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The Norwegian forest resource map SR16 - the integration of 
airborne laser scanning and optical satellite data 

Marius Hauglin, Bjørn Borchsenius, Johannes Rahlf, Misganu Debella-
Gilo, Knut Bjørkelo, Arnt-Kristian Gjertsen, Rasmus Astrup,  

Johannes Breidenbach  
 
Introduction: The Norwegian forest resource map (SR16) based on image matching data, was 
published for the Trøndelag region in 2015 (Astrup et al. 2019). Timber volume, biomass, basal area, 
tree height, site index, and the respective model-dependent uncertainties are provided for maps with a 
grid cell size of 16x16 m and “stand” segments generated using object-based image analysis (OBIA) 
(Kilden 2015). In 2015, the Norwegian Mapping Agency started a national airborne laser scanning 
(ALS) campaign that is supposed to be finalized in 2020. Laser data from this campaign are used in 
the further development of SR16 which is described here. 

Materials and methods: Linear mixed-effects models with a random slope given ALS project area on 
the most important predictor variable are fitted to all Norwegian National Forest Inventory (NFI) plots 
currently covered with ALS data. Independent models are fitted for each of three dominant tree 
species groups (spruce, pine, deciduous). Sentinel 2 and other ancillary data are used for mapping the 
dominant tree species groups. For the potential use in Forest Management Inventories, maps are also 
generated using models stratified by tree species and site index. The plot-level response variables are 
forecasted to the current year and the difference between the current year and the respective ALS 
campaign is used as a predictor variable in the models. The models are applied to the wall-to-wall grid 
cells each year in order to provide updated maps. The Landsat-based Forest Cover Loss service is 
rather accurate in Norway, especially in the recent years (Rossi et al. 2019) and is used to update areas 
with stand replacement events.  

Results: Based on the data currently available for the southern and south-eastern part of Norway, the 
root mean squared errors (RMSEs) of timber volume and above ground biomass for spruce, pine, and 
deciduous forest are 25%, 28%, and 40%, respectively. Tree species maps have an overall accuracy of 
72% and a kappa of 0.55. 

Conclusion: The combination of NFI and remotely sensed data is useful for mapping forest 
characteristics and the improvement of estimates on various scales. It is currently analysed weather 
further variables, especially those related to stand age and biodiversity, can be included in SR16. 
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Between 3 and 120 sample plots of the Norwegian National Forest Inventory (NFI) are located within each ALS project.
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