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ABSTRACT :

Two typhoons attacked successively at intervals of about two weeks the north part of Kyushu located in the south west of
Japan in Sep. 1991. Forestry have been very active in this area from old and many trees especially in artificial plantations

(main tree species are cedar and cypress) were fallen by the typhoons. Two Landsat TM data taken before and after the
typhoons were collected and registered in order to extract the damaged areas. Several damaged points for each group of
heavy and slight damage were selected on the registered image referring the aerial photographs taken immediately after
the typhoons ,and the change characteristics of TM bands 1~5,7and Vegetation Index (VI) for the heavy,slight and no
damage cases were examined. It showed the characteristics that bands 1~5,7 increase whereas VI decreases due to tne
damage. Band 5 and 7 of middle infrared region showed more increase than other bands. A registered images of band 5,7
and VI of two temporal data before and after the damage was generated, and the damaged areas were extracted by a
maximum likelihood classification method using the registered image. The damaged areas extracted by Landsat TM data
were evaluated using the aerial photographs and data on the damage surveyed by a Local Development Office. It was

found that Landsat TM data were effective to extract damaged areas of fallen trees by the typhoons for a broad region.

1. INTRODUCTION

Two typhoons attacked successively the north part of
Kyushu on Sep. 14 and 27 ,1991 and they caused severe
damages for agriculture and forestry. The forestry have
been very active from old in this region and there are many
artificial plantations where coniferous trees such as cedar
or cypress were mainly planted,and those coniferous trees
suffered severe damages from the typhoons. Fig.1 shows a
view of the damage of fallen trees by the typhoons. Takao
already extracted the damaged areas by the typhoons for
the same area using MOS-1 MESSR data acquired before
and after the typhoons,and reported that MESSR band 2 is

effective to extract the damaged areas [1] . This study used Fig. 1. A view of the damage of fallen trees by
Landsat TM data and it was found that middle infrared bands  the typhoons.
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N33"30 Table 1 Data used in this study
Data Path -Row Pate  of Remarks
Acquisition
Landsat TM 112-37 1990.9.21 Before damage
Landsat TM 112-37 1992.5.21 After damage

1991.10.7 | Immedately after damage

Aerial photograph
Scale: About 1to30000

56km Approx.

were effective to extract the damaged areas. A method to
extract the damaged areas using Landsat TM data acquired
before and after the damage, and the results which evalu-
ated the extracted output using aerial photographs and data
on the damage surveyed by a Local Development Office

are described in this paper.

2. TEST SITE AND DATA USED

N33°0°
e ———————— 35km Approx. —————| ?3
E130745 E131° 7" 30"
Forests in Ohita Prefecture, a region of north Kyushu suf-
Fig. 2. Outlines of the test site fered big damages from the typhoons and an area under the
control of Hida Local Development
Landsat TM data Landsat TM data Offi b h of Ohita Prefectural
, a

Before the typhoons 1990.9.21 After the typhoons 1992.5.21 lce.abranciio ftarefectura
Office selected as a test site. Fig. 2
shows the outlines of the test site.
o ) ' . . The area of the test site is about

Geometric correction Geometric correction
35km east and west by 56km south

and north ,and it includes 6

munincipalities. Table 1 shows data
used in this study.Landsat TM data

Generation of a registered image of bands 1~5,7 and VI of two temporal data

covering the test site before and af-

Selection of typical points for heavy ,slight and no damage using aerial photographs| ter the damage were searched and

two Landsat TM data shown in

Table 1 were available for the
Examination of change characteristics of bands 1~5,7 and VI due to the damage study.Data observed at a same sea-

son were not available. Aerial pho-

tographs were acquired by request

Generati f i i
eneration of aregistered image of bands 5,7 and VI of two temporal data of Ohita Prefectural Office imme-

diately after the damage ,and taken

at an altitude of 4400m ,therefore
those scale are about 1 to 30000.
The aerial photographs covering a

Extraction of damaged areas by a maximum likelihood classification

Evaluation of damaged areas extracted using aerial photographs part of the test site were obtained
and data on the damage surveyed by a Local Development Office about 10 days after the damage and

i used for the study.
Fig. 3 Procedures of the study
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Table 2 Values of bands 1~5,7 and VI before (BD) and after (AD) the damage for heavy,slight

and no damage

Fig. 4 Characteristics of bands 1~5,7 and VI before (BD) and after (AD)

and no damage

3. METHOD OF THE STUDY

Fig. 3 shows procedures of the study. A geometric cor-
rected image of the test site was generated through the geo-
metric correction process using Ground Control Points from
each Landsat TM data acquired before and after the dam-
age. The accuracy of the geometric correction was less than
1 pixel and its pixel size was 25m square. Vegetation Index
(VI} was generated by the following equation.

VI=100 X (Band4 — Band3) / (Band4 + Band3) + 100
1)

Before Damage (1990.9.21)
Band1(BD)|Band2(BD) |Band3(BD) |Band4(BD) |Band5(BD) |Band7(BD) | VI(BD)
Heavy damage 54.5 20.6 15.3 51.6 29.7 8 153.3
Slight damage 53.5 20.4 15.2 54.1 31.5 8.7 155.2
No damage 53.1 20.6 15.4 54 28.6 7.8 154.6
After Damage (1992.5.21)
Band1(AD)|Band2(AD)|Band3(AD){Band4(AD)|BandS(AD)|Band7(AD)|VI(AD)
Heavy damage 93.1 39.5 43.5 67.8 94.9 43.4 121.3
Slight damage 84.8 34.9 34.1 61.1 59.2 23.2 127.9
No damage 83.4 34.4 31.4 64.7 44.9 14.5 133.9
160
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the damage for heavy,slight

A registered image of bands 1~5,7 and VI of two tempo-
ral data were generated. Typical points for heavy ,slight
and no damage were selected in the registered image refer-
ring the aerial photographs, and the change characteristics
of bands 1~5,7 and VI due to the damage were examined
using the typical points selected above.

It was found that band 5,7 and VI were effective to identify
the damage. A registered image of band 5,7and VI of two

temporal data was generated and the damaged areas were
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Fig. The characteristics of bands 5,7 and VI before (BD and after (AD) the damage for the categories

of the heavy and slight damage,cedar,pine and deciduous trees.

extracted by a maximum likelihood classification method
using the registered image of band 5,7 and VI. The dam-
aged areas extracted by Landsat TM data were evaluated
using the aerial photographs and data on the damage sur-
veyed by the Local Development Office.

4.EXAMINATION OF CHANGE CHARACTERISTICS
OF BANDS 1~5,7 AND VI DUE TO THE DAMAGE

Typical points representing each group of heavy slight and
no damage were selected reffering the aerial photographs
in the registered image of bands 1~5,7 and VI of two tem-
poral data. The extent of the damage was classified into
two stages of heavy and slight and the state of each damage
is as follows :

Heavy damage : Trees are entirely fallen in the selected
points.

Slight damage : Trees are partly fallen in the selected points.
As most of the damage occurred in coniferous trees where
cedar or cypress were mainly planted, no damaged areas in
plantations of cedar were selected as the typical points of
no damage. About 10 points were selected for each group
of heavy,slight and no damage. Table 2 shows the values
of bands 1~5,7 and VI before (BD) and after (AD) the
damage for heavy, slight and no damage,which were ob-
tained by the average data of the selected points for each
group and Fig. 4 shows their graph. It can be seen from
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Fig. 4 that there is no change among each damage group
for bands 1~5,7 and VI before the damage but bands 1~
5,7 increase and VI decreases after the damage. It seems
that the change among each damage group are larger in
bands 5, 7 and VI than bands 1~4. It is conspicuous that
band 5 and 7 of middle infrared increase much due to the
damage. It is considered that the fallen trees show a high
reflectance for middle infrared because they are dried at
the time of satellite observation after the damage. A regis-
tered image of band 5,7 and VI of two temporal data was

generated and used for the extraction of the damaged areas.
5. EXTRACTION OF DAMAGED AREAS

The damaged areas were extracted by a supervised maxi-
mum likelihood classification using the registered image
of bands 5,7 and VI of two temporal data. Several catego-
ries such as cedar or pine etc. were selected in addition to
the heavy and slight damage in the classification. Training
areas for each category were selected referring the aerial
photographs,geographical and vegetaion maps. Fig. 5 shows
the characteristics of the bands 5,7 and VI before (BD) and
after (AD) the damage for the categories of the heavy and
slight damage, cedar,pine and deciduous trees. The pine
and deciduous trees are larger than the heavy and slight
damage before the damage,but are a little near to them after

the damage.
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Table 3 Discrimination table of the damage of the check points

by Landsat TM data and the aerial photographs 6.EVALUATION OF THE DAM-

Discrimination by aerial AGED AREAS EXTRACTED BY

LANDSAT TM DATA
photographs No. of

check

Heavy | Slight No points
damage| damage | damage

6.1 Evaluation using the aerial pho-
tographs

A part of the area covered by the aerial
Discrimination | Heavy 30 7 3

40 hotographs was extracted from the out-
damage | (75.0) (17.5) (7.5) PROTOSTP

put image of the damaged areas, and its

by Landsat
J , 14 29 5 magnified image was generated. 81
™ data ihght 41 points extracted as the heavy and slight
amage | (34.1) (53.7) (12.2) damages were selected as check points

for the evaluation in the magnified im-

age. 40 points were selected as the heavy

Table 4 Damged area for each municipality surveyed by Hida  gamage and 41 points as the slight. The

Local Developmen
veop ( Office state of damages for the check points

Damaged area | D@maged areas estimated by were carefully examined using the aerial

Municipali surveyed by Local| -andsat TM data (ha) ) .
unicipality Development photographs and Table 3:is a discrimi-
Office  (ha) Heavy damage | Slight damage | Total nation table of damages for the check

i iscrimi by Landsat TM dat.
Hida city 2851 1584 5379 6962 points discriminated by Landsa ata
and the aerial photographs. Among 40
Ohyama town 636 247 663 910 points discriminated as the heavy dam-
age by Landsat TM data,30 points were
Amagase town 1510 792 1593 2385 discriminated as the heavy damage,and
7 points as the slight and 3 points as no

Maetsue village 1361 579 1449 2028

; damage by the aerial photographs. The
Nakatsue village 665 458 1186 1644 numeral in parentheis shows percentage.
Among 41 points discriminated as the
Kamitsue village 1825 478 1403 1881 slight damage by Landsat TM data,22

points were discriminated as the slight heavy,and 14 points
as the heavy and 5 points as no damage by the aerial photo- 6.2 Evaluation using data on the damage surveyed

graphs. Most (75%) of the points discriminated astheheavy by the Local Development Office

damage by Landsat TM data were the heavy damage, but

the points discriminated as the slight damage by Landsat ~ Hida Local Development Office,a branch of Ohita Prefec-
TM data include not a little  (34.1%) the heavy damage. tural Office,controls over 6 municiparities shown in Fig.1
Putting together the heavy and slight damage,the damaged  and surveyed damages of forests in the municiparities by
areas can be discriminated with an accuracy of about 90%  using the aerial photographs or investigations on the ground.
by Landsat TM data. Examinating 8 points discriminated ~ Damaged area for each municipality was surveyed by the
as no damage by the aerial photographs,4 points were red  Local Development Office and was used for the evalua-
pines and 3 points were deciduous trees and 1 point was tion. Damaged area of each municipality was computed
a cutover. Their spectral reflectance characteristics may be ~ from the output image which extracted the damaged areas
similar to those of the damaged areas. by Landsat TM data. Table 4 shows the damaged areas for
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each municipality surveyed by the Local De- ‘ 8000

velopment Office and estimated by Landsat o (ha)
TM data,and Fig. 6 shows a relationship be- i

tween the both data.Total data including the % é 6000
heavy and slight were used as the damaged ‘?2

areas estimated by Landsat TM data.It can be Z qé 4000
seen from Table 4 that the areas of the heavy S §
damage estimated by Landsat TM data are g"% 2000
smaller than those surveyed by the Local De-  § §
velopment Office but including the slight

damage,the damaged areas by Landsat TM 0
data become larger. As trees are partly fallen

in the slight damage, it is considered that the |
areas of the slight damage may be estimated bFlt
larger than the realities by Landsat TM data ’I{/{

Jincluding no damage area. The damaged ar-

data

eas surveyed by the Local Development Office may count
only the areas of fallen trees where fallen trees and no dam-
age trees are mixed. The regression analysis between the
both data in Fig. 6 shows a high correlation coefficient of
0.893 but not a little rms error of about 1700 ha.

It can be said that damaged areas can be extracted by
Landsat TM data but the estimation of their absolute areas

may be difficult.
7 . CONCLUSION

Damaged areas of fallen trees by typhoons using two tem-
poral Landsat TM data acquired before and after the dam-
age were extracted.The aerial photographs taken immedi-
ately after the damage were used to examine the change
characteristics of bands 1~5,7 and VI due to the
damage The damaged areas extracted by Landsat TM data
were evaluated using the aerial photographs and data on
the damage surveyed by a Local Development Office. The
following knowledges were obtained from this study.

(1) T™M band 5 and 7 show a tendency to increase more
than other bands and Vegetaion Index (VI) shows a ten-
dency to decrease due to the damage.

(2) The damaged areas can be extracted classified into two
groups of heavy and slight by a supervised maximum like-
lihood classification method using a registered image of
band 5,7 and VI of two temporal data.

(3) . The points discriminated as the heavy damage by
Landsat TM data were almost the heavy damage (75%)

* XH
=—line
y=0.3379x + 584.41 o
0 2000 4000 6000 8000 (ha)

Damaged areas estimated by landsat TM data

. 6. Relationship between the damaged areas surveyed
e Local Development Office and estimated by Landsat

,but the points discriminated as the slight damage include
not a little the heavy damage (34%) . Putting together the
heavy and slight damage, the damaged areas can be ex-
tracted with an accuracy of about 90%. Deciduous trees or
pine trees are some times discriminated as the damaged ar-
eas.

(4) The damaged area for each municipality within the test
site was computed from the the extracted image of the dam-
aged areas by Landsat TM data, and were evaluated using
the damage area for each municipality surveyed by the Lo-
cal Development Office through a regression analysis. The
correlation coefficient between the both data was very high
(0.893) ,but the rms error was considerably large (1700ha)
. The damaged areas can be extracted by Landsat TM
data,but the estimation of their absolute area may be diffi-

cult.
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