
�

�

�

�

� � � � � �
��	
��
���
� � ����
�� � ��	�
���

� ����� ! "#
$ %&�	�	'�( )*+,���
� - .� /!0
1 �2 ���
� 1 � !34

�
�

5 � �
� �

� 5 5 �
� � 5

� �
5 � � � � �

� 5
5 � �

5 � 5
�

5 �

6 6

7 89:; <=)>?@AB:; CD>?EF
GFH*>I< �J 2 K <L M�NOP
QR KS B:; TUV;W *>I

MXYR2 AZ [ 7 [\Q] ^_ `a A b A*>IM <cde
A fgh Z A ijOk <lmPQR nA PQR B:; TUV;K[ ob p�ekq
kr sA
tuMvhOR wp mRxy_z{W _ | p�ekq }~<��hOR B� M
Qek2 � M�J ��} Al�< �W}e Bj� p� K�R *>IK[
PQR 2 �< 
Jk�� ��� ���_2 �f p��J oB_� A� �R
�A Akr ���A �_��p��M q }~<��hOR �OhAB:; CD>?EF

��R < R ¡�K[��¢£p ¤M¡ ¥M GFH*>I[ 2 ¦§ A �¨YK}� 2 �
©R ���A �<�NOPQR JgJ ¡ ¥A p ��Rª] WJPSL K�R« ¬< R
vK[­ wg� M ���A �p�®�W[¯ °h[ ±M�Oh �AB:; CD>?EFGF
K R H*>Ip QP ²³�M©´ Jk Aµ¶]

· ¸ ¹ ª º» ¼.

B:; TUV;W *>IA �½ M©R2 �µ¶

� � �
�

� ��
�	 
 �

�



� � �
� �

� ��

�� ��

� � �
� ��� �� �

� �
� � � � ! " # $�
% & � ' �� � �# (

) * + ",- ( �
�. �� / 0 1
�. � 2 3 4� 5

�3 6�7 . 8 9 ( �
:; � <= � > 9 �.
. 9 <= 9 ? � @
* ABC . 9 D �

E � F" �� 


G GH I J K LM

� N � �.

� � � � �

�

� �
�

� � �
� �

� �
�

� �
�

� �

�

�

� �
� �

� � �

Abstract

RSSJ Journal of The Remote Sensing Society of Japan Vol. No. ( ) pp.
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* Meguro, Tokyo , Japan

* National Research Institute for Earth Science and Disaster

* Prevention, Tennodai, Tsukuba, Ibaraki , Japan
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Fallen (i.e. snow damage and wind thrown) and withering (i.e. disease and insects) of trees in abandoned forests

are one of the major problems in forestry. However the current investigation method relies on a ground survey,

which is di cult to grasp the conditions extensively. Recently, usage of high spatial resolution satellite imagery and

LiDAR (Light Detection And Ranging) data are anticipated as an e ective solution for the forest monitoring. High

resolution satellite imagery is e ective for detecting withered and fallen damage, although this data has a di culty

in distinguishing between withered and fallen damage. Digital Surface Model (DSM) and Digital Elevation Model

(DEM) which are made from LiDAR data are e ective for detecting fallen damage, although this data has a

di culty in detecting withered damage. In the developing method, integration of high resolution satellite imagery

and LiDAR data were utilized to detect two types of damage separately at same time. Multinomial Logit Model

(MLM) was utilized for integrated processing. Red, NIR channel and gap areas detected by DSM and DEM were

dependent variables for MLM. This method was examined on the IKONOS Multispectral Imagery and LiDAR data

in the test area. Accuracy assessments were conducted from the aspect of omission (User’s accuracy) and

commission (Producer’s accuracy). In withered damage detection, and of pixels were correctly detected,

respectively. In fallen damage detection, and of pixels were correctly detected, respectively. From these

results, this method was demonstrated that integration of two data can detect fallen and withering damage in high

accuracy.

LiDAR Light

Detection And Ranging

LiDAR Digital Surface

Model DSM

Integration of High Resolution Satellite Imagery and LiDAR Data for Forest Damage Detection

Hitoshi T * , Yuichiro U * , Hiromichi F * and Kuniaki F *

* * * *

LiDAR

Keywords : high resolution satellite imagery, LiDAR data, fallen damage, withered tree, integration
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LiDAR

Forest damage categories which can be detected by

by high resolution satellite imagery, LiDAR

LiDAR MLM

Fig.

high resolution satellite imagery and LiDAR

data.

Table Forest damage categories which can be detected

and Integration of and .

Fig. Flow chart for forest damage detection.

Fig.

Table

LiDAR

LiDAR

LiDAR

Fig.

Multinomial Logit Model MLM

LiDAR Digital Elevation Model

DEM DSM
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Table Accuracy assessment of training data.
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LiDAR

IKONOS (bottom left) and gap data (bottom right).

Fig. Result of the test site.

Fig. Comparison of a result and other data. Result of

Fig. Comparison of a result and other data. Result of this study (top left), Aerial Photograph (top right),

this study (top left), Aerial Photograph (top right), IKONOS (bottom left) and Gap data (bottom

right). Legend of the result (top left) is same as

Legend of the result (top left) is same as Fig. . Fig. . Yellow circles show low tree height area.
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Fig. Comparison of result used only IKONOS band

and (left) and result of this study (right).

Legend of the results is same as Fig. . Yellow

circles show significant di erence between left LiDAR
and right image.
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