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Abstract This deliverable responds to the WP 1 – CROSSBORDER MARITIME SPATIAL DEVELOPMEN, 

Activity 1.1 – Initial assessment, Component 1.1.2 – Case studies on major challenges within the Romanian 

and Bulgarian maritime space.  For Romania were chosen 2 case studies (Eforie area and Sfantu Gheorghe) 

and Danube Delta National Institute is responsible for Sfantu Gheorghe case study, that through this 

report provides new findings on the hydrological impact of Danube and sedimentology, in area included 

in the Danube Delta Biosphere Reserve (Sacalin island). Based on morphological evolution analyses, that 

the Sacalin island is fragile and continuously under natural pressures which are constantly changing its 

shape, there is a need of protecting and conserving the new maritime ecosystems formed and, in the 

same time, enhance the awareness of all type of stakeholders, such as scientific community, 

conservationists, maritime spatial planners and economic environment. Moreover, to fulfil the above 

objective was important to apply active participation, by implementing the Sketch Match methodology in 

order to identify the common issues, challenges and solutions for Sfantu Gheorghe territorial 

development and coastal protection. 
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Acronyms and abbreviations 
 

Abbreviation Description 

  

GIS Geographic Information System  

CLC Dataset Corine Land Cover 

MMU Minimum Mapping Unit 

NRC/LC The Eionet network National Reference Centers Land Cover 

HQ Water Level and Discharge 

SOBEK A powerful modelling suite for flood modelling, flood forecasting, optimisation 

of drainage systems, control of irrigation systems, sewer overflow design, river 

morphology, salt intrusion and surface water quality.  

CLD Causal Loop Diagrams 

UAT Administrative-territorial unit 

UNESCO United Nations Educational, Scientific and Cultural Organization 

USGS United States Geological Survey 

EROS Earth Resources Observation and Science 

DTM Digital terrain model 

DLG Government Service for Land and Water Management in the Netherlands 

CorelDRAW Software used by graphic designers 

DDNI Danube Delta National Institute 
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1. Introduction 

This report responds to the WP 1 – CROSSBORDER MARITIME SPATIAL DEVELOPMENT 

objectives that assumes to support the preparation of the national and cross-border maritime 

spatial planning framework in Romania and Bulgaria; to establish methodological framework for 

the elaboration of cross-border maritime spatial plan; to elaborate a maritime spatial plan for 

the cross-border area; to prepare interdisciplinary tools for analysis and monitoring of maritime 

spatial planning. This report is carried out for the Activity 1.1 – Initial assessment, Component 

1.1.2 – Case studies on major challenges within the Romanian and Bulgarian maritime space. 

For Romania were chosen 2 case studies (Eforie area and Sfantu Gheorghe), and Danube Delta 

National Institute is responsible for Sfantu Gheorghe case study, that will provide new findings 

on the hydrological impact of Danube and sedimentology, in area included in the Danube Delta 

Biosphere Reserve (Sacalin island). In this activity, were used the method sketch match that is 

used to identify and visualize potential development paths and so facilitate the decision-making 

process for managers, policymakers and local stakeholders. 

1.1 Purpose of the Document 

In marine waters, ecosystems and marine resources are subject to significant pressures. Human 

activities, but also climate change effects, natural hazards and shoreline dynamics such as erosion 

and accretion, can have severe impacts on coastal economic development and growth, as well as 

on marine ecosystems, leading to deterioration of environmental status, loss of biodiversity and 

degradation of ecosystem services (DIRECTIVE 2014/89/EU). In the regard of shoreline dynamics, 

the first main objective of this deliverable is to provide new findings on the hydrological impact 

of Danube and the morphology of sediments, in Sfantu Gheorghe case study, in Danube Delta 

Biosphere Reserve. The analyze was carried out for Sacalin island, situated at the mouth of Sfantu 

Gheorghe branch of Danube river. A description of the Sfantu Gheorghe case study and of Sacalin 

island’s genesis and evolution is presented in Chapter III. 

Starting from the fact that the management of marine areas is complex and involves different 

levels of stakeholders and that its main purpose is to manage spatial uses and conflicts in marine 

areas, the second main objective of our work was to identify and ensure the full engagement of 

the stakeholders in order to work together to identify common threats and solutions for 

territorial development and coastal protection in the context of Sfantu Gheorghe coastal 

dynamics – presented in Chapter IV. This objective was achieved by a complex participatory 

method, entitled the Sketch Match method (developed by the Government Service for Land and 

Water Management in the Netherlands (DLG)1, which had as results identification and 

                                                           
1 http://www.dienstlandelijkgebied.nl/  

http://www.dienstlandelijkgebied.nl/
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visualization of potential development paths in order to facilitate the decision-making process 

for managers, policy maker and stakeholders in terms of Maritime Spatial Planning. 

General objective of participatory SketchMatch session: to elaborate development plans along 

the coastline of Sfantu Gheorghe, for evidence of potential solutions for integrating protective 

measures of coastal areas in the context of Maritime Spatial Planning. It was given particular 

attention on the local economy and access to natural resources.  

Secondary objectives of participatory SketchMatch session: to acquaint stakeholders with the 

objectives and context of MARSPLAN BS project, to share the current state of the case study, to 

inform about the methods of spatial analysis on the interactive maps and the economic 

objectives of the study area.  The purpose of this working meeting was to gather scientific 

community interested in space marine and maritime spatial planning authorities and 

stakeholders, nature conservation and economic environment in the coastal zone of Sfantu 

Gheorghe commune, representatives of local communities and civil society to work together to 

identify common threats and solutions for territorial development and coastal protection. 

2. Approach 

In order to achieve the main objectives mentioned in the previous chapter, for Sfantu Gheorghe 

case study we approached the following procedures: 

• It was accomplished the morphometric analyse of the coastal area of Sfantu Gheorghe 

commune and the morphology of sediments’ evolution of the coastline of Sacalin Island by 

analysing reliable satellite images, databases and comparative examination considering the 

temporal framework; 

• A participatory activity, entitled SketchMatch, was carried out for the coastal area of 

administrative-territorial unit (UAT) Sfantu Gheorghe for analysis of economic activities and 

the involvement of fishing communities in context of MSP; 

• We identified and listed the stakeholders of Sfantu Gheorghe case study in order to involve 

them in the participatory process, in order to identify and visualize potential development 

paths and to lay a basis for so called “spatial development sketches” for integrated Maritime 

Spatial Planning for Black Sea region; 

• Participants were representatives of a wide range of stakeholders, varying from local 

fisherman to representatives of the Local Council and Danube Delta Biosphere Reserve 

Authority. They participated in two-days design session, focused on problems and potentials 

of Sfantu Gheorghe area, with the aim to work out possible solutions for an integrated coastal 

spatial planning; 
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• In order to assure the interactivity of the participatory session, a set of thematic maps were 

produced a priori, on which the participants worked and sketched their own ideas and wishes 

in a common manner.  

These analyses have been conducted by a transdisciplinary team: three experts in GIS and 

geomorphology, two researchers with experience in socio-anthropological, a spatial planner, two 

fishery specialists and two ornithologists, all within Danube Delta National Institute Research 

team.  

3. Current situation analysis of Sfantu Gheorghe case study area  

3.1 Geographical context  

The study pilot is located in Danube Delta Biosphere Reserve (under UNESCO, a wetland of 

international importance especially as waterfowl habitat under the Ramsar Convention – 1991 

and a site of world natural and cultural heritage), comprising the marine area between the 

seaside and the 20m isobath according to Law no. 82/1993 regarding the creation of the Danube 

Delta Biosphere Reserve, the coast line and the village of Sfantu Gheorghe (Figure 1).   

 

Figure 1.  Sfantu Gheorghe case study area within Danube Delta Biosphere Reserve 
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According to the new Governance Order (46/2016) on the Extension of the Natura 2000 sites in 

Romania, the ROSCI0237 site-the metanogenic submarine structures at Sfantu Gheorghe is 

basically embedded in the extended ROSCI0066 Danube Delta - Marine Area (Figure 2).  

Figure 2. Updated Site of Sites of Community Importance (under the Habitats Directive) Along the 

Romanian Black Sea seaside (source: IRCM Constanta) 

Sfantu Gheorghe is a fishing community with, based mainly on anadromous migratory fish, 

incuding Pontic shad (Alosa immaculata) and sturgeon (Acipenseridae), as well as coastal fishing 

for small species such as sprat, (Sprattus sprattus) and anchovy (Engraulis encrasicolus). Due to 

the collapse of fish stocks in April 2006, Romania banned sturgeon fishing for ten years (Navodaru 

et al. 2008), and coastal fishing with giant trap nets was abandoned. This affected community 

livelihoods. The fishermen are still fishing other species, but the ban on sturgeon and loss of 

coastal fishing have affected their income. The alternative to this negative impact is their 

involvement in tourism by providing tourists services like boat trips, guiding, accommodation or 

local cuisine and products (Navodaru et al. 2011). 

The commune of Sfantu Gheorghe (541-sq. km) has a population of 797 inhabitants, based on 

the last Census data in 2011. Most of the inhabitants are fishermen, although local people are 

also involved in reed harvesting and cattle breeding. But the main trend of the local development 
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is tourism, with provision of tourism services (traditional food, accommodation, trips) through 

local households. All houses provide accommodation and dining, based mainly on fish dishes. 

Regarding the Natural Capital, Sfantu Gheorghe pilot is located in fluvial-maritime Danube Delta, 

in a flat alluvial plain with heights sandbanks of 5-6 m, with a role of natural “dams”.  In the 

surroundings of the case study there is one strictly protected area - Sacalin-Zătoane of 214.1 sq. 

km (Figure 3), of which both of the sandbanks and Black Sea coast are the maximum concentration 

sites of birds during the spring-autumn migration. 

 

 

 

 

 

 

 

 

 

 

 
 

3.2 Shoreline dynamics: Sacalin island formation and evolution 

Having in consideration that shoreline dynamics such as erosion and accretion, can have severe 

impacts on coastal economic development and growth but also on marine ecosystems, for our 

case study we have accomplished the morphometric analyze of the coastal area of Sfantu 

Gheorghe commune and the morphology of sediments’ evolution of the coastline of Sacalin 

Island by analyzing reliable satellite images, databases and comparative examination considering 

the temporal framework. 

The genesis of Sacalin Island dates back to 1897, due to a high quantity of sediments after a 

catastrophic flood. It is situated in the South-East part of Romania, at the mouth of Sfantu 

Gheorghe Branch, on the Black Sea coastline. From surveys made in 1856 by Hartley for 

establishing a maritime transportation route highlighted two sand banks submerged at 0.5 

Figure 3. Sacalin Zatoane Strictly protected area of sand banks and  
Black Sea coast within the case study 
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meters right at the mouth of St. Gheorghe branch which represented the starting point of its 

development.  

The relative stability of the coastline in the studied area reveals processes of erosion and/or 

deposits of sediments from Danube River corresponding to their historical periods. These 

processes were accelerated by the human pressure/activities (river damming, regulation and 

embankment). The main actors shaping this area are: the Danube River system that discharges 

an average 60 million of tons of river deposits and 200 milliards of m3 of water per year, the Black 

Sea’s NE-SW currents, the position at 45 latitude in Northern hemisphere that generates the 

alternation of temperatures, the climate change, sea level variation (Figure 4) and the 

omnipresence of the human pressures impact. Therefore, coastal area of Danube Delta suffered 

major modifications in the past decades which lead to a morpho dynamic imbalance (Mierla et 

al. 2014). 

The topographic maps chosen to follow the evolution of this island reveal two important aspects: 

• first, that the island lengthened gradually only in the south-west direction, having in 1991 
17km long, owing to the coastal marine waters circulation and to the alluvia deposited from 
the Sfantu Gheorghe Branch and those brought from the north-east by the marine currents. 

• second, that the island suffers a translation movement towards west, because of the waves 
pressure with the tendency to join the delta area, especially, in the north-east extremity at 
the Sfantu Gheorghe mouth. 

The analysis of the 1977 and 1991-1992 cartographic documents revealed and configured the 

translation towards west and the joining process in the north-east delta area. The prognosis given 

in 1977 that in 20 years the north-west part will join the delta was acknowledged at present. The 
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Figure 4. Sea level according to the Constanta mareograph (IGFCOT* Bucharest) 
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quota of the west translation of the island with 15.4m/year (between 1910-1991) and that of 

advancing (increasing) of the secondary delta of the Sfantu Gheorghe Branch with 12m/year 

eastward contribute to the finishing stage of the island joining process (Stiuca et all. 2006). 

3.3 Morphologic evolution of coastline of Sacalin island  

The morphologic evolution of the coastline of Sacalin Island was done by analyzing reliable 

satellite images (Landsat 5 with TM sensor acquired from United States Geological Survey (USGS) 

& Earth Resources Observation and Science (EROS), databases and comparative examination 

considering the temporal framework starting from 1983 till 2013 except 1998 due to lack of 

visibility.  The analysis took into account also the extension of the turbid river water dissipating 

into the Black Sea. The evolution of the shoreline analyzed through its actual dynamic perspective 

is the outcome of the conjugate action of natural factors complex with the active and diversified 

human intervention. In this low altitudinal sector, the morpho dynamic processes are obvious 

through progression and regression that have direct consequences on the coastline. 

In total, there were 30 images that were used to extract the shoreline of the studied island. In 

addition, the database used for this analyze consists in historical map (“Carte du Danube et de 

ses embranchements entre Braila et la mer, 1870, 1:73000”), high resolution ortophotos of the 

Danube Delta (2013) and digital terrain model (2013) obtained through LiDAR procedure. All this 

datasets helped in extracting valuable data needed in this analyze through GIS software. In this 

regard, the coastline of the Sacalin Island was extracted according to the Landsat images, one per 

year starting from 1983 till 2013 (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Sacalin island coastline evolution, 30 years’ timeline 
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Also, Landsat images provided vector data regarding the extension of the turbid river water in 

the Black Sea at the mouth of the St. Gheorghe branch (Figure 6). Having this data enabled to 

calculate the annual rate of main processes in coastal area (erosion and sedimentation) and to 

visualize the evolution trend of the island. Also the water surfaces polygons that represent the 

turbid river water were taken into account regarding the shape and extent to search for a link 

between this and the evolution of the island’s coast. This method used mathematical tools. In 

this sense the turbid river water polygons (shape and surface) were linked with the rate of 

sedimentation and erosion and evolution trend of the coastline (Mierla et all,2014). 

 

Figure 6. Extension of turbid river water 

After extracting the coastlines of the Sacalin Island from all 30 Landsat images for each year, 

resulted 30 shapefiles that indicates the dynamic evolution of the island. Considering this, it was 

possible to calculate the processes rate from one year to another and also for the entire timeline 

in order to point out exceptional years related to these processes. For example the erosion 

process in the northern part of the island is 730 meters comparing 1983 and 2013 (in fact is a 

shifting process). Also in the south of the island the sedimentation process towards the south is 

about 2.8 km between 1983 and 2013. Grigoras I. (2012) mentioned that major change is the 

movement of Sacalin Island towards the west, with about 750 m, increasing by 3.8 km in length 

and in width up to 200 m in length. Length growth of the island in 1975-1990 according with 
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remote sensing methodology is 167 m / year, and is very close to the previously estimated rate 

of 150 m / year (Gastescu, 1986). 

The shape and the extension of the turbid river water into Black Sea varies a lot within the studied 

timeline (1983-2013) and is influenced by the following main factors: liquid and solid river 

discharge, sea currents (direction and intensity), winds, waves etc. Drawing transversal profiles 

on the digital terrain model (DTM) across the island there could be highlighted the dune waves 

that corresponds to the intermediary coastlines between 1983 and 2013 (Figure 7).  

 

Figure 7. DTM with transversal profile 

After all the calculations of the shape and extent of the turbid river water in the sea and rate of 

erosion and sedimentation processes that are present in the coastline resulted a close relation 

between them. Based on these results it is certified, once again, that the coastline is one of the 

most dynamic geographical feature. This manner of evolution process of the island highlights the 

evolution of the succession of the marine levees south from St. Gheorghe branch. 

4. The Sketch Match participatory activity within Sfantu Gheorghe case study  

Based on results mentioned on previous chapter, that the Sacalin island is fragile and 

continuously under natural pressures which are constantly changing its shape, there is a need of 

protecting and conserving the new ecosystems formed and in the same time enhance the 

awareness of all type of stakeholders, such as scientific community, conservationists, maritime 

spatial planners and economic environment. Moreover, to fulfil the above objective was 
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important to apply active participation, by implementing the Sketch Match methodology in order 

to identify the common issues, challenges and solutions for Sfantu Gheorghe territorial 

development and coastal protection. 

4.1 Conceptual description of the Sketch Match methodology 

Sketch Match is an interactive planning method, developed by the Government Service for Land 

and Water Management in the Netherlands (DLG)2 to bring insight into spatial development 

issues together with regional partners. The sketch match is a method that is used to identify and 

visualize potential development paths and so facilitate the decision-making process for 

managers, policymakers and local stakeholders.  It is an intensive process that organizations and 

other interested parties can use in their own development areas.  

A Sketch Match is a series of interactive design sessions lasting up to three days in which 

participants (citizens, policymakers, farmers and other stakeholders), under supervision of a 

spatial designer and a process supervisor, analyse and work out the spatial problem in a specific 

region. It works like a creative pressure cooker by bringing together a group of interested parties 

to work intensively on a common design. This is worked out with maps and 3-D GIS visualizations. 

The result of a Sketch Match is a spatial design, in the form of a ground plan, map, book, visual 

story, model, 3-D GIS visualization, or whatever form suits the project best. 

Various disciplines come together in a Sketch Match: layout, GIS, ecology, hydrology, hydraulics, 

socio-economy, spatial planning etc. A thorough preparation, including a clear picture of the 

design assignment and the players involved, is very important. It holds that if the right people 

with the right expectations sit down at the design table, they increase the chance of success. 

 A good Sketch Match brings parties together as people begin to understand each other's wishes 

and interests. It increases the support because participants accept a common plan, which they 

themselves have also sketched out. In the plan, they see their own wishes and interests 

represented, as well as the wishes and interests of others. A Sketch Match can thus act as a 

crowbar widening the frameworks in a creative way (Voorbrood, 2007)3. 

 

 

 

 

 

                                                           
2 https://www.rijksoverheid.nl/ministeries/ministerie-van-economische-zaken  
3 www.hetlnvloket.nl/txmpub/files/?p_file_id=40602  

https://www.rijksoverheid.nl/ministeries/ministerie-van-economische-zaken
http://www.hetlnvloket.nl/txmpub/files/?p_file_id=40602
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4.2 The Interactive Sketch Match Participatory Session consisted of 3 stages, as shown in 

the figure 8: 

 

 

 

Each mentioned stage was accomplished by DDNI team for Sfantu Gheorghe pilot case study on 
27 - 28. 07.2016. The workshop was held in Sfantu Gheorghe City Hall. 

Each stage had its own specific characteristics and allocation of tasks and responsibilities, as 

follows: 

Stage I consisted in conducting 2 parallel interactive thematic working groups with stakeholders: 

i) Spatial planning and Socio-economic activities and ii) Environment, natural protection and 

biodiversity. Participants were representatives of a wide range of stakeholders, varying from local 

fisherman and population to representatives of the Ministry of Environment, Tulcea County 

Council, Sfantu Gheorghe local Council, National Agency for Fishing and Aquaculture (NAFA), 

Tulcea Environment Protection Agency (EPA), Danube Delta Biosphere Reserve Authority 

(DDBRA).  

The objective of stage II was to draw up on maps common issues, challenges and solutions for 

Sfantu Gheorghe territorial development and coastal protection. In order to assure the 

interactivity of the participatory session, a set of thematic maps (such as land cover map, map of 

infrastructure and the fragmentation degree of coastal area, flood hazard map for 30 and 100 

Figure 8. Stages of Sketch Match interactive participatory process 
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years) were produced a priori, on which the participants worked and sketched their own ideas 

and wishes in a common manner.  

In the stage III, the subjects of discussions lead to an integrated and adapted analysis: problems, 

solutions, risks and potentials analysis, adapted after a SWOT analysis. Based on all discussions 

resulted from the meeting with stakeholders and SWOT analyses, the final integrated map was 

accomplished, taking into consideration all the possible solutions drawn by stakeholders 

according to their point of view and interest, giving in this way the possibility of a better future 

management of Sfantu Gheorghe coastal area. 

Objectives:  

General objective is to elaborate development plans along the coastline of Sfantu Gheorghe, for 

evidence of potential solutions for integrating protective measures of coastal areas in the context 

of Maritime Spatial Planning. It was given particular attention on the local economy and access 

to natural resources.  

Secondary objective is to acquaint stakeholders with the objectives and context of MARSPLAN BS 

project, to share the current state of the case study, to inform about the methods of spatial 

analysis on the interactive maps and the economic objectives of the study area.  The purpose of 

this working meeting was to gather scientific community interested in space marine and maritime 

spatial planning authorities and stakeholders, nature conservation and economic environment in 

the coastal zone of Sfantu Gheorghe commune, representatives of local communities and civil 

society to work together to identify common threats and solutions for territorial development 

and coastal protection 

Thematic Maps development  

For a good approach of the participatory method it was necessary to use maps of the studied 

area in order to have a better perspective of the place. The used maps scale was the same for 

each one in order to have the possibility to transpose elements from one map to another. 

Objective of thematic maps: attendees were asked to draw on the maps the areas they 

considered important for economic development and spatial planning, the vulnerable one in 

terms of biodiversity and socio-economics, what are the main solutions needed to solve the 

problems identified and how they can be approached. 

Preparing the data and establishing what elements should help users in identifying the problems 

on the map is essential. The map should not be crowded with data, with too much information, 

otherwise the points of interest, key elements, are at risk of not being seen or taken into 

consideration. 
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There were five thematic maps, as follows: 

• Land Cover Map for Sfantu Gheorghe commune; 

• The map of infrastructure and the fragmentation degree of coastal area for Sfantu 

Gheorghe commune; 

• Flood hazard map for 30 and 100 years for Sfantu Gheorghe commune; 

• The historical bathymetric map of the mouth of Sfantu Gheorghe arm according to Hartley 

1880; 

• Morphometric analyse of the coastal area of Sfantu Gheorghe commune.  

All these maps were plotted on A0 format in three sets, two to be available in each group session 

and one set to be available in the plenary session. The processing software used was ArcGIS, 

Global Mapper and CorelDraw. 

Description of Thematic maps: 

Land Cover Map for Sfantu Gheorghe commune 

The map represents the polygons with different categories of the land cover. The main data that 

were used are based on Corine Land Cover (CLC) dataset. The time series are complemented by 

change layers, which highlight changes in land cover with a Minimum Mapping Unit (MMU) of 5 

hectares. The Eionet network National Reference Centers Land Cover (NRC/LC) is producing the 

national CLC databases, which are coordinated and integrated by EEA4.  

CLC is produced by the majority of countries by visual interpretation of high resolution satellite 

imagery. In a few countries semi-automatic solutions are applied, using national in-situ data, 

satellite image processing, GIS integration and generalization. The 2012 version of CLC is the first 

one embedding the CLC time series in the Copernicus programme, thus ensuring sustainable 

funding for the future. The polygons were cut on the basis of the area that was taking into 

account. 

The importance of the data from the map resides in the fact that for a good spatial planning it is 

necessary to have in mind all the land cover types that occurs on the area that is designed to be 

planned (Figure 9). This is the reason to use in the process of the territorial planning this kind of 

datasets. 

 

                                                           
4 http://land.copernicus.eu/pan-european/corine-land-cover  

http://land.copernicus.eu/pan-european/corine-land-cover
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Figure 9. Land cover in Sfantu Gheorghe case study 

The map of infrastructure and the fragmentation degree of coastal area for Sfantu Gheorghe 

case study 

This map illustrates the communication grid throughout the study case such as canals, roads and 

dykes overlay with the ortho-photo of the commune. The digitizing procedure was done with the 

highest caution taking into consideration all elements present in the map such as buildings, roads, 

etc., so that the errors should be reduced to the minimum. The other elements that compose the 

map were the shape of the roads, dykes and canals. All these items overlaid on top of an ortho-

photo of the commune.  In addition to infrastructure elements, the map shows the fragmentation 

degree in the coastal area by the anthropic interventions therefore an image of the 

fragmentation of vegetation mass. This was processed based on every single cattle track on the 

ortophoto, seasonal and established roads, buildings etc. All the fragmentation elements were 

geoprocessed with a 250m grid cells and displayed on the map as standard deviation 

classification (Figure 10). The ortho-photo was processed in the same manner for all the maps 

available in the meeting. The final layout of the map processed in CorelDRAW is shown below 

(Figure 11). 
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Figure 10. Steps in developing the Infrastructure and Fragmentation map 
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Figure 11. Infrastructure and Fragmentation map 
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Flood hazard map for 30 and 100 years for Sfantu Gheorghe commune 

This map represents the flooding extent at different HQs which are HQ 30, HQ 100 and HQ 1000. 

Based on the methodology (Figure 12) from the manual of data harmonization and methods of 

producing hazard maps (Figure 13) were processed and finalized these maps for Romania on 

sector Gruia - Black Sea.  

 

 

 

 

The extent of the floods is given by the 2D hydraulic modeling made in SOBEK software. This data 

requires very laborious processing in dedicated GIS software and field work. The basic needs are 

the digital terrain model acquired with LIDAR technology, hydrographs of maximum flow, cross-

sections on the Danube and topographical measurements. 

The map contains these HQ (Figure 14) extents overlaid with transparency and underneath them 

the ortophoto of the commune plus the vulnerable elements (houses, roads etc) . Again the map 

layout was made in ArcGIS and afterwards exported for final finishes in CorelDRAW. The final 

layout of this particular map is shown below (Figure 15). 

 

 

 

H_min 

H_med 

H_max 

Figure 12. Manual methodology of producing 
hazard map 

Figure 12. Steps of producing hazard maps 
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HQ 30 HQ 100 

Figure 14. Flood extents map 

Figure 13. Flood hazard map for Sfantu Gheorghe case study 
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The historical bathymetric map of the mouth of Sfântu Gheorghe arm according to Hartley 

1880 

This map displays the 3D representation of the area where the Danube waters spreads into the 

Black Sea (Figure 16).The purpose of this map was to draw attention to the heritage that once 

have been and the impact of the actual pressures that shaped today’s landscape. The moths of 

the rivers are a dynamic system the historical data confirms that the mouth of Sfantu Gheorghe 

arm is no exception. Back in 1880 the sea was closer to the commune, and the Sacalin Island was 

not formed yet, but only  small patches of islands.  The map of civil engineer, Sir Charles Hartley 

(Figure 17) was used in order to represent the actual status in terms of bathymetry in the studied 

area.  

 

The data was collected bathymetric point by bathymetric point after geo-referencing the map 

itself. The points extracted from the map were transformed in shapefiles from feets into meters 

and then the interpolation was done under ArcMAP software from which resulted the map 

displayed below (Figure 18). 

 

 

 

 

 

 

Figure 15. 3D representation of the area Figure 14. Map of Sfantu Gheorghe area created 
by Sir Charles Hartley (1880) 
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Figure 16. Historical Bathimetric map of mouth of Sfantu Gheorghe branch 
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Morphometric analyze of the coastal area of Sfântu Gheorghe commune  

This final map’s purpose was to draw attention, when thinking coastal spatial planning, to the 

risks of gain and loss of the beaches in Sfantu Gheorghe. This maps represents a morphometric 

analyze of the coastal area in the commune in time series (1978, 207 and 2014). The outputs 

clearly explains the high dynamics in land loss and gain over these past decades. These changes 

are a result of various factors but mostly due to large sediment transportation by the river, the 

NE-SW Black Sea currents – these are the direct factors, then the indirect are: the winds, the 

cutting of the river’s meanders etc. This map, as previously mentioned, was to aid the spatial 

planning discussions within the meeting regarding future development of the commune towards 

the sea and coast planning.The morphometric map is shown in Figure 19. 

 

Figure 17. Coastline Morphometric map 
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Interactive Participatory Session 

The workshop started with welcome greetings by Dr. Iulian Nichersu to all participants that 

attended the meeting, followed by a short introduction made by every invitee (Figure 20). Further 

Mr. Nichersu held a presentation about MARSPLAN-BS project and MSP Directive reaching the 

following aspects: 

• short introduction of the project, its main objectives & case studies; 

• MSP Directive: what is it? why needed? what are the benefits?  

• Brief presentation on Sfantu Gheorghe case study (for analysis of economic activities and 

the involvement of fishing communities); 

• Sketch Match methodology presentation: what are the expectations? 

 

 

Figure 18. Introduction of participants in Sketch Match session 

 

After this introductive session, the participants were asked to express their expectations from 

the session related to their coastal area management and MSP Directive (Figure 21), in order to 

optimize the implementation of this participatory approach for Sfantu Gheorghe case.  
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Figure 19. Stakeholders’ expectations related to Sfantu Gheorghe coastal area management and MSP 
Directive 

Further, was presented the work methodology and divided the participants in 2 (two) groups 

with following topics: spatial planning and socio-economic activities and environment, natural 

protection and biodiversity. The members for each group were chosen taking into consideration 

their field activity and expertise and split in 2 (two) separate rooms, assisted by the experts from 

DDNI. For all groups the participants were invited to familiarize themselves with Sfantu Gheorghe 

thematic maps realized by DDNI team. Further, the participants together with the DDNI experts 

draw their ideas on overlays for selected thematic map. 

Group sessions 

DDNI team conducted the discussions in such manner to obtain all the relevant information 

from the participants, following the preparations made previously in the office. 

The people in the groups were interested in the content of the maps exposed on the tables. 

Combined with the other thematic maps and with orthophotos background the users started to 

think thoroughly regarding the importance of the coastal zone for their village (Figure 22). 
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Figure 20. Discussions in spatial planning and socio-economic activities group 

Discussions revealed several conflicts, mainly generated by the complicated legislation, but 

the talks generated valuable information for the Spatial Planning designs (Figure 23 and 24). The 

results presented by each group gave an overview of the problems, solutions, risks and potentials 

of the area to our main topic: Sfantu Gheorghe area. It was observed that common issues for all 

the thematic groups were identified. 

 

 

  

Figure 22. Integrated Sketch for 
environment, natural protection and 

biodiversity group 

Figure 21. Integrated Sketch for spatial planning and socio-
economic activities group 
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The results presented by each group gave an overview of qualities, problems and proposed 
solutions of the area to our main topic Sfantu Gheorghe coastal area.  It was observed that 
common aspects and issues for both thematic groups. 

In the 1st Working Group 1 were tackled the issues and qualities of the area from stakeholders’ 
point of view regarding spatial planning and socio-economic activities, as follows:  

 

Qualities: 
The existence of administrative and institutional structures opened to the collaboration and 
initiation of joint activities; 
Source for marine fishery (including the species of interest); 
Great tourism potential of the area; 
Development of a tourist harbor in Sfantu Gheorghe; 
Conservation traditional activities (fishing, cattle breeding, reed harvesting 
Establishment of micro-farms for cattle breeding and points of valorization of products from 
animals raised in the commune; 
Existing of Urbanism Plan and the Strategy for the Development of the commune of Sfântu 
Gheorghe 

 
Problems: 
Lack of regulations regarding Sfantu Gheorghe shoreline; 
The chaotic tourism exploitation of the Danube Delta; 
Poor accessibility of tourists to the area due to exclusive access to water; 
The low economic power of local community;  
Excessive control of fishermen; 
Fishing permits have to be obtained from different institutions, such as Danube Delta Biosphere 
Reserve Authority, the National Agency for Fisheries and Aquaculture, Cross-Border Police, 
depending on the type of waters they are fishing in; 
No financial compensation or alternatives solutions have been settled for the fishermen after 
sturgeon fishing was banned; 
High pressure on sea fishing; 
Decrease in the number of traditional fishermen; 
Institutional bureaucracy to establish the total allowable quota and fishing effort admissible; 
Institutional conflicts in the management of fish resources up to 20 m isobath; 
There is no control of foreign fleets fishing in Romanian territorial waters;  
High morphohidrografical processes dynamics: silting the mouth of Sfantu Gheorghe branch; 
Scarce access to social infrastructure (education, healthcare).  

 

For the 2nd Working Group 2 the issues and qualities of the area were identified from 
stakeholders’ point of view regarding the environment, natural protection and biodiversity, as 
follows: 
 

http://ro.bab.la/dictionar/engleza-romana/scarce
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Qualities: 
Natura 2000 site, including both Special Areas of Conservation (SACs) and Special Protection 
Areas (SPAs); 
The existence of a natural heritage of inestimable value; 
Important area for birdwatching activities, due to the fact that tin this area are nesting important 
colonies of herons, egrets, ibis species, etc; 
Sand bindweed (Convulvulus persicus) and sand morning glory (Centaurea pontica) are two 
protected species which add a touristic value in the area; 
Feeding areas for cormorants and pelicans; 
Wild beach with fine sands, stretching along the shore; 
Interest of environmental NGO’s 

 
Problems: 
Poor environmental infrastructure, uncontrolled waste - lack of integrated management of waste 
(especially the one from touristic units); 
Lack of a sewage system;  
The lack of a „real” buffer zone for the strictly protected area Sacalin Zatoane; 
Existence in the area of Sfantu Gheorghe coastline of known populations of meadow vipers that 
may threat local people and tourists. 

 
Further, from the working groups were identified strengths, weaknesses, opportunities and 

threats at the first sight. The SWOT analysis for the pilot case was accomplished (Figure 25).  
The results presented above emphasize a future possibility of territorial development and 

coastal protection for Sfantu Gheorghe coastal area, in accordance with MSP Directive.  
 

SWOT ANALISYS 

 Strengths  Weakness 

- The existence of administrative 
and institutional structures 
opened to the collaboration 
and initiation of joint activities; 

- Local people; 
- Important national tourist 

zone; 
- Nature 2000; 
- Diversity of living resources; 
- Existing of General Urban Plan 

and Strategy for the 
Development; 

- High morpho hydrographical 
processes dynamics: silting the 
mouth of Sfantu Gheorghe 
branch; 

- Lack of regulations for Sfantu 
Gheorghe shoreline; 

- The chaotic tourism and its 
impact on biodiversity through 
pollution or access to strictly 
protected areas; 

- Lack of integrated waste 
management; 

- Institutional bureaucracy; 

https://en.wikipedia.org/wiki/Special_Areas_of_Conservation
https://en.wikipedia.org/wiki/Special_Protection_Area
https://en.wikipedia.org/wiki/Special_Protection_Area
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- Important area for 
birdwatching activities; 

- Feeding areas for cormorants 
and pelicans; 

- Conservation traditional 
activities; 

- Wild beach with fine sands, 
stretching along the shore. 

- Overlapping institutional 
responsibilities regarding 
fishing activity; 

- High pressure on marine 
fishing; 

- Decrease in the number of 
traditional fishermen. 

 Opportunities Threats 

- MSP Directive; 
- Sustainable development of 

fisheries and aquaculture; 
- Developing of new forms of 

tourism; 
- Training and professional 

qualification; 
- Economic alternatives should 

be supported; 
- Alternative energy system: 

solar panels; 
- Environmental education; 
- Support and give assistance for 

accessing external funding.  
 

- Institutional Overlap (national / 
local); 

- Conflicts of Interests; 
- Illegal fishing; 
- Tourism seasonality; 
- Population migration; 
- pollution which may damage 

natural resources 
- Low living standard; 
- Legislative and institutional 

changes.  
 

Figure 25. The SWOT analysis for the Sf. Gheorghe pilot case 

From the above analyse, one of the main strength identified by the participants was 
stakeholder communication and institutional collaboration, which is one of the main key points 
needed in the spatial planning process together with the existence of General Urban Plan and 
the Strategy for the development of Sfantu Gheorghe commune.  

Further, the existence of living resources together with the touristic ones, Natura 2000 
network, the diversity of bird species which are nesting here, wild beach with fine sands, 
stretching along the shore quality of touristic infrastructure are pluses that add value to the study 
area. On the other hand, the chaotic tourism and its impact was seen as a weakness due to the 
fact that the high density of people pollutes the environment and coastal area through boat 
emissions, garbage, fuel. In Sfantu Gheorghe operates a waste transfer station, as well as one of 
the county waste landfills but is not part of an integrated waste management. When talking 
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about overlapping institutional responsibilities regarding fishing activity, stakeholders referred 
to the fact that fishing permits have to be obtained from different institutions, such as Danube 
Delta Biosphere Reserve Authority, the National Agency for Fisheries and Aquaculture, Cross-
Border Police, depending on the type of waters they are fishing in. Also, a weakness was the fact 
that there is no legal delineation for Sfantu Gheorghe shoreline, a situation which generates 
different conflict of interest among institutions. 

Based on all discussions resulted from the meeting with stakeholders and Swot Analyses, the 
final integrated sketch (Figure 26) was accomplished, taking into consideration all the aspects 
drawn by stakeholders according to their point of view and interest, giving in this way the 
possibility of a better future management of Sfantu Gheorghe case study coastal area. It is 
important that the awareness risen among the participants during the planning sessions to 
continue beyond the project, for a better inter-institutional collaboration. 
 

 

Figure 26. The final integrated sketch for Sfantu Gheorghe coastal area in context of MSP Directive 
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The main priorities for the Danube Delta case study that emerged during the stakeholders’ 

public participation were as follows: 

• economic alternatives should be supported to reduce the pressure on the fishery resources: 

 involvement in tourism by providing tourists services;  

 creating new community-based socio-environmental activities using local assets 
such as reed handcrafting, Sea-buckthorn berries for processing local products; 

• improving public infrastructure and services: 

 improving waste management services due to high concentration of touristic units in 
a relatively small area near the Danube and the sea; 

 fishing infrastructure. 

• morphohidrographical works: 

 designing of a hydrotechnical structure to reduce the morphohidrographical 
processess, such as desilting works; 

 delimitation of strictly protected areas and buffer areas (especially for Sacalin 
Zatoane) and create a new touristic route which will include the latter area; 

 delineation of Sfantu Gheorghe shoreline. 

• provide assistance to fishing activity: 

 reduce institutional bureaucracy and streamline; 

 dissolve institutional overlap on fish resources (such as DDBRA, NAFA) and conflicts 
in the management of fish resources up to 20 m isobath; 

 the need of a coherent legislation; 

 collaboration between local institutions and fishermen; 

 Improve flow decision to establish quotas of fishing. 

• improve quality of like of local people: 

 improve legislation for fishery activity and area control; 

 assure subsidies as an alternative to banned sturgeon fishing; 

 offer training and professional qualification to reduce youth migration; 

 rising awareness among school children and local population on local environment; 

 support and give assistance for accessing external funding.  
 

Causal loop diagram (CLD) for Sfantu Gheorghe case study 

A causal loop diagram (CLD) is a causal diagram that aids in visualizing how interrelated 

variables affect one another. The diagram consists of a set of nodes representing the variables 

connected together. The relationships between these variables, represented by arrows, can be 

labeled as positive or negative.  

Causal loop diagrams provide a language for articulating our understanding of the dynamic, 

interconnected nature of our world. We can think of them as sentences which are constructed 
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by linking together key variables and indicating the causal relationships between them. By 

stringing together several loops, we can create a coherent story about a particular problem or 

issue (Kim). 

The CONSIDEO MODELER is a tool that can be used to visualize and analyze the cause and 

effect relationships that exist in any complex situation within business, politics, and science and 

even in your own private life. It can create a new culture of better planning, better decision-

making and better communication (Neumann, 2011). 

The MODELER and its extensions-the PROCESS MODELER and the OLAP MODELER-are tools 

(that run-on Windows, Mac and Linux) that can be used to both visualize and to analyze the 

connections that exist for factors that are involved in our daily challenges. They help us to gain 

insights, so that we can e.g. come up with successful ideas, improve communication, manage 

complex plan projects, identify risks, foresee developments as well as identify and develop 

successful measures that we should take.  

We can opt to do the following: 

• Qualitative modeling-to quickly weights the connections for factors using the values 

"weak," middle" and "strong." Already rough weighting allows us to identify the positive factors 

(e.g. measures) and the negative factors (e.g. risks) that are involved in a challenge for both the 

short-term and the long-term. 

• Or Quantitative modeling-to use data and formulas in order to run scenarios in simulation 

cockpits to foresee the likely development effects of both risks and specific measures. 

Visualizing and analyzing cause and effect relationships ― in short: ‟modelling” ―serve to 

enhance visual thinking. You can use modeling to develop important ideas, prevent failure, 

master complex processes, and foresee developments or to simply shorten your meetings 

through straighter communication. 

Cause and effect models go beyond mind maps: arrows are used to indicate relationships that 

exist between factors and the effects that they have on each other. You can represent your 

arguments through a rough weighting of these effects (systems thinking). Or, alternatively, you 

can describe the relations mathematically by integrating data for what-if scenarios (system 

dynamics). 

The analysis of your model will show you counterintuitive cause and effect chains as well as 

nonlinear developments that are a result of feedback loops. You can then identify possible risks 

and promising measures to take―which perhaps no expert would have come up with. After all, 
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studies show that humans are unable to grasp the dynamic interplay of more than four factors 

without the help of software tools.  

With the CONSIDEO MODELER you visualize and analyze the interplay of many of so-called 

factors. 

By using sub models, you can easily model the cause-effect-relations of several hundreds of 

factors. Their interplay can be modeled either qualitatively by quickly weighting - often by simply 

guessing - the effect that one factor has on another (in the work area ‘Qualitative’) or 

quantitatively, by integrating data and the using formulas that create a simulation over time (in 

the work area ‘Quantitative’) Qualitative models can be generated quickly, e.g. in meetings to 

visualize arguments. Quantitative models require more effort for formulas, data, and measurable 

factors. In the print version1 of this book, I provide some hints on how to model soft factors - 

which are usually rather difficult to measure, e.g. employee motivation. 

With both ways of modeling you can view Cause Trees, Use Trees, and Reinforcing Feedback-

Loops as well as Balancing Feedback-Loops, all of which usually span many sub models and are 

well beyond our power of intuition. 

You may use the work area ‘Describe’ to explain your goal and to define the limits of your 

model. You may also use the work area ‘Creative’ to brainstorm for the crucial factors on a kind 

of electronic meta plan wall, before you connect the most important factors in the work areas 

‘Qualitative’ or ‘Quantitative’. You can document your model, track discussions, integrate 

documents and hyperlinks and export the whole model into reports, e.g. PDF or HTML. All 

graphics and diagrams may be saved with click on their context menu for use in other programs, 

e.g. your office-applications. Likewise, simulation results can also be used in other programs, e.g. 

your spreadsheet application. 

Qualitative Analysis: Showing the Insight-Matrix 

The result of your qualitative modeling is the MODELER’s unique Insight-Matrix that you get 

through the context menu for each factor. It compares the impact that the other factors have on 

the chosen factor. The matrix shows on the horizontal x-axis the sum of direct and indirect 

influences. On the vertical y-axis, it shows the effect of reinforcing (R) and balancing (B) feedback-

loops. A positive x value and a positive y value point to an increasing effect that is escalating. A 

positive x and negative y value means the increasing effect gets diminished over time. A negative 

x and y value point to an escalating decreasing effect of factors while a negative x and positive y 

value mean that the decreasing effect gets reduced over time. By this you can compare the short, 

medium and long term influences of factors. 
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Using Consideo program we can model spatial planning system. As shown, the elements that 

define this system are: environmental, socio-economic and cultural elements. Through analysis 

and thorough research of the spatial planning system in the context of coastal zone system, 

spatial planning can be summarized in the following figure. Analysis of the structure and 

functions of spatial planning system leads to the observation of system behavior in detail. 

Figure 27 shows how the system works for Sfantu Gheorghe case study: in Red were exposed 

the risks, in blue the problems, in green the opportunities and in Magenta the identified solutions 

with the stakeholders:  

 

Figure 23. Sfantu Gheorghe case study system analysis 

The next step in the analysis is the extraction of the insight matrix for maritime planning 

system in Sfantu Gheorghe that shows how this factor is influenced by other factors, in various 

stages of analysis. 
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One of the most important observations is that maritime planning in the coastal zone is more 

influenced by the socio- ecological systems, with a slight difference comparing to the natural 

capital, although the area is one of the most important protected areas (both Marine Protected 

Area and Special Protected Area as part of Danube Delta Natura 2000 site).  

In Figure 28 is exposed the insight matrix of Sfantu Gheorghe case study, and detailed in Figure 

29 and table 1. 

 

Figure 24. Insight matrix of Sfantu Gheorghe case study 

 

 

Figure 25.Detailed  insight matrix of Sfantu Gheorghe case study 
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Factor shortterm mediumterm longterm 
Beyond 
longterm 

Bad access to social services [] -2.24 -2.44 -2.64 -2.84 

Bad waste management [] -0.14 -0.12 -0.11 -0.09 

Bad waste water management [] -3.26 -3.46 -3.68 -3.89 

Clogging of lakes and channels [] -0.98 -0.74 -0.51 -0.27 

Conflicts in the fish management 0-
20m izobath [] -2.38 -3.71 -4.08 -4.85 

Decrease of number of fishermen [] -0.98 -1.25 -1.53 -1.8 

Desilting [] -0.98 -0.74 -0.51 -0.27 

Fishing cota birocracy [] -0.98 -1 -1.02 -1.04 

Flood risk [] -2.24 -2.44 -2.64 -2.84 

Hydro-morpho processes dynamics [] -0.42 -0.43 -0.44 -0.44 

Improved legislation for fishing and 
area control [] 5.6 7.93 9.31 11.07 

Intensive controls of fishermen [] -2.24 -2.97 -3.7 -4.42 

Interested environmental NGOs [] 14.98 16.25 17.53 18.8 

Lack of a buffer zone for Sacalin Island 
[] -0.98 -1 -1.02 -1.04 

Lack of control of the foreign fishing 
fleet [] -0.98 -1.25 -1.53 -1.8 

Marine fishery [] 0.98 1 1.02 1.04 

Maritime policy implementation [] 20.58 24.18 26.84 29.87 

Natural capital and Spatial Planning [] 14 14.22 14.59 14.8 

Organised sturgeon fishing [] 0.98 1.25 1.53 1.8 

Permits for reed exploitation [] -0.28 -0.21 -0.14 -0.07 

Permits in the teritory [] -0.28 -0.21 -0.14 -0.07 

Pressure on sea fishing [] 0.7 0.46 0.22 -0.03 

Renewable energy [] 14.98 16.25 17.53 18.8 

Risk species- Snakes [] -1.26 -1.45 -1.62 -1.81 

Socio-ecological systems [] 14 15.25 16.51 17.76 

Special protected species [] 0.98 1 1.02 1.04 

Traditional activities [] 0 0 0 0 

Waste + waste water management 
project [] -0.07 -0.05 -0.03 -0.02 

Table 1. Sfantu Gheorghe system insight matrix 

It can be noticed that the values reveal that the most important impacts come from the legislative 

conflicts on the maritime fishery, as short-medium-long strong negative impact, and from the 
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maritime policy, as high positive impact. The most representative solution extracted from the 

Sketch Match session is the ‘improved legislation for fishery and area control’ solution, as a 

necessity for improving Sfantu Gheorghe maritime system. 

5. Conclusions  

Sfantu Gheorghe case study represents a challenge in terms of involvement of stakeholders 

in Maritime Spatial Planning process, since it is positioned in an area (biosphere reserve) in which 

biodiversity conservation and sustainable economic development should be taken into account 

in the most efficient way.  

Local population of Sfantu Gheorghe depend on Danube Delta’s natural resources, mainly on 

anadromous migratory fish, including Pontic shad and sturgeon, as well as coastal fishing for 

small species such as sprat and anchovy. 

The Sacalin island is fragile and continuously under natural pressures which are constantly 

changing its shape, there is a need of protecting and conserving the new ecosystems formed and 

in the same time enhance the awareness of all type of stakeholders, such as scientific community, 

conservationists, maritime spatial planners and economic environment. 

One of the most important observations is that maritime planning in the coastal zone is more 

influenced by the socio-economical systems, with a slight difference comparing to the natural 

capital, although the area is one of the most important protected areas (both Marine Protected 

Area and Special Protected Area as part of Danube Delta Natura 2000 site).  

The active involvement of stakeholders proved to be a success for Sfantu Gheorghe case 

study, assuring a good cooperation process with different stakeholders and experts, raising 

awareness among stakeholders related to a sustainable use of their coastal area and their 

particular landscape. The success of this approach was assured as well because of the 

interdisciplinary topics debated during the design workshop, combining and integrated thus, the 

land planning with biodiversity, social and economic aspects.  

The results presented above emphasize a future possibility of territorial development and 

coastal protection for the Sfantu Gheorghe coastal area, in accordance with MSP Directive. 
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7. Annex  
Annex 1  - List of participants 
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