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Abstract - Sector responsibility is one of the main strategies of the Norwegian Government for preserving biodiversity. The Parliamentary Report on "Biodiversity - sector responsibility and co-ordination" (St. meld. 42) underlines this strategy. The National Programme for Mapping and Monitoring Biodiversity forms an important element of this strategy. In this programme, the local municipal authorities are responsible for mapping important areas for biodiversity within their boundaries. The Directorate for Nature Management has prepared a manual for this mapping (Figure 1) and the local authorities get some government funding for the work. 

The Government has initiated several projects to make this programme more cost efficient. The SatNat project presented employs satellite imagery as a tool for nature management. This paper briefly describes this project, its methods and some preliminary results.     

I. Introduction
The latest report confirming Norwegian responsibility regarding the Convention on Biological Diversity is the Norwegian government Report no. 42: Biodiversity – sector responsibility and co-ordination. The main focus of this report is the need to establish co-ordination between all sectors to protect and use the biodiversity in sustainable ways. An important step will be to establish a cross-sector National Programme for Mapping and Monitoring Biodiversity in Norway. This objective poses a number of major challenges. 

Compared with tropical ecosystems, the biodiversity in northern boreal systems is low. Norwegian wildlife is characterised by having relatively few species (approximately 60,000). Norway was covered by ice during the last Ice Age and the flora and fauna are not older than some 10,000 years. Nevertheless, Norway has a tremendous diversity of habitats and types of vegetation spread over short distances. This is related with the shape and topography of the country, which give rise to great variations in climate from the west coast to the eastern valleys, from sea level to high alpine areas, and from the European continent to the sub-arctic. The forest cover is 37%, but is dominated by only three tree species. About 50% of Norway is defined as alpine, i.e. the area above the tree line. Norway has numerous lakes spread throughout the country. The coastline, stretching 57,000 km from the North Sea to the Barents Sea, gives Norway an even higher diversity of habitats. 

According to the Norwegian Red List (Directorate for Nature Management 1999), the main threat to biodiversity at present is loss of habitats due to forestry, agriculture, road construction, water-course regulations to produce hydroelectricity, and general urbanisation. Productive coniferous forests, wetlands, mires, swamp forests and certain coastal habitats are all examples of habitats whose acreage has been reduced. Other important threats to biodiversity are pollution, excessive exploitation and introduced species.

An important element in the National Programme for Mapping and Monitoring Biodiversity is a project that started in 1999, to get local authorities to map their important areas for biodiversity. 250 of the 437 local municipal authorities in Norway have either completed or started this task. The objective is to complete the work during 2003. 

A programme to develop the use of satellite data and technology for nature management is another important element of the National Programme that has been established. Initially, this is a joint effort between the Directorate for Nature Management and the Norwegian Space Centre. Many of the early efforts to use satellite data were related to specific projects, and satellite data and remote sensing have not been regularly used in nature management since then.
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Figure 1: Model of valuing biodiversity in the Norwegian mapping programme (Klokk & Lindgaard 2000)
This new programme aims to link the use of satellite technology and remote sensing strategically to the National Programme for Mapping and Monitoring Biodiversity. At the last Symposium on Remote Sensing and Environment, Jansen (2000) presented a paper which aimed at identifying Norwegian habitat types from satellite data. The SatNat programme has a similar objective (project 1), and combinations of techniques are now being tested to increase the relevant information attainable from satellite imagery. 

II. The Sat Nat Programme
The main objective of this Norwegian programme for using satellite data in nature management (SatNat) is to “utilise the possibilities of satellite data to provide better and more cost-efficient management of the use and protection of biodiversity”. Most of the work is being carried out in two counties, Sør-Trøndelag and Østfold. The programme consists of nine different projects, several of which are interlinked. 

The Projects are:

1. Land Cover mapping

This project aims to map the extent and distribution of existing vegetation to: 

a) determine the representation of species and natural communities in areas being managed for biodiversity conservation 

b) provide spatial data that can be used to model wildlife habitat distributions 

c) provide a single, temporal data set for monitoring trends. 

2. Vertebrate mapping 

Aims to provide maps of known confidence that predict the distributions of all terrestrial vertebrate species in a county to support analyses of conservation status.
3. Prediction of developing areas

Aims to create maps that show areas at risk in relation to development or other changes that reduce habitat quality.

4. Gap analysis

Aims to perform analyses related to biodiversity based on map data from projects 1-3. This includes making diversity maps from project 2, identifying gaps in biodiversity planning and implementing results from different analyses in county management work.

5. Satellite data in management of game species

Aims to use satellite data to estimate vegetative resources for ungulates, and combine satellite data with spatial modelling through the use of resource selection functions (RSF) or Distance sampling technique. Final products will be maps showing spatial distribution of important grazing resources expressed as biomass and population density.  

6. Key figures for Norwegian environmental policy

Assesses the potential of using satellite data as a data source to develop several key figures for Norwegian environmental policy.

7. Satellite data in transport communication development projects

Uses satellite data as a tool in environmental assessment programs for road and railroad development, and to assess potential conflicts between existing roads/railroads and wildlife corridors. 

8. Satellite data in spatial planning 

Aims to use experience gained from project 7 for local and regional planning 

9. Education programme

Aims to make easy and understandable decision support tools for local and regional planners. 
In this programme all the different levels of management, from the local level to the national level, are involved. The project started in 2001 and will proceed towards 2005. 
III. Methods
The Norwegian SatNat project will mainly be using Landsat 7 data because they will enable the objectives of covering the relevant habitats for selected species and providing data for monitoring on a national level to be attained. In some areas, additional satellite imagery like IRS, SPOT and IKONOS will be tested for special purposes.
To be able to get as much information as possible from Landsat data, we are using methods for hyperclustering. A large amount of data on “ground truth” is essential for this method. We are now testing means of gathering ground information using airborne digital cameras. Some results of this part of the project will be presented at a technology session on image processing (Lieng et al. 2002).

Project 1 under the SatNat programme aims to produce land cover maps. Important aspects here are the classification system and its criteria. A working committee for a Norwegian land cover map has recently concluded its deliberations and recommended that the Land Cover Classification System (LCCS) developed by FAO/UNEP should be used as the basis for land cover mapping and that this should be harmonised with the European EUNIS habitat classification and the Norwegian classification system for vegetation (Fremstad 1997). 
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Project 2 is the most prioritised project in SatNat with regard to the development of methods. Here the aim is to produce maps of the habitats of selected species. The principles for this kind of modelling are derived from the National GAP Analysis Programme in the USA (Csuti & Crist 2000).

A species list taken from a manual for wildlife mapping (Directorate for Nature Management 2000) is used in project 2. The list contains 5 amphibians, 1 reptile, 197 birds and 33 mammals. These species are chosen because they are considered to be vulnerable to area management. 

Furthermore, each county has identified location records for each species through studies of the literature, databases and interviews with local people. The information is compiled in a spatial database using Arc View 3.2 as an extension, and the range of each species is delineated using 10 x 10 km square units. The range maps will undergo expert reviews. The goal has been to establish the limits of the range of the species where it can be expected to be found in an appropriate habitat within those limits. 

Wildlife habitat associations are being made by a group of experts in each county and will be fed into an Access database. The goal is to identify the physiographic characteristics a species is associated with. The data from project 1, land cover and additional GIS coverage will be used to work out the associations.  

Finally, the land cover data and GIS coverage will be used to form a Wildlife-Habitat Relationship Model. The results of this modelling will be integrated with the species range limit maps in a 
GIS. The maps will undergo a final expert review to identify specific problems with the modelling. The maps will also be tested through data on ground truth. 

Figure 2: Flow chart of the vertebrate modelling process.
IV. Preliminary results and future challenges
The county of Sør-Trøndelag has completed distribution maps for 136 avian species from the species list. Data have been obtained from the database of the atlas of Norwegian breeding birds, the literature and local people. A buffer zone has been added for each unit of observation, to minimise the gaps between observational units.
An expert group has written habitat associations for 16 avian species based on the literature and other available knowledge. The species habitat requirements represent a cross section of the vegetation types in Sør-Trøndelag. The species habitat associations are also connected to existing GIS coverage on elevation, slope, temperature, etc. (see Figure 2) to delimit the range of each species on the final distribution maps. Examples of this and distribution maps, will be shown at the poster session on Biodiversity (Bolstad et al. 2002).

In project 2, several GIS layers from different sources are combined. Important data sets, such as altitude data, geology, climate, vegetation-geographical units and managed land data, will improve the precision of the satellite data.
At present project 1 is working with vegetation classifications using hyperclustring technique (Myers 1999 a, b) on Landsat data. To be able to separate vegetation types better, scenes from several seasons (summer and autumn) have been obtained. The spectral classes from the hyper-clustering are transformed in to information classes through a pixel based process of filtering, neighbourhood and decision rules (Slaymaker et. al. 1996)
Problems to be tackled in the future will be linked with the development of the programme from the initial data-collecting phase to the phase of analysis and model development. Several of the other projects in the SatNat programme are now starting up. The results from projects 1 and 2 will give the other projects the necessary platforms. 

Projects 6 will be given priority due to need for national data sets for policy development and monitoring. 
Project 5 is also in progress through co-operation with, among others, landowners, hunters and fishermen, and also data collecting, in a test area in the Forollhogna National Park, focusing on wild reindeer and grouse populations. 
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