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• Basin:  2.13 Mill. km2 (~20% of 

European continent)

• Baltic Sea: 380 000 km2

• 85 million in 14 countries

• Variable climate and 

topography

• Considerable seasonal, inter-
annual, decadal and long-term 
variations

• Unique, challenging region for 

climate and environmental 

studies

• Baltic Sea most (best?) studied 

sea in the world?

The Baltic Sea Catchment Basin = The BALTEX Region

St. Petersburg:

Northernmost city 

with > 1 million
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The Baltic Sea Catchment Basin = The BALTEX Region

In the south:

Densely populated, highly industrialized, important agriculture, temperate climate

In the north:

Rural, low population density, forest dominated, rocky coasts, sub-arctic climate
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The Roots of BALTEX
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The Roots of BALTEX

BALTEX founded in 1992 as part of the GEWEX 

programme of WCRP

Focus: 

The hydrological cycle and the exchange of 

energy between the atmosphere and the surface

of the Earth

Our ability to understand, and to predict weather, climate, 

and global change depends critically on our capability to 

measure and model all processes determining the water 

and energy cycles between and within the components of 

our climate system. BALTEX, as one GEWEX continental 

scale experiment, will provide improved understanding of 

these mechanisms and processes. 

(From the BALTEX Initial Implementation Plan, 1995)

Major disciplines: 

Meteorology, Oceanography, Hydrology

Phase I mostly dealt with the 

physical part of the Climate System
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BALTEX SSG

State Comm. Hyd.-Met., BY

SYKE, FI

U-Latvia, LV

Est. Mar. Acad., EE

FMI, FI

SHI, RU

DMI, DK

IOPAS, PLDWD, DE

MPI-Met, DE

IMGW, PL

SMHI, SE

GEOMAR, DE

IOW, DEGKSS, DE

U-Göteborg, SE

U-Lund, SE

Res. Inst. Agr. For. Env., PL

DTU, DK

BALTEX Science Steering Group: 24 members from 9 countries
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BALTEX Infrastructure and Activities

• Science Steering Group:

• 24 members from all countries in the BALTEX region

• Working Groups

• WG on Radar

• WG on Data Management

• WG on the Utility of Regional Climate Models

• 4 Dedicated Data Centres and Data Policy established

• Meteorological Data Centre (MPI Hamburg)

• Hydrological Data Centre (SMHI)

• Radar Data Centre (SMHI)

• Oceanographic Data Centre (SMHI)

• International BALTEX Secretariat at GKSS in Geesthacht

• More than 50 participating research organisations in Europe and beyond

• National Hydro-Meteorological Services participate actively at all levels
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BALTEX Infrastructure and Activities

Publications

• Over 300 peer-reviewed journal 

articles

• 7 special BALTEX journal issues

• 52 Project Reports

• Newsletter (#14 in preparation)

• 46 International Baltex Secretariat 

Publications  

(Reports, Strategy and 

Implementation documents, Meeting 

minutes)
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BALTEX Infrastructure and Activities

Co-organizer of various international events
• 2008- Tellus-BALTEX Workshop on „Biogeochemical Land and Baltic Sea 

Interactions driven by Climate and Land Use”, Göteborg, Sweden

• 2009 - 2nd Lund Workshop on „Regional-scale Climate Modelling“, Lund, Sweden

• 2009 - Intl. Conference on Climate Change: “The environmental and socio-economic 

response in the southern Baltic region”, Szczecin, Poland

• 2009 – 2010 - Summer Schools

• 2011 - Upcoming 30/31 May 2011: „Adapting to Climate Change: Case studies from 

the Baltic Sea region“ together with BSSSC

International Study Conferences 

(120 to 180 participants)

… with 482 presentations, 

and 4 special journal issues

www.baltex-research.eu

Numerous Workshops, 

Group meetings



Study Conferences on BALTEX…

1st: Gotland 1995

5th: Saaremaa 2007

3rd: Åland 2001

4th: Bornholm 2004

2nd: Rügen 1998 

6th: Wolin 2010
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Important BALTEX Phase I Goal

• To develop comprehensive coupled regional models for the atmosphere, the 

land surface including rivers and lakes, and the Baltic Sea including sea ice; 

capable of realistically modelling the water and energy cycles of the BALTEX 

region.

BALTEX Phase I: Objectives and Achievements

Atmosphere

Baltic Sea

Land 

Surface

Sea Ice

W H H

F R

E, P E, P

L L

The „BALTEX Box“
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BALTEX Phase I: Objectives and Achievements

Programme Elements of BALTEX Phase I 

(Initial Implementation Plan 1995)

Collection of in situ and Remote Sensing data

Numerical experiments and coupled modelling

Process studies including field experiments

Assimilation of data sets

Re-analysis of existing data sets

www.baltex-research.eu



Pre-PIDCAP:

350-400 stations

A unique precipitation data 

set established

BALTEX Meteorological Data 

Centre (BMDC) at MPI-M

PIDCAP: 

4400 stations

Post-PIDCAP(1996 - ):

3000-3700 stations

BALTEX Phase I: Objectives and Achievements

Collection of in situ and Remote Sensing data

www.baltex-research.eu

PIDCAP: Pilot Study for Intensive Data 

Collection and Analysis of Precipitation



BALTEX Phase I: Objectives and Achievements

Collection of in situ and Remote Sensing data

37 Contributing radars (black)

25 Candidate radars (red)

7 countries presently active

Continuous production of datasets 

since 1999:

• 2 km composite, every 15 min

• 3 and 12-hour gauge-adjusted 

accumulation

• Wind profiles, every 15 min

Innovative quality control methods

BALTEX Radar Data 

Centre (BRDC) 

at SMHI

BALTRAD and BRDC 

Weather Radar Data
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Numerical experiments and coupled modelling

Two coupled model systems developed:

• BALTIMOS (BALTEX Integral Model System)

by the Max Planck-Institute for Meteorology 

in Hamburg, Germany

• RCAO (Rossby Centre Regional Atmosphere-Ocean) 

at the Rossby Centre of the Swedish Meteorological 

and Hydrographical Institute (SMHI), Norköpping, Sweden

BALTEX Phase I: Objectives and Achievements

Rossby Centre
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Numerical experiments and coupled modelling

BALTEX Phase I: Objectives and Achievements

BALTIMOS: Coupling Scheme



Numerical experiments and coupled modelling

BALTEX Phase I: Objectives and Achievements

Atmospheric model REMO (Atmospheric):

• Horizontal Resolution: 1/6° (~ 18 km)

• Vertical resolution: 20 levels

• 121x181 grid points

Hydrological model LARSIM (Soil):

• Same horizontal resolution as REMO

• Model area is the Baltic Sea catchment

Ocean/Ice model BSIOM (Ocean):

• Horizontal resolution: 5km

• Vertical resolution: 60 levels

• 239 x 269 grid points

Coupling through air-surface fluxes 

without flux correction:

The coupling time step between 

all components is 1 hour

Baltic catchment with river routing
and sub-catchments

BALTIMOS: Model Components and Resolution



Numerical experiments and coupled modelling

BALTEX Phase I: Objectives and Achievements

BALTIMOS



Numerical experiments and coupled modelling

BALTEX Phase I: Objectives and Achievements

BALTIMOS – Validation of Runoff



BALTEX Phase I: Objectives and Achievements

Numerical experiments and coupled modelling

BALTIMOS: Major Inflow Event January 2003

Bottom Salinity January – March 1993

Andreas Lehmann, IfM GEOMAR



Numerical experiments and coupled modelling

BALTEX Phase I: Objectives and Achievements

The coupled system RCAO for the Baltic Sea

Rossby Centre Regional Atmosphere Ocean Model

tmod

tcoup

ocean

atmos

rivers

landsurf

ice
RCO

RCA

RCAO

Rossby Centre

Ralf Döscher, Markus Maier



Numerical experiments and coupled modelling

BALTEX Phase I: Objectives and Achievements

Rossby Centre

1961-1990 2071-2100

CO2(t)

Control Scenario time slice

A2

B2

Control & scenario time slice experiments 

with the regional coupled model RCAO:

2 driving Global Circulation Models

HadAM3H (Hadley Centre)

ECHAM4/OPYC3 (MPI-HH)

2 C02 Emission Scenarios

A2: High Emissions

B2: Low Emissions

30 year control run 1961-1990

30 year scenario run 2071-2100

Examples in BACC

RCAO-H

RCAO-E
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Strengthened Interaction with 

Stakeholders and Decision Makers

Energy and Water 

Cycles

Education and Outreach

BALTEX Phase I

BALTEX Phase II
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BALTEX Phase II: Objectives and Activities

BACC
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BALTEX Phase II: Objectives and Activities

4 Biogeochemical cycles and transport processes within the regional 

Earth system under anthropogenic influence

Baltic-C
Building predictive capability regarding the Baltic Sea 

organic/inorganic carbon and oxygen systems

Gothenburg University (Anders Omstedt) and 6 

parties from 4 countries

Funded by

ECOSUPPORT
Advanced modeling tool for scenarios of the Baltic Sea 

ecosystem to support decision making

SMHI (MarkusMeier) and 10 parties from 7 countries

www.baltex-research.eu

Amber
Assessment and Modelling of Baltic Ecosystem 

Response

Baltic Sea Research Institute Warnemünde 

(Joachim Dippner) and 10 parties from 4 countries
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Background 

Regional climate change assessments needed (IPCC has been 

doing global climate change assessments since 1990); the Baltic 

Sea basin is a convenient region due to the vast amount of 

material available (also partly inaccessible previousely).

Purpose 

of BACC is to provide the scientific community and the public 

with an assessment of ongoing and future climate change in 

the Baltic Sea Basin. This is done by reviewing and assessing 

published scientific knowledge on climate change in the 

Basin.

BACC contributes to objectives 2, 4 and 5 of BALTEX Phase II

First systematic scientific effort for assessing climate change and its impact in 

the Baltic Sea Basin and its sub-regions.

More than 84 authors from 13 countries have contributed on a voluntary basis. 

> 2000 references, ~ 10 % non-English literature. 

No additional or external funding was needed. 

No interest or influences from political organizations or NGOs; strictly scientific.

BACC Book published in January 2008 



BACC and HELCOM

HELCOM Thematic Assessment 

published May 2007 

The report is based on the BACC material 

but condensed to 59 pages with a focus of 

the marine environment of the Baltic Sea. It 

has been approved by the HELCOM 

contracting governments of 9 countries and 

the European Commission. 

An exemplary cooperation of a climate-

related research program and an 

intergovernmental body

(Outreach to stakeholders and decision 

makers)

BACC II with HELCOM as a partner 

currently underway with the BACC II 

Assessment Report planned for 2014



Chapter 1

Introduction and Summary

Lead Authors: Hans von Storch, Anders Omstedt

Chapter 2

Past and current climate change

Lead Authors: Raino Heino, Heikki Tuomenvirta, Valery Vuglinskiy, Bo Gustafsson

Chapter 3

Projections of future anthropogenic climate change

Lead Author: L. Phil Graham 

Chapter 4

Climate-related change in terrestrial and freshwater ecosystems

Lead Author: Benjamin Smith

Chapter 5

Climate-related marine ecosystem change

Lead Authors: Joachim W. Dippner, Ilppo Vuorinen

Annexes

Various authors provide up-to-date background “textbook” knowledge on all aspects of 

BACC

Book Structure



Major statements of BACC

1. Past and current climate change

2. Projections of future anthropogenic climate 

change
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Changes in Baltic 

Sea basin near-

surface air 

temperature for the 

period 1871-2004 

relative to 1961-

1990

Past and current climate change

• Significant positive trend with regional and seasonal variations

• Warming trend in the north: + 1 ºC; in the south: + 0.7 ºC per 100 yrs 

(basin: + 0.85 ºC)

• Warming trend Trend is largest in spring 

• Regional change is slightly larger than on the global scale 

(IPCC-AR4: + 0.74 ºC per 100 yrs)

Air Temperature



Variation of annual precipitation amount over Denmark, 

1874-2004 (Cappelen and Christensen 2005)

Past and current climate change

Precipitation

Large spatial and seasonal 

variations of precipitation, but 

trends towards…

More rain in winter and spring 

Less rain in summer 

(especially in the south)

Overall slight increase



Volkhov-Volkhovo
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Past and current climate change

River ice cover duration



Past and current climate change

Sea ice in the Baltic Sea

Winter 2007/2008 

mildest ever recorded



Past and current climate change

Number of low pressure systems (p<980 hPa) in Stockholm and Lund

Wind and storminess

There is NO trend in windiness or storminess over the Baltic Sea Basin!



Assessment of Baltic Sea water temperature 1900-2000

Past and current climate change

Baltic Sea water temperature

Data inhomogeneities prevail, but sea surface and deep water temperatures 

shows a significant positive trend since about 1970. 

No salinity trends over the last century. 

Bornholm Sea

Bothnian Bay



Map of absolute vertical crustal 

movement (mm/year), based on 

data by Ekman (1996) and 

Rosentau et al. (2007).

Past and current climate change

Sea level



Assessment of Baltic Sea water level:

Post-glacial uplift versus eustatic sea level rise,  Stockholm

Past and current climate change

Sea level

Isostatic sea level change = 

land uplift due to post-glacial rebound 

Eustatic sea level = 

water level rise due to global effects 



Major statements of BACC

1. Past and current climate change

2. Projections of future anthropogenic climate 

change



Projections of future anthropogenic climate change

• … are constructed by feeding assumed emissions of greenhouse 
gases and aerosols into quasi-realistic models of the climate system

• Future emissions cannot be predicted; only plausible and consistent 
visions of the future (i.e. scenarios) are possible

• Neither scenarios nor projections are predictions

• Regional Climate Models are used to downscale Global Climate 
Model Information (e.g. PRUDENCE project)



BACC projections

RCM projections  for 2071-2100 

relative to 1961-1990 (A2 scenario): 

Air Temperature Animation



BACC projections

RCM projections  for 2071-2100 

relative to 1961-1990 (A2 scenario): 

Precipitation animation



BACC projections Change of river flow to Baltic Sea basins 2071-2100

…lower salinities expected…



BACC projections

Mean number of ice days simulated by RCAO

Sea ice projections 

Present winter For the period 2071-2100 

using the B2 emission 

scenario

For the period 2071-2100 

using the A2 emission 

scenario



Past and current climate change

The expected future warming is associated to a possibly accelerated 

continuation of the present trends in

(i) Earlier spring phenological phases, 

(ii) Northward species shifts

(iii) Increased growth and vigour of vegetation

Terrestrial ecosystems 

Terrestrial ecosystems in the south are projected 

to be a carbon source by the end of the century



Past and current climate change

Impacts on marine ecosystems 

… increase of temperature…

• Higher metabolic rates

• Impact on acclimation capacity

• Reduce the general fitness

• Reduce enzyme activities 

• Shift in species composition 

(phytoplankton)

• Enhanced cyanobacteria blooms

… reduction in sea ice…

• Ringed seal survival

… decrease of salinity…

• Osmotic stress

• Shift in species composition 

(phyto– & zooplankton)

• Egg survival

• Food quality for fish (growth rate)

• Distribution of benthos

• Reduction of fitness

• Invading species



BALTEX in summary

BALTEX is an international, interdisciplinary research programme and 

network for the Baltic Sea drainage basin.

BALTEX research deals with the Earth system of the entire Baltic Sea 

catchment including terrestrial and marine ecosystems. 

An important element are climate variability and change and related 

impacts on ecosystems.   

BALTEX develops long-lasting strategic partnerships

with stakeholders such as HELCOM and BSSSC.

BALTEX Phase II terminates in 2012

Successor programme in open discussion

Go to our website

www.baltex-research.eu
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Thank you!
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