GIS implementation of vegetation modelling at a regional scale
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Abstract


The work presented in this paper is part of a research project on 'Restoration of Wetlands - Ecology and Economy'. Ecological evaluation of nature restoration projects implies understanding the presence of different ecotopes as a result of the underlying relations between vegetation types, physical conditions and land management. An ecotope model has been developed and implemented into a spatial decision support system (SDSS), integrated in a geographical information system (GIS). The model can be used to predict potential changes of vegetation types in seminatural areas, as a consequence of restoration projects. The overall impacts on nature have been assessed by comparing number and size of natural areas as well as their interrelationship within the project area, defined via landscape structure and connectivity of natural areas. Within the scenario evaluation step, output of the model has been visualised as maps, tables, 3D views and animation sequences.





Background


Since the latest ice age, the Danish landscape has developed through a dualistic interaction of natural development and human utilisation. Within the last two centuries many wetlands and lakes have been reclaimed and changed to agricultural areas, changing almost the entire country into an area of agricultural production with intensively utilised fields and extensively grazed areas, the so called semi-natural areas as wet meadows, dry grasslands and heathlands, leaving only very few natural areas untouched. 


Within the last decade there has been an increasing awareness of the ecological importance of the natural and semi-natural areas and their function as habitats for many wildlife species. Together with an increasing demand for reduction of nitrogen discharge to freshwater and marine areas, where has grown an increasing interest in preservation and restoration of lakes and wet meadows as well as dry grasslands and heathlands. 





Introduction


From 1993 to 1997 a research project on 'Restoration of Wetlands - Ecology and Economy', has been carried out under the Danish Environmental Research Programme. The overall aim of the wetlands restoration project is - on a regional level -  to elucidate and quantify the many-sided environmental potentials of restoring wetland areas, and to analyse the associated social and private costs and benefits. To achieve this objective, a spatial decision support system (SDSS) integrated in a geographical information system (GIS) has been developed (figure 1) (Christensen 1997).
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Figure 1: Schematic overview of the overall concept of the Spatial Decision Support System developed and implemented in a GIS under the wetlands restoration project. (Christensen et.al. 1997)


The catchment area of the river Vejle Å, covering approx. 340 km2 of mostly morainic landscape in Eastern Jutland, has been chosen as project area. Based on mapping of status quo as a reference, scenarios for possible restoration projects and probable future landscape development have been set up. 





Ecotope model


The current state and extension of natural areas is to a high degree an actual stage of a dynamic situation, which is under constant change towards a stable or metastable equilibrium. Vegetation composition at a certain place will always be a function of a number of factors, abiotic as well as biotic and external influences such as land management or deposition of air pollutants. Different management plans will change these factors, and may redirect development towards another type of vegetation. 





To handle this dynamic vegetation response, the ecotope approaches (Runhaar 1994,  Harms 1993 & 1995 and Knol 1994) have been adopted and simplified so that they can be implemented using existing Danish digital data. The principle concept is based on a division of the landscape into ecotopes, which can be defined as ecosystems with a certain spatial extension, covering areas of homogeneous reaction to changes in abiotic conditions or land management. Hence, a deterministic relationship is presumed between the pres�ence of specific land cover types and the com�bination of physical settings (physiotopes) and land use management, as illustrated in figure 2. Unique combinations constitute ecotopes, which size in the actual case rang from about 1 to 100 ha.
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Figure 2: Functional context between physiotope, management and development of vegetation composition through succession. (Harms 1993, modified).





Model set-up and GIS implementation


There are two major constrains when trying to adopt the ecotope model described above to Danish conditions. The first one is that a nation-wide systematic collection and analysis of data on all the relevant types of vegetation and their dependence on abiotic conditions and land management has not been done so far, so a more qualitative approach based on existing literature has to be used. On the other hand the study has to be based upon existing digital maps, further restricting the amount of input data available. This gives some problems relating nature types to ecotopes, as the existing maps on nature types only distinguish between a few broad classes such as bogs, wet meadows, dry grasslands and heathlands. Anyway, this broad classification seems to be acceptable in relation to the overall aim of the project, as the model has to work on a regional level, and should only reflect major changes.





Figure 3 gives an overview of the maps used in the approach, and how they are derived from the input maps. In an initial step - the so called base scenario - all derived maps related to the actual situation have to be generated from the input maps, resulting in a map of vegetation types according to the base scenario. For each scenario changes in artificial drainage and in land management have to be defined and generated as new input maps. Hereafter modelling of the new vegetation types according to conditions defined in the scenario can be done, via the new maps for moisture conditions and physiotopes.
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Figure 3: Principle data flow in the GIS for implementation of ecotope model to handle impacts of wetland restoration projects on vegetation types within seminatural areas. Each parameter is stored as a map in the database. Maps shown as stacks have to be redefined or regenerated for each scenario. 


The ecotope model has been implemented using Arc/Info and ArcView. All digital maps had to be converted to raster format with a 25x25 meter cell size. A review of literature describing protected nature types in Denmark and their dependency on physical settings gave an idea of expected nature types depending on soil and hydrology, combined with land management. A comparison of the map of protected nature types with the maps on quaternary geology and hydrosoil areas has been made to confirm these assumptions. 





A Scenario example:


During development of the ecotope model, scenarios for probable future landscape developments have been set up for the purpose of testing the GIS implementation. In this paper two examples will be presented, consisting of a base scenario showing status quo, and a nature scenario, defining its premises related to nature interests in the area. As part of the nature scenario, a lake could be established to reduce the nitrogen load of Vejle Å. Furthermore the scenario aims at connecting this area with one of Denmark’s major heathlands - Randbøl Hede, by establishing corridors where agricultural areas are changed to extensively utilised seminatural areas. The maps on the following page show vegetation types and other land cover types according to the base scenario and the nature scenario.





Plate 1 (next page): Colour plate showing maps of vegetation types according to the base scenario (above) and a probable wetlands and nature restoration scenario (below)
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Conclusions:


Ecological evaluation of nature restoration projects can be - and will have to be - carried out at many different scales. The method described and implemented in this paper has been developed with the aim of elucidating and quantifying the many sided environmental potential of wetland restorations within the framework of a Spatial Decision Support System, working at a regional level. The final system could be used as a pre-evaluation tool for delineating and ranking potential restoration areas, relevant for further in depth investigations and planning.





The GIS modelling presented here is based on the associative vegetation type model. A main advantage of the GIS implementation is, that a number of scenarios can be generated and evaluated rather quickly, once the procedure has been established. Furthermore, results can be visualised quickly and in many different ways by integrating GIS and different visualisation tools. Visualisation can help planning authorities as one input when considering consequences of different scenarios, as well as in redefining and re-evaluating scenarios in an interactive process. 





A further implementation and integration of data input, modelling and visualisation tools in one desktop GIS will make the entire system available to many PC-users, as an easy to handle tool for pre-evaluating possible environmental consequences of nature restoration projects. For the future this means that experts working with GIS-based environmental impact assessment do not any longer have to be GIS specialists too. Focus can change from how to run the tool, to how to set up, use and assess results of environmental modelling.
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