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LATVIA COASTLINE AND EROSION
Latvia, one of the three Baltic States, has 497 km long mainly sandy coastline, of which approximately 253 km long is the coast of the Gulf of Riga whereas 244 km are the coastline of the Baltic Sea. Within 5 to 10 km wide coastal zone there reside approx. 1 million people which make Latvian coast the most densely populated coastal area in the Baltics [1]. 

Rich biodiversity is present on Latvian coastline, with number of NATURA 2000 territories for protection of rare species and biotopes. Unique coastal landscapes with diverse dune systems, sand and stone beaches, rich forests, capes, lighthouses and single homesteads is a great value of Latvian coastline. Historic fishermen villages are still present, yet becoming popular holiday destinations for both local and incoming markets. Industries, mainly ports, present on the coast have always been main development catalysts. Now, during the times of economic recession export related industries are seen as the key stimulants for recovery of Latvian market, therefore ports and improvements of port infrastructure is becoming of a great importance. Furthermore, coastline area with its scenic landscape and the close vicinity to sandy beaches has always been and will be a place of attraction and a desired location of residence. 

The current use of coastline and the constantly growing demand for coastal resources brings up a challenge for policy makers and spatial planners to assess the risk of loss of the coastal capital due to the coastal processes such as floods and erosion. While the issues that relate to periodic flooding have not yet become topical in the particular region, coastal erosion is expected to intensify in following decades (see picture 1). Global climate change factors such as increasing severity and frequency of storms rise of sea level as well as reduction in the duration of fast ice and drift ice is foreseen as the most influential of natural impacts causing coastal erosion [2].
Although, in few cases private households, municipal road, part of a cemetery and other properties have actually been eroded by anthropogenic activities, Latvian state still lack policy regarding coastal erosion prevention. 
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Picture 1. Erosion process in Latvia coastline 

The along-shore sediment transport can reach integral values up to 1000000 m3 and 50000 m3 per annum for the coast of the Baltic Proper and the Gulf of Riga, respectively. Due to the developed harbour industry the natural load transport processes are disturbing by means of constructing the hydrotechnical objects as the wave-breakers and sea entrance channels [5]. These engineer solutions for the optimum wave breaker configuration, overdredge of the sea entrance channels, configuration and depth of the additional (safety) overdredged areas, location of the load material discharge areas are needed to minimize regular dredgeworks, allow their planning, ensure continuous navigation conditions, and reduce the erosion of the coastline. Still the erosion of coastline is increasing because of economic activities, therefore the necessity for coastal protection in both: public and private area becomes more intense.
Since joining European Union (EU) in 2004 number of EU directives as well as European Commission (EC) recommendations 2002/413/EC on Integrated Coastal Zone Management (ICZM) applies also to Latvia. While other countries in EU and elsewhere in the world have decades long experience with ICZM and erosion prevention in Latvia this practise is rather new. The Ministry of Regional Development and Local Government is currently elaborating Guidelines on Sustainable Coastal Spatial Planning 2011-2017. The document is planned to be finished by the end of 2010, and since at the moment there are no legal framework for ICZM it is expected the abovementioned document to build strategic base for ICZM in Latvia, including management of hazards, such as erosion in the future.

While Latvia now is busy with the primary task to set the ICZM policy before moving to more detailed strategies for coastal erosion prevention, other countries have already completed the first task, and few have even reached the level when highly detailed policy is applied for regulation of coastal erosion prevention and defence. In order to understand the different approaches for ICZM and coastal erosion prevention, respective legal frameworks of other countries have been compared and analysed through the lens of potential introduction of the policies in Latvia. 

COASTAL PROTECTION STRUCTURES IN LATVIA
Although no national policy regarding coastal erosion prevention is applied in Latvia, some coastal protection measures are applied by local municipalities and private landowners. There are in total around 34 coast protection structures on the coastline of Latvia. The protected area doesn’t exceed 2 km in total. Most of the coastal defences are based on natural materials like greenery, stones and timber. 

In general coastal protection structures are divided in two groups – soft solutions and hard solutions. Soft solutions are more nature close approach: artificial reef creation, beach drainage, sand supply or nourishment, beach scrapping, dune regeneration, marshland creation etc., whereas hard solutions are gabions, groin fields, seawalls, jetties, etc. On the EU level soft engineering solutions have been recognized as more preferable, since in many cases hard solutions instead of erosion prevention have caused coastal erosion on even larger extent in terms of retreated land and the length of eroded coastline. At the same time other practices show that the best results have been achieved through combining both – soft and hard techniques. Soft solutions, due to their working with nature are found to be effective only in a medium to long-term perspective. Their impact slows down coastline retreat but do not stop it. When it does, the long term positive effect of soft solutions may be optimized by hard structures which make it possible to tackle the erosion.

In cases when local authorities, mainly local municipalities, have decided to defend coastline against coastal erosion, many soft solutions have been used which is in line with recommendations of scientists of University of Latvia, Geography and Earth Science Faculty. Soft solutions like dune and beach reinforcement with different types of greenery, osiers and different wickerworks in particularly are used. Such examples can be found in territory of resort towns Jūrmala and Saulkrasti as well as in Ventspils city. However, also hard solutions sometimes are used, especially on the west coast of the Baltic Sea where strong storms are more frequent. For instance, Pāvilosta municipality has fortified coast near the village with gabions for the total investment of 24 000 EUR. In Engure municipality two coastal sections are fortified by mixed solution of geotextile and stone stacks, whereas in Saulkrasti municipality combined solution of timber poles and stone stacks is used for coastal protection [3]. 

In cases when private landowners have set up coastal protection structures, mostly hard solutions like stone stacks have been used. In one case a coastal protection solutions by private landowners are stone walls, gabions, concrete and iron blocks as well as soft measures like wickerworks have been set up in few cases. Company “Liepājas ūdens” (The Water of Liepaja) owned by local government and located in Liepāja city carried out a project for protection of its water treatment plant that is constantly endangered by coastal erosion. It was decided within this project to build a complex hydro technical construction named “Super-mole” in the sea. Within the next section the authors will analyse the problems and decision of this research project as the latest most important coastal erosion project in Latvia. 
RESULTS OF APPLIED RESEARCH PROJECT IN CITY OF LIEPAJA, LATVIA
The geographical and geopolitical location of Latvia on the crossing of (European) East-West and North-South routes, the developed rivers’ network, and prolonged Baltic Sea coastline have stimulated the growth of activities dependent on or influencing natural hydrological processes. The most distinct manifestation of the littoral transport occurs in its interaction with hydroengineering constructions of seaports (wave breakers, jetties, and sea entrance channels). Main qualitative features are beach growth in upwind side of harbours while downwind areas suffer from erosion (See picture 2) [5]. 
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Picture 2. Coastline of Latvia, including main rivers, harbours and direction of integral sediment transport

In Liepaja city waste water treatment plants where build up in downwind area of Liepaja harbour in the begging of 1960 approximately 400m at a distance from coastline. At present it is situated less than 50m from the coastline. Due to the erosion  “Liepajas udens” started to protect their area approximately 20 years ago via building two tire walls on basement of wood pales and wiry of steel. The storms in January of 1999 and 2005 washed away the most part of coastal protection as well as fore-dune was destroyed [4]. The Chlorinate building of Liepaja city waste water treatment plants now is located less than 30m from waterline. The seriousness of situation and the severe consequences that could arouse if taking no action compelled “Liepajas udens” to start a new multi-complex approach research project with “Consultant services for coastal protection against erosion” which was financed by EU Cohesion fund and “Liepaja udens” private investments. Within the research project vast dimension of data was collected during a period of two years. A whole year was dedicated for complex analysis of this data as well as  mathematic modelling and situation forecasting in order to chose a better and most suitable design for the desired coastal protection. The historical data and local information about coastal erosion and sedimentary accumulation was given by the research of scientist V. Venska 1985–1990) in the context of the Latvian SSR Geological Board (later the state enterprise “Latvia’s Geology”) at Liepaja area [2]. According to analytical data the researcher team from cartographic material, along the open Baltic seacoast, during 50–60 years of the last century, the erosion of coastline has been reached more than 350m. The research activities included surveys of topography, bathymetry, wind and waves regimes, streaming and water density, shoreline profile, geomorphology, sediment and geology as well as dredging performance, etc. The existing and new elaborated mathematic one- and two-dimensional models were used in the frames of project provided for research of wave transformation, stream, load transport and shoreline reaction on storms. The modelling area covered 7km long coastline and model was provided for forecasting of erosion in the time period approximately 30 years. The aim of shoreline perspective development modelling was to represent a coastline with viewpoint of existing and future coastal protection solutions. The results showed that 3 technically based alternatives are useable for protecting coastline from erosion, particularly one “Super-mole” approximately 500m long, two wave-breakers and artificial shoreline feeding with sediments [6].
The next phase of the project was feasibility study in order to find the best as well as economically and technically justified solution where technical, maintenance, environmental protection and economic aspects where taken into account. The technical aspects evaluate building possibilities and material availability  due to local individualities, the aspects of maintenance covered institutional capacity, local shoreline management strategy as well as possibility to change dredging methods of Liepaja city port. The environmental impact assessment included observing of tourism, fishing and biodiversity, especially on fish resources, and to weigh of nearest shoreline territories in the terms of cultural and nature monuments. The most important factor was Jewish memorial (cemetery) located at less than half kilometre from waste water treatment plants of Liepaja city. It was researched that in previous storms the bones from Memorial already had been eroded. Therefore the project team decided to broaden protecting area of coastline due to threats to increase erosion towards the territory of Jewish Memorial. During phases of institutional and environmental analysis it was found out that coastal protection policy against erosion in Latvia is non-committal [7]. During the phase of comparison of potential alternatives, several problematic aspects came into sight, therefore bringing some new issues for consideration. While assessing related aspects to the alternatives (shoreline feeding and mole building) the relevant governmental institutions that needed to be involved were identified. Amongst them there was Latvian Fishing Agency, Environmental Impact bureau, Liepaja municipality, Liepaja city port, Ministry of Finance etc. The cause of the problematic aspects was mainly related to contradictory interests and complications in cooperation within institutions intersect. The situation shows that shoreline belongs to Ministry of Finance, but building activities in coastal area are under the law “Environmental impact assessment”, the sand dredged out from port navigation area could be used for feeding of waste water treatment plant`s shoreline, but it compels the authorities of Liepaja port and municipality to undertake new actions and change existing solutions. Considering these circumstances, it was finally decided, that the building of mole is more available. This alternative caused the elaboration of new rules of the Cabinet of Ministers [6]. 
The economic evaluation techniques particularly cost-benefit and cost-effectiveness analysis were used for ascertain the most effective alternative. The discount rate, labour, material and maintenance expenses were taking account for the 20 year long time period. The research shows that alternating criteria such as discount rate and inflation have a huge impact on expenses of alternatives in absolute values of economic model. Such adjoining external factors like political decisions and economic environment was recognized as those that have a major impact on absolute and relative expense values of chosen alternative. However it was also recognized as not realistic to be included in the economic model. 

The sensitivity analysis was made for verifying impact of mole (location and length) and nature (hidro-meteorological, granulometry of sediments and transporting sufficiency) parameters on taken solution. During sensitivity analysis it was assumed that for 6 year time period the shoreline feeding will not be done and the existing coastal protection solution will be supported, the mole will be built up within one year, intermediary storm season and within it`s lifetime circa 60 year the evaluation of coastline configuration is permanent. The analysis showed only two sensitive quantitative parameters videlicet; length of mole and granulometry of sediments. For providing of sediments accumulation is not allowed to reduce length of mole below 456m and the growth of shoreline will be affected if the size of sand groin will be less than assumed.
There is possible to conclude that in this case building of mole in 500m of length and 7 meters of depth had turn out as “lowest prize” alternative against shoreline feeding. Such situation – selection of non-economic based solution mainly caused by lack of common strategy and lack of motivation to cooperate in national, regional as well as local level. Due to problems which rise from lack of consequences in political and economical conditions mostly short not long term alternatives where selected. While the budget for building investment is not planned from governmental but private sector. 
CONCLUSION
Despite the opinion of government that in Latvia erosion problems has been solved with existing laws, the results show that problem resolving issues are uncertain in practice level. It is very serious when intersect of several institution is not clearly defined and financed by precedents. The overall attitude to the management of erosion problem, especially in the described case with Liepajas udens shows that it lacks considerable amount of seriousness. The risks that are linked with possible accidents in Liepaja city in case of a storm and emergency closure of waste water treatment plans are not only those of losing a piece of land. These risks are also economic and social, furthermore they can cause environmental damage.   
Authors consider that following steps should be taken by responsible authorities, particularly the most important is developing of cooperation between related institutions, the common strategy in national level should be established, the guidelines for regional level management should be elaborated as well as the further research is more than essential. The necessity of consequent and forecasted budget line is a precondition because of impact of the economic activities on gross domestic product. The alternate criteria for economically based solution should be defined for long term period. Therefore principles of sustainable development require the using of economically based solution and criteria which shall be established in national level.
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