5. Impacts of current and future climate change

5. 2. 2. Terrestrial ecosystems (15 pp).
Pekka Niemelä, Risto Kalliola, Harri Tolvanen, Mia Rönkä, Esa Lehikoinen, Kari Saikkonen, Guy Schurgers, Seppo Kellomäki, Terry Callaghan.
5. 3. Background (Risto Kalliola, Harri Tolvanen, Pekka Niemelä)
· 1-2 pages to lead readers into the relevance of this topic
The Baltic Sea is a shallow marginal sea with considerable terrestrial impact at any place, in both abiotic and biotic terms. Its location in a climatically humid region implies considerable surplus of terrestrial waters within its drainage. Hydrogeographically, the Baltic Sea can be considered as an estuary of the many rivers flowing into it, and finally draining to the North Sea. According to xxx, the inflow of the Baltic Sea waters to the North Sea varies between xx and xx annually. 

Much of the dynamics of the marine ecosystem in the Baltic is significantly influenced by diverse impacts derived from the terrestrial environment. As an example … (selected examples of various types of interactions between the marine and terrestrial communities). 
These special characteristics of the Baltic Sea imply that any future changes in its waters and ecosystems must be assessed against the background of simultaneous changes in the terrestrial lands and in the coastal transition zone. For example, changes in the levels and qualities of river inflow have direct impacts on ecosystem functioning. According to xx, river runoff regimes are expected to change xxx according to xxx.
This chapter addresses the interface of the terrestrial and marine systems in the Baltic Sea, particularly its sensitivity to the impacts of the anticipated climate change. We will xxx … 

5. 4. Geographical conditions in the drainage area (Risto Kalliola, Harri Tolvanen)
· 2-3 pages including a few  maps; texts as short reviews of basic literature and recent studies that are relevant for the understanding of the interface of terrestrial lands and the Baltic Sea. This part should be set not to be redundant with other parts of the book 
The post-glacial development of the Baltic Sea area is made of a series of distinctive sea and lake phases, consequences of the isostatic readjustment of the Earth crust after the melting of the continental ice masses. Through these times, the water-filled parts of this basin have had their unique outlines, water volumes, hydro-chemical properties, shore types and types of interaction with the terrestrial lands (xxx). Although the prevailing phenomenon in the coasts has been marine regression, i.e. the exposure of previously submerged seafloor, also periods of marine transgression (shoreline moves toward higher ground) have occurred. This background, the transition zone between the terrestrial and marine realms in the Baltic Sea should be considered particularly instable and alterable. This notion reinforces the necessity to address the aquatic dynamism of the Baltic with that of the terrestrial lands.
The physical geography providing the scene for the marine-terrestrial interaction is made of a variety of Earth forms and processes; geology, landforms, soils, climate, hydrology and vegetation. (Here we need to prepare a very short description of on them all. with emphasis on factors potentially influencing on the waters/ecosystems of the Baltic Sea. We should also show statistics of the most important rivers and their seasonal/annual properties (largely based on HELCOM data).

Ecosystem-level patterns and processes in the marine terrestrial interaction … (shortly about vegetation belts, species distributions limited by climate, gradients in water salinity and coastal aquatic species, ecosystem productivity; all shortly aiming to make a point on topics that are significant to the content of this chapter)

Also human activities and land use (changes) are particularly significant in the densely populated and highly industrialized Baltic Sea region. (simple comparative statistics such as population/sea properties could be included). Agriculture and forestry. Drained peatlands. Wastewater & sewage water management. Urban growth & industries. All these should be dealt with shortly, focusing on river runoff quantity and quality (water, sediments, dissolved and particulate nutrients, etc.). 
5. 5. Coastal zone and shorelines of the Baltic Sea
· 2-3 pages including maps, figures and tables

The presence of a major coastal influence is one of the environmental peculiarities of the Baltic Sea. Open sea areas located at a considerable distance (00-00 km) from the nearest shore and can be found only in the very central parts of the Baltic Sea Proper. A buffer of 00 km from the shoreline includes 00% of Baltic Sea, and a buffer of 00 km already covers 50% of it.

The coastal zone plays a key role in the interaction between the terrestrial and aquatic systems. Not only do the continental freshwaters with their land-derived materials enter this region, but the transitional coastal ecosystems also embed unique characteristics in ecological terms. Diverse human influences are particular to the coastal zone, too. 
Despite these generally accepted remarks, the coastal zone is an unclear expression in scientific terms. It can be defined according to many different criteria, for example those based on the distance from the shoreline, coastal geomorphology (set limits of depth/elevation), functional criteria (interacting marine and terrestrial areas) and administrative borders (e.g. coastal municipalities). Shoreline, too, is intuitively clear a term but fuzzy in practice. The location of the shoreline is usually assessed according to the mean sea level, but, for example in the case of long and shallow reed-dominated bays, it may rather be a transitional belt than a line. Also the length and geometry of the shoreline, both important surrogates of the marine-terrestrial interaction, depend significantly of the level of map generalization (Tolvanen & Kalliola).

Using straightforward GIS analyses with cartographic data at the scale of 1: 000000, the total shoreline length of the entire Baltic Sea measures 000 km. The distribution of shorelines with different curvature (complexity) indicates strong differences the region’s shore types from straight depositional shores in the south to the complex fractal-like shores in the bedrock dominated archipelagoes (Table/Figure). 
xxx has divided the Baltic Sea costs in to 00 types according to xx criteria ...  Out of these, xxx (( here we should include a very short overview of the main types of Baltic Sea shores according to Frisén et al. 2005 & others).
Sea currents in the coastal waters depend on the overall water flows in the Baltic Sea, the site and time specific water currents, and temporary weather conditions (xx). Especially in the archipelago coasts with complex sub-basins and flow channels, water currents are often small-scaled and short-lived (xxx). Sometimes different water layers may flow in opposite directions (xx). 
At places where water exchange is limited, surface waters may heat up rapidly during warm days. Also the successional processes taking place in situ, as well as the vicinity of the terrestrial areas may influence local ecosystem functions in both land and sea. Shores with these types of developments contrast strongly with those where straight and relatively deep shores prevail. In the latter ones the dynamic processes taking places in the marine and terrestrial systems are more distinct.

Shore openness is critical to the amount and distribution of wave energy. Models of climate change usually anticipate increasing storminess for the Baltic Sea (xx), and in consequence to this both the average and maximum wave energy levels may increase in all Baltic Sea shores. Storms during mild winters usually associate with high water surplus, which together with standing wave (seiche) oscillation may induce winter flooding of the Baltic Sea shores. Winter runoff may be rich in dissolved and particulate nutrients (xx). After mild winters, spring runoff from rivers is lower and less peak-like than in the case of snow-rich winters.
The formation and nature of sea ice influences the Baltic Sea shores and vice versa. The freezing of the sea usually starts from inland bays from where it gradually expands toward the open sea. In Archipelago coasts, sea ice is stuck to the island shores whilst both fixed and migratory ice sheets as well as push ice form in open sea (xx). Due to factors such as changing winter temperatures as well as storms and water level fluctuations, sometimes also snow weight on the ice, the dynamics of the annual sea ice may vary from year to year. This influences the shore geomorphology, ecosystems and human livelihood (xx).
Anthropogenic influences in the Baltic Sea coasts are diverse and they induce various types of pressures on the coastal and marine systems. (( short points of this, to a great deal referring to Helcom reports that correspond, all points with an aim to pinpoints issues that are relevant from the climate change perspective).

5.6. Ecosystems and climate change
5.6.1. Archipelago Sea as a particularly sensitive coast type (Risto Kalliola, Harri Tolvanen)
5.6.1.1. Environmental conditions in archipelago coast

· Appr. 3 pages including maps, figures and tables

The Archipelago Sea is a special type of transitional archipelago coast in the Baltic Sea, located between the Gulf of Bothnia, the Gulf of Finland and the Sea of Åland. Similar type of archipelago continues in the western side of the Sea of Åland as a wedge-shaped bay-like structure until Stockholm. Being situated between three sea basins, the SW Finnish Archipelago is the only of its kind in the Baltic Sea and it also has a special importance as a zone with particularly pronounced terrestrial influence.
The physical geography of the region is structured by fragmented bedrock with local relative elevations ranging up to over hundred meters. The bedrock base is partially covered with till, glaciofluvial deposits and marine sediments, which first got entirely submerged after the deglaciation. According to 1:10 000 data, the Archipelago Sea contains more than 56 000 islands of variable sizes. About 8500 islands are larger than 1ha (Stock et al. 2010). Sea depth is in most places less than 20 metres, but it exceeds 100 m in areas of bedrock depressions. The current glacio-isostatic land uplift in the region is 4–5mm a-1 (Kakkuri 1997). 
Being originally exposed from the sea as bare rock surfaces washed by waves, the glacial, glaciofluvial and marine sediments have been eroded on the highest elevations, whereas the lower-lying areas on the islands present a mixture of glacial, marine and littoral deposits. As the bedrock is slightly inclined toward the southwest, the landscape is increasingly dominated by the sea towards this direction, and the islands become smaller and more rocky. The archipelago coast is traditionally divided into inner, intermediate and outer zones.  However, there are also several large islands in the middle parts of the archipelago and in their vicinities the conditions may resemble coastal waters near the continent.
Physical conditions on the islands and shores are diverse, and can differ much even between islands in close proximity and of similar size. This mosaic results in the coexistence of many different biotopes in small areas (von Numers 1995). The shore density of the area is high, up to 12.5km of shoreline per km2 (Tolvanen and Suominen 2004). 
Water currents in the Archipelago Sea are typically slow (<15 cm s-1) (viite), but occasional faster currents occur in many narrow straits. Flow directions and intensities are variable and driven by regional atmospheric pressure and wind patterns. Islands and underwater thresholds create small local basins, in which fresh water runoff mixes with off-shore waters, resulting in dynamic mosaic patterns of seawater with different origins and properties. The temperature stratification of the seawater in summer and winter is interrupted by vertical mixing of waters in spring and autumn. The most common wind directions during the ice-free season are S, SW and W (Heino 1994).

Distinctive geographical patterns and seasonal dynamics have been detected in the seawater properties in the Archipelago Sea. Importantly, many of these patterns are inconsistent among the  different seawater parameters (turbidity, salinity, pH,..; Suomien et al 2010). Salinity patterns … (Suominen et al 2011).
Light penetration to the surface waters in the Archipelago Sea is strongly influenced by terrestrial impact (xx). In the inner archipelago, waters are in general turbid throughout the year, but in the middle and outer archipelago areas chlorophyll and probably also humic organic compounds limit the underwater light field (Erkkilä & Kalliola 2004, Suominen et al, Luhtala et al). The melt water of ice and snow as well as periods of high precipitation increase the amount of fresh water in the archipelago, particularly near the river mouths. Anthropogenic eutrophication is a distinctive feature and a commonly referred environmental problem in the region. 
5.6.2. Climate change effects on Baltic birds (Mia Rönkä, Esa Lehikoinen)
Climate change may impact coastal birds and seabirds of the Baltic Sea by affecting water salinity, temperature and acidity, air temperature during breeding and non-breeding seasons, as well as rainfall and windiness. These environmental factors may affect birds directly by causing adult or juvenile mortality or indirectly by altering for instance the abundance and quality of food resources, such as molluscs and fish. Climate change also affects the physical habitats of birds through sea level rise, storm events and erosion. Furthermore, climate trends may interact with other effects, such as the eutrophication process.
The biodiversity of the Baltic Sea is probably particularly sensitive to changes in salinity, which can have a cascading effect on food webs and affect the whole pelagic ecosystem (Hänninen et al. 2003, Wasmund et al. 2011). Different scenarios predict either a decrease or increase in the salinity of the Baltic Sea along with climate change (HELCOM 2007). A decrease in salinity could lead to a decrease in marine species and an increase in freshwater species (Möllmann et al. 2005, MacKenzie et al. 2007), while an increase in salinity might have opposite effects.

Salinity probably mainly affects coastal birds and seabirds indirectly through changes in food availability. For instance, the distribution and size of the Blue Mussel Mytilus edulis are highly dependent on salinity (Westerbom et al. 2008), whereas the Baltic Clam Macoma balthica has a capacity to acclimatize to extremely brackish conditions (Jansen et al. 2009). As mediated by food availability, the relationship between water salinity and bird populations may not be apparent or may only be visible after a longer time period (Rönkä et al. 2005).

In addition to salinity, the marine ecosystem is sensitive to water temperature variation, which affects both the planktic community (Dahlgren et al. 2011, Wasmund et al. 2011) and fish reproduction and survival (Margonski et al. 2010). The rise in the water temperature of the Baltic Sea during the last 100 years (Belkin 2009) may have large ecological consequences (MacKenzie & Schiedeck 2007). Furthermore, climate change causes seawater acidification, which may have considerable consequences for the marine food web (Omstedt et al. 2010). Changes in water salinity, temperature and pH may also affect the infectivity of pathogens, such as avian influenza (Brown et al. 2009).
Climatic factors promote eutrophication by enhancing nutrient leakage through increased runoff and precipitation (Hänninen & Vuorinen 2011). Increasing water turbidity due to eutrophication may in turn contribute to water temperature rise (Löptien & Meier 2011). Both eutrophication and the increase in water temperature have diminished the oxygen content of the Baltic Sea water, which in turn has had negative impacts on for instance different life-stages of the Eastern Baltic Cod Gadus morhua (Hinrichsen et al. 2011). While some coastal birds may initially benefit from eutrophication, at some point the effects may turn negative (Rönkä et al. 2005). The effects of climate change on water salinity and temperature can facilitate the invasion of non-indigenous species, which may induce major changes in near-shore ecosystems (Zaiko et al. 2011).
Changes in food webs may have drastic effects on coastal birds and seabirds at the top of the food chains. Climate change has been shown to affect the populations of oceanic seabirds by diminishing their food resources (Montevecchi & Myers 1997, Barbraud & Weimerskirch 2003). In addition to food abundance, the quality of food items may change (Riou et al. 2011). Low energy values of fish have been considered as the cause of major breeding failure of Common Guillemots Uria aalge in the North Sea (Wanless et al. 2005). Similarly, Österblom et al. (2001) found a long-term decline in the mass of Common Guillemot chicks leaving a colony in the Baltic Sea which coincided with a decline in the condition of the Sprat Sprattus sprattus. However, on the Norwegian coast milder winters have been found to relate to higher availability of fish prey for the Lesser Black-backed Gull Larus fuscus fuscus (Bustnes et al. 2010).
Many Baltic coastal birds and seabirds migrate only as far as the western or southern Baltic Sea or the North Sea (Cramp & Simmons 1977, Pihl et al. 1995, Gilissen et al. 2002). A small part of the Finnish and Swedish populations of some coastal birds stays in the northern Baltic Sea (Gilissen et al. 2002). Winter severity in the Baltic Sea also reflects winter severity in the North Sea and further off the coast of Western Europe, as well as in Central Europe (Hurrell 1995).
Winter severity in Western Europe affects the non-breeding survival of several coastal bird and seabird species (Nilsson 1984, Koskinen et al. 2003). In addition to mortality due to starvation and cold, severe winters may force birds to migrate further than normal, which induces extra costs. Furthermore, if the Baltic Sea is largely covered by ice birds have to feed in small areas, which leads to increased competition for food and possibly elevated risk of disease (Grenquist 1965, but see Hario et al. 1995).

Severe winters have been suggested to influence the populations of the Great Crested Grebe Podiceps cristatus (von Haartman 1945), Mute Swan Cygnus olor (Koskinen et al. 2003, Rönkä et al. 2005), Coot Fulica atra (von Haartman 1945, Rönkä et al. 2005), and Tufted Duck Aythya fuligula (Hildén 1966, Hildén & Hario 1993), as well as Mallard Anas platyrhynchos, Eider Somateria mollissima and Goldeneye Bucephala clangula (Rönkä et al. 2005). Furthermore, high winter mortality has been assumed to be the main reason behind the decline of the Razorbill Alca torda and Greater Scaup Aythya marila during the Second World War (Hildén & Hario 1993). The effects of cold winters can be additive, and it may take time for the species to recover from them (Rönkä et al. 2005). Winter severity may also affect the density-dependence of survival (Barbraud &Weimerskirch 2003).
A decrease in the ice coverage of the Baltic Sea along with climate change would improve the wintering conditions of Baltic coastal birds and seabirds by alleviating the competition for food. In addition, wintering birds would not be congested to the same areas as shipping, which would reduce their vulnerability to possible oil hazards, an important mortality factor for instance for the Long-tailed Duck Clangula hyemalis (Hario et al. 2009). However, the effect of climate change on the risk of oil hazards as such is probably ambivalent, as a decrease in ice coverage might reduce the risk but an increase in windiness and the frequency of extreme weather events could in turn augment it.
Climate change may affect the breeding performance of seabirds by altering weather conditions during the breeding season or by affecting the condition of the birds after the winter (Hildén 1964, Milne 1976, Lehikoinen et al. 2006). Weather, especially temperature, rainfall and wind, is important for the breeding success of for instance the Eider, Velvet Scoter Melanitta fusca, Mute Swan and Tufted Duck (Koskimies 1955, Hildén 1964, Koskimies & Lahti 1964, Koskinen et al. 2003). An increase in extreme events in temperature, rainfall and wind along with climate change may have drastic effects on reproductive success.

Furthermore, high temperatures during breeding season may cause heat stress to adults, in particular for species that make long foraging trips, during which the other parent spends long periods in continuous nest attendance (Oswald et al. 2011). Climate change may also affect breeding success and thus bird populations through complex predator-prey interactions, for instance by changing the availability of other prey than birds (Hario et al. 2009). However, even a severe crash in fledgling production may not be carried over to the size of the future local breeding population (Rönkä et al. 2005).
Climate change affects the arrival and departure times of migrants (Forchhammer et al. 2002, Jonzén et al. 2002, Hüppop & Hüppop 2003, Lehikoinen & Jaatinen 2011) and the timing of breeding (Forchhammer et al. 1998, Both & Visser 2001, Møller 2002, Sanz 2002). There is also a potential for a mismatch between hatching phenology and resource phenology, which has been observed in ducks (Oja & Pöysä 2007). Furthermore, climate change may bring about changes in migratory routes, stopover sites, and migratory tendencies within species and populations. For instance, delayed departures of waterfowl may be the cause for recently observed northward shifts of wintering ducks (Lehikoinen & Jaatinen 2011).

Climate change may also affect the physical habitats of coastal birds and seabirds through sea level rise, storm events and erosion. As by the year 2100, many regions currently experiencing a relative fall in sea level would instead have a rising relative sea level (HELCOM 2007), climate change would in a topographical sense turn back time in land uplift archipelagoes. Together with storm events and erosion, sea level rise could affect the succession in coastal bird and seabird breeding habitats.

As described above, climatic and climate-driven factors have the potential to affect mortality, habitat choice, migrating and breeding phenology, migratory behavior, and reproductive success of birds. These effects may lead to changes in bird population sizes (Tryjanowski & Sparks 2001, Lemoine & Böhning-Gaese 2003) and distributions during breeding and non-breeding seasons (Böhning-Gaese & Bauer 1996, Thomas & Lennon 1999), and thus alter the composition of bird communities (Lemoine & Böhning-Gaese 2003).
The effects of climate change on the breeding and feeding ecology of coastal birds and seabirds may first be visible near the limits of their ranges (Barrett & Krasnov 1996, Montevecchi & Myers 1997). Climate change effects may emerge relatively early in the ecosystems of the Baltic Sea that can be considered marginal because of its distinctive features.
5.6.2.1. Coastal birds and seabirds as part of Baltic ecosystems
Seabirds and coastal birds are an integral part of marine and coastal ecosystems, usually as predators at the top of food chains. They link into ecosystems at a number of trophic levels (Tasker & Reid 1997). For instance gulls, ducks and waders play an important role in the mass and energy fluxes of food webs, as well as in food web control (Moreira 1997, Eybert et al. 2003).
Coastal birds and seabirds act as resource linkers (Lundberg & Moberg 2003, Şekercioğlu 2006) transporting minerals and nutrients between marine and terrestrial ecosystems (Croll et al. 2005), as well as between terrestrial and wetland ecosystems (Post et al. 1998). They may affect other animal and plant populations (Norton et al. 1997, Stapp et al. 1999) and influence the life histories of species (Iason et al. 1986, Wolfe et al. 2004). The nutrient transport by seabirds may even shape entire ecosystems, as Croll et al. (2005) showed for the Aleutian archipelago.
The functions of coastal birds and seabirds in coastal and marine ecosystems also benefit humans. In Sweden, Rönnbäck et al. (2007) have identified more than forty categories of goods and services provided by coastal ecosystems, including several services that can be connected with coastal birds and seabirds. Ecosystem goods and services provided by birds include provisioning services, such as food and fertilizers; regulating services, such as pest control provided by raptors and scavengers; supporting services, such as nutrient deposition and soil formation; and cultural services, including aesthetic, recreational, educational and scientific values (Şekercioğlu et al. 2004, Millennium Ecosystem Assessment 2005, Şekercioğlu 2006).
Due to the multiple roles of coastal birds and seabirds in marine and coastal environments, an impoverishment of their abundance and species richness could have profound effects both on Baltic ecosystems and human welfare.
5.6.2.2. Information needs concerning climate change effects on Baltic birds
As an integral part of marine ecosystems, seabirds and coastal birds may fill a part of the gap in our knowledge of marine and coastal ecosystems under stress. They may even act as indicators of climate change (Furness & Camphuysen 1997, Rönkä et al. 2005), providing early warnings for unforeseen environmental impacts and means to monitor changes at lower trophic levels.

Effective measures for the management and conservation of coastal birds and seabirds and their habitats call for insight into their population processes and the factors affecting their distribution and abundance. Habitat changes and distribution shifts should be taken into consideration in species and habitat protection, including the management of currently protected areas and the planning of future conservation efforts.

In order to detect bird population changes, understand their causes and predict future changes, a coherent monitoring system is needed. The measurement of regional population dynamics should be as thorough as possible, including all population processes that are affected by environmental changes. An ideal monitoring system would thus address population size, reproductive success and mortality (Järvinen 1983, Kilpi 1985, O’Connor 1985, Tiainen 1985, Elmberg et al. 2006, Sutherland 2006, Rönkä et al. 2011).
In addition to data on population parameters, background data of environmental factors should be collected. Long-term data sets exist for instance on water quality and weather. However, the lack of data concerning the food resources of birds, in particular other than fish, hampers more detailed studies of environmental effects on bird populations.
Due to the uncertainties concerning climate change scenarios, the assessment of possible impacts on coastal birds and seabirds is challenging. The multiple and partly opposite effects and possible thresholds in the relationship between environmental drivers and ecosystem change add to the complexity. In addition, the differences in the ecology of species have to be taken into account (Rönkä 2008). Due to the multitude of environmental pressures faced by the Baltic Sea, more studies are also needed on the relative effects and possible interactions of different environmental changes, such as climate change and eutrophication (Kotta et al. 2009, Põllumae et al. 2009). In addition, a flyway approach is needed, as some effects of climate change may act in breeding or wintering areas far from the Baltic Sea (Hario et al. 2009).
5.7. Agricultural ecosystems (Kari Saikkonen)
Agriculture is amongst the most important forces driving land use globally. Nearly half of the total EU-27 land area is devoted to agriculture (Green et al. 2005, Stoate et al. 2009), and the productivity of European agriculture is amongst the highest of the world (Olesen et al. 2011). Despite a wide diversity in climatic conditions, soils, urbanization, land use, infrastructure, economical and political conditions across Europe, rapid modernization and intensification of farming systems have unprecedentedly increased agricultural productivity after the Second World War, particularly in Western Europe (Bouma et al. 1998, Olesen et al. 2011). For example, Europe accounts for about one fifth of global meat and cereal production, and average cereal yields in EU countries are more than 60% higher than the world average (Olesen et al. 2011). Such agricultural intensification has dramatically simplified structure of landscapes, affected carbon and nutrient cycling, facilitated species invasions, decreased native biodiversity, and increased herbicide, pesticide and fertilizer inputs in Europe in the last decades (Matson et al. 1997, Tscharntke et al. 2005, Stoate et al. 2009, Flohre et al 2011). These impacts have had profound and far-reaching effects on ecosystem functions and services also extending to terrestrial and aquatic ecosystem outside agroecosystems (Green et al. 2005, Stoate 2009). 

Environmental and socio-economic conditions largely determine agriculture in Europe (see e.g. Olesen & Bindi 2002). Climatic and soil conditions of the great European plain extending from Southeast England through France, Benelux, Germany, Poland, Hungary, Ukraine, Belarus to Russia provide the most productive conditions in Europe. Agricultural policies and socio-economic conditions, however, constrain production in Eastern Europe. Mediterranean agriculture is characterized for example by olive, grapevine, fruit cultivation because seasonal heat stress and water availability limit cereal yields. In northern Europe, agriculture is mainly limited by climatic and soil conditions. Consequently only less than 10% percentage of land is cultivated in the Nordic Countries (Olesen & Bindi 2002). Noteworthy is, however, that agriculture extends globally exceptionally north in the Nordic Countries because comparable climate zones are present at higher latitudes in Western Europe compared to those in North America due to Gulf Stream effects (Saikkonen et al. submitted). Seasonal variation in day length, the length of growing season, late spring and early autumn frosts, and cold winters are the main climatic constraints of agriculture in northern countries.

5.7.1., Plant production and protection

Climate change is expected to promote agroclimatic conditions particularly in northern and Western Europe where present crop production is limited by the short growing season, whereas higher risk of heat waves and droughts may become a challenge for crop production in Mediterranean regions and central Europe (Olesen et al. 2011, Trnka et al. 2011). Increasing evidence show e.g. tendency of cereal yield stagnation and increased yield variability in many countries (Olesen et al. 2011). Mitigation of these negative impacts of climate change requires adaptations such as changes in timing of cultivation, irrigation, water saving techniques, and crop breeding and variety choice (Olesen et al. 2011). 

Temperature barriers are expected to be relaxed fastest at the most northern latitudes where the gradient of seasonal variation in day length and temperature is steepest (Bradshaw & Holzapfel 2006, IPCC 2007, Saikkonen et al. submitted). Thus, climate change is assumed to expand suitable cropping conditions northwards, and thereby open windows for new crop species and varieties, and higher crop production in Baltic Sea region. For example, silage maize is estimated to become a cultivable field crop in southern Finland by the end of this century. In addition, oilseed rape (Brassica napus L.), winter wheat (Triticum aestivum L.), triticale (X Triticosecale Wittmack), pea (Pisum sativum L.) and faba bean (Vicia faba L.) are strong candidates to become major crops in Finland (Peltonen-Sainio et al. 2011). Although warmer climate will increase atmospheric CO2, extent the thermal growing season and milder winters, anticipated more frequent weather extremes such as summer droughts and increases in autumn precipitation are suggested to challenge field crop production. During the winters, alternating thawing and freezing add risk of waterlogging and following oxygen deficiency in soil will remain major challenges for agriculture until winters are comparable to the ones of southern Sweden and Denmark (Peltonen-Sainio et al. 2011). This has been estimated to take a century (Peltonen-Sainio et al. 2011). Although climate change may relax temperature barriers, seasonality in day length and light quality remain as a challenge for northernmost plant production (Saikkonen et al. submitted).

Other challenges associated with climate change are increased need for plant protection against current and novel weeds, pests and pathogens (Hyvönen & Jalli 2011, Lemmetty et al. 2011, Vänninen et al. 2011). In conjunction with climate change, these risks can be promoted by changes in crop production and global trade, all of which have markedly changed during the post-war decades. For example, increased use of autumn-sown cereals and the introduction of maize cropping are suggested to open habitat-windows for several harmful casual alien weeds such as Avena sterilis and Lolium temulentum, and Amaranthus retroflexus, Cynodon dactylon, Digitaria sanguinalis and Echinochloa crus-galli, respectively (Schroeder et al. 1993, Pyšek et al. 2005, Hyvönen & Jalli 2011). Nearly half of the alien invertebrate pests in the northernmost agricultural areas in Europe, in Finland, have invaded during the last five decades (Vänninen et al. 2011). Highest risks from exotic pests in these areas appear to be horticultural (e.g. orchards, ornamental hardy-nursery stocks, landscape and ornamental tree nurseries, and greenhouses)(Vänninen et al. 2011). In contrast, the success of microbial pathogens appears to be determined by propagule pressure (e.g., the number of individuals and invasion events) and presence of a susceptible host in a favorable environment. For example, global trade seems to be the main reason for the introduction of the newest virus and viroid pathogens into Finland (Lemmetty et al. 2011).
The consequences of climate change driven species invasions to agriculture are complex and difficult to predict because of multifarious and dynamic biotic and socio-economic interactions. For example, novel weed species may provide migration routes for both native and novel pests and pathogens, and/or enable their establishment (Norris & Kogan 2000), and novel pests may act as vectors of plant pathogens (e.g. Lemmetty et al. 2011). The impacts are not limited to agro-environments. By escaping from agro-environments, these non-native species may enrich biota in the novel environment (Davis et al. 2011), but also threat native biodiversity, and the associated ecosystems functions and services by consuming, parasitizing, hybridizing with, and outcompeting native species (Sala et al. 2000, McKinney 2006, Hulme et al. 2009, Davis et al. 2011, Saikkonen submitted manuscript). Comprehensive agroecological understanding should be incorporated in policy making. For example, the review of the Pesticide Regulation, which will markedly reduce the range of active ingredients available for arable weed and disease control, is predicted to decline crop yield in near future (Stoate et al. 2009).
5.7.2. Interactions between agricultural and marine ecosystems on Baltic Sea Basin

Nutrient load from agriculture has had a marked impact on eutrophication of the Baltic Sea during the last 100 years (Humborg et al. 2007, Stoate et al. 2009).  Although geographically the southeast of the drainage basin of the Baltic Sea is dominated by agriculture compared to the northern Boreal farmland characterized by landscape mosaics with forests and fields, and unsuitable land for cultivation (Hietala-Koivu 2002, Humborg et al. 2007). One of the main reasons for the increased nutrient fluxes (particularly nitrogen and phosphorus) has been the specialization of agriculture with an increased animal production and great surpluses of nutrients particularly in the Nordic Countries  after World War II (Humborg et al. 2007, Stoate et al. 2009, Valkama et al. 2009). Despite the increasing awareness of this and following substantial changes in land use and agricultural practices in Scandinavian countries, the overall nutrient load to the Baltic Sea has not changed significantly during the last 30 years (Humborg et al. 2007, Stålnacke et al. 1999, Hietala-Koivu 2002).

Climate change is presumed to shift the cultivation of some crops northwards and to extent cultivation periods, thus potentially increasing nutrient load from agriculture. However, much more significant changes in nutrient loads are expected from the future development of agriculture in countries such as Poland, Baltic States, Czech Republic, Belarus and Russia due to ongoing socio-economical changes (Humborg et al. 2007). For example, Poland solely stands for 30-40% of the riverine total nitrogen and phosphorus fluxes to the Baltic Sea, respectively and thus, a specialization of agriculture in Poland to more profound meat production corresponding to the changes in Sweden, Finland and Denmark would lead to substantial increase of nitrogen pollution to the Baltic Sea (Humborg et al. 2007). 

In addition to nutrient load, introduction of new agricultural technologies (e.g. GM crops) may have impact on the environment including risks associated e.g. increased use of herbicides and pesticides with expanding GM crop area (Stoate et al. 2009). A thorough understanding of the regional agroecological and socio-economical differences is needed to foresee the consequences of the European Union common agricultural policies at EU or national scales (Olesen and Bindi 2002, Olesen et al. 2011, Trnka et al. 2011). 
5.8. Forest ecosystems and forestry (Seppo Kellomäki)
5.8.1. Forest resources in the Baltic Sea Basin

The forests in the Baltic Sea Basin represent mainly the boreal coniferous forests above and the temperate deciduous forests below the 60th latitude (Table 1). These conditions are characterized by a clear south-north gradient in temperature and west-east gradient in humidity. Low temperature and low nitrogen supply are the main limiting factors for the forest growth in the boreal forests, whereas water limits forest growth in the temperate parts of the Baltic Sea Basin.

In the Baltic Sea Basin, most of the forests are managed, and forestry is mainly based on native tree species, which invaded this region after the last glacial period. However, many forested regions of the Baltic Sea Basin have been cleared through land-use practices, and only in northern Europe (e.g. Sweden, Finland, and north-western Russia) forests still dominate the landscape. Especially in the temperate parts of the Baltic Sea Basin, the current tree species composition is determined by past land use and management activities rather than by natural factors (Ellenberg 1986). 

The total forest area in the Baltic Sea Basin is ca. 82 Mha.  The total volume of stem wood is about ca. 11 290 Mm3 representing mainly Scots pine and Norway spruce (together more than 70%). The share of deciduous trees is ca. 30% of the total volume representing mainly birch. The role of deciduous trees in species composition is more dominant in the temperate parts of Baltic Sea Basin than in the boreal parts, since the temperate parts of the Baltic Sea Basin form the transition between the temperate deciduous forest zones to the boreal coniferous forests. The role of exotic species is most important in the temperate forest zone, but even there their role is small compared to the native species. In the Central-European lowland, Norway spruce is widely used in forestry outside its natural distribution area, but it is currently doing quite well in these conditions. The forests in Finland and Sweden cover ca. 43 % (of volume) of the total forests resources in the Baltic Sea Basin. 

Throughout the region, growth exceeds cuttings with increasing stocking and maturing of forest resources. In the foreseeable future, the forest resources are expected to increase further due to the afforestation of agricultural land and the enhanced growth. The long time scale of forest production (rotation length of 40–160 years depending on species, sites and region) implies that the climate change will occur in the life span of the existing tree stands. On the other hand, the forests in the Baltic Sea Basin are also subject to a variety of other anthropogenic influences such as nitrogen deposition, sulphur emission, ozone depletion, and changes caused by unbalanced game populations, which are likely to interact with climatic change to bring about a complex series of responses that will differ from place to place. However, the genetic variability of most common tree species is probably large enough to accommodate the mean changes in temperature and precipitation (Beuker et al. 1996, Persson and Beuker 1997).  

Table 1. Country by country presentation of the features of the current forests in the Baltic Sea Basin (UN-ECE/FAO 2000, Pisarenko et al. 2001, Karvinen et al. 2005, The Federal Forest Inventory 2005). 

	Country
	Forest area,

 Mha
	Total volume, 

Mm3
	Total growth,

 Mm3 

per year
	Total felling, 

Mm3 per year
	Felling, % of growth

	Boreal coniferous forest zone

	Estonia

Finland

Latvia

Lithuania

Russian Federation

Sweden

Total
	2.016

19.082

2.884

1.978

16.440

27.264

69.668
	322

1904

542

374

2557

2994

8693
	10.1

75.0

17.8

12.8

45.2

103.4

264.3
	4.0

53.0

8.2

5.8

13.4

67.8

152.2
	40

71

46

45

30

66

58

	Temperate deciduous forest zone

	Belarus

Denmark

Germany

Poland

Total
	2.620

0.223

0.697

8.942

12.483
	401

30

193

1974

2597
	12.3

1.9

6.9

58.0

79.1
	3.2

1.2

3.2

32.2

39.8
	26

65

46

56

50

	Grand total
	82.150
	11 290
	343.4
	192.0
	56


5.8.2. Sensitivity of main tree species to the climate change

Outlines of the methodology used in the assessment

The following assessment of the climate change impacts on forests in the Baltic Sea Basin aims at identifying how the climate change may alter the forest growth and forest resources. 

Forest growth refers to the rate of stem wood growth excluding other organs of trees (foliage, branches, and roots). In this context, forest resources refer to the stocking of stem wood in forests at a specific point of time, and it indicates the accumulation of stem growth during the period before the specific point of time. The assessment utilizes widely the simulations done the SilviStrat project (Kellomäki and Leinonen 2005), which addressed the climate change impacts throughout Europe including the boreal and temperate forests in the Baltic Sea Basin. The simulations were based on the BIOMASS model (Freeman et al. 2005), which used a daily time-step and requires daily meteorological inputs. Net primary production was further translated to the growth of stem wood and the consequent stocking of stem wood by applying the EFISCEN model. This model is a large-scale matrix model using forest inventory data as input (Sallnäs 1990; Pussinen et al. 2001). The EFISCEN model can be used to compile information on forest resources in Europe and to produce projections of the possible future development of forests over Europe or specific areas in Europe. In the simulations, three climate scenarios were used (Kellomäki et al 2005). 

· Current climate. Temperature and precipitation values are based on monthly time series 1901-1995 and the monthly climatology 1961-1990, with a spatial resolution of 0.5o x 0.5o (latitude by longitude) (CRU). 

· Echam climate. The values for the period between 1990 and 2100 have been used taking as a base line the CRU 1961-1990 climatology. It was based on GCM output from ECHAM4-OPYC3 (European Center Hamburg, Germany) which is available as monthly means at a spatial resolution of 2.81° x 2.76° (T42). The GCM simulation does not include the cooling effects of sulphate aerosols on climate. The ECHAM4 run used was based on the IS92a emission scenario assuming a doubling of atmospheric CO2 concentration in the 21st century.

· Hadley climate. The values have been estimated for a period between 1990 and 2100 taking as a base line the CRU 1961-1990 climatology. It was based on GCM output from HadCM2 (Hadley Center, UK). The GCM simulations include the cooling effects of sulphate aerosols on climate. The HadCM2 has a spatial resolution of 2.5o x 3.75o.
In general, an increase of 3 – 4 oC in the annual mean temperature and 10-30% increase in the annual precipitation was used for Finland and Sweden, for example. 
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The left panel of Figure 1 shows that there is a strong gradient in the growth response to the changes in stem wood growth of Scots pine from north to south. In the northern boreal forests, temperature is the only driving force in the climate response with generally positive effects on tree growth (Bergh et al. 2003, Briceno-Elizondo et al. 2006), whereas in the temperate forests in the southern part of the Baltic Sea Basin precipitation becomes more important and temperature increase may have both positive and negative effects (Lindner et al. 2005).

 However, the regional differences are pronounced. In northern Finland, for example, temperature affected increments very strongly, and there was a large positive growth response. In southern Finland, the general growth response was smaller and decreasing precipitation had already a clear negative effect on growth (Kellomäki and Väisänen 1997, Briceno-Elizondo et al. 2006).  In northern Germany, the growth decline under high temperature and low precipitation was in relative terms as high as the growth increases in the north (Lasch et al. 2002). However, the response was quite different in the continental sites in Germany than in the maritime sites in the Netherlands, where the growth of Scots pine was less drought-limited than in northern Germany (Lindner et al. 2005). 

Figure 1. Sensitivity of growth in Scots pine (left) and Norway spruce (right) in different parts of the Baltic Sea Basin compiled from the findings of SilviStrat project (Lindner et al. 2005).  Rovaniemi is the representative of the northern boreal and Kuopio southern boreal forests in Finland and Chorin and Grillenburgh temperate forests in northern Germany. In the simulations with the BIOMASS model, the temperature and precipitation representing the current climate (1961-1990) were changed systematically; i.e. the daily mean temperature  were increased by 0°C, +1°C, +2°C, +3°C, +4°C, +5 °C. The precipitation was increased/decreased by -20%, -10%, +/-0%, +10%, +20%. During the simulations, a stable CO2 concentration of 350 ppm was used. Simulations were run over 30 years starting 15 years prior to the culmination of growth and terminating 15 years after the culmination of growth.

Regarding Norway spruce (the right panel of Figure 1), a water limitation of growth and thus sensitivity to changes in precipitation can be expected when moving from colder northern boreal forests  to warmer southern boreal forests as was the case for Scots pine (Bergh et al. 2005, Briceno-Elizondo et al. 2006, Ge et al. 2011). The temperature response of Norway spruce is much more pronounced under lower level of precipitation (Bradshaw et al. 2000, Lindner et al. 2005). Stronger temperature response of Norway spruce at the low precipitation indicates that under water limitation the temperature induced increase in evapotranspiration demand cannot be met and thus water stress reduced productivity of Norway spruce (Lindner et al. 2005, Ge et al. 2011). These findings are supported by two large-scale optimal nutrition experiments in northern and southern Sweden. The aim of these experiments was to demonstrate the potential yield of Norway spruce under given climatic conditions and non-limiting soil water by optimising the nutritional status of the stands (Bergh et al. 1999). In the southern experiment (Asa), water had a positive effect on stem growth, but it had no effect in the northern experiment (Flakaliden). When the temperature response shows an optimum, there is normally also a clear sensitivity to changes in precipitation, because of the interactions between water supply, temperature and evapotranspiration (Lindner et al. 2005).

Deciduous species

Regarding the deciduous trees, in the boreal zone the growth of birch was in the similar way sensitive to the temperature increase as that of the coniferous species (Ge et al. 2011); i.e. a strong positive effect of increasing temperatures in the north and much smaller temperature sensitivity with a maximum response at the temperature increase of 3-4(C in the south. There was very little sensitivity to the amount of precipitation. However, in the temperate zone the growth of oak and beech in northern Germany was clearly increased under higher precipitation and clearly reduced under reduced precipitation, with a larger sensitivity to drought for beech than for oak. Whereas temperature increase was generally negative for the growth of beech, oak showed a weak temperature response with the optimum at the increase of +1(C (Lindner et al. 2005). 

2.8.3. Impact of climate change on forest growth and stocking

Table 2 presents the mean annual increment at the beginning and at the end of the simulation period (2000 – 2100) used in the SilviStrat project under the current climate and the climate change (Pussinen et al. 2005) based on the EFISCEN model. The results are shown for country groups; i.e. the boreal group includes Finland and Sweden, the Baltic group the Baltic countries, the temperate-Atlantic group represents the simulations for the maritime temperate conditions, Denmark and the northern Netherlands. The temperate continental group is the representative for Poland and northern Germany.

Under the current climate, the mean annual increment remained almost constant in the boreal region and increased in the Baltic region. The effects of climate change on forest growth were strongest in the Baltic and boreal country groups, where the mean annual increase was 12-13% under the climate change compared to the increment under the current climate. In the temperate-Atlantic country group, the climate change had only little effect on forest growth. The climate change effects on the mean annual increment differed very little between the two climate scenarios applied in the simulations. 

Table 2. Mean annual increment (m3ha-1yr-1) in 2001-2005 (current climate) and 2096-2100 (current climate and two climate scenarios), baseline management (Pussinen et al. 2005). Values in brackets denote the change with regard to the current climate scenario.

	Region and 

country group
	2001-2005
	2096-2100

	
	Current 

Climate
	Current 

Climate
	ECHAM4
	HadCM2

	Boreal
	3.9
	3.9
	4.4
	(+13%)
	4.4
	(+13%)

	Baltic
	5.5
	6.2
	6.9
	(+12%)
	7.0
	(+13%)

	Temperate-Atlantic
	8.5
	5.8
	5.9
	(+2%)
	5.9
	(+3%)

	Temperate-continental
	7.4
	6.2
	6.6
	(+6%)
	6.7
	(+7%)


Table 3 presents the average growing stock for the country groups at the beginning and at the end of the simulation period for current climate conditions and two climate scenarios. Under the current climate, the average growing stock increased throughout the Baltic Sea Basin, e.g. in the boreal forests ca. 20%. In the temperate-Atlantic country group, the growing stock more than doubled between 2000 and 2100 even under the current climate, while the increase in the Baltic countries was smaller (ca.  15%) due to the relatively high fellings there. Under both of the climate change scenarios used in the simulations, the increase in growing stock was higher than under the current climate, particularly in the boreal and Baltic countries. In the temperate-Atlantic region, the climate change had only little effect on growing stock and the main part of the increase was due to cuttings, which were substantially smaller than the growth.

Table 3. Average regional growing stock (m3ha-1) in 2000 (current climate) and 2100 (current climate and two climate scenarios), baseline management (Pussinen et al. 2005). The baseline management indicates the cutting rate, which is driven by the demand approximately at the current rate. Values in brackets denote the change with regard to the current climate scenario (2100).

	Region and 

country group
	2000
	2100

	
	Current

Climate
	Current

Climate
	ECHAM4
	HadCM2

	 Boreal
	114
	151
	185
	(+22%)
	182
	(+20%)

	Baltic
	197
	208
	239
	(+15%)
	240
	(+15%)

	Temperate-Atlantic
	209
	461
	480
	(+4%)
	485
	(+5%)

	Temperate-continental
	255
	389
	421
	(+8%)
	418
	(+8%)


The findings on the climate change impacts of growth and stocking imply that the carbon sequestration in the forests in the Baltic Sea Basin may increase even under the current climate. This sequestration is further enhanced under the climate change in linear relation to the increase in growth and stocking induced by the climate change (Karjalainen et al. 2002, Pussinen et al. 2005). The increasing growth and stocking imply also an increase in the litter input into the soil and thus the increase of carbon in the soil profile (Talkkari 1998). This holds most probably for the northern parts of the Baltic Sea Basin, but in the southern parts the enhancement of decomposition of soil organic matter may exceed the enhancement in the litter production (Karjalainen et al. 2002, Lasch et al 2005).

2.8.4. Conclusion with the management implications
The model simulations showed that temperature elevation is likely to increase the growth  in the northern boreal zone, whereas changes in precipitation are likely to have no major effect on growth in these conditions (Bergh et al. 1999, 2003, Ge et al. 2011).  At the other end of the climatic gradient in the southern parts of the Baltic Sea Basin, tree growth is strongly water limited (Lasch et al. 2002, 2005). Under such conditions any increase in temperature will further enhance the water deficit and will thus lead to decreasing growth. In general, the temperature response optimum is higher and the general impact of rising temperature is more on the positive side, when precipitation is concurrently increased, whereas under reduced precipitation the temperature response optimum is lower and the main effect of increasing temperatures is negative (Lindner et al. 2005).  For example, in the southern boreal zone the growth of Norway spruce is likely to increase during the period up to 2050, but thereafter the reducing growth can be expected due to increasing frequency of dry spells in growing seasons (Kellomäki et al. 2008, Ge et al. 2011). 

In the continental temperate zone, the forest growth is, in general, more constrained by water than temperature, but the effect of elevated CO2 may counteract or offset potential negative effects of changes in the climate (Freeman et al. 2005, Lindner et al. 2005).  Problems may also be encountered with the changes in the frequency and amplitude of extreme events such as drought events, storms and spring and summer frosts (CCIRG 1996, pp. 84 -85) with consequent effects on biotic damages on forests. The impacts of the climate change on major outbreaks of pests and insect damages are still to a large extent open. Nevertheless, many damaging fungi and insects may expand their occurrence to the Baltic Sea Basin from Central Europe and from further south (Parry 2000). On the other hand, there is empirical evidence that elevated CO2 and temperature may increase the resistance of deciduous species to herbivory and thus reduce the risk of forest damages (Mattson et al. 2004). 

In the Baltic Sea Basin, there are only a few tree species of economic importance (e.g. Scots pine, Norway spruce, birch, oak) in forestry. However, changes in tree species composition may be an appropriate adaptive management strategy (Ge et al. 2011). The following changes in tree species composition may be considered in implementing adaptive management strategies.

· Incorporation of other indigenous tree species, currently of minor importance in forestry, but with high potential for timber production or carbon sequestration under the climate change. 

· Increased share of broadleaved species, because broadleaved species are assumed to perform better under the climate change. 

· Substitution of species sensitive to drought and to late spring frosts with more drought-tolerant and frost-resistant tree species or provenances. 

· Replacement of low productivity tree populations with high productivity ones whenever the current population does not make full use of the potential productivity of a site. 

The tree species choice is a basis for an appropriate adaptive management strategy, which further includes the adjustment of thinning (intensity, interval, pattern (from above, from below)) into the changing productivity. In this context, the regulation of the rotation period is an effective way to manage the timber production and carbon budget of forests. Over the rotation, the timing and intensity of thinning determine the growth rate and stocking, which control the rate of carbon sequestration and the amount of carbon retained in trees and soils. In most European countries, growing stock is still increasing, because timber harvest (thinning, final felling) is below the increment. This implies that the total carbon storage in the forest ecosystems is increasing. On the other hand, the age-class distribution of the forests in the Baltic Sea Basin is shifting towards the older age classes, and the overall length of rotation is increasing. This implies that the rate of carbon sequestration is declining, even though the carbon stores are large. However, replacement of over-mature old forests with new fast-growing ones with the objective of carbon sequestration in the biomass of the new stand, is not always an adequate option, as old forests and their specific characteristics are generally thought to have benefits for conservation of biodiversity. 

5.9. Plant communities (Guy Schurgers)
5.10. Arctic ecosystems (Terry Callaghan)
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5.11. Synthesis – Climate change impacts on terrestrial ecosystems of Baltic Sea Basin
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