistent
format on the Website along with background documentation. Guidance material to support the
scenario information will also be drafted, in close collaboration with Partners. Papers will be prepared
by all Partners for submission to a Special Issue of a journal, to coincide with the final FINSKEN
meeting. This will be organised in November/December with selected international speakers, to
present the results of the project, to obtain feedback, and to discuss future needs for integrated
scenario analysis and impact assessment.
Refereed publications
Carter, T.R. 2001. Uncertainties in assessing the impacts of regional climate change. In: Brunet
India, M. and Bonillo, D.L. (Eds.). Detecting and Modelling Regional Climate Change, SpringerVerlag, Berlin, pp. 441-469.
Carter, T.R., Hulme, M., Crossley, J.F., Malyshev, S., New, M.G., Schlesinger, M.E. and
Tuomenvirta, H. 2000. Climate Change in the 21st Century – Interim Characterizations based on
the New IPCC Emissions Scenarios. The Finnish Environment 433, Finnish Environment Institute,
Helsinki, 148 pp.
Carter, T.R., La Rovere, E.L., Jones, R.N., Leemans, R., Mearns, L.O., Nakicenovic, N., Pittock,
A.B., Semenov, S.M. and Skea, J. 2001. Developing and applying scenarios. In: McCarthy, J.J.,
Canziani, O.F., Leary, N.A., Dokken, D.J. and White, K.S. (Eds.). Climate Change 2001: Impacts,
Adaptation, and Vulnerability. Contribution of Working Group II to the Third Assessment Report
of the Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge and
New York, pp. 145-190.
Hulme, M. and Carter, T.R. 2000. The changing climate of Europe. In: M. Parry (Ed.). Assessment of
Potential Effects and Adaptations for Climate Change in Europe: The Europe ACACIA Project.
Jackson Environment Institute, University of East Anglia, Norwich, UK, pp. 47-84.
Linkosalo, T., Carter, T.R., Häkkinen, R. and Hari, P. 2000. Predicting spring phenology and frost
damage risk of Betula spp. under climatic warming: a comparison of two models. Tree Physiology
20:1175–1182.
Mearns, L.O., Hulme, M., Carter, T.R., Leemans, R., Lal, M. and Whetton, P. 2001. Climate
scenario development. In: Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der Linden,
P.J., Dai, X., Maskell, K. and Johnson, C.A. (Eds.). Climate Change 2001: The Scientific Basis.
Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel
on Climate Change, Cambridge University Press, Cambridge and New York, pp. 739-768.
Other publications
Bärlund, I. and Carter, T.R. 2001. A survey of the potential user-requirements for global change
scenarios in Finland. Summary report. Website:
http://www.vyh.fi/eng/research/projects/finsken/quesrep.htm#Results
Carter, T.R. (Ed.). 2000. FINSKEN: Developing consistent global change scenarios for Finland.
Finnish Environment Institute, 4 pp.
IPCC-TGCIA 1999. Guidelines on the Use of Scenario Data for Climate Impact and Adaptation
Assessment. Version 1. Prepared by Carter, T.R., Hulme, M. and Lal, M. Intergovernmental Panel
on Climate Change, Task Group on Scenarios for Climate Impact Assessment, 69 pp.
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Posters
Bärlund, I. and Carter, T.R. 2001: A survey of the potential user requirements for global change
scenarios in Finland. Poster presented at the International Symposium on Climate Change and
Variability in Northern Europe, Turku, Finland, 6-8 June 2001.
Carter, T.R. (Ed.). 2001. Global change scenarios for Finland: preliminary results from FINSKEN.
Poster presented at the FIGARE annual meeting on Integrated Global Change Research,
Hämeenlinna, Finland, 17-18 September 2001.
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Socio-economic scenarios
Jari Kaivo-oja, Jyrki Luukkanen, Markku Wilenius
Finland Futures Research Centre (FFRC)
This subproject aims to interpret the global SRES storylines (see page 2) for Finland using various
modelling methodologies as well as expert team and other research evaluations. Multiple scenarios
allow for multiple assumptions about the future, including potential changes in the structure of the
relationships among the critical components of the national socio-economic system. Thus, multiple
scenarios allow also decision-makers to formulate strategies to accommodate global change and test
them in alternative future environments.
Tasks
1. Interpretation and operationalisation of the IPCC SRES global scenarios to obtain national-scale
scenarios of Finnish population, economic development and technological change up to 2100.
2. To develop the methodology of scenario analysis
3. To carry out future-oriented analysis of community infrastructure development, especially in
relation to energy production infrastructure and transportation systems.
4. To conduct stakeholder interviews in order to obtain alternative perspectives on scenarios from
representatives of different sectors.
Status report
Task 1: Operationalisation of IPCC scenarios
The global driving factors of emissions described for the IPCC SRES scenarios are introduced on
page 2 of this Report. In order to operationalise these scenarios for the Finnish economy a long-run
scenario accounting model has been developed. The model comprises the following elements:
a)

It is based on the UN Statistics Division System of National Accounts (SNA) accounting system
and includes sectoral energy statistics.
b) It offers flexible possibilities to evaluate potential long-run socio-economic changes in the
Finnish economy.
c) It allows for the construction of alternative baseline scenarios. Four scenarios have been adopted
based on the four SRES storylines: A1 (labelled "Global Markets"), B1 ("Global Sustainability"),
A2 ("Provincial Enterprise") and B2 ("Local Stewardship").
d) A range of policy variables can be adjusted: (i) sectoral economic growth, (ii) rate of technical
progress in sectoral energy production, (iii) productivity of labour in different sectors of the
economy, and (iv) sources of energy.
e) It provides an integrated greenhouse gas emission accounting system.
f) It can generate empirical results showing policy-relevant transitions paths of the Finnish economy
for the years 1975/1980-2100.
The model provides new perspectives for thinking about potential socio-economic transition processes
of the Finnish economy, especially with respect to climate and energy policy alternatives. Projections
of the following policy-relevant socio-economic variables can be generated by the present version:
GDP, population, energy demand, CO2 emissions, labour demand, labour reserve, GDP/capita,
GDP/labour reserve, CO2/capita, CO2/energy demand, energy demand per/GDP, labour demand/GDP,
GDP/labour, energy demand/capita, energy demand/labour.
Analyses are not confined to Finland; global climate change analyses have also been conducted, with
special emphasis on OECD countries, Europe and the Nordic region.
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Task 2: Methodological issues
Special emphasis in being paid to methodological issues of scenario development. Several articles
have been published which report alternative theoretical scenario frameworks, especially with respect
to sustainability issues.
Task 3: Community infrastructure development analysis
The long-term future of national infrastructures in Finland is also being analysed in the study.
Essential materials have already been collected concerning the development analysis of Finnish
national community infrastructure.This informatiom is being used to construct alternative transition
paths for regional development in Finland.
Task 4: Stakeholder interviews
Stakeholder interviews will be held during spring 2002 (see below).
Plans for 2002
Task 1: The accounting model will be refined and final versions of scenarios checked. Work is
currently in progress to add other variables, especially other greenhouse gases and socio-economic
variables connected to land use. A final set of scenarios for the years 2020, 2050 and 2100 will be
developed for the following socio-economic factors: population, urban/rural percentage, GDP,
industrial structure, forest sector, agricultural sector, service sector and industrial sectors. These
analyses are connected to other available land use and infrastructure analyses in Finland.
Task 2: Methodological work forms part of doctoral studies by Jari Kaivo-oja to be completed in
March 2002. A summary of the available methodological tools in the field is also being prepared in
the European Foresight Handbook with Professor Ian Miles and Dr Michael Keenen (PREST,
University of Manchester). This book, due to be completed in May 2002, is designed to be applied in
country level foresight studies in all the European countries. Another book to be published in 2002,
Foundations of Futures Studies, is targeted at national academic education programmes.
Task 3: Alternative transition paths for regional development in Finland will be presented in "futures
tables". Stakeholder interviews (Task 4) will provide up-to-date expert views of this analysis. Results
will be presented in the final report of the project.
Task 4: A series of about 15 stakeholder interviews will be carried out during the spring and early
summer 2002 with representatives from a tentative list of sectors including: (i) information and
communications technology, (ii) agriculture and food, (iii) forestry and forest industry, (iv) transport,
(v) tourism and recreation, (vi) energy, (vii) general economic development, and (viii) human health.
Each dialogue session is planned to be of a half-day duration, comprising a structured discussion
addressing a few key questions. The stakeholders are being drawn from ministries, the private sector,
regional authorities, public utilities and research institutions. The results will be used to construct a
draft set of qualitative storylines for each of the sectors covered. Quantitative scenarios can also be
developed if data and models are available. These draft scenarios will be presented to a selected set of
stakeholders for comment and reflection. A seminar on socio-economic scenario is being planned for
the end of the project to discuss the revised scenarios with the stakeholder groups and possibly also
with international experts.
Refereed publications
Heinonen, S., Jokinen, P. and Kaivo-oja, J. 2001. The ecological transparency of the information
society. Futures 33: 319-337.
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Hoffrén, J., Luukkanen, J. and Kaivo-oja, J. 2001. Decomposition analyses of Finnish material
flows: 1960-1996. Journal of Industrial Ecology 4: 105-126.
Kaivo-oja, J. 1999. Alternative scenarios of social development: Is analytical sustainability policy
analysis possible? How? Sustainable Development 7: 140-150.
Kaivo-oja, J. 2001. Scenario learning and potential sustainable development processes in spatial
contexts: towards risk society or ecological modernization scenarios? Futures Research Quarterly
17: 33-55.
Kaivo-oja, J. 2001. Comment on Ash Amin's interview: economic and human geography in the
making: notes on a dialogue between Ash Amin and Paul Krugman. Economia Global e Gestáo.
Global Economics and Management Review 1: 159-165.
Kaivo-oja, J. 2002. Social and ecological destruction in the first class: A plausible social development
scenario. Sustainable Development 10: 63-66.
Kaivo-oja, J., Luukkanen, J. and Malaska, P. 2001. Advanced sustainability analysis. In: Tolba,
M.K. (ed.) Our Fragile World. Challenges and Opportunities for Sustainable Development.
Encyclopedia of Life Support Systems and Sustainable Development. Vol 2. Oxford, EOLSS
Publishers.
Kaivo-oja, J., Luukkanen, J. and Malaska, P. 2001. Sustainability evaluation frameworks and
alternative analytical scenarios of national economies. Population and Environment. A Journal of
Interdisciplinary Studies 23: 193-215.
Luukkanen, J. and Kaivo-oja, J. 2002. ASEAN tigers and sustainability of energy use:
Decomposition analysis of energy and CO2 efficiency dynamics. Energy Policy 30: 281-292.
Luukkanen, J. and Kaivo-oja, J. 2002. A comparison of Nordic energy and CO2 intensity dynamics
in the years 1960-1997. Energy - The International Journal 27: 135-150.
Seppälä, T., Haukioja, T. and Kaivo-oja, J. 2001. The EKC hypothesis does not hold for direct
material flows. An environmental Kuznets curve hypothesis tests for direct material flows in 5
industrial countries. Population and Environment. A Journal of Interdisciplinary Studies 23: 217238.
Tirkkonen, J., Kaivo-oja, J. and Wilenius, M. 2001. Ilmastoneuvotteluiden tuskainen taival kohti
Kioton pöytäkirjan toimeenpanoa. Ulkopolitiikka 38: 116-129.
Vehmas, J., Luukkanen, J. and Kaivo-oja, J. 1999. Kansainvälisen ilmastopolitiikan muotoutuminen
ja Suomi. Ulkopolitiikka 36: 5-21.
Other publications
Kaivo-oja, J. 2000. Integroitu sosio-ekonomisten ja ekologisten vaikutusten arviointi alue- ja
yhteiskuntasuunnittelun haasteena. In: Kurki, S., Linnamaa, R. and Sotarauta, M. (eds.) 14
Näkökulmaa Alueelliseen Kehittämiseen. Seinäjoen I aluekehittämissminaarin julkaisu. Tampereen
yliopisto. Alueellisen kehittämisen tutkimusyksikkö. SENTE-julkaisuja 5/2000, Tampereen
yliopistopaino, Tampere, pp. 116-139. (in Finnish)
Kaivo-oja, J. 2000. Thinking of our moral responsibility to future generations. Economic perspectives
to equity problems in climate change policy. In: Haukkala, V. (Ed.). Every Human has an Equal
Right… ? Equity Problems and Climate Policy and Politics. University of Tampere, Department of
Regional Studies and Environmental Policy. Environmental Policy Publications 1. Tampere, pp.
35-71.
Kaivo-oja, J. 2001. Challenges of visionary management in multilevel planning environment: How
Murphy's laws may emerge in global sustainability policy? In: Stevenson, T., Barbieri Masini, E.,
Rubin, A. and Lehmann-Chadha, M. (eds.) The Quest for the Futures: A Methodology Seminar in
Futures Studies. Selection from the Methodology Seminar in Futures Studies, Turku, Finland, June
12-.15, 2000. Finland Futures Research Centre. World Futures Studies Federation. Painosalama
Oy, Turku, pp. 71-93.
Kaivo-oja, J. and Suvinen, N. 2001. Sosiaali- ja terveysalan tulevaisuuden näkymät vuoteen 2030. In:
Voutilainen, P., Saranto, K., Peiponen, A., and Mikkola T. (Eds.). Hoitotyön vuosikirja 2002.
Hoitotyön tulevaisuus. Hygieia. Kustannusosakeyhtiö Tammi, Helsinki, pp. 9-45. (in Finnish)
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Katko, T., Seppälä, O. and Kaivo-oja, J. (Eds.). 2001. Management of Water, Wastewater and Solid
Waste Services in Comparative Historical and Futures Perspective. Proceedings of a Nordic
Research Workshop Supported by NorFa: TUT, IEEB: 10-12 June, 2001, 173 pp.
Luukkanen, J. and Kaivo-oja, J. 2000. HILMA-long run accounting model for socio-economic
scenarios. Version 3. CD-ROM.
Luukkanen, J. and Kaivo-oja, J. 2001. Energy and CO2 efficiency in developing countries.
Comparison of key developing countries and ASEAN countries from the point of view of climate
policy. In: Lacuna-Richman, C. and Kaisti, H. (Eds). Tropical forests. Facing new modes of
governance in the global era. Research Notes 135, Faculty of Forestry, University of Joensuu, pp.
13-51.
Luukkanen, J., Kaivo-oja, J. and Vehmas, J. 2000. Rakennemuutos Suomessa vuosina 1975-1996.
Dekompositiomalliin perustuvia tuloksia sähkön, työpanoksen ja pääoman käytön muutoksista eri
tuotantosektoreilla. Kansantaloudellinen aikakauskirja. Vsk. 96. No. 1, pp. 19-38 (in Finnish).
Luukkanen, J., Kaivo-oja, J., Vehmas, J. and Tirkkonen, J. 2000. Climate Change Policy Options for
the European Union: Analyse of Emission Trends and CO2 Efficiency. TUTU-publications 1/2000.
Finland Futures Research Centre, Turku School of Economics and Business Administration,
Turku, 49 pp.
Malaska, P., Kaivo-oja, J. and Luukkanen, J. 1999. Sustainability and Economic Growth: A
Theoretical Framework and Empirical Demonstrations. Futu-publication 4/99. Finland Futures
Research Centre, Turku School of Economics and Business Administration.
Malaska, P., Luukkanen, J. and Kaivo-oja, J. 2000. A new sustainability evaluation framework and
alternative analytical scenarios of national economies. Transitions Towards a Sustainable Europe
Ecology - Economy - Policy. 3rd Biennial Conference of the European Society for Ecological
Economics. Vienna, 3 - 6 May 2000. Session Ib3. Theme: Ecological Economics Modeling and
Material and Energy Flows. 19 pp.
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Climate scenarios
Heikki Tuomenvirta, Kirsti Jylhä
Finnish Meteorological Institute (FMI-1)
The aim of this subproject is to construct scenarios of future changes in climate and atmospheric
carbon dioxide concentration in Finland up to 2100 based on information from global and regional
climate models, and to compare these with recent trends in observed climate. Scenarios are being
developed both to serve researchers assessing the possible impacts of climate change and to inform
decision makers and the general public about anticipated changes in the Finnish climate.
Tasks
1. Determination of current climate trends in Finland
2. Development of scenarios of climate and carbon dioxide for the 21st century
3. Provision of information and guidance to users of climate scenarios
Status report
Task 1: Analysis of climate trends in Finland
Methodologies for the homogeneity testing and adjustment of geophysical time series have been
developed (Tuomenvirta 2000a; Tuomenvirta 2001; Tuomenvirta, 2002), and applied to trends in
Nordic and Arctic temperature extremes and ranges (Tuomenvirta et al. 2000a) and storms
(Alexandersson et al. 2000). A summary of the recent climatic trends in the Nordic countries was
presented as a poster at the CLIC Symposium (Tuomenvirta 2001). At the same meeting, Jylhä (2001)
presented a method that can be used to study changes in atmospheric circulation. It uses geostrophic
flow speed, direction and vorticity calculated from NCAR reanalysis, or AOGCM simulations, of the
mean sea-level air pressure. Results based on reanalysed 6-hour data, as well as those based on
monthly means, indicate that nearly directional, south-westerly flow types dominate throughout the
year. The first findings, not yet based on the SRES scenarios, suggest that model simulations tend to
underestimate this dominance.
Task 2: Development of climate scenarios
Preliminary FINSKEN climate scenarios. Outputs from AOGCM simulations available from the
IPCC-DDC have been used to characterise temperature and precipitation changes in Finland and other
European countries (Tuomenvirta 2000b; Hulme and Carter 2000) as well as for larger world regions
(Carter et al. 2000). Data from model simulations not previously used have also been retrieved. These
include two HadCM3 data sets and results from dynamical downscaling of HadCM2 simulations with
the Rossby Centre regional climate model (RCA1) at 88 km and 44 km resolution. A summary of
these new model outputs, which are based on AOGCM simulations forced by a 1% per annum growth
of greenhouse gas concentrations during the period 1990-2099 and scaled to represent simulations
forced with SRES marker scenarios, was presented as preliminary FINSKEN scenarios at the
FINSKEN Seminar.
Analysis of SRES simulations. Data from the new HadCM3 simulations forced with SRES A2 and B2
emission scenarios have been retrieved and are being processed. In addition, new results from the
Rossby Centre regional climate model (RCA1) based on SRES simulations will also become available
via FINSKEN. A new set of FINSKEN scenarios based on these simulations will be made available in
2002. Preliminary estimates indicate that the temperature and precipitation changes in these
simulations are comparable in magnitude to the preliminary FINSKEN scenarios. Moreover, it seems
that earlier simulations used in developing the SILMU scenarios in the mid-1990s can also still
provide useful guidance for estimating the possible impacts of climate change.
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Use of climate scenarios in impact studies. Scenarios of future climate have also been used in climate
change impact studies. These include impacts on transport conditions (Tuomenvirta et al. 2000d,
2001; Haapala et al. 2001; Venäläinen et al. 2001a, b), and impacts on dam safety and flood risks, for
which precipitation scenarios have been developed (Tuomenvirta et al. 2000b,c). Wajda et al. (2001)
calculated changes of heating degree-days (HDD) in Finland, Hungary and Romania. For time periods
1991-2020 and 2021-2050. HDD is widely used to assess heating-energy consumption. Temperature
change scenarios have also been provided for use in glacier modelling (Forsström, pers. comm.).
Related project: As an offspring of FINSKEN scenario development FMI-1 has participated, together
with FEI-1, in the PRUDENCE project (EC 5th Framework Programme), the ACACIA EC Concerted
Action, and supporting work for the IPCC.
Finland: summer (JJA), 2070-2099

Finland: winter (DJF), 2070-2099
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Figure 3: Preliminary FINSKEN climate scenarios – seasonal mean change in temperature and precipitation
over Finland relative to 1961-1990 by the end of the century. Lines represent results from climate model
simulations. The length of a line describes uncertainties due to future emissions (the range of preliminary SRES
scenarios) and the climate sensitivity (1.5-4.5°C). The spread of the lines describes uncertainties attributable to
different models. Also shown are the three scenarios developed in 1995 for the Finnish Research Programme on
Climate Change (SILMU) and scaled outputs from two simulations with the Rossby Centre Regional Climate
Model. Ellipses about the origin are estimates from two climate models of natural inter-decadal variability (±2
SD) in the absence of greenhouse gas forcing. Comparing the positions of the lines to those of the ellipses, we
can determine if the "signal" of climate change is significant relative to the "noise" of natural variability.

Plans for 2002
Task 1: Time series of regional and national climate indices (temperature, storms) will be calculated, a
review of recent climatic trends in the Nordic countries prepared, and results reported both internally
and as subsequent journal publications.
Task 2: SRES-based AOGCM simulation results will be obtained as they become available. These
will be validated against observed climate and changes in key climatic elements (temperature,
precipitation and circulation) calculated. Uncertainties in estimates of future climate over Finland will
be represented using a pattern-scaling method to take into account the full range of SRES scenarios.
Simulation results from the Rossby Centre regional climate model (RCA2) based on AOGCM
boundary data and SRES (A2, B2) forcing will also be obtained and incorporated into the uncertainty
analysis. In addition, consistent scenarios of atmospheric carbon dioxide concentration will be
presented based on global mean estimates by the IPCC for the SRES emissions scenarios.
Task 3: Information on the reference climate (1961-1990) will be provided for Finland and
Scandinavian countries on the FINSKEN Website. Maps of change fields from GCM and RCM
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simulations will be prepared for the FINSKEN Website. All climate-related information will be
compiled into a report. This will include: sources of baseline climate information, analysis of climatic
trends, validation of AOGCM runs against observed climate, description of scenario development,
and scenario results.
Refereed publications
Alexandersson, H., Tuomenvirta, H., Schmith, T. and Iden, 2000. Trends of storms in NW Europe
derived from an updated pressure data set. Climate Research 14: 71-73.
Haapala, J., Juottonen, A., Marnela, M., Leppäranta, M. and Tuomenvirta, H. 2001. Modelling the
variability of sea-ice conditions in the Baltic Sea under different climate conditions. Annals of
Glaciology, 33. (in press)
Tuomenvirta, H. 2001. Homogeneity adjustments of temperature and precipitation series – Finnish
and Nordic data. Int. J. Climatol. 21: 495-506.
Tuomenvirta, H., 2002. Homogeneity testing and adjustment of climatic time series in Finland.
Geophysica. (accepted)
Tuomenvirta, H., Alexandersson, H., Drebs, A., Frich, P., and Nordli, P.O. 2000a. Trends in Nordic
and Arctic temperature extremes and ranges. J. Climate 13: 977-990.
Tuomenvirta, H., Venäläinen, A. and Haapala, J. 2001. The impact of climate change on transport
conditions in Finland. In: Brunet India, M. and Bonillo, D.L. (Eds.). Detecting and Modelling
Regional Climate Change, Springer-Verlag, Berlin, pp. 593-604.
Venäläinen, A., Tuomenvirta, H., Lahtinen, R., and Heikinheimo, M. 2001a. The influence of
climate warming on soil frost on snow-free surfaces in Finland. Climatic Change 50: 111-128.
Venäläinen, A., Tuomenvirta, H., Heikinheimo, M., Kellomäki, S., Peltola, H., Strandman, H. and
Väisänen, H. 2001b. The impact of climate change on soil frost under snow cover in a forested
landscape. Climate Research 17: 63-72.
Other publications
Tuomenvirta, H., Venäläinen, A., Juottonen, A., and Haapala, J. 2000d. The impact of climate
change on the Baltic Sea ice and soil frost beneath snow-free surfaces in Finland. Ministry of
Transport and Communications Finland Publications 13/2000, 56 pp.
Tuomenvirta, H., Uusitalo, K., Vehviläinen, B. and Carter, T.R. 2000b. Ilmastonmuutos,
mitoitussadanta ja patoturvallisuus: Arvio sadannan ja sen ääriarvojen sekä lämpötilan muutoksista
Suomessa vuoteen 2100. (Climate change, design precipitation and dam safety: estimate of
changes in precipitation, its extremes and temperature in Finland up to 2100). Finnish
Meteorological Institute Reports 4/2000, 65 pp. (in Finnish with English summary).
Tuomenvirta, H. 2000b. FINSKEN climate - AOGCM simulations of temperature and precipitation
change in Finland. Proceedings of the 22nd Nordic Meteorologists' Meeting, 6 pp.
Posters
Jylhä, K. 2001. Changes in the frequency of airflow types over Finland - a preliminary study. Climate
Change Symposium "Climate Change and Variability in Northern Europe", Turku, Finland, June
6-8th 2001.
Tuomenvirta, H. 2001. Climate variations in Finland during the 20th century. Climate Change
Symposium "Climate Change and Variability in Northern Europe", Turku, Finland, June 6-8th
2001.
Tuomenvirta, H., Uusitalo, K., Vehviläinen, B., Carter, T.R. and Jylhä, K. 2000c. Estimate of
changes in precipitation, its extremes and temperature in Finland up to 2100. The Climate Impacts
LINK Project 4th Workshop "Current Climate Change Science and Impacts Studies" 13-15th
September 2000.
Wajda, A., Venäläinen, A., Tuomenvirta, H. and Jylhä, K. 2001. The influence of climate change on
heating demand in three European countries. Climate Change Symposium "Climate Change and
Variability in Northern Europe", Turku, Finland, June 6-8th 2001.
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Academic theses
Jylhä, K. 2000. The scavenging of air pollutants by precipitation, and its estimation with the aid of
weather radar. Department of Meteorology, University of Helsinki, Report 50, 58 pp.+ appendix
(Dissertation)
Tuomenvirta, H. 2000a. Homogeneity testing and analysis of climatological time series from Finland
and the Nordic region. Department of Meteorology, University of Helsinki, 59 pp. + 31 pp.
appendix (Licentiate thesis)
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Trends in sea level variations in the Baltic Sea
Kimmo Kahma, Milla Johansson, Jouko Launiainen
Finnish Institute of Marine Research (FIMR)
The study in progress aims to investigate sea level variations in the Baltic Sea on the coasts of
Finland. The variations being studied are mainly those occurring within time intervals of a year or
less. In particular, the question was posed as to whether there have been any changes in sea level
variations over the past 100 years.
Tasks
1. Analysis of observed trends in sea level and examination of the processes that control sea-level
changes on the Finnish coast.
2. Development of sea level/wind wave scenarios.
Status report
Task 1: Observed trends and processes of sea-level change
Analyses of the observed variations and trends of sea level during the 20th century were completed
and the results published (Johansson et al., 2001). In addition, an examination was made of the
dependence of mean sea level on global mean sea-level rise, land uplift and the North Atlantic
Oscillation (NAO) Index (Figure 5).
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Figure 5: Detrended annual mean sea level at Hanko and the annual mean North Atlantic Oscillation (NAO) air
pressure index (15-year floating averages). Based on work reported in Johansson et al. (2001).

Task 2: Scenario development
Based on the analyses in Task 1, the work for developing future scenarios of sea level has begun. So
far, a method for calculating scenarios of the mean sea level on the Finnish coast has been developed
and some preliminary scenarios calculated. The scenarios are based on the global mean sea level
scenarios of the Third Assessment Report of the IPCC, which in turn are based on the emission
scenarios of the SRES. So far, only mean, maximum and minimum scenarios have been considered,
but it is possible to consider different emission scenarios separately.
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Studies for the scenarios of sea level probability distributions and maxima were also started, based on
extrapolation of the trends observed during the 20th century.
2. Plans for 2002
Task 1: Information on past trends in sea level at sites on the Finnish coast will be made available on
the FINSKEN Website.
Task 2: The scenarios for mean sea level will be further refined, including an updated scenario for the
NAO index, in collaboration with FMI-1. These scenarios, as well as updated values for the land
uplift on the Finnish coast, will be published as scientific papers. Scenarios will also be developed
that are based on the different SRES driving scenarios. These will be made available on the FINSKEN
Website. Some scenarios for the probability distributions and extreme values of sea level will be
developed. So far, the factors affecting this short-term variability have not yet been identified, and
thus it is not possible to develop scenarios based on different climate scenarios. Instead, the scenarios
developed will be based on extrapolation of the present trends in these short-term variations. The
emphasis will be on the occurrence and probability of high sea levels, usually being the most
important issue in practical applications.
Refereed publications
Johansson, M., Boman, H., Kahma, K.K. and Launiainen, J. 2001. Trends in sea level variability in
the Baltic Sea. Boreal Environment Research 6: 159-179.
Posters
Johansson, M., Boman, H., Kahma, K. and Launiainen, J. 2000. Trends in sea level variations in the
Baltic Sea (poster abstract). Man and the Baltic Sea. Third Environment Symposium of the Maj
and Tor Nessling Foundation. 2-3 October 2000, Helsinki, Finland.
Kahma, K. K., Boman, H., Johansson, M. and Launiainen, J., 2001. North Atlantic Oscillation and
sea level variations in the Baltic Sea. ICES Symposium, Hydrobiological Variability in the ICES
Area, 1990-1999. 8-10 August 2001, Edinburgh, Scotland.
Kahma, K., Johansson, M. and Boman, H., 2001. Relative land uplift in the Baltic Sea and the North
Atlantic Oscillation. Paper presented in: IAG International symposium on Recent Crustal
Movements SRCM’01. 27-31 August 2001, Helsinki, Finland.
Launiainen, J., Seinä, A., Johansson, M., Lahtinen, M., Alenius, P. and Bareiss, J. 2001. Northern
Atlantic forcing reflections to sea ice and hydrological conditions in the northern seas. Third Study
Conference on BALTEX. 2-6 July 2001, Mariehamn, Finland.
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Trends of ozone and acidifying pollutants and
development of ozone exposure scenarios
Tuomas Laurila, Virpi Lindfors, Juha-Pekka Tuovinen, Mika Aurela
Finnish Meteorological Institute (FMI-2)
The aim of this subproject is to develop future scenarios of air pollution concentrations and deposition
in Finland that are consistent with the up-to-date understanding of future global and regional emission
scenarios and the effect of climate change on these emissions. An essential part of the research is to
understand the emission-dispersion-deposition processes behind present and past levels of pollutants.
Tasks
1.
2.
3.
4.

Analysis of trends in surface ozone.
Development of scenarios of surface ozone.
Modelling and mapping the ecosystem-specific ozone dose.
Analysis of trends in acidifying air pollutants.

Status report
Tasks 1 and 4: Analysis of trends in surface ozone and acidifying air pollutants
Since the late 1980s, ozone concentrations have increased in the southern and central parts of Finland.
Concentrations exceeding 40 ppb, which contribute to the AOT40 vegetation exposure index, were
higher during the late 1990s compared to the first half of the decade. This is because the
concentrations in unpolluted and moderately polluted air masses have increased. Background ozone
concentrations increased by about 5 ppb during the 1990s. Annual average concentrations of nitrate in
wet deposition show decreasing trends (20-year data) and concentrations of oxidised nitrogen in
ambient air are stable or increasing (11-year data), in contrast to NOx emissions, which have been
declining. Finally, it is difficult to show significant trends of concentrations of C2-C6 volatile organic
compounds or benzene.
Task 2: Development of scenarios of surface ozone
Modelling of ozone. The most important modelling tool used in the calculation of future ozone
concentrations and surface fluxes is the photochemical model of the EMEP-MSC-W at the Norwegian
Meteorological Institute. This model is used to study the effects of increasing tropospheric ozone
concentrations and European emission scenarios. Specific topics are the sensitivity of ozone exposure
to tropospheric ozone concentrations and to temperature via changes in biogenic VOC emissions. The
agreed emission reductions (Gothenburg protocol) in Europe will result in a decrease in the harmful
ozone concentrations.
Background ozone concentrations under SRES-based emissions. The longer-term development of
ozone will depend on both the regional and global emissions of ozone precursors. Ozone scenarios
have been developed using emissions scaled according to those presented by the IPCC SRES report.
Simulations of the present day atmospheric composition use officially reported emissions for the year
1999 and meteorology for 1994, simulations of the 2010 use the same meteorology and emissions
according to the Gothenburg protocol. Two future scenarios for 2050 were defined based on the IPCC
SRES scenarios within the A1 family: A1FI (fossil intensive) and A1T (non-fossil technologies).
Modelling results emphasise the role of Eastern Europe on the photochemical pollutants experienced
in Scandinavia during the 21st century. The model calculations are sensitive to boundary conditions,
and the assumed free-tropospheric O3 concentrations. Global atmospheric chemistry studies simulate
very high tropospheric ozone concentrations for the fossil fuel intensive A1FI leading to very high
ozone exposure also in Finland (Figure 6). Scenarios of temperature change for 2050 were derived
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from the results of the Europe ACACIA project. Regional warming potentially enhances biogenic
VOC emissions and thus affects ozone formation. This was examined further by comparing the A1FI
scenario run with a sensitivity run in which these emissions were not altered. Significant increases in
ozone concentrations were found for the climate warming scenario.

Figure 6: Mean daily maximum ground-level ozone concentration in April-September (in ppb) for the 2010
emissions (left), the A1FI scenario with changes in European emissions only (middle), and the A1FI scenario
with changes in emissions, temperature and background concentrations (right).

Local episodic ozone concentrations. To study the sensitivity of local air pollution to atmospheric
chemistry and climate factors the FMI photochemical box model was run for four days in a
summertime high pressure situation favourable for ozone formation. The results of the calculations
showed that ozone production over Finland was reduced when the present day precursor emissions
were replaced by the 2010 emissions (Gothenburg protocol). Further decrease was obtained for the
year 2050 using the SRES A1T emission scenario. The fossil fuel intensive SRES A1FI scenario, on
the other hand, has much higher precursor emissions resulting in ozone production over Finland close
to the present day situation.
Task 3: Modelling and mapping the ecosystem-specific ozone dose
The mapping of ozone fluxes and assessing their future development employs a new dry deposition
module that has been developed for use within a regional-scale photochemical model of EMEP to
calculate ozone loss from the atmosphere to the ground as a function of land-cover and climate. The use
of flux-based approaches has been identified as the biologically most relevant option for the
establishment of improved critical levels for ozone.
The performance of the module has been evaluated by comparing the model predictions with directly
measured ozone fluxes. Overall, the comparisons show a reasonable agreement. The behaviour of the
presently-used ozone exposure index AOT40 has also been investigated. These studies have identified
some disadvantageous properties of this index and suggested improvements . In particular, AOT40 is
very sensitive to concentration changes, which was shown to arise from the mathematical properties
of this type of threshold index.
Sensitivity tests of the deposition module indicate that increasing temperatures may potentially have
an enhancing effect on the stomatal conductance, especially for cereals. The direct temperature effect
is compensated by an opposite effect due to increased water vapour pressure deficit, the degree of this
compensation depending on the climatic conditions. According to the sensitivity analysis, an increase
by 5 ºC would have a small net effect in southern Europe, but result in a significantly enhanced
stomatal uptake of ozone in Finland.
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Plans for 2002
Tasks 1 and 4: Reliable scenarios of future ozone concentrations in Finland require investigations on
the causes of past trends. The current increasing trend of ozone concentrations contradicts the
relatively stable or decreasing concentration trends of the oxidised nitrogen species. If the ozone
concentration continues to increase at the present rate, it cancels the beneficial effects of regional
abatement measures. The photochemical trajectory model of the FMI will be used to investigate the
possible role of local photochemical processes on long-term trends.
Task 2: The ozone scenarios already developed will be published. An attempt will be made to get a
wider set of scenarios in order to provide more significance to the obtained results.
Task 3: Estimates will be made of ecosystem specific ozone fluxes using a new dry deposition scheme
of the EMEP model that calculates stomatal functioning and ozone uptake using environmental
parameters. The new module has been tested against direct ozone flux measurements over Finnish
ecosystems. The new modeling environment at EMEP will be ready in 2002 and can be utilised to
produce regional ozone flux maps for vegetation impact studies.
Refereed publications
Emberson, L.D., Ashmore, M.R., Simpson, D., Tuovinen, J.-P. and Cambridge, H.M. 2001.
Modelling and mapping ozone deposition in Europe. Water, Air and Soil Pollution 130: 577-582.
Simpson, D., Tuovinen, J.-P., Emberson, L. and Ashmore, M. 2001. Characteristics of an ozone
deposition module. Water, Air and Soil Pollution: Focus 1, 253–262.
Sofiev, M. and Tuovinen, J.-P. 2001. Factors determining the robustness of AOT40 and other ozone
exposure indices. Atmospheric Environment 35: 3521–3528.
Tuovinen, J.-P., Simpson, D., Mikkelsen, T. N., Emberson, L. D., Ashmore, M. R. Aurela, M.,
Cambridge, H. M., Hovmand, M. F., Jensen, N. O., Laurila, T., Pilegaard, K. and Ro-Poulsen, H.
2001. Comparisons of measured and modelled ozone deposition to forests in Northern Europe.
Water, Air and Soil Pollution: Focus 1, 263–274..
Other publications
Emberson, L.D., Simpson, D., Tuovinen, J.-P., Ashmore, M.R. and Cambridge, H.M. 2000. Towards
a model of ozone deposition and stomatal uptake over Europe. EMEP/MSC-W Note 6/2000.
Norwegian Meteorological Institute, Oslo, 58 pp.
Laurila, T., Tuovinen, J.-P. and Lindfors, V. 2001. Frequency distributions of ozone concentration
and the uncertainty in the AOT40 index. In: Midgley, P. M., Reuther, M. and Williams, M. (Eds.).
Transport and Chemical Transformation in the Troposphere: Proceedings of the EUROTRAC-2
Symposium 2000, Springer-Verlag, Berlin, Germany, CD-ROM, pp. 1300–1304.
Simpson, D., Emberson, L., Tuovinen, J.-P. and Ashmore, M. 2000. Ozone deposition and stomatal
flux modelling. In: Transboundary Photo-oxidants in Europe, EMEP Summary Report 2000,
EMEP/MSC-W Report 2/2000, Norwegian Meteorological Institute, Oslo, pp. 5–9.
Tuovinen, J.-P., Emberson, L. D., Simpson, D., Ashmore, M. R., Aurela, M. and Cambridge, H. M.
2001. A new dry deposition module for ozone: comparisons with measurements. In: Midgley, P.
M., Reuther, M. and Williams, M. (Eds.). Transport and Chemical Transformation in the
Troposphere: Proceedings of the EUROTRAC-2 Symposium 2000, Springer-Verlag, Berlin,
Germany, CD-ROM, pp. 445–449.
Tuovinen, J.-P., Simpson, D., Mayerhofer, P., Lindfors, V. and Laurila, T. 2002. Surface ozone
exposures in Northern Europe in changing environmental conditions. In: A Changing Atmosphere:
Proceedings of the 8th European Symposium on the Physico-Chemical Behaviour of Atmospheric
Pollutants, 6 pp. (in press).
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Posters
Emberson, L. D., Ashmore, M. R., Simpson, D., Tuovinen, J.-P. and Cambridge, H. M. 2000.
Modelling and mapping of stomatal uptake of ozone by European vegetation as a component of
ozone dry deposition. In: Abstracts of the Sixth International Conference on Air-Surface Exchange
of Gases and Particles, Edinburgh, Scotland, 3–7 July 2000, CEH Edinburgh, UK, p. 84.
Laurila, T., Tuovinen, J.-P., Lindfors, V. and Simpson, D. 2001. Surface ozone concentrations and
exposures in Finland in the 21st century based on the SRES emission scenarios. In: Ennola E.
(Ed.). FIGARE Annual meeting 2001: Integrated Global Change Research, Poster abstracts, 17–18
September, Hämeenlinna, Finland, p. 14.
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Sulphur and nitrogen deposition scenarios
Sanna Syri6, Martin Forsius, Niko Karvosenoja
Finnish Environment Institute (FEI-2)
Global energy scenarios are reflected in changing emission quantities in Europe. Regional energy
scenarios are being compared to Finnish national estimates to highlight consistencies and differences
between different derivation approaches. The new emissions of sulphur, nitrogen compounds and
volatile organic compounds in Europe lead to a new pattern of air concentrations and depositions,
calculated with both long-range and mesoscale models available at SYKE (Syri, 2001; Kangas &
Syri, 2002). This work is carried out in cooperation with task FMI-2 and University of Kassel,
Germany. Exposures and loads are compared to critical thresholds, which are derived and updated at
FEI for the UN-ECE/CLRTAP framework (Posch et al. 1997; Johansson 1999). The exceedances of
these critical thresholds are assessed with different indicators.
Tasks
1. Application of scenarios of global energy use and technological change, estimates of emissions
(SO2, NOx, NH3, VOC) and resulting likely range of deposition and regional air quality in Finland
(collaboration with IIASA, Austria, University of Kassel, Germany and FINSKEN subproject
FMI-2 of the Finnish Meteorological Institute).
2. Estimation of the plausible impacts of climate change on the atmospheric transformation and
transportation of pollutants (collaboration with University of Kassel, Germany and FMI-2)
3. Illustrations of impact estimates of various SRES scenarios in relation to critical thresholds for air
pollutants in Finland and comparisons with national projections.
Status report
Task 1: Global and European emissions scenarios
The determining factors in the long-term projections of air pollution in Finland are the European
developments of energy supply and consumption and technologies in use. This was analyzed by
applying the SRES energy and emissions scenarios for the European region, together with more
detailed national projections. The work was partly carried out in collaboration with the University of
Kassel. The work concentrated on the SRES marker scenarios. An example of the work is shown in
Figure 7, which illustrates the preliminary European SO2 and NOx emission scenarios developed.
Task 2: Impacts of climate change on pollutants
Collaboration with the EC AIR-CLIM project was established. The aim of the AIR-CLIM project of
the EC 5th Framework Programme was to perform an integrated analysis of the linkage between
climate change and air pollution in Europe. One activity involved using simulations of present and
future climate by the ECHAM4 AOGCM of the Max Planck Institute for Meteorology as an input to
the EMEP Lagrangian Acid Deposition Model (LADM). LADM was used to calculate transboundary
acidifying pollution in Europe using national emissions estimates and the AOGCM-based future
climate. Based on the results of the AIR-CLIM project, the plausible impacts of climate change on the
atmospheric transportation and transformation were assessed with respect to Northern Europe. The
results implied that by the 2040s climate change could have a minor reducing effect on the amount of
long-range transported air pollution from Central Europe to Finland. Further simulations using other
AOGCM patterns of climate change are needed to establish the robustness of this result, but are
outside the scope of the FINSKEN project.
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Figure 7: Large panel: model estimates of the present-day deposition of nitrogen oxides assuming emissions
observed in 1998. Small panels: (a) changing deposition by the 2040s due to a change in climate as simulated by
the ECHAM4 model (cf. Figure 3) assuming present-day emissions; (b)-(d) changing deposition by 2050 for
interpretations of emissions over Europe based on three SRES emissions scenarios assuming present-day
climate.

Task 3: Comparison with Finnish national projections
Work was also carried out at SYKE by the research team to estimate the environmental effects of
Finnish national climate policy, as part of a large project coordinated by the Finnish Ministry of Trade
and Industry. Three alternative scenarios were derived up to the year 2020: a ”business as usual
scenario” BAU, and two scenarios aiming at meeting the Kyoto emission targets (KIO1, KIO2)
(Hildén et al., 2001). The impacts of these scenarios on the acidifying emissions, depositions and
exceedances of critical loads were evaluated at SYKE. In cooperation with the Finnish Meteorological
Institute, the effects on the critical thresholds of ozone were also assessed. These results indicated that
the Finnish Climate Strategy would have clear beneficial effects on the emissions of acidifying and
ozone-forming pollutants and on the exceedances of critical thresholds. These data provide the
presently best available knowledge about the likely future of Finnish GHG and acidifying emissions
up to 2020.
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Plans for 2002
Tasks 1 and 2: Emissions and deposition scenarios will be finalized during 2002, and the results will
be made available on the FINSKEN Website. The results will also be communicated as scientific
journal articles. Qualitative probabilities will be assigned to the scenarios, based on comparisons with
more detailed regional projections and the recent developments in emission control legislation in
Europe.
Task 3: The exceedances of ecosystem critical thresholds will be calculated with the various
deposition scenarios, and illustrations on the results will be provided on the Website
Refereed publications
Syri, S., Amann, M., Capros, P., Mantzos, L., Cofala, J. and Klimont, Z. 2001. Low-CO2 energy
pathways and regional air pollution in Europe. Energy Policy 29: 871-884.
Syri S. and Karvosenoja N. 2001. Low-CO2 energy pathways versus emission control policies in
acidification reduction. Water, Air and Soil Pollution 130: 1831-1836.
Syri S., Karvosenoja N., Lehtilä A., Laurila T., Lindfors V. and Tuovinen J.-P. 2001. Modeling the
impacts of the Finnish climate strategy on air pollution. Atmospheric Environment (in press).
Other publications
Hildén, M., Attila, M., Hiltunen, M., Karvosenoja, N. and Syri, S. 2001. Kansallisen
ilmastostrategian ympäristövaikutusten arviointi. (The environmental impacts assessment of the
Finnish climate strategy). The Finnish Environment 482, Finnish Environment Institute, Helsinki,
105 pp. (in Finnish with English summary).
Karvosenoja, N. and Johansson, M. 2001. Primary particulate emissions in the Finnish climate
strategy. Proc. of 12th World Clean Air & Environment Congress, Seoul, South Korea, 27th-31st
August, 2001. 6 pp.
Academic theses
Syri, S. 2001. Air pollutants and energy pathways: Extending models for abatement strategies.
Monographs of the Boreal Environment Research 19, 43 pp. (Dissertation)

FINSKEN Progress Report

Page 23/23

March 2002

