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[Abstract]

Key Words: Forest fire, Windthrow, Biomass, Ground truth, 3D, UAV, Satellite radar,
Cloud-based analysis, MRV, Natural disaster insurance

Thirty percent of the total land on earth is covered by forest. But increasing forest fire
releases the carbon to the air and accelerates global warning. To establish an evaluation method
of the impact assessment for forest disaster, Terrestrial Laser Scanner (TLS) is utilized for this
study. As the impact assessment method, this study introduces three-dimensional data analysis
from TLS instead of the conventional and simple visual inspection in the field.

It is very critical for remote sensing technology to monitor forest in remote areas where
frequent forest fire happens. In this study, forest fire and windthrow are the main focus as
forest disaster. Our study site is tropical forest for the topic of windthrow detection in Australia
and boreal forest for the topic of forest fire detection in Canada and Estonia.

As a method to analyze the three-dimensional data, voxel is introduced. For forest fire,
the amount of biomass loss is estimated using missing voxels between pre and post forest fire.
For windthrow, vertical voxel change is detected from the upper to the lower part of the forest.
The multi-temporal TLS data is accurately matched through the algorithm established for this
study. To prevent severe forest fire event, fuel accumulation under the forest floor of dense tree
density should be detected. To achieve this, self-thinning rule is evaluated from
three-dimensional data to get the optimized stand density.

To validate satellite-based result using TLS, cloud-based analysis is used to cover large
forest fire area. Landsat images from 1980 to the current are used to identify forest fire cycle
and history from time-series analysis. And satellite radar (ALOS and ALOS-2) is also used to
detect forest fire by coherent change analysis. To validate the satellite-based result, the lost
voxels between pre and post fire are identified.

As a result, there is high correlation between the coherent change and the lost voxles
from forest fire. TLS is the best way to get the field data using 3D. Voxel representation is not
necessarily related with the conventional estimation of stem volume. The conventional stem
volume estimation cannot count the variation of stands while voxel can capture the variation,
especially good for deciduous trees which have more irregular shapes. And the method for this
change detection is very useful and applicable to insurance for disaster in evaluating pre-fire
risk and measuring damage intensity of post-fire condition.
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