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Tree species proportions and site index as an error source in
forest management planning
Arto Haara & Annika Kangas

Introduction: Competent forest management planning requires accurate forest inventory data. The
quality of forest inventory data have been traditionally measured based on uncertainty of the data, like
root mean square error of interesting variables (Kangas 2010). The quality of data can, however, also
can be measured through its value in decision making (Birchler and Bϋtler 2007). This value of
information (VOI) in forest decision making can be calculated from the difference in outcomes
between decisions made with existing or new and more accurate inventory data. VOI can be calculated
as a reduction in losses that occur due to sub-optimal timing of thinnings and clearcuttings when more
accurate data comes available. The aim of this study was to estimate losses, which are caused by forest
inventory errors of tree species proportions or site indexes.
Materials and methods: Our study data constituted altogether 1751 stand plots from central Finland.
From all the plots there were accurate field data and four remote sensing data, namely 1) Airborne
laser scanning (ALS) data with 2D aerial image data, 2) 2D aerial image data, 3) 3D digital aerial
photogrammetry (DAP) data and 2D aerial image data and 4) satellite data. The estimation of tree
species proportions was made with k-nearest neighbor method. The errors in the proportions of the
tree species came from the observed errors of the four remote sensing data. The total basal area of the
stand was kept fixed, i.e. we assumed errors only in the species proportions. As site index was not
interpreted from any remote sensing material of our study, we used error levels of Lidar data observed
in other studies. The field plot data were used as a true data. We assumed that optimized treatment
schedules with that data were correct and economically most profitable. We then optimized treatment
schedules 30 years with Net Present Value (NPV) as an objective with all four erroneous remote
sensing data and site index data, and applied the obtained erroneous optimized schedules with true
data to estimate the losses due to incorrect tree species proportions or site indexes.
Results: The mean losses of NPV because of erroneous tree species proportions at interest rate 3%
varied from 124.4 €/ha to 167.7 €/ha. With ALS + 2D aerial imagery data the losses were smallest and
with satellite data largest. When the errors are sufficiently small or the decision sufficiently clear, no
losses occur. In those stands, respectively, in which tree species proportion errors actually caused
losses, forest owners losses were 468€/ha on average with ALS data. In turn, site index errors caused
only small losses, as the losses in NPV were 37.8 €/ha then.
Conclusion: Accurate tree species identification seems to be very important with respect to
operational forest inventory. Also site index errors caused some losses, but not as high as the errors in
the tree species. The explanation for this behavior in the results is that the used forest management
planning system was more sensitive to the species-wise basal areas than to the site index. In order to
assess quality of remote sensing data, it is necessary to account the actual use of the data. Value of
information has typically been analyzed by comparing methods like DAP and ALS, but value of
individual variables has been addressed less often. In the future, it would be important to assess both
the main error sources and their interactions.
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