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Abstract of Master’'s Thesis Academic Year 2005

Development of a Method for
Forest Damage Detection Using High Resolution
Remotely Sensed Data

Summary

Conventionally, Japanese forest has been managed precisely by administrations using forest inventory data.
However the change of the circumstances surrounding the forestry in Japan is causing degradation in value of
lumbers and devastation of forest. Increase of the forest damage, which causes breakdown or destruction of trees, in
abandoned forests is one of the major problems in Japanese forestry. A forest administration is to keep the record of
forest condition in spatial extent. However identification of the forest condition is now implemented by means of
direct ground surveying, which is time and cost consuming way to figure out the damaged areas from wide forest
area. Recently, usage of (1) high spatial resolution remotely sensed optical imagery and (2) LiDAR (Light Detection
And Ranging) data are anticipated as an effective solution for the forest monitoring method. There are, however, no
researches for detecting the forest damage using these data because it has just been made available. The purpose of
this study is to develop a forest damage detection method using (1) and (2).

Many kinds of forest damages were categorized into withered and fallen damage. This study aimed to develop an
objective method for detecting the forest damage, and to distinguish the damages between fallen and withered. (1) is
effective for detecting withered and fallen damage although this data has a difficulty in distinguishing between
withered and fallen damage. Digital Surface Model (DSM) and Digital Elevation Model (DEM) which are made
from (2) are effective for detecting fallen damage, although this data has a difficulty in detecting withered damage.
Consequently, the author conceived the idea of data fusion with (1) and (2). This approach enabled to develop the
robust method for detecting two types of damage separately at same time. The developed method, which used a
statistical model, was introduced to classify damage. Explaining variables were Gap areas which were developed in
this study by DSM and DEM, and Spectral radiances of optical imagery’s bands. Explained variables are no
damage, withered damage and fallen damage. Multinomial Logit Model (MLM) was introduced for the statistical
model, because this model can include both categorical variables and continuous variables.

Forest of Gifu prefecture was chosen as the test site, where a number of forest damages caused by deep snow and
Pine beetle had been observed. IKONOS imagery and LiDAR data were used in this study. Accuracy assessments
were conducted from the aspect of omission and commission. In withered damage detection, 78% and 74% of pixels
were correctly detected, respectively. In fallen damage detection, 82% and 84% of pixels were correctly detected,
respectively. Moreover detected heavy damaged areas, which were clipped arbitrarily, were compared with truth
data which was identified by aerial photographs. In withered damage detection, approximately 60% pixels were
correctly detected. In fallen damage detection, approximately 65% pixels were correctly detected. It was thought
that near borderline pixels between damaged and no damaged areas affected above hitting ratios, however, center
areas of damage were precisely detected. Additionally the effectiveness of data fusion was demonstrated by
comparison with detected result by IKONOS imagery solely.

It was concluded that the method which was developed in this study could detect damaged areas comprehensively
and determinately. Therefore this method is useful for preferential direct ground surveying. Furthermore,
combination of Forest GIS, forestry-related spatial data and damaged areas will make for preferential recovery plan
and preventing forest damage by figuring out factors of emergence.

Key Word
1. Forest Damage Detection 2. Remote Sensing 3. High Resolution Satellite Imagery
4. LIiDAR 5. Data Fusion
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