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SUMMARY

Rapid land use changes and the impacts of climate change are seen as a major threat to
biodiversity preservation and the supply of crucial ecosystem services to humanity. This
thesis contributes to actual discussions of the direct and indirect impacts of climate

change and climate mitigation politics to land use. It is divided into three parts:

The main topic of Part one is the evaluation of impact potentials to the coast of the
Caribbean island Martinique caused by extreme weather events and sea level rise. The
first chapter deals with the development of a GIS-based model for the island that
evaluates the sensitivity of the coastal areas to erosion, flooding and inundation. This
includes an analysis of the extension of the potential impact area. The results are
illustrated in sensitivity and hazard area maps for the Martinique coast that serve as base
for further vulnerability studies. In the second chapter the Martinique beaches and
coastal wetlands are examined to identify the probability of coastal squeeze. In many
cases coastal development prevents coasts from adapting to accelerated sea level rise
by shifting landward. Also tourism infrastructure augments the probability of beach
reduction and mangrove squeeze. On the mountainous island Martinique the majority of
settlements and especially tourist hotels are built within the zone at risk to flooding and
erosion. Spatial analysis based on a conducted GIS model is carried out that evaluates
the tourist destinations most vulnerable to the impacts of sea level rise. If sea level rises
and beach reduction becomes an increasing problem the attractiveness of Martinique
beaches as tourist destination is likely to decline. Chapter 3 deals with the evaluation of
human vulnerability to accelerated sea level rise on the Martinique coast. In addition, the
possible effects of sea level rise on the island are spatially assessed for future regional
planning purposes. The actual situation and legislation measures for coastal zone
management of the island are described and sea level rise response strategies are
discussed. Even if saltwater intrusion and coastal erosion with increasing offshore loss of
sediment are locally already a severe problem, potential rises in sea level and its impacts
are not addressed in coastal management. This chapter sees itself as recommendation of

action not only for Martinique.

Part two deals with the impacts of land use changes for bird populations on the
Eiderstedt peninsula in Schleswig-Holstein (Germany). In the past, the landscape has
been generally dominated by extensively used grassland. These grassland areas are
home to many bird species, and among naturalists Eiderstedt is considered to be one of
the prime bird habitats in Schleswig-Holstein. Ongoing changes in the structure of the
regional agriculture towards an intensified cattle breeding and the growth of biofuels call
for a conversion of large shares of grassland to arable farm land. At the same time a
fiercely debate arose to what extent Eiderstedt can be declared as bird conservation area
within the Natura 2000 network. In chapter 4 the drivers and accompanying conflicts of

rapid land use changes on Eiderstedt are explored in more detail. Under consideration of

XVi



the regional land utilization history three possible scenarios of transformations of
agricultural land are developed which can be applied to determine the possible impacts of
such conversions. In chapter 5, the possible impacts of agricultural land use change on
Eiderstedt on breeding bird populations of four key species are determined. The results
indicate that an increase of arable farm land to approximately two thirds of the whole
agricultural area drastically reduces suitable bird habitat, thus considerably diminishing

the number of breeding pairs supported by the environment.

The third part evaluates potentials to preserve existing habitats, to restore formerly
native habitats, as well as to create non-native managed habitats with respect to
freshwater wetlands of the EU. Chapter 6 deals with the methodological development of
a spatial wetland distribution model (SWEDI) and description of its results. Through the
GIS-based model the spatial extent of existing wetland distribution within the EU-25
countries is visualised. Additionally, potential convertible sites are modelled for (re-)
creation of wetland biotopes. Because the existence of wetlands is driven by site specific
natural conditions and the economic environment, chapter 7 integrates both aspects by
linking the GIS-based wetland model with the European Forest and Agricultural Sector
Optimization Model (EUFASOM). EUFASOM is a partial equilibrium model which studies
simultaneously synergies and tradeoffs between biodiversity conservation efforts,
greenhouse gas mitigation options including carbon sinks and bioenergy, as well as
traditional agriculture and forestry markets. For different policy scenarios, the optimization
model computes the corresponding economic potential of wetlands, its effects on
agricultural and forestry markets, and environmental impacts. In chapter 8 the scenario
specific total wetland area per EU-country from EUFASOM is downscaled by a GIS-
based site-selection model which uses environmental constraints. The final result is a
wetland site-selection model that evaluates optimal distributions for wetland restoration
sites levelled after defined restoration goals and dependent on the EUFASOM scenarios.
The model is useful to locate sites suitable for renaturational programs and for the

effective introduction of faunistic corridors considering the NATURA 2000 network.

In all, the studies show that the inclusion of GIS-based assessment tools is essential to
favour effective regional conservation planning and to improve the predictive capacities of
coastal zone management plans. Often the illustration of scientific results through maps
is indispensable to support public participation. Applying GIS solutions in sustainability
and global change helps filling the still existing gap between social sciences and physical

geosciences.
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	3.1.1. Climate Change and Sea Level Rise in the Caribbean 
	The economy of the Lesser Antilles’ island Martinique is largely based on the export of agricultural goods (bananas, sugarcane, and pineapples) and tourism as major income sources. Nearly one million visitors arrive each year on the island that is inhabited by nearly 400 000 people (Marques 2002; Charrier 2003). Because of its mountainous terrain, the majority of the settlements and about 77% of the population are situated along the coast below 20 metres. Neglecting security, most of the houses were constructed very close to the shoreline. The urbanisation of Martinique was characterised by a flux from the inland to the littoral and the concentration of population in one extending urbanisation zone. Fort-de-France is the biggest agglomeration area of the island and the pole of development. Here more than 43% of the total population live in 15% of the island’s surface area (Génix and Lampin 2003) almost at the level of the sea. Today, migration fluxes from the inland island to the littoral are still observed (Hocreitère 1999; William 2000). But due to a rising standard of living as well as better infrastructure and mobilisation by car, a suburbanisation to the inland and to the southern districts also takes place. Riviére Salée, for example, showed a growth of more than 40% (Delbond et al. 2003). The northern island on the contrary is characterised by demographic and economic decline. The populations of the four communities in the extreme north (Grand Riviére, Prêcheur, Sainte-Pierre, Macouba) shrank the most: 10.34% between 1990 and 1999 (Delbond et al. 2003; see also Génix and Lampin 2003). This region suffers from insufficient infrastructure and rough terrain. The main economic activities here are export agriculture and fisheries (William 2000). The growing population of Martinique - in 2003 the annual population growth rate amounted to 1.4‰ (IFRECOR 2003) – additionally extents the coastal urbanisation. 
	3.1.3. Policy instruments for the coastal zone on Martinique 
	It is important for adaptation strategies for the coastal zone to consider the essentials of the local coastal zone management plans and the corresponding policy instruments. These consist of regional and national but also EU-wide regulations because the Caribbean Lesser Antilles’ island Martinique is a French Department (DOM - Departement d’Outre Mer) and therefore an EU „ultra-peripheral region“. This section gives an overview of the most important legislation instruments for the coastal zone of Martinique. 
	« La loi des 50 pas géometriques » and its colonization. On Martinique the littoral is characterized by a zone called “les 50 pas du Roi” or “cinquante pas géometrique”, that means a zone of 81.2 m from mean high water tide level landwards (Houdart 2004). After the “loi littoral” this stripe is today part of the public domain of the state. On Martinique the “50 pas” represent 3 513 ha of which 35% are under intensive human use (public institutions, tourism, agriculture, fisheries, artisans, industries). The cause of the high population density within the 50 pas lies in Martinique’s coastal zone management history: From 1922 until 1955, the privatisation of the 50 pas was enforced. From 1955 onwards the zone was again integrated into the public domain of the state. However, parcels of coastal land still have been sold – only half-legal - and until today the littoral is still seen as privileged space for houses. Additionally, the illegal occupation of the littoral without landholding for the economic reasons has been practised, when the sugar crisis and following concentration in (urban) tertiary activities took place. The development of agglomerations and diffuse habitats along the coast caused many problems. Therefore, plans have been formulated to regulate and limit the urbanisation, the tourism and industry for a protection of the remaining natural zones.  In 1962, 65% of the coastal zone has been placed under the control of the ONF (Office national des forêts) and finally in 1986 the “loi littoral” merged the 50 pas into the “public domain maritime”. That entails that urban areas within this zone are reserved for necessary public installations, for economic activities, or for general utilisations of the sea. Urbanised areas within the 50 pas cannot be build on if they are used as beach, forest, garden, or park. 
	The “loi littoral” on Martinique. The most important law concerning the coastal zone on Martinique is the so called “loi littoral” (France Gouv. 1986). It was elaborated in 1986 by the «Direction du transport maritime, des ports et du littoral», and by the « Direction générale de l’urbanisme et de l’habitat et de la construction », under collaboration of numerous French ministerial departements. It has been transmitted to Parliament in 1999. The regional objectives for the coastal zone described in the “loi littoral” are (Alduy and Gélard 2004):
	 research and innovation of particularities and resources; 
	 protection of biological and ecological equilibrium, erosion mitigation, preservation of sites and landscapes; 
	 extension of urbanisation only within those sectors that are today occupied by diffuse urbanisation; 
	 prohibition of constructions and utilization of slopes adjacent to the littoral, if they blur the character of the landscape;
	 preservation and development of economic activities in relation to the sea, like fisheries, aquaculture, ports activities, ship construction and reparation and marine transport; for example, construction of new ports of pleasure is curbed, therefore existent ports shall be extended; and
	 maintenance and development of agricultural activities or forestry, of industries, crafts, or tourism within the coastal zone. 
	SMVM (schémas de mise en valeur de la mer) and SAR (schémas d’amenagement régionaux). Regional Management schemes (SAR) additionally regulate the utilization of the coastal zone for tourism, constructions and commercial use. In France, the state is traditionally responsible for coastal protection, but since the law of decentralisation (1984) the decisions for coastal management are in the hands of the regional councils («departements»). Its implementation is presented in the «Schéma de Mise en Valeur de la Mer (SMVM) ». The SMVM gives a high priority to protective measures: protection policies for the coastal strip concern natural coastal areas, areas of outstanding interest designated for protection (Etang des Salines, Morne Jaqueline, Caravelle, and the Lamentin mangrove swamp) and urban development buffer zones. In the DOM-TOM the SMVM are replaced by regional management schemes, the SAR. The SAR (Schémas d’Amenagement Régionaux) are elaborated and adopted by the Départements d’Outre-Mer and have to be accepted by the National assembly. Martinique has had SAR since 1998 (Hocreitère 1999). Planning policies on Martinique focus mainly on the regulation of urbanisation and town planning as well as on provisions to improvements of urban wastewater and rainwater run-off treatments. The SAR are jurisdictionally situated between the “loi littoral” and other regulations of urbanisation (Schémas de coherence Territoriale, plans Locaux d’ùrbanisme). They are seen as an orientation document and tool for integrated coastal management, for administration and sustainable development of activities. 
	As a French department, Martinique is a European territory in which most European Union agreements, directives and laws are applicable, as well as those rules that are more specifically designed for outlying EU regions such as the DOM-TOMs (cf. European Commission 2007). 
	3.1.4. Evaluating vulnerability and adaptation to sea level rise
	The methodology is divided into three parts. The first part evaluates the vulnerability of the coastal resources to sea level rise, the second investigates existing and potential coastal zone management strategies for formulation of policy targets, and the third part describes the spatial translation of suitable 
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	adaptation strategies via GIS. Figure 3.1 gives an overview of the applied methodological structure.
	3.2.1. Vulnerability evaluation to sea level rise impacts
	There are numerous studies that transform complex data sets into indices in order to assess the sensitivity of areas to threats (Cooper and Mc Laughlin 1998; Klein and Nicholls 1999), and to define coastal vulnerabilities to sea level rise. This has either been executed as a function of coastal erosion, or by variation of sea level or in an ecological and cultural context (Gornitz 1991; Liu 1997; Klein et al. 1998; Frihy et al. 2004). Coastal vulnerability indices are often used as management tools at different spatial scales (Kont et al. 2003; Vafeidis et al. 2004; Snoussi et al. 2007). 
	The logical assignments have been chosen on basis of Boolean Logic and Map Algebra. In nature conservation, this is widely practiced (Blaschke 1997; Lang and Blaschke 2007; Lindenmayer and Hobbs 2007) and is preferred over arithmetic assignments of single assessments through average determination, for example. The latter as well as the use of additional weighting factors often simulate pseudo-objectivity only. Logical assignments prevent this. 
	The level “VB1” consists in this case of those areas that show very high erosion- or flood risk and very high to high settlement density (for scaling see table 1). On the other hand is the vulnerability level “5” characterized by negligible erosion or flooding risk or alternatively, by any erosion or flooding risk and no human utilization. VB3 is reached either through medium erosion- or flooding risk and very high to medium settlement density or through very high to high erosion- or flooding risk and medium settlement density. As a result, vulnerability maps for each human coastal resource illustrate the corresponding vulnerability to the effects of sea level rise. The results also allow further analysis in combination with adaptation strategy evaluations. 
	At the moment, all artificial measures of the coast are excluded from the model. A methodology is described below to apply these measures and potential additional adaptation measures to sea level rise to obtain more realistic statements about the vulnerability to sea level rise impacts.
	3.2.2. Formulation of Coastal Zone Management strategies and targets 
	After evaluating the vulnerability of the human coastal resources there is a need to define targets for coastal zone management practices concerning sea level rise effects. The objective of this part of the methodology is to discuss coastal zone management strategies by describing the actions and measures undertaken concerning accelerated sea level rise on Martinique. The investigations of Climate Change/Sea Level Rise response strategies are based on intensive literature review (CgCED; Cambers 1992; Bray et al. 1997; Nurse 1997; CPACC 1999a&b; Volonte and Nicholls 1999; CPACC 2000; Phillips and Jones 2006). The evaluation of the coastal zone management strategies in combination with intensive literature review and the results of the sensitivity and vulnerability assessments described above form the base for formulation of policy options and targets for the entire coastal zone of Martinique. Any of these targets might be realized by several defined adaptation strategies. 
	3.2.3. Development of Adaptation Potentials
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	The economy of the Lesser Antilles’ island Martinique is largely based on the export of agricultural goods (bananas, sugarcane, and pineapples) and tourism as major income sources. Nearly one million visitors arrive each year on the island that is inhabited by nearly 400 000 people (Marques 2002; Charrier 2003). Because of its mountainous terrain, the majority of the settlements and about 77% of the population are situated along the coast below 20 metres. Neglecting security, most of the houses were constructed very close to the shoreline. The urbanisation of Martinique was characterised by a flux from the inland to the littoral and the concentration of population in one extending urbanisation zone. Fort-de-France is the biggest agglomeration area of the island and the pole of development. Here more than 43% of the total population live in 15% of the island’s surface area (Génix and Lampin 2003) almost at the level of the sea. Today, migration fluxes from the inland island to the littoral are still observed (Hocreitère 1999; William 2000). But due to a rising standard of living as well as better infrastructure and mobilisation by car, a suburbanisation to the inland and to the southern districts also takes place. Riviére Salée, for example, showed a growth of more than 40% (Delbond et al. 2003). The northern island on the contrary is characterised by demographic and economic decline. The populations of the four communities in the extreme north (Grand Riviére, Prêcheur, Sainte-Pierre, Macouba) shrank the most: 10.34% between 1990 and 1999 (Delbond et al. 2003; see also Génix and Lampin 2003). This region suffers from insufficient infrastructure and rough terrain. The main economic activities here are export agriculture and fisheries (William 2000). The growing population of Martinique - in 2003 the annual population growth rate amounted to 1.4‰ (IFRECOR 2003) – additionally extents the coastal urbanisation. 
	3.1.3. Policy instruments for the coastal zone on Martinique 
	It is important for adaptation strategies for the coastal zone to consider the essentials of the local coastal zone management plans and the corresponding policy instruments. These consist of regional and national but also EU-wide regulations because the Caribbean Lesser Antilles’ island Martinique is a French Department (DOM - Departement d’Outre Mer) and therefore an EU „ultra-peripheral region“. This section gives an overview of the most important legislation instruments for the coastal zone of Martinique. 
	« La loi des 50 pas géometriques » and its colonization. On Martinique the littoral is characterized by a zone called “les 50 pas du Roi” or “cinquante pas géometrique”, that means a zone of 81.2 m from mean high water tide level landwards (Houdart 2004). After the “loi littoral” this stripe is today part of the public domain of the state. On Martinique the “50 pas” represent 3 513 ha of which 35% are under intensive human use (public institutions, tourism, agriculture, fisheries, artisans, industries). The cause of the high population density within the 50 pas lies in Martinique’s coastal zone management history: From 1922 until 1955, the privatisation of the 50 pas was enforced. From 1955 onwards the zone was again integrated into the public domain of the state. However, parcels of coastal land still have been sold – only half-legal - and until today the littoral is still seen as privileged space for houses. Additionally, the illegal occupation of the littoral without landholding for the economic reasons has been practised, when the sugar crisis and following concentration in (urban) tertiary activities took place. The development of agglomerations and diffuse habitats along the coast caused many problems. Therefore, plans have been formulated to regulate and limit the urbanisation, the tourism and industry for a protection of the remaining natural zones.  In 1962, 65% of the coastal zone has been placed under the control of the ONF (Office national des forêts) and finally in 1986 the “loi littoral” merged the 50 pas into the “public domain maritime”. That entails that urban areas within this zone are reserved for necessary public installations, for economic activities, or for general utilisations of the sea. Urbanised areas within the 50 pas cannot be build on if they are used as beach, forest, garden, or park. 
	The “loi littoral” on Martinique. The most important law concerning the coastal zone on Martinique is the so called “loi littoral” (France Gouv. 1986). It was elaborated in 1986 by the «Direction du transport maritime, des ports et du littoral», and by the « Direction générale de l’urbanisme et de l’habitat et de la construction », under collaboration of numerous French ministerial departements. It has been transmitted to Parliament in 1999. The regional objectives for the coastal zone described in the “loi littoral” are (Alduy and Gélard 2004):
	 research and innovation of particularities and resources; 
	 protection of biological and ecological equilibrium, erosion mitigation, preservation of sites and landscapes; 
	 extension of urbanisation only within those sectors that are today occupied by diffuse urbanisation; 
	 prohibition of constructions and utilization of slopes adjacent to the littoral, if they blur the character of the landscape;
	 preservation and development of economic activities in relation to the sea, like fisheries, aquaculture, ports activities, ship construction and reparation and marine transport; for example, construction of new ports of pleasure is curbed, therefore existent ports shall be extended; and
	 maintenance and development of agricultural activities or forestry, of industries, crafts, or tourism within the coastal zone. 
	SMVM (schémas de mise en valeur de la mer) and SAR (schémas d’amenagement régionaux). Regional Management schemes (SAR) additionally regulate the utilization of the coastal zone for tourism, constructions and commercial use. In France, the state is traditionally responsible for coastal protection, but since the law of decentralisation (1984) the decisions for coastal management are in the hands of the regional councils («departements»). Its implementation is presented in the «Schéma de Mise en Valeur de la Mer (SMVM) ». The SMVM gives a high priority to protective measures: protection policies for the coastal strip concern natural coastal areas, areas of outstanding interest designated for protection (Etang des Salines, Morne Jaqueline, Caravelle, and the Lamentin mangrove swamp) and urban development buffer zones. In the DOM-TOM the SMVM are replaced by regional management schemes, the SAR. The SAR (Schémas d’Amenagement Régionaux) are elaborated and adopted by the Départements d’Outre-Mer and have to be accepted by the National assembly. Martinique has had SAR since 1998 (Hocreitère 1999). Planning policies on Martinique focus mainly on the regulation of urbanisation and town planning as well as on provisions to improvements of urban wastewater and rainwater run-off treatments. The SAR are jurisdictionally situated between the “loi littoral” and other regulations of urbanisation (Schémas de coherence Territoriale, plans Locaux d’ùrbanisme). They are seen as an orientation document and tool for integrated coastal management, for administration and sustainable development of activities. 
	As a French department, Martinique is a European territory in which most European Union agreements, directives and laws are applicable, as well as those rules that are more specifically designed for outlying EU regions such as the DOM-TOMs (cf. European Commission 2007). 
	3.1.4. Evaluating vulnerability and adaptation to sea level rise
	The methodology is divided into three parts. The first part evaluates the vulnerability of the coastal resources to sea level rise, the second investigates existing and potential coastal zone management strategies for formulation of policy targets, and the third part describes the spatial translation of suitable 
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