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Main questions

Which countries and emissions sources contribute to air pollution in the Baltic region. Now and in

previous 100-200 years. How well can we quantify this?

General comment: literature used will focus (as requested by BACC-II) on papers from year 2006 and

onwards. However, as the previous BACC-I report didn't cover atmospheric chemistry in much detail,

key papers from earlier years might be appropriate.

Introduction

General introduction. Discussion of pros and cons of observations and models for estimating

concentrations and depositions. What is available, where. Relative importance of atmospheric

deposition of especially nitrogen compounds to land and sea, compared to other inputs (reference:

European Nitrogen Assessment).

Emissions

Main sources of emissions to air - shipping, industry, agriculture etc., including trends and projections.

Shipping emissions receive extra focus as they have been continuously increasing during this

century, and regulations have so far been rather lax. This is starting to change, and large emission

measurement programmes are underway to evaluate both the emissions and the expected changes.

Focus shipping-work on Baltic and nearby sea areas - 3-4 pages in draft - overview of emission

estimates, and assessment of accuracy, making use of new measurements. Recent changes in

regulations - measured impacts on emissions (remote sensing technologies, etc.), as well as

discussion of longer term trends and expectations.

Emissions from land-based sources - brief overview only, since little new information. Short review of

historical trends for different pollutants, then future projections (IPCC, GEA, ...) assigned most focus.

Discussion of uncertainties in these emissions estimates and future trends.

Depositions & Concentrations

Overview of current knowledge of measured and modelled depositions (and/or concentrations) of

Sulphur, Nitrogen, Ozone HM? Other? Past estimates and projected trends. (Observations?

Sediments? ) Illustrations of modelled fields and varability from ensembles of chemical transport

model (CTM) calculations, from both European scale and global scale models. Modelled future trends

-- results from some future scenarios. Refs to e.g Stevenson et al. (2006), Geels et al. (2011),

Andersson et al. (SMHI), Bartnicki et al., 2011.

Focus: How well can we estimate deposition to land and sea surfaces?

A few pages (3-5, including refs) on the status and uncertainties associated with modelling

deposition of gases and particles. Need to consider both land and sea, but deposition rates over

sea are even more challenging than those of land. Something on uncertainties in wet-deposition

... comparison of modelled and measured values is possible over land-areas at least. That isn't

the case for dry-deposition, so the dry-deposition needs more discussion.

Climate impacts?

The main climate impacts are probably C-sequistration issues associated with N-deposition changes

and ozone-effects, and (probably more important for this region) aerosols. However, another chapter

will deal with aerosols, so no action planned in this chapter on that. (Need to discuss with aerosol

lead author).

Conclusions

Here we summarise and try to present a concise answer to the starting question.

5.2.2 Terrestrial ecosystems

Leader author: Pekka Niemelä, Coastal Geography Group (University of Turku, Åbo Akademi)

Contributing authors:
Risto Kalliola, Jari Valkama, Michael von Numers, Terry V. Callaghan, (Abisko Scientific Research Station)
Seppo Kellomäki (University of Eastern Finland)

Esa Lehikoinen, (University of Turku)

Kari Saikkonen (MTT, Finland)

Guy Schurgers (University of Lund)

General chapter summary:

Based on meetings and correspondence with authors it was agreed that the general aim of the chapter is to summarize the current knowledge of climate change on terrestrial ecosystems in the Baltic Sea Basin. 

We have simplified and reorganized the previous chapter structure.  The chapter structure is now divided into three main terrestrial ecosystems: coastal and archipelago ecosystems, agricultural ecosystems and forest ecosystems. In addition, we pay attention how different ecosystems may interact with each other and especially with aquatic ecosystems. The analysis is limited on Baltic Sea Basin.

Although our summary covers the main terrestrial ecosystems of the area the special emphasis of the chapter is on unique archipelago and coastal ecosystems along the Gulf of Bothnia and the Gulf of Finland. The uniqueness of the Baltic Sea archipelago and coastal terrestrial ecosystems are based on the combination of land uplift, climatic change and interaction with brackish water/terrestrial ecosystems.  This approach has earlier received very little attention although it is of extreme importance for maintaining biodiversity and nature conservation of Baltic Sea archipelago and coastal ecosystems. 

Changes in land use and climate change affect both agricultural and forest ecosystems. The aim of the second part of the chapter is to evaluate those land use and climate driven changes on terrestrial ecosystems in the Baltic Sea catchment area and what are the possible consequences for coastal and archipelago ecosystems. In forest ecosystems our main emphasis is on natural and semi-natural ecosystems in order to avoid overlap with Chapter 5.3.1. “Agriculture and forestry”.

Structure of the chapter:

5.1. Background

5.2. Archipelago ecosystems (Coastal Geography Group, Esa Lehikoinen)

     5.2.1. Changes in species distributions

     5.2.2. Climate related invasions

     5.2.3. Interactions between terrestrial and marine ecosystems

5.3. Agricultural ecosystems (Kari Saikkonen)

     5.3.1 Changes in land use in agricultural ecosystems

     5.3.2. Interactions between agricultural and marine ecosystems in the Baltic Sea Basin

5.4. Forest ecosystems 

     5.4.1. Climate related changes in forest structure (Seppo Kellomäki, Terry Callaghan)

     5.4.2. Climate related changes in plant communities (Guy Schurgers)

     5.4.3. Climate related changes in animal communities (Pekka Niemelä)

     5.4.3. Interactions between forest and marine ecosystems in the Baltic Sea Basin. 

               (Kellomäki, Callaghan, Schurgers, Niemelä).

5.5. Synthesis – Climate change impacts on terrestrial ecosystems of the Baltic Sea Basin. 

       (All  authors)

5.2.3 Freshwater biogeochemistry

Leader author: Christoph Humborg

Contributing authors: PirkkoKortelainen, Reiner Giesler, Hans Estrup Andersen, GitteBlicherMathiesen, GesaWeyhenmeyer, Thorsten Blenckner, GustafHugelius, Jens Hartmann, Markus Venohr, Matthias Gardesen

Structure agreed upon at the meeting at BNI Sweden May 5 together with the co-authors
1.1 General  freshwater biogeochemical patterns in the Baltic Sea catchment; 

The Baltic Sea is an estuarine system with water residence times of some 30 years, highly susceptible to changes in riverine loads of biogenic elements (C, N, P, Si) 
 ADDIN EN.CITE 

[Conley et al., 2009a; Eilola et al., 2009; Humborg et al., 2007; Meier, 2007; Wulff et al., 1990]
. Two major drivers, i.e., the changes in life style which boosts cultural eutrophication  and global warming, may significantly alter the transport of biogenic elements to the Baltic Sea in the near future [Arheimer et al., 2005; Hagg et al.]. These changes can be expected to be much more severe compared to the variations in riverine fluxes observed over the last 35 years [HELCOM, 2004], since changes in life style translates directly into anthropogenic nutrient emissions and riverine fluxes 
 ADDIN EN.CITE 

[Hagg et al., ; Howarth et al., 1996]
 and the foreseen changes in temperatures and rainfall will alter the hydrological patterns in the catchment fundamentally 
 ADDIN EN.CITE 

[Graham, 1999; Graham and Bergstrom, 2000; 2001; Weyhenmeyer et al., 2004]
. Additional drivers as damming, hydrological alterations 
 ADDIN EN.CITE 

[Dynesius and Nilsson, 1994; Humborg et al., 2006; Humborg et al., 2008a; Nilsson et al., 2005]
, forestry and wetland management (refs) and atmospheric deposition 
 ADDIN EN.CITE 

[Monteith et al., 2007; Weyhenmeyer, 2008]
 are compounding factors affecting freshwater biogeochemistry especially in the boreal watersheds. 

The aim of this chapter is to summarize the current knowledge on various drivers affecting freshwater biogeochemistry and focuses on riverine nutrient and carbon  fluxes in the Baltic Sea catchment. Quantification the effects of single drivers on freshwater biogeochemistry is generally a challenging task, however, wherever possible we will summarize the current knowledge on the effect of global warming as such and its interplay with co-effecting man-made drivers. 

1.2 The Baltic Sea catchment

The drainage basin of the Baltic Sea can be divided into a northern boreal part that drains into the Gulf of Bothnia (Bothnian Bay=BB and Bothnian Sea=BS) and a south eastern part that drains into the rest of the Baltic Sea (Baltic proper=BP, Gulf of Finland =GF, Gulf of Riga=GR, Danish Sounds=D, Kattegat=KT; Figures 1 and 2). 

1.2.1 Boreal part of the BS catchment

The northern watersheds draining into the Gulf of Bothnia are generally densely populated (Table x) and less eutrophic compared with the cultivated watersheds of the southeast. The dominating land cover in the north is boreal forest and wetlands. Bedrocks are dominated by acid volcanic and plutonic acid rocks (mainly granites); soil types are dominated by till [Durr et al., 2005]. The mean slope of the western boreal watersheds draining mainly Sweden is much steeper and the specific runoff is roughly two times higher than in the eastern Finnish watersheds (Table x).

1.2.2 Cultivated part of the BS catchment 

The watersheds of the southeast are dominated by agriculture (Table 1; Figure 2). Sedimentary rocks dominate the southeastern part of the Baltic Sea catchment, whereas in the watersheds of the Oder and Vistula non- to semi-consolidated sedimentary rocks dominate and in the watershed of the Nemunas and Daugava consolidated sedimentary rocks are predominating (check Neva) [Durr et al., 2005]. Most  rivers can be described as lowland rivers with a mean slope less than 1º.River nutrient loads, especially from the Neva, Oder, Vistula, Daugava and Nemunas Rivers, contribute most to riverine mass fluxes to the central and southern basins of the Baltic Sea [Stålnacke et al., 1999b].The largest nutrient mass fluxes come from the rivers Oder and Vistula, draining Poland and its 38 million inhabitants, about half of the population of the entire Baltic Sea catchment [Hannerz and Destouni, 2006]. Specific discharge is much less compared to the boreal watersheds.

1.3  Drivers affecting freshwater biogeochemistry

Freshwater biogeochemistry in relatively unperturbed aquatic systems within the Baltic Sea catchment and background loads of the biogenic elements C, N, P and Si is a result of its weathering regime characterizing total ionic strength, pH, and alkalinity  as well as vegetation cover and vegetation forms. Generally, weathering reaction charges rain water with basic cations and anions including dissolved inorganic carbon, orthophosphate and silicic acid when infiltrating natural soils [Drever, 1997].  N is entering by biological N fixation and organic carbon stems from recently produced (mainly litter and root exudates
 ADDIN EN.CITE 

[Fröberg et al., 2003; Giesler et al., 2007; Jonsson et al., 2007; Karltun et al., 2005; van Hees et al., 2005]
) and older stored soil organic carbon 
 ADDIN EN.CITE 

[Vonk et al., 2008; Vonk and Gustafsson, 2009]
. However, the bedrock composition dominated by acid volcanic and plutonic acid rocks as well as the occurrence of coniferous forests and wetlands storing huge amounts of organic carbon leads to a freshwater composition in the boreal watersheds that is characterized by a low ionic strength, low alkalinity on the one hand and high concentrations of humic and fulvic acids that form the major pool for dissolved organic carbon and nitrogen. These relatively unperturbed conditions can be found in the well studiedKalixälven
 ADDIN EN.CITE 

[Humborg et al., 2004; Ingri et al., 1997]
. Background loads and concentrations in the cultivated watersheds are difficult estimate because these landscapes have been influenced heavily for many centuries. However, the occurrence of sedimentary bedrocks in the cultivated watersheds and the higher temperatures that increase weathering reactions leads to a higher ionic strength and higher alkalinity. 

Relatively undisturbed concentration of biogenic elements can still be found in the northernmost unregulated Swedish and Finnish watersheds. In most of the watersheds of the Baltic Sea catchment the following drivers mainly affect freshwater biogeochemistry:

1.3.1 Cultural eutrophication 

Cultural eutrophication is by far the most investigated and well understood driver for freshwater biogeochemistry. Numerous studies in lakes and rivers show the effects of agricultural practices and of urban and industrial point sources on nutrient concentrations 
 ADDIN EN.CITE 

[Arheimer et al., 2004; Conley et al., 2009b; Ekholm et al., 2007; Humborg et al., 2008b; Iital et al., ; Kronvang et al., 2009; Larsson et al., 1985; Lindgren et al., 2007; Lysiak-Pastuszak et al., 2004; Raike et al., 2003; Rheinheimer, 1998; Stålnacke et al., 1999a]
 and the subsequent effects for aquatic ecosystems, as decreased turbidity, widespread anoxia and loss in biodiversity [Blenckner et al., 2006]. 

1.3.2 Damming, hydrological alterations

Damming is much more frequent in the boreal rivers owing to its higher effectiveness in terms of power generation 
 ADDIN EN.CITE 

[Humborg et al., 2000; Humborg et al., 2008b]
; major reservoirs located in the headwaters can hold between 30-70% of their annual water discharge [Dynesius and Nilsson, 1994; Nilsson et al., 2005]. In contrast, damming is much less frequent in the low-land rivers of the southeastern catchment of the Baltic Sea and mostly minor dams and reservoirs, with short water residence times, were built there [Humborg et al., 2006]. However, there is a fair amount of literature reporting ”oligotrophication” of river systems as an effect of damming.

1.3.3 Forestry, wetland management

1.3.4 Atmospheric deposition
1.3.5 Hydrology (this is an extra chapter in the BACC book and cross-linkages has been discussed in March with the other BACC lead authors
1.4 Sources, transformations and exports of biogenic elements to the Baltic Sea

The net export of biogenic elements as particulate, dissolved or gaseous constituents to the Baltic Sea is the result of natural and man-made sources and the transformations of matter along the aquatic continuum formed by streams, lakes, and rivers. These transformations include biological processes (formation and degradation of biomass in the widest sense) and physico-chemical processes (particle formation, sedimentation, burial and gas exchange leading to an overall retention of biogenic elements 
 ADDIN EN.CITE 

[Behrendt and Opitz, 1999; Kortelainen et al., 2001; Kortelainen et al., 2004; Kortelainen et al., 2006; Venohr et al., 2005]
) before they reach the Baltic Sea. In this chapter, we will present and discuss the patterns in freshwater biogeochemistry within the catchment of the Baltic Sea by presenting i) the background sources and loads and if applicable additional man-made sources and loads ii) the transformations of biogeochemical dissolved, particulate and gaseous constituent along the aquatic continuum, iii) the possible co-effects of climate on cultural eutrophication 
 ADDIN EN.CITE 

[Blenckner et al., 2006; Jeppesen et al., ; Jeppesen et al., 2009]
, forestry and wetland management (refs), hydrological alterations (refs) and atmospheric deposition 
 ADDIN EN.CITE 

[Weyhenmeyer, 2004; Weyhenmeyer et al., 2004; Weyhenmeyer, 2008]
 and iv) the current and possible future export patterns of biogenic elements to the Baltic Sea (Fig x).

5-8 word pages on each driver 

5.2.4 Marine biogeochemistry

Leader author: Bernd Schneider

Contributing authors: Bernd Schneider

This chapter summary was discussed with the Contributing Authors during the BSSC and we agreed upon a few changes in order to avoid overlap within the Biogeochemistry Chapter and with other sub-chapters. However, these changes are not yet accounted for in the text below but will be reflected in the first drafts which will be discussed during a CA meeting on September 26/27.  

0. Introduction

· Definition of biogeochemical cycles, relationship/differences to the „Ecosystem“ Chapter;

· Relevant elements: C, O (H2S), N, P, Si, Fe and their importance for biogeochemistry;

· Steady state concept: relationship between inputs, concentrations, residence times;

· Attribution of major changes in the last two centuries: climate vs. biogeochemical (e.g. eutrophication) forcing;

· Purpose of the “Biogeochemistry” Chapter;

1. Changes in external forcing

· Summary of riverine nutrient inputs given in the previous BACC book;

· Summary of new results for riverine inputs presented in the “Freshwater Biogeochemistry” chapter, in particular DOC and alkalinity;

· Atmospheric deposition of nutrients based on measurements;

· Modelling atmospheric deposition of nutrients (possibly input from 5.2.1 “Atmospheric chemistry”);

· Increase of atmospheric CO2;

· Climate induced physical forcing (input from 3.4.1 “Marine circulation and stratification” and possibly from 3.4.2 “Sea ice”);

1.1 Present day understanding of BGC-fluxes

· New and older literature: 

· Books, HELCOM, other literature ...

· Nutrients:

· In addition to Section 1, discuss the role of different forms of nutrients and processes causing transformations between the forms: Dissolved, particulate, inorganic, organic, biologically available or biologically inert.

· In addition to Section 1, discuss relative importance of different loads: Rivers, point sources, atmosphere, fixation, open boundary, anthropogenic, natural.

· Pools and concentrations: Water, Sediment. Typical vertical profile, horizontal maps, transects, and tables (and estimations of turn over time scales? Move pool discussion to budgets?). …

· Changes in time: 

· Seasonal variations.

· Historical records of nutrients, oxygen, pH.

· Baltic Sea specific conditions affecting the BGC fluxes: 

· Fjord like, brackish, shallow Sea with some deep pits and a shallow entrance area.

· A large fraction of produced organic matter reaches the sediments.

· Long residence time makes internal processes and sediment-water exchanges important.

· Export of nutrients from the Baltic Sea is forced to take place from surface layer. 

· Regional differences: 

· Separation in sub basins, North-south gradients. 

· Physical impact on BGC fluxes: 

· Seasonal cycles, light, bathymetry, stratification, ice, temperature, salinity, yellow substances.

· Transports: Physical circulation and vertical mixing, sinking, re-suspension.

· Oxygen-H2S: 

· Discuss differences between surface water – deep water, Air-Sea gas exchange and temp-salt dependent O2 saturation dynamics.

· Nutrients vs. oxygen relations. 

· Hypoxia-anoxia dynamics. Hypoxic areas and volumes vs. DIP and DIN.

· Generalized description of pathways and fluxes: 

· Uptake of nutrients to biological production of organic matter (oxygen production). 

· Export production, sinking of nutrients in particulate form, sedimentation. 

· Decomposition, dissolution and mineralization in water and in the sediments (oxygen consumption, H2S production). 

· Wintertime increase of surface layer pool of nutrients. 

· Permanent (burial, denitrification, anamox, sequestering) and more temporal (redox dependent) internal sinks. 

· Relation to the ecosystem: 

· Eutrophication and climate

· Relation to acidification: 

· Eutrophication and climate 

    1.2 Model approaches and process parameterizations
· Introduction to biogeochemical models: 

· Books, other literature ...

· Briefly categorise different types of models

· Budget model, process based model, 1D and 3D model
· Review of existing coupled physical-biogeochemical models of the Baltic Sea. 

· State of the art and climate modelling:

· Processes descriptions

· Model performance. Evaluation results.

· The concepts of climate and nutrient load scenarios and ensemble modelling.
2. Observations and modelling approaches

The aim of this section is to summarise in general terms an overview of the present knowledge and understanding about the marine biogeochemical cycles of nutrients and oxygen in the Baltic Sea and some basic concepts of how this understanding is introduced and described especially in the state-of-the art biogeochemical models that are used for climate modelling of the Baltic Sea. The discussions in this section does not take into account the biogeochemical cycling on geological time scales but is more concerned with processes that may be relevant on time scales shorter than about 200 years.

3. Organic matter production
3.1. Rates and controlling factors 

The subchapter summarizes production of particulate organic matter in the Baltic Sea during the past 200 years, describes the incorporation of dissolved nutrients (mainly N and P) and the export (sedimentation) of organic matter from the euphotic zone.

3.1.1. Phytoplankton and primary production

· Brief overview of phytoplankton seasonal succession in the Baltic sea, role of spring bloom for sedimentation

· Overview of rates in different subbasins: primary production and sedimentation, historical changes (table with PP and sedimentation)

3.1.1.1. Spring bloom

· Diatom/dinoflagellate oscillations 

· Impact of eutrophication and climate effects (stratification, river plumes) in observations and published biogeochemical models

· Grazing and sedimentation (zooplankton mismatch, mesocosm experiments, effect of bloom species composition on sedimentation)

3.1.1.2. Summer communities and cyanobacteria blooms

· Changes in summer phytoplankton biomass, species composition and primary production

· Nutrient sources, new and regenerated production, climate and eutrophication effects

· Grazing and sedimentation of summer communities

· Climate effect on zooplankton, microbial loop 

· Cyanobacteria blooms

· 200-year changes in bloom frequency

· Climate effects (summer temperatures, salinity)

· eutrophication (N/P ratios), P source for blooms

· Importance as source of new nitrogen -> N fixation rates

3.1.1.3. Autumn blooms

· Eutrophication and climate effects (mixing/stratification)

· Species composition and sedimentation

· Zooplankton grazing

3.1.1.4. Organic matter production based on allochthonous DOM

· Bothnian Bay, incorporation of DOM in biomass, sedimentation

· Climate effects

3.1.2 The marine CO2 system
· Biological and physical control of the surface water CO2 partial pressure (total CO2): diurnal and seasonal cycles;

· The use of CO2 measurements for production estimates;

· Variability of the pH and relationship between alkalinity and pH distributions;

· Spatial and seasonal distribution of calcium carbonate saturation;

· The effect of increasing atmospheric CO2: ocean acidification;

· CO2 gas exchange, the Baltic Sea: sink or source for atmospheric CO2?

3.1.3. Nitrogen transformations 
· Pathways of nitrogen transformations;

· Importance of nitrification;

· Denitrification rates: Incubation experiments, mass balance and model approaches;

· Contribution by anammox;

· Denitrification in the water column vs. denitrification in sediments;

3.1.4 Oxygen depletion and H2S formation
· Hydrographic causes for oxygen depletion

· Biogeochemical causes for oxygen depletion and H2S formation

· Oxygen conditions in historic times

· Oxygen depletion and eutrophication

3.1.5 Phosphorus transformations

· Organic phosphorus compounds in sediments: source, forms, amount
· Release of inorganic phosphate from organic forms: microbiological and abiotic degradation 
· Other sources for dissolved inorganic phosphate in the sea floor
· Binding of dissolved inorganic and organic phosphorus into solid phases in sediments: different mechanisms, contributing elements, sorption surfaces, chemistry of the solution, effects of microbes and benthic fauna 
· Release of phosphate from solid phases to dissolved form in sediments: different factors affecting the release; hypoxia, other elements, chemistry of the solution, microbes and benthic fauna
· The past changes in phosphorus transformations in the Baltic area

· The potential effects of environmental changes in the future on phosphorus transformations in the Baltic Sea sediments (or in chapter 4?)

3.1.6 Carbon, nitrogen and phosphorus burial in the sediments

· Cycling and burial of carbon, nitrogen and phosphorus are linked, general issues concerning sedimentation and burial of particulate material and the sedimentation environment in the Baltic Sea; effect of oxygen conditions, benthic fauna, microbial activity, sediment properties, salinity, inorganic particles 

· Carbon: mechanisms of  burial, buried forms in the sediments, methods used in determination of burial, current knowledge about carbon burial in the Baltic sediments
· Nitrogen: mechanisms of burial, buried forms in the sediments, methods used in determination of burial, current knowledge about nitrogen burial in the Baltic sediments
· Phosphorus: mechanisms of burial, buried forms in the sediments, methods used in determination of phosphorus burial, current knowledge about phosphorus burial in the Baltic sediments
· The past changes in burial of carbon, nitrogen and phosphorus in the Baltic area

· The potential effects of environmental changes on burial of carbon, nitrogen and phosphorus in the sediments (or in chapter 4?)

4. Response to potential future changes

4.1 Eutrophication
· Political legislations (reduction?)

· Economic development (increase?)

· Possible effects on biogeochemistry and oxygen

· increase atm. pCO2, changes in alkalinity

4.2 Acidification

4.3 Climate change
· response of BGC to changes in temperature, runoff, salinity

5.2.5 Marine ecosystems

Leader author: Markku Viitasalo

Contributing authors: Thorsten Blenckner, Anna Gårdmark, Lena Kautsky, Harri Kuosa, Martin Lindegren, Alf Norkko, Kalle Olli, Johan Wikner
Introduction and background

A brief review of main changes in knowledge re climate change and Baltic Sea since BACC I. We also explain which type of interactions and climate effects are included in the review.

Known system level variations and fluctuations in the Baltic Sea are reviewed, and their possible connections to climate change are evaluated. We also classify different indirect and direct impacts to those promoting individual-level, physiological and species-, population- and community level responses in the ecosystem.

Manifestations of climate change in the different ecosystem compartments

Indirect and direct influences and impacts of climate change on different ecosystem compartments are reviewed. The pelagic ecosystem, deep  benthic ecosystem, sublittoral ecosystem and winter ecosystem are separately dealt with.

Analysis of effects of climate change on food web structure?

Observations and cause-effect relationships of trophic changes in the different Baltic Sea basins are reviewed. A special attention is paid to the influence of cliamte change on functioning of the microbial loop and their relationships to primary production in different baltic sub-basins. 

Furthermore, we review and evaluate the evidence and reasons of possible cascading effects in the food chain, including the top predators (fish, seabirds and seals). The evidence for system-level regime shifts in the past few decades are also critically evaluated.

Modelling approaches to climate change 

A review of the performance and reliability of ecosystem models is given. A special attention is given to the potential of various models to contribute to knowledge of the future effcts of climate change on the ecosystem of the Baltic Sea. 

Summary and conclusions

A conceptual model of the effects of climate change on the ecosystem of the Baltic Sea is drafted and the strength and variability of the cause-effect links is evaluated. From the conceptual model we attempt to achieve a hypothesis on how climate change will affect the biogeochemical functioning and functional and species biodiversity of the Baltic Sea. Also, the main gaps in knowledge and issues of dissent are identified. 

Finally, a brief account on potentially policy-relevant effects of climate change on the marine ecosystem is given.

5.3. Socio-economic impacts
5.3.1 Agriculture and forestry

Leader author: Michael Köhl

Chapter 5.3.1 Socio-economic impacts on agriculture and forestry

Prof. Dr. Michael Köhl (University of Hamburg, Department of Wood Science, Institute for World Forestry)

Dr. Joachim Krug (von Thünen-Institute, Institute for World Forestry)

Dr. Annette Freibauer (von Thünen-Institute, Institute of Agricultural Climate Research)

Dr. Marcus Lindner (Sustainability and Climate Change, European Forest Institute (EFI))

(further contributing authors are contacted)

Chapter Outline

Hypothesis

Climate change impacts the vulnerability and productivity of agricultural and forestry land use, predominantly by changes in precipitation, drought stress periods and potential natural disturbances. An increase of CO2 concentrations, mean temperatures and nitrogen disposals, on the other hand, is expected to lead to an increased ecosystem production and growth trends, especially in previous boundary zones with limiting climate conditions. Land use potentials will change as a consequence of those impacts, but as well as by adaptation and mitigation measures. Both impacts, climate change and human response, will have an effect on and change socio-economic conditions.

Main questions

What impact on land use structures (forestry and agriculture) is recorded / to be expected due to climate change? What uncertainties are related to those estimates?

What socio-economic consequences are to be related to those impacts?

What adaptation and mitigation measures are taken, what socio-economic impact can be related to those measures?

Goal

The assessment aims at a description of the current knowledge on the impact of climate change on land use structures of managed agricultural and forestry land and its socio

economic impacts. The Assessment is further extended on the impact of adaptation and mitigation measures insofar those and related impacts are based on scientific results – political intentions etc. are not considered.

The main emphasis is on managed land to avoid overlapping with chapter 5.2.2 Terrestrial ecosystems, which focuses on natural and semi-natural ecosystems
5.3.2 Urban complexes

Leader author: Sonja Deppisch

Authors: Deppisch, S.; Janßen, H.; Juhola, S.; Richter, M.; Vanhanen, H.

5.1 Introduction / Background

Will be written at the end – depending on Lead Author agreement of common chapter introductions or consistentsubchapter introductions (concerning content)

5.2 Past, current and future impacts of climate change on urban complexes

5.2.1 Vulnerability, potential Impacts, adaptation (still to be explored)

=> urban complexes as human dominated systems: future potential cc impacts are not given as negative / positive impacts yet as they are up to changes: adaptation measures might change vulnerability or might try to benefit from cc in urban complexes

=> What is considered as vulnerability, as impact, as adaptation? Negative / positive Impacts up to perspective (social differences / differences in interest)

5.2.2 Land-use (and further changes) and future climate change

Climate change is not the only phenomenon affecting the climate in urban areas of the Baltic Sea Region. Urban areas are influenced by their own climatic conditions by altering e.g. their radiation budget. Average temperatures rose due to urbanization in the 20th century in Uppsala (Bergström and Moberg, 2002), Stockholm (Moberg et al., 2002) and St. Petersburg (Jones and Lister, 2002). Furthermore, city growth, together with increasing heavy rainfall, can increase flood risks in urban areas like in Helsingborg (Semadeni-Davies et al., 2008a). Urban areas are usually characterized by higher temperatures than the surrounding countryside, this urban heat island effect was proved for various cities like Stockholm (Bolund and Hunhammar, 1999; Gustavsson et al., 2001; Moberg

and Bergström, 1997; Moberg et al., 2002), Malmö (Bärring et al., 1985), Göteborg (Svensson, 2002) and Uppsala (Moberg and Bergström, 1997). Urban cold islands appeared, too, for example in Göteborg (Svensson and Eliasson, 2002). These effects are not unique over the entire urban area and depend on the urban land use. In Göteborg there are differences of up to 6,8 °C between land use categories (Eliasson and Svensson, 2003).

Further issues still to be explored:

Other changes in land-use patterns affecting climate change impacts in urban complexes (including adaptation measures) Climate change not the only driver for change in urban complexes, many further essential drivers for change urban complexes (demographic change, land-use changes, political changes etc.) and interacting with climate change impacts (also with cc impacts somewhere else as e.g. Stockholm is expecting high immigration rates)

5.2.3 Past, current and future impacts of climate change

5.2.3.1 Natural resources and ecosystem services (Henri Vanhanen)

The one and prominent feature of natural resources in urban areas are its green spaces. For residents these are places recreation from jogging to berry picking and simple relaxation. Though having a significant aesthetic and recreational value, urban woodlands, parks and roadside plantings produce a vast number of other ecosystem services beneficial for nature, human health and functionality of urban infrastructure. These green spaces offer ecosystem services such as biodiversity sheltering, reducing the effects of pollution, reducing noise, flood prevention by regulating runoff, water purification, prevention of erosion and carbon and nitrogen sequestration. Besides green spaces urban areas hold within its territory the same natural resources and ecosystem services as sparsely habited countryside: farmland, water supplies and fisheries.

Climate change will have direct physiological effects to urban green spaces (trees, plantings, and crop) through change in precipitation and temperature. Increased heat, drought and moisture stress can enhance the susceptibility to pathogens and pests. The predicted rise in average temperature will also favor both native and invasive pests that can increase into epidemic levels and alter the function of the ecosystem services whether they would be of urban woodlands or farmlands. Especially climate change will increase and enhance the survival of wide range of non-native invasive pests. Though climate change posses threats to urban ecosystem services the need for building land through demographic change will lead to land-use changes and thus fragmentation and decreasing of green spaces from urban areas.

Further potential issues still to be explored (SD, MR):

Potential impacts of sea level rise: In addition to the increase in erosion of natural shorelines in e.g. Tallin (Kont et al., 2003) and Pärnu (Hilpert et al., 2007), salt or brackish water can intrude into aquifers and contaminate groundwaters, this was showed for Gdansk (Staudt et al., 2006; Schmidt-Thomé et al., 2006) and Tallin (Hilpert et al., 2007). This will lead to problems in water supply of urban areas, in watering of green areas or cooling demand (Kundzewicz, 2009) and in drinking water supply (f.e. in Pärnu (EUCC, 2004), Porvoo (Virkki et al., 2006) and Gdansk (Staudt et al., 2006)). The danger of water contamination triggered by storm surges or heavy rainfalls will increase f.e. for Porvoo, Loviisa (Virkki et al., 2006) and Stockholm (Schmidt-Thomé et al., 2006; Meier et al.,

2006). Sea level rise will also affect protected areas, recreational areas and open areas like parks in Gdansk (Staudt et al., 2006) Pärnu (Kont et al., 2008), (Klein and Staudt, 2006) and Porvoo and Loviisa (Virkki et al., 2006).

5.2.3.2 Urban services technology: Technical infrastructure and management (Sonja Deppisch, Michael Richter)

The climate change impacts which will affect technical infrastructure in most cases are expected to be sea level rise and the changing precipitation patterns, particularly flooding caused by expected increase in heavy precipitation events. As the net-sea level rise is expected to be higher in the southern Baltic Sea, cities like Gdansk will be more affected. Main infrastructures like dikes, port facilities, industrial areas, warehouses, transportation routes, drainage water systems and sewage plants as well as ground water recharge areas will be vulnerable (Schmidt- Thomé et al., 2006; Staudt et al., 2006). Industrial facilities including harbours will be affected in Gdansk (Staudt et al., 2006; Pruszak and Zawadzka, 2008; Schmidt-Thomé et al., 2006), Sczeczin and Kolobrzeg (Pruszak and Zawadzka, 2008), Tallinn, Pärnu, Kuressaare, Haapsalu, Kärdla, Sillamäe and Narva-Joesuu (Kont et al., 2008; Klein and Staudt, 2006) and when considering worst-case scenarios, Stockholm, too (Ekelund, 2007). Nevertheless, generally lower impacts (or later occurring impacts) of sea level rise can be expected in more northern Baltic cities like Stockholm (Graham et al., 2006; Meier and Broman, 2003; Viehhauser et al., 2006),

Helsinki (Lehtonen and Luoma, 2006), Pärnu (Klein and Staudt, 2006) and Loviisa (Virkki et al., 2006). The expected increase of heavy precipitation (and: rapid snow melting) events could cause surface floods due to undersized urban drainage and sewage water systems such as in the cities Porvoo (Virkki et al., 2006), Loviisa (Virkki et al., 2006), Helsingborg (Semadeni-Davies et al., 2008b), Kalmar (Olsson et al., 2009), Lund (Niemczynowicz, 1989), Stockholm (Sverige, 2007) and Uppsala (Viehhauser et al., 2006).

Further issues still to be explored:

Inland cities in the Baltic Sea Basin: Droughts as threat

Inland / Coastal cities: Drinking water supply systems.

Energy, heating and communication infrastructure – power plants, utilities, lines, and systems (e.g. district heating; multi-utility tunnel systems as in Stockholm and Helsinki: metro, sewage, water, electricity, and telecom)

5.2.3.3 Buildings, housing, settlement structure (Sonja Deppisch, Michael Richter)

Sea level rise is the most important impact of climate change for settlement structures so far. In combination with eventually rising storm surges, there will not only be severe impacts to southern cities like Gdansk (Staudt et al., 2006). Housing facilities and residential areas will be at risk, too in Tallin (Hilpert et al., 2007) and Loviisa (Virkki et al., 2006). The settlements of cities like Helsinki (Lehtonen and Luoma, 2006) and Pärnu (Klein and Staudt, 2006) will possibly not or only be slightly affected by sea level rise.

Further issues still to be explored:

Storm surges and floods caused by strong precipitation events –impacts on buildings, settlement structure (some parts of towns threatened by flooding on a regular basis)

Inland-cities in the Baltic Sea Basin: Urban heat island (UHI) and building / settlement structure / size of cities (small, medium-sized, big)

5.2.3.4 Human health and well-being (Sonja Deppisch, Michael Richter)

The impacts of climate on human health and well-being are diverse. Even if cold stress seems to be more important in countries like Sweden (Svensson et al., 2003), with a changing climate heat stress and the demand for cooling in houses, health-care institutions, schools and work places is expected to increase during the summer for example in Gothenburg (Svensson et al., 2003; Thorsson et al., 2011) and Stockholm (Baccini et al., 2011; Rocklöv et al., 2009). Positive effects on human health could be expected through milder winters and accompanying less cold stress in cities like Oslo (Nafstad et al., 2001). Other health-related effects of climate change in cities will be changes in air quality (Eliasson and Holmer, 1990) and for example increasing incidence of tick-borne encephalitis in endemic regions in Stockholm County (Lindgren, 1998).

Further issues still to be explored (SD, HV):

UHI-effect and warming climate – coastal cities and inland cities;

Mainly affected social groups - Effect of heat (summer) on well-being and comfort in cities (urban heat island effect), effect on health and mortality in general and on specific social groups mosquito transmitted diseases e.g. Chikungunya, which caused epidemic in the northern Italy. They have a great

potential to cause seasonal epidemics even in northern parts as they are frequently transported from tropics to Europe with floral trade.

5.2.3.5 Socioeconomic structure (Sirkku Juhola, Holger Janßen)

1. Review of studies on impacts of climate change on different sectors of the urban economy

2. Review of studies on impacts of climate change on urban population, vulnerability of particular sectors of society

3. Review of adaptation strategies of urban areas/cities in the Baltic Sea basin.

Climate change will have impacts on the socio-economic structures in the cities around the Baltic Sea. The number of studies on the impacts of climate change on different economic sectors is slowly increasing, and this section will review and analyse the literature on the different sectors, such as industry, fisheries, maritime traffic and ports and recreational economy and tourism. Cities around the Baltic Sea have begun to pursue adaptation strategies of which aim is to prepare the cities to the impacts of climate change. This part reviews the available studies of urban adaptation strategies in the Baltic Sea basin.

Further issues still to be explored:

Insurance and adaptation in cities

5.3 Synthesis / Conclusion: Impacts of climate change on urban complexes

 Main lines of argumentation to be found in the literature – agreements

 Disagreements

 Lacking research

 Missing links
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5.3.3 Coastal erosion and coastline changes

Leader author: Tomasz A. Łabuz, PhD Institute of Marine and Coastal Sciences, University of Szczecin, Mickiewicza 18, 70-383 Szczecin, Poland, e-mail: labuztom@univ.szczecin.pl 

Plan of the chapter:

1. Factors influencing coast development

2. Development and types of  Baltic Sea coasts

3. Processes shaping coastal areas
Sediment transportation
Accumulation and progradation
Erosion and retreat

4. Coast response for climatic changes

5. Socio-economic response for coast erosion
Summary

The coastal zone is one of the most dynamic environments, where natural factors such as storm surges, water level fluctuations, wind force or plant existence are the result of climate conditions. Among them the leading role is played by the sea level change and storm waves. These two factors are responsible for coastal land erosion and accumulation, as well as the emergence of beaches and their variability. On the other hand, human activity in coastal areas is forced by climatic events affecting settlement and local economy. The climatic changes and their influence on the environment are a fact. The natural or anthropogenic elements of it often show surprising changes, not comparable with the earlier observations. Coasts are mainly vulnerable to extreme events.
Factors affecting coastal relief and geomorphology are influencing also each other. Their intensity depends on season (producing by different weather). Winds are stronger during autumn-spring period. Sea waving is stronger during autumn-winter period that is caused by weather fronts coming from west to east (mainly). Plants grow from spring to summer. Human impact is bigger during summer vacations.

On the South Baltic coast there are two typical coastal land profiles: dune and cliff. Dune profile shows dune ridge or ridges of height 5 to mainly 12 m amsl (above mean sea level). Typical cliff coast profile shows cliffed moraine relief with height from several to hundred meters.. Angle of the cliff slope vary due to different material  building moraine: clay, till or sand deposits. Te top of the cliff have different height: covered by hillocks or depressions shaped by glacifluvial waters.  

In the northern part of Baltic, in Estonia, Sweden or Finland coasts  are also made by rocks, softer like limestone or harder like sandstone or igneous. On this part of Baltic coast there has been a land growth in connection with the isostatic movements uplifting Scandinavia.
Coasts are experiencing the adverse consequences of hazards related to climate change and mainly with sea level fluctuations. The impact of climate change on coasts is exacerbated by increasing human activities impacts.

Adaptation costs for climate change are much lower than damage costs without any adaptation. But right now lokla society is mainly prepared for so far known and measured extreme events. Only a few local administrations targeted towards increasing the risks
The valuation of costs and benefits of climate change  for the coast is difficult because some climate change impacts are difficult to assign a value. Also impacts, on human activities or health and natural biodiversity, are difficult to value.
Some countries will have benefits from future climate change but others lose out, there is no guarantee how changes may affect on local coastal economy.

There are proposed two types of actions in management strategies. The first one strategy called hold on coastal line should prepare protection of coast and neighborhood areas for future coastal changes. The second one, more resilient and dependent on human adaptation for coastal changes areas says that, in some places coast should be not protected and left as possible in natural way. It may help in protection due to natural process inflow on coastal land. 

Of course it is more complicated because of local authorities respond for coastal management may have other point of thinking in relation of coastal development and its protection against erosion. Also it is worth to remember that administrative borders in coastal areas and efforts made for it stabilizations are different in Baltic countries and even may vary in bordering lands. Some of these action are complicating morphodynamics changes due to artificial coast stabilization in one place and its natural progress in other. Coast is one linear environment that knows no national and decision-making boundaries. 
On the other hand, the coastal zone is a very dynamic environment. The land's height position may be changing rapidly due to natural processes. Nowadays we mainly observe the retreat of the land due to storm surges and sea level increase. This development requires infrastructure for higher coastal protection.

Figs: maps of coast types and its dynamics, profiles of coastal relief and its changes, map or profile of typical human impact.

Any photos?
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