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1. Characteristic of the coastal zone
1.1. Factors influencing coast development


The coastal zone is one of the most dynamic environments of the world, where interactions of different geospheres are observed. These interactions are causing different time scales changes that lead for permanent coast rebuild also called coastal morphodynamics  Factors responsible for coastal zone rebuild may be grouped as geological and geomorphological, oceanographical, biological, climatic or caused by human influence. The relations among these factors are hard to determine on larger spatio-temporal scale, due  to big variety in time and space. Main geological factors as type of sediments, arrangement and resistance of sediment structures or geological forces as up or down lift are the base for morphological processes and coastal relief development. Geomorphological processes influenced by many external forces, also by climate factors like rain or wind are response for typical relief forms development or sediment supply. Biological factors mainly understand as plants influence on forms’ development or rebuild are also responsible for special coastal type development.  Human impact must be understand as variable human activities that undergo in coastal zone. Among these are settlement, industry development, agriculture, deforestation or coastal protection as a action resulting from risks for mentioned human activities. Dynamic coastal systems is a complex of penetrating factors and show non-linear morphological response to change (Dronkers 2005). This natural or human influenced variability of coasts can make it difficult to identify the impacts coming from climate change.  Exposition of the coast for wind driven factors is key condition for its development. Climatic conditions affect substantially the material inflow in the coastal zone. They determine a number and origin of the terygenic material supplied from various sources to the coastal zone. Also determine the amount of biogenic material produced, which supplies the sediments. Climatic conditions can determine sediment transport and its intensity.
1.2. Main zones and relief forms

Coastal zone is understand as a border between land and water variable in width. It can be divided into several zones where mentioned factors play main role in their development.
Coast in a land part of coastal zone, where morphological forms are mainly influenced by terrestrial factors like rain, wind or weathering. In this zone are developed main types of coast features as cliffs, dunes or low-lying areas. At the back of the coast is typical terrestrial relief of the low land or hinter land, that may be threaten by heavy storm surges flooding.
 Shore face is a marine part of coastal zone. It stretches under water of  littoral and extends seaward to the breaker zone border, where waves can influence on sea bottom sediment and rebuild.  In this zone littoral processes take place, among them the littoral drift, the long-shore transport and the cross-shore transport. In this zone are developing very variable features as different types of submerged bars or emerging above water surface. 
Shore is varying in width and zone  that is connecting coast and shore face. It is mainly understand as boundary between marine and terrestrial features and processes. Shore is under permanent influence of changing sea level due to occurring tides or other sea level fluctuations. It is appointed by high and low water levels that are changing in time. In practice it is mainly beach build by unconsolidated material like sand, gravel or mud that may be accumulated by sea waves and currents or abrasive platform cut off in terrestrial rocks and localized under rocky cliff coast. The width of this zone depends on steepness of the geological structures building coastal zone. The wider is on low coast neighboring with wide shallow shore face. The narrowest are common on rocky coast with steep cliffs and deep littoral zone. The width of the beach and coast relief are often a indicators of coastal development direction. The wider beaches with accumulative coast forms may inform about coast accretion. Narrow beaches or abrasive platforms and other erosive forms with steep slopes determine erosive tendencies and coast retreat. 
The shape of the coastal line is a function of its exposure to predominant winds and waves, results in a coastal circulation of waters exerting a longshore sediment transport. Coastline is a varying in time line that outlines coast features. It should be also understand as shoreline as the edge of the sea water. These theoretical lines are appointed on the basis of long term observations of land and water bordering, where water level usually meets the land.  The instantaneous position of sea level relative to land is called the waterline. 
The main types of coast features are dunes, cliffs and low-lying areas, often lagoons or salt marshes and sandy or gravel barriers. 
Sandy barrier is a sandy belt or narrow strip that is parallel the mainland coast. Its origin is related to longshore currents and waves transporting loose sediments. Its shape may be as a belt combined totally or partly with lowland or lagoon or lake, separate belt dividing bays from sea or separate islands. The continuing supply of sediment to a barrier usually causes its extension. So permanent load of material from river outlets and from eroded parts of coast probably would result in barriers development and growth. In present time sediment supply from rivers is smaller due to artificial regulation of their beds. Furthermore erosive parts of coast where this process may be hazardous for human population or activities are used protection measures that stops material supply into the sea. In such conditions very gentle and changeable barriers with smaller or stopped material load from currents started to develop and become eroded. 
Beach is typical form of the coastal areas, that is formed from  sand accumulated by sea. Beaches are varying in width, mean one is 35 m. On the beach are many meso- and micro forms  arising as an results of different processes. Beach shape and parameters as width or height inform about coastal processes. Beach is a very dynamics form shaped by sea and wind. Beach have different angle. Beach may be build by sand having different grain size: coarse to fine or gravel (also known as shingle beaches on rocky coasts). Process of beach development is caused by power of waves and sea levels varying in time it also depends on grain size. The stronger waves the more coarser sand is carried by water. Knowing that must be remember that geological structures of the coastal land is also influencing coast shape or beach development.  In places where coast is build by clay or till – mainly very fine deposits beaches cannot develop – material is washed to the sea. In places where organic material build coast – peat or gytia – beaches cannot develop. On the rocky coast also it is not possible (depend on type of rock – may develop gravel-shingle beach like on Rugen Island, where flint from lime stone is washed off). Winter or summer beach is different. During summer water level is mainly average and without storms, so beach profile is higher build by sand blown by wind. Relief is convex and varied. During winter storm surges – beach profile is lower, narrow and flat also may be step without aeolian meso-forms.

Dune is a aeolian structure developed on the back of the beach as a parallel ridge along coast, that may protect lowland. Typical foredune is a unstable dyke covered by pioneer grasses, that is growing till new one appears in form of embryo hillocks on the upper beach. Dune profile shows dune ridge or ridges of height 5 to mainly 12 m amsl (above mean sea level). At the back is mainly lake or low land up to 3 m amsl.  At the front is beach with height 3 m, then shallow sea with one or several sandy shoals. Beach may be divided as lower beach – shaped mainly by water with smaller forms as water ridge and beach lagoon or micro-cliff and upper beach shaped mainly by wind where embryo dunes appears or by sea during heavy storm surges.

Typical soft cliff coast profile shows cliffed moraine relief. Angle of the cliff slope vary due to different material  building moraine: clay, till or sand deposits. The top of the cliff have different height: covered by hillocks or depressions shaped by glacifluvial waters.  At the foot of the cliff is abrasive platform – form cut off by sea in moraine deposits withdrawing south due to abrasion process. On some coast this platform is covered by sand coming from sandy cliffs or accumulated by sea. Such beach is narrow and low (up to 2 m). On short distance from the beach shore is become deeper than on sandy coast, mainly without shallows. 

2. Baltic coast types, characteristic and location

2.1. Characteristic


Due to sea level change, subsidence or isostatic rebound we can distinguish emerging and submerging coasts. Emergent coasts are identifiable by the accumulative forms or ancient coastlines recorded in relief or sediment structures on the land. Submerging coasts can be found, where rising sea level and subsidence play main role in coast retreat and where water is entering and eroding land features. In the past it was hard to qualify if coast is eroded due to permanent subsidence or short in geological scale erosion caused by external factors. Now scientist know that these processes are usually combined on given part of coast resulting land accretion or erosion and transgression or recession of sea water. Crest movements show “sinking” of south Baltic coast and uplift in Scandinavia. Isostatic uplift has caused the coastal zone in Estonia to emerge throughout the Holocene (last 10,000 years), with current uplift rates ranging from 1.0 to 2.8 mm/y with maximum uplift located on the north-western coast (Vallner et al 1988). With sinking of the coast is expected transgression (Harff, Meyer 2007).
In relation to the various factors impacting coastal zone and their strength with varied geological structure and wave conditions we can distinguish different types of Baltic Sea coast.  The most of them were formed in period of the latest deglaciation and Holocene sea transgression.  Unconsolidated glacier sediments were shaped in moraine hills divided by low lying fluvioglacial valleys. In conditions of sea transgression low areas were flooded creating bays, lagoons or swampy areas. High, soft moraine hills attacked by waves  were shaped into more or less steep cliffs. In areas of shallow water, in bays river deltas or predisposed for sediment  accumulation by long shore currents, have been shaped in emerging barriers. Mainly South Baltic coast is build by moraine cliffs, made by glacial tills, clays and fluvioglacial sands or by sandy coast developed as a barriers rebuild by winds factor producing several types of dune landscape. In other hand lagoons or coastal lakes and sea bays were formed on low lying coast, where organic accumulation and sedimentation was dominant. Separate type of coastline features made by waves and currents are barriers. These are partly or totally separated from mainland coast forms by the lagoons, lakes, shallow bays or swamps that are formed mainly by hydrodynamic factors. Part of the barrier emerging above the water is rebuild mainly by wind if is build by sandy deposits. Abundant sand sediment lead to creation of several big or smaller barriers on Baltic coast with the longest on its south part, as Vistula or Curonian Spit. Barrier as islands or spits develop where sediment, moving alongshore is deposited at the mouth of estuaries and other places where is an abrupt change in the direction of the coast (Trenhaile 1997). Several barrier islands are belonging to German Baltic Coast, f.e. Hiddensee.

Due to long shore transport and origin of land features Polish, Lithuanian and Latvian coastline is more or less aligned with sandy barriers separating valleys, deltas and lakes or lagoons from the open sea. German and Danish soft coast is more tortuous due to existence of several bays and many peninsulas and islands.  


The northern part of Baltic coast is formed mainly by isostatic uplift due to disappearance of glacier cover in Scandinavia. In some places accumulative form in bays or river deltas occurs. The Finland and Sweden have emerging coast where so called skerries build archipelago islands. There also some U-shaped fjords formed by glacier in rocky, mainly igneous bottom with present some sandy, accumulative barriers or beaches. From other hand rocky limestone or chalk bottom, that appear in Estonia or on Baltic islands have been formed as cliff coasts.

In local scale, primary coastline shape was created as a result of geological structure and neo-tectonic movement, coast resistance for erosion and its slope, exposure to wave action and currents, sea level changes, river mouth position and sediment discharges, aeolian processes, landslides or plants appearance and even sea ice affection. 
2.2. Localisation

Whole Scandinavia coast is mainly covered by hard rock’s as igneous, sandstone or limestone ones. The coast have been shaped by glacier, that formed u-shaped fjords or flat coastal forelands. In Bothnia Gulf there is skier type of coast, that due to uplift is build by many small islands enlarging their surface. Skerries are commonly formed as rocky blocks divided by ice shaped channels that are emerging from water. In total there are 73, 000 islands on coast of Finland. The southwestern coast of Finland near Aland Islands has a great number skerries, that they form huge archipelago. The bedrock geology of the southwest archipelago consist of fractured and faulted Precambrian granites and schists of the Fennoscandian Shield that comprise the peneplained surface witch slopes gently southwest (Alestalo 1985 after Schwartz et al 1989). Scarce of loose sand lead to development of small spits rarely covered by sand, mainly by gravel content. There are only 3% of sand and gravel shores in that area. Material supply comes from emergent eskers and end moraines.
There are widely spread areas of dune landscapes in Finland, mainly formed from eskers and post glacial beaches developed on rapidly rising coastline (Hellemaa, Doody 1991). Coastline dunes are formed in land uplift maximum rate of 9 mm per year. The main dune areas are situated in the Gulf of Bothnia. They consist of parallel ridges with low, wet depressions and are arranged parallel to coastline. They are not higher than 8 m with some examples of 20 m high ridges where uplift is slower. 
Swedish coastline is more than 13 500 km long. Due to permanent uplift only south part in Scnia coast is endangered by erosion. The present rate of land uplift by isostatic rebound varies from 0 in southern Scania, to a maximum of 0,9 m / century on the coast of the Bothnia Bay (Hanson 2002). Low coasts dominate, active cliffs cut in till and glaciofluvial sediments are found in south part of country. Rest of the coast is low or average cliff made by hard rock’s covered by glacier deposits as till, sand or gravel. Northern part of Bothnia coast is mainly low one – made by igneous rocks, gravel with small dynamics. Coastal dunes in Sweden are unevenly distributed along coast. Mainly dunes occur on south coast in Scania and Halland (Malmö-Ystad) and as spots along Bothnia Gulf developed on low coast and small barrier islands or spits among cliffs. They reach heights 10 to 15 m as a parallel ridges to the coastline. 
The Baltic coast of Denmark is scattered of dunes. Only north part of peninsula in Kattegat sound has coast with large up to 30 m high shifting dunes, that developed due uplift of this part of Denmark. They are still shifting inland. On the south there are some spotted areas with small more or less stable coastal dunes neighboring with salt marshes also called meadows, where coastal land is sinking with rate o 1 to 2 mm per year. Also northern part have specific coastal feature called cuspate foreland – flat platform emerging from water, often covered by unconsolidated material. Other parts of coast are mainly low one, covered by salt marshes or brackish meadow with coastal grassland (Vestergaard 1997). In some places cliffs, so-called klint are build coast, like south part of Island Zeeland. South from Copenhagen is one of the famous Creatceous-Tertiary klint-cliff formation, 14 km long, mainly chalk and limestone with Quaternary deposits on the top, that is building cliffs. In other places there are only Quaternary deposits in cliff features (Prior 1977). Danish coastal systems, where erosion rates are up to 3–5 m/y (e.g. the eastward shift of the cuspate forelands on the islands) will be also affected (Clemmensen et al 2010). Swedish Gotland and Danish Bornholm Islands’ are mainly build by rocks and have also small sections with sandy dune coast. 
German Baltic coastline is 2,100 km long and two thirds is eroding. Coastline of Schleswig-Holstein is 637 km long with 148 km long soft cliffs, general in retreat state due to sea level rise (Hofstede 2008).  Coast length of the Mecklenburg-Vorpommern is almost 1 945 km in total– external coast 376 km. Steep cliffs cover 128 km and flat sections 248 km of it. Aprox 70% of  the coast is in recession (Gurwell 2008). More of half coastline belongs to the so called bodden coast – shallow bays and inlets cut off from the sea by islands, peninsulas and spits (Sterr 2008). Coast was shaped during and after last glaciations, where prevailing glacial and postglacial features and sediments. Coast is mainly low one with low and soft cliffs. Coastal dunes on German Baltic coast are rare. The largest areas occur on Darss Peninsula, Usedom Island and Rugen Island. Darss Peninsula is a sandy spit covered by parallel ridges separated with wet, low depressions. Among these are sandy barriers developed as separate islands, like Hiddensee, that is build by marine and aeolian deposits. These sea origin structures, have been developed according to long shore transportation from eroded soft moraine cliffs. Smaller dune ridges mainly rebuild beach ridges have been developed on low parts of Rugen Island that is build by glacifluvial deposits and chalk rocks. Chalk cliffs on Rugen are unstable one and mainly covered by typical moraine deposits. Low soft cliff are build by tills and clay with sand cover. Some of them as a end moraines may reach height of 50 m as on Usedom Island. In other places coast cliffs are build bottom moraine deposits, that’s why are low one. The rest part of coast is build by moraine cliffs in average height of 5-15 m with narrow beach. Among them there are sections of low lands with wetlands – salt marshes, also called coastal meadows. This type of coast is developed by special kind of vegetation grooving on swampy and salty background. Coastal peatlands develop if, on coastal sections with minor hydrodynamical stress (located widely on the inner lagoon coastal waters locally called “Bodden”), reeds come into being in place of a beach (Lampe, Janke 2002). Typical place is coast area of Kooser See on Usedom Island, with a ground surface of around 0.5 m above msl, this site is located higher than any other coastal peatlands.
Polish coast is aligned one, with sea level rise rate 0.6 – 1.5 mm/y during last century to 2.2-3.9 mm/y during last 20 year (after Pruszak, Zawadzka 2008). Coast retreat is between 0.5-1.5 m/y in average (Zawadzka-Kahlau 1999). Extensive dune fields can be found on the Polish coastal plains that were formed after glacial recession. Sandy dunes stretches along 75% of 500 km long coastline (Łabuz 2005b). The surfaces of the dune fields are covered by inland dunes, formed by sands that were transported by wind from fluvioglacial deposits. These are usually aeolian sand dunes forming transgresive rigdes or often parabolic and barchanoid dunes, that can reach 20 to 40 m in height (Miszalski 1973, Borówka 1990). The width of the coastal plains covered with such dune forms and deposits may reach 4 km. Due to progressing erosion, these forms are now situated in the direct vicinity of the sea coast. They are called coastal dune fields (Rosa 1984) and usually have cliffed seaward slope with beaches at the front. The edge of such dune coast is wavy and corresponds to the former (older) landform features as barchans or low depressions (coastal land edge may be 2 up to 15 m high). The highest walls of dune cliffs 20-25 m, that are eroded by the sea are located on east part of coast between Rowy, Łeba and Jastrzębia Góra, followed by 20 m dune cliffs found on the Vistula Spit. In some places, the dune coast of the coastal plains is lower up to 5 m, and formed in the interdune depressions that separate individual depositional forms, like on west Polish coast (Mrzeżyno - Dźwirzyno). One third of sandy coast is build by typical parallel coastal ridges that are mainly eroded (west or middle part of coast and Hel Peninsula). In some places accumulation occur due to long shore currents transporting sediments from eroded cliffs, as on Swina Gate Sandbar (Łabuz 2009b), end of Hel Peninsula, mouth of Vistula river or lake Łebsko Sandbar. In these places foredunes not higher than 10 m are still developing. There also dunes developed on moraine deposits as shifted forms nourished by fluvial sands moved by prevailing winds from dry glacifluvial valleys. Hel Peninsula, Vistula Spit or other smaller barriers are typical accumulative forms developed from material driven from eroded and retreating high cost made of glacifluvial sands. Soft Quaternary moraine cliffs cover 65 km of the Polish coast. Among them are high up to 90 m formation of glacial deposits covered by fluvioglacial sand and lower made only by till deposited on organic peats (Subotowicz 1982). At the foot of the cliff is occurring narrow beach or abrasive platform cut in tills and sometimes covered by accumulated sand or fine gravel with some boulders. The longest sections of moraine cliffs occur on west part of the coast and locally on its east part, with famous Wolin Island cliffs or localized near localized on east coast, the northward Polish village – Jastrzębia Góra.
East Baltic coast is a mosaic of soft, low moraine cliffs and low sandy coasts with sand dune fields. Moreover of cliffs are made in Paleogene clays and sands, and  are higher than 15 m (Shishkina 2010). The only important sand barrier is Curonian Sandspit, the longest on the Baltic coast stretching from cliffs of Sambian Peninsula in Russian Federation to channel of Curonian Lagoon near to Klaipeda. In Russian Kaliningrad Province there are high moraine and unstable Paleogene cliffs, like in Swietlogorsk and sandy dunes on Vistula and Curonian spits, covered by more or less eroded foredunes and partly stabilized big sandy bodies.
The coast of Lithuania has a range of large sand dunes stretching for about 70 km, mainly localized on Curonian Sandbar. This spit is covered by high and large shifting sand dunes bordering with low land along Curonian Lagoon. It is bordered seaward by a sandy beach up to 80 m wide. The proper coastline is mainly build by coastal ridge up to 10 m high. Some of the dune section are in erosion stage due to coast erosion.
The Latvian coast is varying in coastal features. The total length of the Latvian Baltic Sea coast is about 500 km. Along the Baltic proper coast (Nida–Cape Oviši) and the western (Kurzeme) and southern coast of the Gulf of Riga, soft cliffs face is formed by various Quaternary deposits (Eberhards 2003). Hard, rocky cliffs of4 to 6 m height build by Devonian sandstone and siltstone and covered by Quaternary deposits can be found along the Vidzeme coast of the Gulf of Riga. Furthermore specific coastal forms were shaped – flat forelands build by resistant bedrocks (Eberhards 2003). Dune coast can be also found, mainly in Gulf of Riga. In some parts where uplift occurs there are parallel costal dune ridges with height up to 6 m and 20-50 m wide beaches. Behind them there are often older parallel ridges or newer parabolic active dune fields (Eberhards 1998). The south coast, from the River Gauja to the River Lielupe, is a sandy depositional coast with beaches 30-50 m wide and foredunes up to 6 m high, behind which are dune ridges up to 20-30 m high (Eberhards 1998). On the north on Cape Kolka, a large sandy foreland with about 200 parallel dune ridges occur, as a result of sand accretion, delivered by long shore drift from the south. Between the seaside resorts of Jurmala and Engure coastal dunes have been eroded, mainly during the severe storm of 1969. Land uplift at Estonian coasts has created a series of different landforms. Most of the coastal area of Estonia emerged from the regressive sea. These coasts had a deficiency of sediment drift and therefore the coastal formations are low (Ratas et al. 2011). Whole coast is very long one, almost 3 800 km. Coastal dunes are associated with sandy beaches with an approximate length of 340 km along the seacoast. The area of coastal dune landscapes is about 200 sq. km (Ratas, Rivis, Käärt, 2008).Typical coastal dunes are low ridges 2-8 m high and 30 m width. As a result of land uplift (2-2.5 mm/y) dunes are located at different levels and distances from the present coastline (Vallner et al., 1988). Estonian coastal ridges shaped like dunes are lower and often difficult to distinguish from sandy beach ridges, which are formed by waves and wind together in conditions of sea recession (Keränen 1986 after Ratas et al. 2011). Most of the coast is low lying one covered by moraine deposits with developing coastal meadows, gravel shores and silty and low limestone coast. Similar types are on biggest Estonian Islands: Hiiumaa and Saaremaa Islands that are 1 to 10 m above sea level with narrow gravel beaches and spits. Sareema has many spits and capes build by gravel and pebbles. The beach ridges are exceeding 2 m in height. This kind of material is breaking water runoff, but still is visible erosion and movements of low spits (Suursaar et al. 2008). North part of coast localized on Gulf of Finland is build by numerous peninsulas and bays, and features mainly scarp, till, and sandy shores. The north-eastern coast in the gulf, where the coastline is mainly straight with some forelands building shore, mostly is build by sandstone and  limestone cliff up to 56 m (so called klint). The coast in Estonia belongs to  young, quick developing due to uplift, prograding beaches are stable but scarce of sediment and threatened during storm surges.
Russian coast in Gulf of Finland is mainly build by low peninsulas build by moraine deposits with boulders in some places covered by unconsolidated sand. Beaches are narrow, mainly build of gravel and boulders. The coast and beaches of southern and northern rocky coast are completely different. The northern coast is characterized by extremely stable coastline that is mainly build by bedrock formations. The southern sedimentary coast develop rapidly under wave action. The Gulf of Finland is one of three where significant amount of ice forms every winter. Neva Bay 21 km long is a naturally low area of swampy meadows separated by St. Petersburg dam. North coast of the gulf is higher with some sandy deposits on moraine and older bedrock. The shape is changing due to several peninsulas and appearing skerries occurring in Finland.
3. Baltic coasts changes in relation to climate influence
Sea levels of the South Baltic coast in not far past have been reaching 2-2.9 m amsl (Richter, Dietrich, Liebsch 2007) and permanent sea level rise, but varying along south Baltic coast is a fact. Sea level rise is observed in coastal stations along south Baltic coast up to south part of  Estonia, on the east to the south part of Sweden on the west (e.g. Harff, Meyer 2007). 
Rising sea level is expected to aggravate coastal erosion problems in southern Sweden and increase flood risk along the western and southern coasts. Rocky northern Sweden is less prone to flooding and erosion as a rise in sea level will be counteracted by a land lift-up.

Examples of areas most affected by increased flood risk are the municipalities located in Skåne county and Göteborg located in Västra Götaland. The counties most at risk to coastal erosion are Skåne, Blekinge and Halland (Eurosion study 2004). In Poland whole coast is threaten by sea level rise. Similar situation is on east Baltic coast. The issue for global warming scenarios concerning erosion is related, but takes this form – what is the effect on long-term erosion if water levels are secularly increasing, rather than only temporarily as is the case of coastal storms?
3.1. Low features: spits, beaches, forelands and abrasive platforms

Low part of Baltic Sea coast will be strongly affected by sea level rise. Unfortunately, the excellent sandy beaches in Estonia, between Narva-Jbesuu and Merikbila have suffered from strong storms in recent decades. One probable cause for this damage is the decline in runoff from the Narva River since 1956, when the river was dammed and a hydroelectric power plant was built (Kont et al. 2008). Estonian beaches are shrinking due storminess increase (Orviku et al. 2003). Gravel and pebble beaches’ on Saarema Island are strongly rebuilt after 2005 January storm (Gudrun), where shifting of the coastal land exceed 15-30 m (Tönisson et al. 2008). Shore face was covered by boulders, in shallow lagoon were observed accumulation. Development of the spits occurs through short-periods but infrequent storms like in 2005 and 2007 erosion prevails (Tönisson et al. 2008). Low foreland on Flakket, Island Anhold in Kattegat Sound, build as a flat platform covered by gravel and sand, have been enlarging till 1934 due to uplift. Nowadays is eroded, between 1934 and the present, a wedge of beach-ridge sediments up to 500 m wide has disappeared on the northwest side of Flakket amounting to an erosion rate of up to 6.5 m/y; between 2006 and 2010 erosion rates up to 10 m/y are measured (Clemmensen et al. 2010). Water levels of 1.02 m above mean sea level are reaching parts of forelands once a year, while levels of 1.63 m (statistically reached every 20 years), during storm surge is affecting whole structure above. This wave erosion has led to rapid coastal retreat, and in the area immediately east of the harbour a short stretch of the shoreline is now not more than about 25 m from the main road on the island. Latvian forelands cut off in quaternary deposits or in sandstone marks erosion processes (Eberhards, Lapinskis, Saltupe 2006). 
Beach in Kaliningrad region is narrow 5-7 m to 40 m in bays. Beaches have shrinking since 1984. Near village Sokolniki is accumulative coast with beach 20 m wide and dunes up to 5 m high. Serious problem - coast destruction and ecological problem vanishing beach (Shishkina 2010). Despite isostatic uplift, erosion of sandy beaches has been prevalent throughout Estonia in recent decades, and in some places the sea is advancing inland. The lack of evidence for rising sea level suggests that the observed beach erosion is due largely to the recent increased storminess in the eastern Baltic Sea and the decline in the occurrence of sea ice. In autumn and winter, the westerly and south-westerly storm winds can raise the sea level to 2.6 m above the summer level (Kont et al. 2008). On the Polish coast beaches are washed off by heavy storm surges if they are lover than 3.5 m (Labuz 2009a, 2009b). During storm with 1.7 m water level beaches of the Hel Peninsula are flooded. Longer sections of the beaches are nourished. Each coastal town where erosion per year was 0.3 to 0.7 m/y have nourished beach (Boniecka, Zawadzka 2006). Storms with water level higher than 0.7 m msl are eroding whole beach and toe of coastal dune or cliff. Erosion is 2-5 m after each storm, as in 2001, 2004, 2006 (Musielak, Łabuz, Wochna  2007). Nourished material on the beach was eroded after  two storm events (Musielak, Łabuz, Wochna  2007). In many places of the Gulf of Finland, the sandy beaches have been severely damaged by frequent storm surges even after its protection (Rivis 2005 after Ratas et al. 2011).
3.2. Low-lying areas

The change in sea-level will theoretically cause a change in vegetation composition of the wetlands (Vestergaard 1997). Due to long coastline and extensive low-lying coastal areas, global climate change through sea-level rise will strongly affect the territory of Estonia. Coastal wetlands around Baltic coast will be gradually displaced in the inland direction. No data seem to be available on accretion processes in low-tidal meadows like those found along the Baltic coast. Loss of meadow area will depend on the relation between rate of sea level rise and rate of accretion. If accretion keeps pace with sea-level rise no loss of area will occur; if accretion is lower than sea-level rise, loss will occur from the seaward edge of the meadow. A third important consequence of sea-level rise may be increased wave erosion along the seaward edge of the meadow, which tend to narrow the lower meadow (Vestergaard 1991). Estonian coastal wetlands and mires due to climate change are shrinking (Kont et al. 2007). A rising sea level on the meadows on German coast causes a landward shift and a growing thickness of the organic material, whereas a sea-level fall leads to superficial desiccation and mineralisation (development of black layers, see below) and, accordingly, a lowering of its surface (Lampe, Janke, 2002). The black layers developed due to peat oxidation caused by a groundwater or sea level fall. Meadows on German coast, that are located no higher than 0.5 m amsl are seems to be more endangered than Estonian one.
Flat and low-lying coastal zone, which is experiencing isostatic and tectonic uplift,  should be stable, although activation of coastal processes, which are presumed to be associated with global climate change, has been observed in Estonia for the last 20-30 years (Orviku et al. 2003). One meter global sea-level rise would reinstate approximately the same coastline position as found in the 1700s, and plant communities could migrate inland (Kont et al. 2008). Many small islands’ will be submerged. 
Estonian coast show frequent fluctuations due to changes in the precipitation/evaporation ratio, river discharge, and storms but no evidence of a long-term sea-level rise (Kont et al. 2008). 
Temporal west and south-west winds cause short-term positive sea-level fluctuations near the Estonian coast with maximum storm surges (2.53 m above the Kronstadt zero) causing extensive flooding, whereas the highest water-level rise in the open sea rarely exceeds +2.0 m (Kont et al. 2008). It is worth mentioning that till shores are erodable until the fine-grained fractions are entirely washed out. However, the remaining shingle ridges and boulder fields prove to be extremely resistant to further erosion.
Virtsu, an important port connecting the mainland with Saaremaa and Muhu Island, would witness significant changes. The peninsula upon which Virtsu is situated would become many islets. Sea-level rise (varying from 72 cm in the north to 80 cm in the south) would inundate more than 76 sq. km of the territory, including the entire reed bed and most of the flooded meadows. Several plant communities and biotopes of rare species-including unique orchid species-would disappear (Kont et al. 2008). Absence of artificial protection measures will lead to migration of the coastal forms and plants inland. The territories most vulnerable to sea-level rise in the Near Parnu coastal wetlands are flooded by water during storms (Kont  et. Al. 2007). Estonian lowland  may be affected by flooding up to 300 m inland. Such area would need special protection, sea-level rise would have socioeconomic impacts, particularly on the protection of recreational areas. 
The Latvian sandy Baltic Sea coastal zone during the last decades has been subjected to notable changes, presumably due to global warming, anthropogenic factors, and increasing damage of storms during the last several decades (Eberhards, Saltupe 1995).  The coastline has been markedly straightened by prolonged marine erosion and deposition (Gudelis 1967). The Latvian coast in terms of risk of erosion in the coming years and the future is ‘very vulnerable’ and ‘vulnerable’. This endangered coast cover 66-69% of whole coast  (Eberhards 2003). 
Water impact on the sandy coastal zone has been observed in many sections of the eastern Gulf of Finland for a long time (Orviku et al., 2003). The high rate of coastal erosion results from the specific features of this water area: morphology, shallowness and the local wave field (Ryabchuk et al., 2009). The most prominent flood occurred in St. Petersburg on 7 November 1824, when water level reached 4.21 m above normal (Kurennoy 2011). During the windstorm Gudrun (January 2005, see Suursaar et al. 2006) an early forecast for the maximum surge height in St. Petersburg was 3.7 m.
However, relatively moderate surges combined with high waves may cause a large impact on coastal processes. Even the floods that did not exceed 1.9–2.2 m in the vicinity of St. Petersburg accompanied by strong wind waves caused extensive coastal erosion and sediment resuspension in many coastal areas. Sequences of such events are particularly dangerous for the coastal zone, as they do not allow the recovery of beaches and may lead to destruction of buildings at the coast and to unrecoverable dune erosion which are observed in the eastern part of Gulf of Finland (Ryabchuk et al. 2009). Detailed measurements of wind parameters in several sites around the bay could help to estimate the local wind wave fields. This information may be used for the detection of typical wind conditions within different seasons and to estimate parameters of the strong storm events.
3.3. Coastal dunes and foredunes

Low dunes up to 4 m in height are washed out or cut off by storm surges on Polish coast. Behind them, in lover interdune depressions storm washover fans are dominant indicator of storm erosion (Łabuz 2009a). Storms in years 1995-2003 2-3 per season completely washed off new low foredunes in places where beach was not higher than 2 m amsl (Labuz 2004, 2009b). Storms noticed in years 2001 to 2003 caused higher dunes retreat than annually mean one for Polish Baltic coast (Musielak, Łabuz, Wochna 2004). The 23th November storm surge caused severe erosion on west part of Polish dune coast, with erosion rate up to 7 m (Łabuz, Kalkowska-Kowalewska 2011). Dune erosion rate during storm surge in October 2009 exceeded 5-9 m/ 1 m coast width (Łabuz, Kalkowska-Kowalewska 2010). During last ten years foredunes were eroded on west Polish coast near Dziwnów and Mrzezyno and Dzwirzyno or on east part of Polish coast (Labuz 2009c). Coastal dunes on Vistula Spit on Polish and Russian part were affected by erosion periods in autumn-winter periods of 2006 and 2007 (Kobelyanskaya et al. 2009). Other investigations show, that Vistula and Curonian spits are permanently eroded, with increase during last 10 years near Baltyjsk straight (Chubarenko 2009).
The German Baltic Sea sandy coast between Warnemünde and Darss Peninsula is rapidly eroding (Kortekaas et al 2010). Near Warnemunde and on the west coast of Darss erosion during last 50 years ranged in total 3 m (Kortekaas et al. 2010), it may be caused by heavy waves attacking exposed on west coast during winter period. November 1995 storm event caused material outflow from sandy shores of Usedom Island (Schwarzer et al. 2003). Similar situation was on west and middle Polish coast, where due to erosion, coastal dunes retreat ranged between 5 and 10 m, and sea level during that event was 2 m higher than mean one (Łabuz 2005b). Particularly sandy coastline strong erosion and recession in the last decade in Gulf of Riga occurred during extremely strong storm events of 1992 and 2001 (Povilanskas 2002). Erosion rates of 20 to 30 meters during a single storm event have been recorded in this study area (Povilanskas 2002). Coastal dunes retreat in Latvia after one storm surge – Hurricane Erwin in January 2005 with high water level,  exceed 1.5 – 7 m in average, with maximum 15 m north from Liepaja and 10 m on Cape Kolka (Eberhards, Lapinskis, Saltupe, 2006). Predominance of west wind are causing erosion on Curonian Spit. Near Zelenogradsk to Lesnoye erosion rate is 0.69 to 0.79 m/y (Fedorova et al. 2010). Near Juodkrantė beaches are wider with accumulative foredune, further south beach is narrower and foredune slope mainly cliffed. The foredune ridge was strongly damaged during the first and the second World Wars; many reinforcements were completely destroyed. The reinforcement of the foredune ridge was resumed in 1923–1938 and 1951–1955 (Žilinskas, Jarmalavičius, Pupienis 2006). Heavy erosion was noticed there after hurricane Anatoly in December 4 –5 1999. Lithodynamical processes at the Lithuanian coast during last 20 years have been changed. Now more often can be caused hydrometereological situation with conditions that damage to the coast are localised to one specifically part of it (Visakavičius, Kelpšaitė, Gulbinskas, 2010). Stormy winds appeared at the 2-6th of October 2006 and then foredune at the north from Palanga’s pier were washed away, when wind gusts reached 20m/s in speed, with prevailing SW, W direction. In Poland this event caused heavy coastal erosion on 1st of October (Łabuz, Kalkowska-Kowalewska 2010). Estonian coastal dunes are eroded due coast retread, as was stated during investigations (Ratas, Rivis, Käärt, 2008).
On 9 January of 2005 storm Gudrun, with wind 20-25m/s caused 1.75 m sea level above mean in Estonia; in Pärnu 2.75 m. Erosion on Saarema Island, Pärnu Bay and Gulf of Finland was significant. The 5.8 m high dune ridge in bay on South Saareama (Järve) –  with still eroded scarp, retreated with rate about 0.6 m/y (Tönisson et. al. 2006). Kelba Spit and cape Sorve have also retreated, and beach ridges covering it were eroded. Erosion up to 15 sq. m per 1 m of coastline. Near Tallinn and other areas beach was lowered and dune retreat if existed – was up to 5 m. This one storm erosion was 10 times bigger than during last 20 years.  

During storm surge of 23th November 2004 wind speed exceeded 18m/s, it caused sand accumulation on foredune and behind it (Łabuz 2007). Such strong wind may cause not only higher waves causing erosion but also sand accumulation on low coast. High surges on Russian coast of Gulf of Finland in autumn 2006 and winter 2007, with water level 2 m above mean totally changed dunes in cliffs up to 2 m high (Ryabchuk et al. 2011). The stormy season in 2007 caused a complete foredune wash off, up to 3 m amsl, on the whole western and central coast (Łabuz 2009b). Moreover, the dune ridge retreated by 3-6 m on the sections, where beach was up to 3 m amsl high. (Świna Gate Sandbar, Dziwnów Spit, Pogorzelica, Mrzeżyno, Dźwirzyno, Kołobrzeg). It is important to underline the fact, that the storms of autumn and winter 2006 completely washed off the nourished beaches between 2004 and 2006. There is no information about last storm surges on Danish coast. The erosion rates along dune shores in the Kattegat sea are up to 2m/y (Binderup 1997 after Clemmensen et al. 2010). 
3.4. Moraine soft cliffs
The mudslides of the Eocene cliff clays in Denmark are connected to climate events (Prior 1977). Landslides are extending up to a distance of approximately 300-400 m in inland. Cliff coast erosion of the Polish Baltic coast shows that main factor is weather: rain or storm surges (Subotowicz 1982). Mudslide debris is discharged from the cliff slope channels on to the foreshore and forming elongate rounded lobes. It may be factor of cliff retreat. Beach is covered by till lobes on Wolin Island and on middle and east coast where this type of till is building cliff slopes (Łabuz 2012). It is usually caused by high water content in the sediment, coming from heavy raining episodes. Landslides caused by heavy rain were renovated in 2007, 2009 on west Polish coast. The cliff may be unstable because, undercutting toe by waves (Prior 1977). The combination of high water levels with strong wind has on many occasions resulted in severe damage of the Soft cliffs coast of Ystad municipality. The coastal line has eroded 1-1.5 m/year at average for the last 150 years (Hansen 2002). Annual Polish cliff erosion is up to 1.3 m/y (Subotowicz 1982). High moraine cliffs of Wolin Island in Poland are retreating due to storm surges, with rate of 0.3 to 1.5 m/y (Kostrzewski, Zwoliński 1995).
The sea level rise on German coast will result in an increase in cliff erosion and this will increase the supply of sediment to the coastal zone (Hoffmann, Lampe 2007). The highest storm surge from 1892 with water 3.3 m asl in almost 270 sites caused erosion that time. Today maximum retreat on west part of coast is 2.5 m/y at Heiligenhafen, close to is observed marine accumulation - creating sandy spit (growth 2-3 m/y), (Hofstede 2008). Two severe storms eroding soft cliffs from 03 November 1995, 21 February 2002, were recorded, with water level 1.6 m asl in Wismar and 1.7 m asl in Greifswald (Gurwell, 2008). November 1995 event caused material outflow from coastal area on east German cliff coast (Schwarzer et al. 2003).These two event were also recorded on Polish Baltic coast with water level 2 m higher than asl (05.11.1995) and 1,35 m (21.02.2002) in Świnoujście (similar on middle coast in Kolobrzeg). These two events accelerated cliff coast erosion. Damages on the west coast were significant. The low cliff localised on middle Polish coast (Ustka-Rowy) have been eroded during  seasons of 2004, 2005/6 2006/07. Erosion ranged to 153  cu. m/ m, retreat  of its toe 5-10 m  and top of 2-7 m between 2001 and 2009 (Florek et al. 2008). Mean retreat of different part of cliffs, due to its geology ranged between  0.69 to 2.2 m/y (Florek et al. 2008). During last storm events in 2006/07 retreat exceeded 2 to 4 m. Still it is caused by storm surges caused by NW winds during calm winters. One of the fastest rate of cliff erosion caused by combined meteorological and hydrodynamic factors is observed in Jastrzębia Góra (Subotowicz 1982). There retreat lead to endanger several buildings during 90s.
The highest amounts of abrasion are found in the area of the Streckelsberg. This is shown by comparing the old Swedish map of 1695 with a map of 1986. The maximum coastal retreat amounts exceed here to 300 meters. The Streckelsberg is a projection and the highest point (60 metres) on the outer shoreline of Usedom (Schumacher 2002). The 19th century cliff rampart protecting against erosion was partly destroyed during the major storm in 1904 and 1913/14. Due to that in 1996 new breakwaters were build. Also short cliff section in Fischland have been badly eroded due to storm surges. Similar situation is west direction from Warnemunde.
Sambian high soft cliffs variations exceed 1-1.5 m up to 10 m of erosion, increased during last 10 years (Chubarenko 2009). Paleogene cliffs erosion near Svetlogorsk is 0.6-1.5 m/y (Shishkina 2010, Boldyrev et al. 2010). Average annual rate of abrasion is 0.3 to 1.3 m per year for the Northern shore of the Sambian Peninsula in years 1963-2004. Soft cliffs retreat in Latvia after one storm surge – Hurcicane Erwin in January 2005, with high water level  exceed 0.5 – 4 m in average (Eberhards, Lapinskis, Saltupe 2006).
In Latvia, during the last 50–60 years of the twentieth century, the long-term mean rate of the cliff retreat has been 0.5–0.6 m/year, reaching a maximum of 1–1.5 m/year along particular stretches of the cliffed coasts with a height 10–20 m (Jūrkalne area). Since 1980/1981, rates of the coastal retreat have increased by 2–5 times, reaching 1.5–4 m/year (Eberhards, Saltupe 1995). During heavy storms of 1993, 1999, and 2001 predominant rates of erosion throughout each single storm were 3–6 m, with a maximum of up to 20–30 m at the dune coast of Cape Bernāti (Eberhards 2003).

3.5. Rocky cliffs

Sweden and Finland rocky cliffs are resistant on marine erosion, mainly build by hard granites. Latvian, hard sandstone but low cliffs with thin layer of Quaternary deposits on it are eroded due to westerlies storm surges (Eberhard 2003). Denmark and Estonian klint is eroded by storm surges but  also by weathering of chalk and limestone. German chalk cliffs on Rügen Island are also eroded. Abrasive platform is not dampening waves entering slope during storm surge. After rainfall are observed landslides, like in December 2011. Jasmund chalk cliffs of 115 m height in summer 2007 noticed landslide, and in winter 2007/08 again land slide due to high participation (Wahle, Obst 2009).  
4. Investigations of coastal changes and undertaken actions

A number of recent studies have used a combination of empirical data and computer modeling to investigate system dynamics, and to try and separate the role of climatic and other forcing factors. Numerical models of retreat considers gradients in alongshore sediment flux, leaving out various other processes that cause shoreline change in nature (Slott 2006). 
Zhang, Douglas and Leatherman (2004) show examples of studies giving reasonable and quantitative data of the sea level rise and coastal erosion in 19th and 20th century. If there is no data between stormy events is hard to approximate when changes occurred (Suursaar et al. 2008).
Some European projects like EUROSION or MICORE brings new investigations and data concerning storm affection for Baltic coast. Each country have its own politic and law paying attention to that problem.

There is no flood protection in Denmark only The Danish Coastal Authority (DCA) and Ministry of Transport deals with the coast related issues (Sorensen et al. 2009).

Swedish Environmental Protection Agency finally decided to support an effort by the local municipality of  Ystad in 1995 to halt the erosion. As a part of this project, a series of groins were constructed along the coast. Following this, the community asked the Department of Water Resources Engineering (TVRL) at Lund University to establish a camera monitoring system for the beach. As a part of this, the beach evolution outside the Löderups Camping is monitored by a video camera (Hansen, EUROSION 2002). Sweden has already performed profound research into the vulnerability of its coastal areas. Knowledge on how climate change will affect different sectors from an economic point of view and which adaptation measures should be taken is still limited. The research institutes most involved so far are the Swedish Meteorological and Hydrological Institute (SMHI) and the Swedish Geotechnical Institute (SGI). Both institutes supported the Swedish Commission on Climate and Vulnerability in developing the national report ‘Sweden facing climate change – Threats and opportunities’, published in autumn 2007.

One of the German project - SINCOS will help with prediction of coastal changes for future 800 years, because of created database e.g. from tide gauges (Richter, Dietrich, Liebsch 2007). Many geological surveys, coast dynamics, modeling of long shore transport and erosion rate basing on aerial photos have been also done for period 1953-2002 (Kortekaas et al 2010). Also sediment budget calculation for Holocene coast changes estimations were investigated (Hoffmann, Lampe 2007). Federal State Authority for Environment and Nature Protection and Geology Authority of Mecklenburg-Vorpommern  are collecting monthly data about environmental conditions. Data is basing on Very High Resolution Radiometer or NOAA images, Landsat  Models show sediment transportation caused by different winds, east wind transport to NW, N winds to coast, W winds to Pomeranian Bay (Siegel et al. 2004). Model of relief changes due sea transgression caused by sea level rise is prepared for Darss Penisnula (Harff, Meyer 2007), similar is under construction for Swina Gate Barrier. On Schleswig-Holsten coast  strategies for flood protection are dams and dykes – even higher than 5 m or artificial dunes (Hofstede  2008). On Mecklenburg-Vorpommern coast in years 1990-2005 13 mln cu. m were used to create dunes and beaches. Groins, sea walls, breakwaters were build in Ahrenshoop, Wustrow and Usedom Island (Gurwell 2008). Coastal Spatial Information System (Coastal SIS), Coastal Digital Terrain Model (Coastal DTM) and Partly-Automated Dune Register (PADR) for dune changes quantity with laser airborne scanning and other measurements surveys is a modern tool prepared in Germany (Gurwell 2008). Artificial dykes are not enough (Sterr 2008), since 1996 breakwater was made of 3 separate components, nourished beach under soft cliff on Usedom, Streckleberg (Kohlhase, Fröhle, Koppe 1999). Nourished beaches on east coast of Warnemünde are supplied by sand extraction from depth 8-13 m (Kortekaas et al 2010).
For the Polish coast retreat available old maps, and aerial photos were comprised, that show calculation of rate in different time scales, since 1800s (Zawadzka-Kahlau 1999). On the west part of Polish coast in last years’ using statistical methods past storm surges and their effects on Dziwnowska Sandbar coast were determined. Obtained results of the investigation concerning correlation coefficients differentiation between the size of eroded dune and storm parameters at particular kilometers demonstrate the greatest sea level impact (Furmańczyk et al 2011).  During last ten years was developed monitoring on erosive part of west Polish coast in which retreat rate of dune coast after storm surges was measured (Musielak, Łabuz, Wochna, 2004, Łabuz 2009c). During these investigations cross beach and dune profiles, sand granulation and other morphodynamics factors were determined. GPS RTK profiles on selected part of coast for DTM models calculating dune volume changes are used too. Also LIDAR laser scanning application was tested for volumetric changes of the beach and dune analyses (Dudzińska-Nowak, Furmańczyk 2009). On the middle coast cliffs several morphodynamical investigations are carried since beginning of 90s that are compared to waves and storm action on coast (Florek et al 2008). Since several years is developed operational hydrodynamic model for forecast before storm surges in Gulf of Gdańsk and Pomeranian Bay (Kalkowska-Kowalewska, Kowalewski  2005). Now this model is working as numerical one in the web and with success gives prediction before high water level (Kowalewski, Kalkowska-Kowalewska 2011). Model shows also wind-driven backflow in the lagoons – as Szczeciński Lagoon. For low land protection coastal dune in Poland need to have 4.6 to 4.8 m in height and beach 2-2.5 m in height after nourishment (Boniecka, Zawadzka 2006). Since 90s the longer coast sections are nourished, sometimes each year, but with small results due to storminess (Łabuz 2009c). From other hand typical structures are still build: groynes, bands or water breakers, cliff toe and slope is stabilized by geotechnical methods. Since 2000 three Maritime Offices are developing new strategic national plan of coastal research. Scenarios for coast due to sea level rise are being discussed (Ziedler 1997).
After several storms in Lithuania, a nourishment method and construction of dune, beach and  under water breakers was carried (Žilinskas, Jarmalavičius, Pupienis 2006). Two times in September 2008 and 2009, underwater bathymetrical and beach slope levelling data were investigated and then compared. From other had 60 perpendicular to coastline echo-sounding profiles in 3 km underwater section, from coast till 5-7m depth were analysed. Wind regime data were additional tool for data and factors comparison (Visakavičius, Kelpšaitė, Gulbinskas 2010). On the basis of the monitoring data obtained within a 45-year period (1961–2005)  wind data were analyzed changes in the long-term hydroclimatic conditions in the SE Baltic Sea, along the Lithuanian coast (Dailidienė 2011). These investigations show increase of the  westerly winds.
In Latvia coast profiles measurements along coast, computation of sand volume changes, coast retreat, comparison with stormy events: sea level land wind strength is undertaken (Eberhards 2003, Eberhards, Lapinskis, Saltupe 2008).

Long Estonian coast is monitored in several places, also with GPS measurements in last year’s (Tönisson et. al. 2006). Due to flooding threats, seawall construction and beach nourishment are two options that could prevent coastal land loss in Estonia (Kont et al. 2008). Beach nourishment for Estonia's sandy beaches, a technique that has been practiced near Narva, would be needed on the western coast of Hiiumaa, the south-western coast of Saaremaa, the southern part of the Pfirnu-Ikla study area, and in limited sections along the northern coast of Estonia (Kont et al. 2008).

In Russia investigations of Department of Marine and Environmental Geology of A.P.  Karpinsky Russian Geological Research Institute in 2000-2009 covered coast and bottom research in Neva Bay (Ryabchuk et al 2011). The 900 km of side-scan profiling (CM2, C-MX Ltd, UK) surface sediment sampling, cores and profiles of shorezone have been done. In Kaliningrad region is created geoinformation system as the integrating tool of results of the coastal organization process of structurally and semantically various experimental data arrays, received of Kaliningrad region, as a part of the same GIS (Gritsenko 2010). So far were analyzed available aerial images of coastal zone (Boldyrev et al. 2010). From other hand in Kaliningrad region map and space images of 10m resolution was used for recognition of coastal dynamics (Fedorova et al. 2010). The results of the Mann-Kendall test show a statistically significant increasing trend in annual and winter storminess over the last half-century in Gulf of Finland (Orviku et al 2003). A dataset of storms was created and extremely stormy periods were identified in order to correlate storm data with the most significant recorded coastal change events (Orviku et al 2003). Due to threats, dam dividing Nevska Bay was built to protect low coast around St Petersburg.
Conclusions

Climate-related ocean-atmosphere oscillations can lead to coastal changes, on Northern Hemisphere this role plays NAO (Viles, Goudie 2003). In recent decades increased storminess in the North Atlantic has been linked to the strongly positive state of the NAO index.

Many coasts are experiencing erosion and ecosystem losses but only few studies clearly defines the relationships between observed coastal land losses and the rate of sea-level rise (Zhang et al. 2004). Geomorphic systems are also affected by other external factors, such as tectonic events and human impacts, and they also have important internal thresholds which, when overtopped, can lead to dramatic geomorphic change without any external forcing. Thus, identifying the contribution of climatic vs. nonclimatic forcing to geomorphic change can be difficult, and the importance of climatic factors will vary from place to place (Viles, Goudie 2003). Although many studies have shown that periods of increased storminess cause a large amount of coastal erosion and change, it is not always possible to relate increases in coastal storminess to specific modes of climatic variability (after Viles, Goudie 2003).
Storms erosion
Polish Baltic coast is exposed for North wind and waves actions. East Baltic coast is mainly affected by westerly winds bringing storms. The Heaviest storm surges on South Baltic coast, that affect Polish and German coast occur from NE. In Neva Bay, opened to the west is one of the longest fetches in the Baltic (up to 400 km), Strong westerly storms cause predominant drift in to east and cause erosion of coast (Ryabchuk et al 2011).
In Estonia are observed warmer winters, more extreme sea levels and storm surges (Suursaar et al. 2008). Mainly storms driven by westerly winds are changing position of pebble capes and other spits. In last years it was measured after stormy events in 2005 and 2007.

Warmer winters always brings storminess for Polish coast like in 2003, 2004, 2006 (Łabuz 2009c). The combination of a drastic increase winter months together with the shortening of

the ice season may significantly increase the frequency of the occurrence of such events that have been very rare in the past (Räämet A., Soomere T., 2011). Specifically, an increase in the frequency of the occurrence of the combination of three factors –  high water level, rough seas, and the absence of ice in the nearshore zone – may be responsible for the intense erosion of depositional coasts of the eastern Baltic Sea.
Exceptionally severe storm surges occur when the baric wave crest (positive phase) approaching the Polish coast is in harmony with the on-shore direction of the wind (Wiśniewski, Wolski 2011). 2/3 of Polish coastal dunes are eroded (Zawadzka-Kahlau 1999, Łabuz 2009c). 
About 40% of Neva Bay coast are recently heavily eroded (Ryabchuk et al 2001). Permanent floods were noticed in 2004-2008, with heavy winds 20-23m/s  - causing  ice jams, water damming and high waves. Consequently, sea-level rise, combined with higher storm surges, would cause serious damage to Estonian the low coastal areas, mainly beaches (as Narva-Jbesuu, a resort well known since the end of the 19th century) and exacerbate existing coastal problems (Kont et al. 2008). 
In Lithuania changes in the wind and wave regime in the second part of the 20th century intensified natural sediment transport and during strong storms accelerated coastal erosion or stopped accumulation processes (Kelpšaitė, Dailidienė 2011). Consequently, Lithuania is more at risk of flooding due to storm (Visakavičius, Kelpšaitė, Gulbinskas, 2010). In Gulf of Finland frequency of storm days varied greatly during the second half of the 20th century with a minimum in the 1960s and a maximum during the last two decades (Orviku et al 2003).
In Denmark most damage are 2 m water level rise (Sorensen et al. 2009).

Russian coast in Finland Gulf was totally changed after storm 29.11 2006 and 11.01.2007, dunes cliffs appeared since that time - up to 2 m high (Ryabchuk et al. 2011).
habitats

As the beach is lost, fixed structures nearby are increasingly exposed to the direct impact of storm waves, and will ultimately be damaged or destroyed unless expensive protective measures are taken. Erosion reduces area for plant and animal communities. As a consequence, coastal habitats are expected to be strongly sensitive to a rise in sea-level (Vestergaard 1991). Erosion of the dunes is causing looses of valuable coastal habitats. Sand dunes are developed beyond the direct influence of sea-water, and the dune vegetation is therefore more indirectly related to sea-level changes than is the coastal meadow vegetation. The sand dunes may be influenced by a rising sea-level by changes in erosion/ accretion patterns, and by changes in groundwater level, as reviewed by Carter (1991).
In dunes, the most probable response for sea level changes seems to involve a two-way redistribution of the sand, composed partly by a seaward movement and deposition of eroded material below the new sea-level, partly by a landward sand drift resulting in new foredune growth behind the eroded dune as well as in sand deposition on older dune land further inland.

Groundwater level is a major plant distributing factor in coastal dunes (Ranwell 1972 after Carter 1991). This sequence of groundwater level movements may have a strong influence on dune slack vegetation. The sequence of soil moisture changes in dune slacks may, however, be modified by sand movement, changing the shape of the dune system.
Table. X. Examples of geomorphological effects of decadal to century-scale oscillations (Viles, Goudie 2003)
	Environment affected 
	Impacts upon

	Terrestrial hydrology 


	Glacier mass balance 

Lake levels

River flows

Snow cover

Permafrost

	Terrestrial geomorphology 


	Soil erosion 

Floodplain sedimentation and erosion

Slope instability/

mass movements

Dune movements

Geochemical sediment growth

Effects on fire frequency with knock-on effects on weathering,

runoff and slope instability

	Coastal/marine ecology 

and geomorphology
	Coastal erosion 

Mangrove defoliation/land loss

Coral bleaching

Coastal dune activation


Sediment supply, coastal lagoons

As sea-level rises, estuaries and lagoons attempt to maintain equilibrium by raising their bed elevation. 
Increasing precipitation levels will produce increased river flows and may also encourage vegetation growth (Viles, Goudie 2003). Beaches in western part of Estonia are narrower because decline in runoff from river (Kont et al 2008).
The levels of lakes can show great variability in response to changes in rainfall inputs to their catchment areas and outputs from changing amounts of evapotranspiration. In march 2010 on west Polish coast, near to Kolobrzeg town (surrounded by swamps)  after snow and ice melt down mass water from the swamps have been broken narrow dune belt. Then sea water entered brackish environment.
Low coastal areas in Estonia are endangered by sea level rise (Orviku et al 2003). Low coastal areas, even behind dune belt localized on postglacial valleys or surrounding coastal lakes are endangered by future sea level rise (Rotnicki, Berówka 1990). The land area up to 3-3.5 m asl will be slowly flooded when sea level will increase. These areas are wide distributed along  Polish coast and used for agriculture and settlement.
Rainfall 
Cliffs – 2007, 2008 Poland, 
Ice 
Increase of time without ice cover on Baltic the Gulf of Finland in the recent past (Jevrejeva et al., 2004) has apparently created more opportunities for strong storms to attack the coasts.
Ice jams on the Polish coast were observed in winter 1995, 2003, 2010 and 2011.

Ice belt may protect sediments during storms (Ryabchuk et al 2001).
On February 2008 ice eroded coastal land and human structures (Ryabchuk et al. 2011).
At different times, the system has behaved differently, because of changes in system dynamics as well as in forcing factors (climate change and human impacts). However, human impacts, such as deforestation, seem to have been responsible for major shifts in sediment delivery during the Holocene.

Storms of similar magnitude coming immediately after other storms may have much less geomorphic effect than those which occur in isolation (as all the geomorphic work will have been done by the preceding storms). Alternatively, long clusters of storms may have a compound, more serious geomorphic effect than would the same number of events operating in isolation (Viles, Goudie 2003).  

The same was in Poland/ Germany 2006-2007, Russia, Estonia 2006/07 , Poland 2001
Not each year is similar - proff

The leading role in coastal geomorphology rebuild is played by the sea level changes,  long shore currents and storm surges. These factors are responsible for coastal land erosion or 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. 
Coasts are experiencing the adverse consequences of hazards related to climate change, mainly due sea level changes and wind regime fluctuations. The impact of climate change on coasts is exacerbated by increasing human activities impacts due to warming in so far cold regions.

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.
Decadal climatic variability may set off a pulse of activity resulting in a complex landscape response. The impacts of climatic variability on ecological and geomorphic systems may be nonlinear.
Adaptation costs for climate change are much lower than damage costs without any adaptation. But right now local 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.
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