Environmental remote sensing data used at VTT
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VTT Technical Research Centre of Finland is a not-for-profit organization for applied research. The total number of staff is 2740. Research on remote sensing using space borne data has been conducted already since early 1970’s. The most important area of application has been and is today forestry and forest ecosystem monitoring. Other important application fields include winter navigation on the sea and natural disaster mitigation. VTT focuses on the method development. The methods are often implemented as software tools that are further delivered for customers and partners. Because of the nature of the work, VTT does not have large data archives in its possession.  The remote sensing data includes all types of imagery from weather satellite images to high resolution polarimetric SAR (Synthetic Aperture Radar) data and ground-based digital cameras. The importance of data fusion applications is increasing. Satellite data are still a key data source but they are combined with the in-situ data, data from models, and archived data.   Below some applications are briefly described with a foresight to the future.

A probability method was originally developed for mapping of forest extent in the pan-European region (i.e., Europe up to the Ural Mountains) using the AVHRR instrument data of the NOAA series satellites (Häme et al. 2000 and 2001). The method combines unsupervised classification of images and reference data from sampling, and finally estimates all the variables as continuous values. In the case of categorical variables, the probability of the target class is estimated at a certain pixel. 

The images are radiometrically corrected by applying an atmospheric correction and an additional BRDF (Bi-directional Reflectance Distribution Function) correction before the probability method is applied. The calibration makes it possible to combine images that have been acquired during the same period of the growing season, into large image mosaics. For instance, in the project for the pan-European forest mapping an image reflectance mosaic was compiled from the whole target area. It was used as a single image in the analysis process. Image calibration also makes it possible to compute spectral models that are directly applicable in other images, acquired from a different region, if the land cover types are similar.

The probability method using mainly Landsat data is being operatively used by the Finnish forest industry in global locations fro several years. Also, forest classification in the Finnish CORINE land cover mapping as part of the European Community program was based on the application of the probability method. 

The probability method has been also applied for the very high resolution optical data from Ikonos and QuickBird satellites for forest parameter estimation. As an additional phase, image segmentation is used (Astola et al. 2004). 

Another method, called biomass function method, was developed for the estimation of the forest growing stock volume for cases when only very limited ground data are available. A model, resembling the gamma distribution density function is computed to predict the growing stock volume using some field plots and higher resolution imagery (e.g. Landsat). The model is then applied to a calibrated image mosaic with a lower resolution. In the study a model was developed using ground reference data from an area of 1 km2 and a Landsat TM image. It was applied to a Modis image mosaic from Finland and Sweden. The bias for the average growing stock volume for whole Finland, computed by comparing the Modis estimates with the Finnish national forest inventory statistical data, was only -2.3 m3/ha (Sirro et al. 2002). 

In the SAR domain, Methods, developed by VTT were used to compile a JERS radar mosaic from northern Eurasia using 100 m pixel size. The project was cooperation between the Joint Research Centre of the European Community, Japanese Space Agency JAXA, and VTT (DeGrandi et al. 2004). Recently, methods have been developed for the forest and land cover classification and change monitoring using SAR data and for the analysis of polarimetric SAR data (Häme et al. 2007, Rauste, et al. 2007a). 

A forest fire alert system, based on NOAA AVHRR and recently also Modis data, has been operative since 1996. The system automatically analysis the images and transmits alert messages via email and facsimile. The time for the submission of the alert message is on the average 20 minutes after the satellite overpass (Kelhä et al. 2003). 

An example of the data fusion is the system that is being developed for the monitoring of the seasonal dynamics of the nature. The system combines frequent ground observations and Modis image data. The manual ground observations can be augmented or even replaced with digital cameras that automatically collect images from the same location, submit them via the internet to the analysis center where the seasonal status is automatically analyzed. The analysis results are combined with Modis based estimates about the seasonal status (Rauste et al. 2007b) (Figure 1). 

VTT has proposed launching a near-polar orbiting satellite that regularly and globally acquires very high-resolution (0.5 m) optical images using a statistical sampling principle (Häme et al. 2006). This image resolution enables observation of individual trees. 

The core concept of the satellite mission, i.e. the statistical sampling of high resolution images, is considered to be the most effective feasible approach to monitoring land cover and ecosystems reliably over large areas (> 25 000 km2). No other existing or planned very high resolution satellite mission is currently envisaged for the monitoring of the global land ecosystems. The mission should include several successor satellites to enable a continuous land ecosystem monitoring system. 

The main driving forces behind the mission are inaccuracies in current global and regional statistics on forest cover and land use change dynamics and the monitoring needs for future policies as concerns incentive mechanisms on avoided deforestation and forest degradation (REDD). The very high resolution sampling satellite would realize the philosophy of ecosystem analysis using data fusion. The image sample would be a key data source in the chain from ground measurements to wall-to-wall mapping (Figure 2). 
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Figure legends

Figure 1. Autumn progress in Finland in September-October 2007 (Rauste et al. 2007b). 

Figure 2. The proposed Kioto+ mission in the chain of data sources in ecosystem monitoring. 
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Figure 2. The proposed Kioto+ mission in the chain of data sources in ecosystem monitoring. 
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