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ABSTRACT

There are many forest fires every year in Japan. To prevent forest fires is very important in terms
of defense of personal property, preservation of forest and earth environment, ete. There are two
methods for the prevention of forest fires. One is to stop an outbreak of fire, and the other is the
prevention of fire spread. This paper focuses on the prevention of fire spread. The fire spread of
forest fires is strongly influenced by topography and wind. It is the purpose of this paper to
develop the topographical classification method in the prediction of disaster zomes in forest fires using
DTM. Inthe case study, this paper treated the forest fire in Manba-city and Takehara-city, Japan.

1L.INTRODUCTION
The latest development of GIS (Geographic Information System) has led to its diverse use in the

prevention of disasters. For such use, however, it is necessary and effective to comprehend what
the disastrous phenomena iraply. Forest fires happened at Manba-Machi, Gunma Prefecture, Japan in

April 1995 on the one hand, and Takehara City. Hirosima Prefecture in August 1994 on the other.

Fanned by strong winds, leaping flames spread and expanded in both areas, the damages amounting
to the highest ever magnitude in the respective prefectures. In Takehara City, the loss caused by the
fire ran into approximately 500 million yen (about 4.2 million dollars), one of the severest forest
fires in Japan. Inthe wood fire at Manba-Machi, the author chartered a helicopter to take aenal
photographs of stricken areas and perform an on-the-spot survey and data collection. Also carried
outwas 4 minute site survey of the forest fire at Takehara City. The results of these surveys
and investigations suggested to us that there wag a great topographic influence on the wind direction
and velocity in the spread and expansion of fire. This paper describes what topographies have
impacts and how they exert certain influences on the spread and expansion of forest fire, and submits

a report on the method of topographic classification we developed based on the results of our discussion.

The analyses begin with a preparation of detailed map of disaster areas based on the aerial photographs
and site surveys. Six topographie factors are then extracted from the numerical topographic maps such
as altitude, slant and relief in the regions forming the subject of study including the disaster
areas. The quantification theory type I, one of the statistical techmiques, is employed to analyze

the topographic structure of the regions and prepare a wind force/topographic classification map.

Last, the spreading direction, velocity and distance are calcuiated on the basis of the wind direction
and velocity as collected to evaluate the petential risk of the respective regions in the wind force/ftopography
classification map. Application of the techniques described in this paper to the forest fires in
Takehara City and Manba-Machi gave good results. The topographical features have great impact
“on the spread of forest fire. This paper could confirm that the most important information
is the topographic geometries representing how steep or moderate the topographies arve and
in which directions the topographies are slanted. This topographic information, together with
the wind direction and velocity turned out to allow us to predict disaster zones of forest fire.
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2.0UTLINE OF THE FOREST FIRE

(1)Outline of Manba-city and Takehara-city "

Manba-city has forestry as the chief industry.
There are a lot of manage sugis and hinokis.
Topography in the fire damaged area is a steep
mountainous region with a height about 1,000min
Manba-city. Takehara-city is touched by the bay

_on the inside and three ways are enclosed by the

mountains of height from 200 to 300m.
(2)Outline of the forest fire

Table 1 shows the outline of the forest fire.
(3)Weather observation information at fire time

ble 1 Outline of the for

st_firg

Manba

Takehara

Topography in the
fire damaged area

Steep mountainous region
with a height about
1,000m

Three ways are enclosed by

the mountain of height from

200 to 300m,and is touched
the bay on the inside

Time of fire outbreak

11:35Apr1 27,1993

15:33 August 11,1954

Time of extinguishing
of fire

13:40,April 28,1993

14:00,A0gust 20,1984

Forest type

Sugi(20~~45 years of growth)
Hybrid{10~45 years of growth}
Matural forest 30%

Manage forest 70%

Coniferous forest 17%
Hybrid forest 83%
Matural forest 82%
Manage forest 12%

Burnt_area

About 100 ha

About 378 ha

Damage amuount

About two million dollars

About 4.2 million dollars

Qutline of the fire
fighting actions

Fire fighting actions were
done by the fire brigade
on the ground and in the)

air

Fire fighting actions were

done by the fire brigade

on the ground and in thel
air

and the velocity of win_d in Manba and Takehara.

Fig.1 and Fig.2 show the data of the wind direction
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(bYWind velocity
Fig.1 Time change in wind direction and wind velocity of the forest fire of Manba
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(b}  Wind velocity
Fig.2 Time change in wind direction and wind velocity of the forest fire of Takehara

104

International Archives of Photogrammetry and Remote Sensing. Vol. XXXIII, Supplement B7. Amsterdam 2000.



Koizumi, Tosio

(4)Figure of the burnt area

Fig.3 shows the burnt area that was made by the home forestry administrative office in Manba.

Fis.rg4 shows the burnt area that was made by Take]lara,firehoFuse.
N : Y- (= B .
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Flgurs of fire movemant at Morlla w
Tima of fu 33, apel
T dminaws of e 138, AR TATY

: ROt Wiy
N e 15 . point)

“Time of fire outbraak 15:33. Avgust 11, 1994

L Tima of repression of 3 fira 17:20. huguse 12, 1984 A :Fira outbeask point {Analysis paint)
| B oo Time of firs racurrance  Z0:26. Auguat |2, 1354 Bovis: Firm spark point  {Analysis poing)
T . I . . - . Tltnsofuprcs.sioﬂnfaﬁru \7:uaiAuwsv.is. 1934
Fig.3 Figure of fire movement {(Manba) Fig.4 Figure of fire movement (Takehara)
(5)Circumstances of the spread of the fire
(DManba )

From my own on-site inspection and movement figure of the fire that was made by the Fujicka
firehouse, the circumstances of the spread of the fire are shown as follows. Fig.3 and Table.2 show
the circumstances of the spread of the fire. The fire that broke out at point A spread and extended
to the southwest. The fire leaped to point B, but the fire was put out at once. The fire that spread
to the southwest extended to the ridge and strongly burned in the slope east of the mountain at
about one pm. The fire that arrived in this side of the ridge leaped to the mountain on the east
side across a valley by strong wind. During this time, the fire leaped to the mountain in the east.
The fire which had leaped had burned down the whole slope of west of the mountain on the east
side and leaped to point E and spread to the east. At this time from time of fire outbreak was best
burning. At the time that fire arrived at the ridge of east side mountain, the wind velocity became
weak and the fire certainly did not reach the slope of east of the ridge. Sparks of fire must have
been carried by the wind to the ridge.

Table 2 Spreading situation of the forest fire of Manba
i Fire outbraak | Wind | Wind velocity | Spread time .
F_’omt data direction (m/s) o Repressod time Note
A | April 27 11:35 NwW 8.0 40 Fire outhreak
B | April 27 13:00 NW 73 30 . spark
c | Apriizz 800 | W 1.4 b fLethad ie| ek
p April 27 15:00 w 35 54 28th 13:40 i spark
E April 28 6:00 SE 22 90 spark
F | April 28 11:00 NE 3.8 74.0 spark

@Takehara

Fig.4 and Table.3 show the circumstances of the spread of the fire.The fire broke out from
Mt.Takamaru (point A) on August 11,1994 at 15:33, and leapt to the east side slope of Mt.Ryuou
{(point B) before the wind from the east about 10m/s.The fire would burn 86ha on the Takehara-
city side and 2lha on the Mihara-city side by 17:20 on the 12 and be repressed
temporarily. However,the fire which remained under the grass leapt by the strong wind,and the
fire rekindled from two places at about 23:30 on the 122 Afterwards,the fire leapt to the west side
of Mt.Ryuou (points E,F,G).The fire burnt 212ha by midnight on the 14'*. 59ha was burnt down

by 17:00 on the 15,

Table 3 Snreadine situation of the foragt fire of Takebara
i

Wind |Spread] Change in Spread| Change in Wind | Sproad]

. Wind - " . Wind . L . Wind " ; Repressed
Fire outbreak date| ,, — . [ velosity | time wind | welocity | time wind | velocity | time . Mate
" divection) ey | )| avaotion (3| KON n/g) | (| diuction () divectiont /) | @y | fme
A | August 11 15:33 E 68 135 | 12th3;00 NE. 4 4 12th 7:0G E 5.6 29 12th 9:55 |Fire outbresk
B _| August 11 23:27 E 4.8 36 12th 3:00 NE 4 4 12th 7:00 E 56 29 12ih 9:55 Spark
C | August 12 23:26 E a2 246 NO change in the wind direction 14th 0:00 Spark
1] August 13 1:00 E a1 23 NO change in the wind dirsction 14th 0:00 Spark
E | August 19 16:00 E 6.7 17 ! 14th 9:00 SE | 43 31| 14th 20:00 E 28 13 1 15th 9:00 Spark
F_| Aagust 13 16:00 E 8.1 17 [1ath5:00] SE | 43 | 11 {iath20:00] E | 28 T 13 | 15th9:00 Spark
G | August 13 17:10 E 8.7 5.8 NO changa in the wind diraction Spark
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3.METHOD OF THE TOPOGRAPHICAL CLASSIFICATION SYSTEM FOR THE FORECAST
METHOD OF FOREST FIRE DAMAGE

It is the purpose of this chapter to develop the method topographical classification system for the
forecast method of forest fire damaged axea. In the first place, this paper analyzed the
topographical structure of the regions which became the object of this study with some
topographical factors, and contracted the land form classification map. Secondly, this paper
decided the dangerous condition of each region in the land form classification map according to
the direction of the wind.

(1)Sampling of topographic factors

This paper sampled six topographic factors as follows. The analyzed area are within a radius of
about five kilometers and seven kilometers including the damaged area in Manba and each
Takehara. The sampling area for sampling of topographic factors are a rectangular area of a
radius of 2,250 meters and 1,750 meters around a center of given measurement point in Manba
and each Takehara. These values are decided by a growth curve.

-Slope form: this factor separates even slope form, dent slope form, and protrude slope form.
-Angle of inclination: the greatest angle of inclination in the rectangular area.

-Direction of slope: this factor separates eight directions.

-Relief amount: Difference of highest elevation and lowest elevation.

-Elevation

-Existed direction of highland: this factor separates eight directions.

(2)Method of the topographical classification system

Table 4 The characteristic quantities of topographic factors in the principal component (Manba)
o] 57 ] T8 [ et b T it [t | s T et [ e | e
Gharacteristic] 0 450 | 611 EE 560 | 580 14 515 KA 0 780
: L] : : : : : : 4 : : : L] :
450 590 | 5000 15 611 780 3 560 7.5 515 5000
Characteristi
;:rmu.:s “l 154 (115] 102 | 043 | 041 0.28 1] =010 §-02] 033 -090 | -1.02|-14| 1385

This paper did quantification 3 to analyze the
principal components of the six topographic factors.
In this place, this paper used the hypothesis
that principal components of topography which
influence wind distribution are: a principalcomponent
of gentle rise and fall or not, "principal component of
land form" ,and a principal component of inclination
direction of land by quote from my study results?
this subject. Table.4 shows the characteristic quantities
of topographical factors as regards land, that is to
say slope form, angle of inclination, relief amount,
elevation in first principal component arranged in order
of size in Manba. From this result, the relief amount
becomes small value as the elevation increased; that is
to say, become land of gentle rise and fall. In Manba, the
first principal component is principal component of land
form, and the second principal components and the fourth
principal component are principal components of
inclination direction of land. This paper made a land form

Senle

1] . 500

1000m

Legend

[nclination direction of land :

1 Morth, 2 Northeast. 3 East, 4 Southeast, 5 South
i Southwest, 7 West, 8§ Northwest

e . . . land form
classification map for wind force. Fig.5 shows the land from (1) Stasp Topograghy, (2) Gentls Tepography

. ) , i, (Arialysis poi
clasgsification map for wind force of Manba and Takehara. I Zgamﬁ:e::,',’f i (cAT,:K;',Z f:,'.r,'.?)

(3)Making forest fire risk district sectional map drawn
by analyzing topography

Fire risk on each district sectional areas
classification map for wind force were analyzed based on

‘in the land form

Fig.5 Land form classification map
for wind force ,points of fire cuthreak
and spark of a fire {Manba)
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the wind divection at the fire. Intention of the risk judgment are shown as follows and the risk
judgment is shown in Table 5 in Manba.

(2) Relative degree of wind force based on the inclination direction of land were judged by conical
land form model shown in Fig.6, that is to say land form was separated by eight inclination
directions and the relative fire risk of each districts was judged .

() Fig.7 shows the relation between the inclination and the velocity of the wind. of geographical
features concerning the fire spreading velocity of a fire. It was assumed that the risk of gentle
geographical features was higher in Manba where the velocity of the wind was small based on
this figure. Oppositely, it was assumed that the risk of steen geographical features was higher in

Takehara where the velocity of wind was large. Fire rick ~
Table 5. Fire risk jpdgemen) analysis based on the iopography 123456
. Firs risk Charagcteristic of district “ >
There are highlands on the main wind small big
1 direction side to the measurement point,

and a gentla topography area.
There are highlands on the main wind

direction side to the measurement point ’ ® 5
2 and a steep topography area, as well as 3 4
highlands on the main wind direction on G

the opposite side to the measurement.
point and a gentla topography area .

There are highlands on the main wind Main wind direction 4
directicn opposite side to'the ° 3 4
maasurement point and a steep 5

3 topography area, as well as highlands on
the main wind direction diagonal cpposite
side to the measurement point and a
gontle topography area beyond which there

Fig.6 Fire risk judgment analysis based on the topography
(schematic diagram) in the Manba

are not highlands. ]
There are highlands on the main wind Small _ Tilt angle %rge
direction diagonal opposite side to the 20deg 4Ddeg
measurement point and a sisep Small  { Bm/s)

4 topography area, as well as highlands on . . Main fire spraading speed | Large > Stmall
the main wind direction diagonal side to Wind veloct Main fira_sproading speed | Small < Large
the measurement point and a gentle Largs (10m/s)
topography area.

Thera are highlands oh the main wind .
diraction diagonal side to the measurement Fig. 7 BRelationship between Lilt angle and
point and a steep topography area, as well wind velocily for main fire spreading speed

as hightands at vight angles to the main
wind direction to the measurement point W
and a gentle topography area. i
There are highlands at right angles to the
i main wind direction to the measurement

point and a steep topoegraphy area.

Note: Area of large numerical value of fire risk is
more dangereus than area of small numerical valus of
fire risk.

{(¢)From combination of (a} and (b), relative
fire risk judgment was made.

(d)Fire risk showed six grades.

Fig.8 shows fire risk district sectional map

drawn by analyzing Fig.5 based on the Legend
. . . - . A Fire outhreak point
southeast wind direction in Manba. This ~ B~F Fire spark point
method can draw fire risk district sectional Fig8 Tire risk district sectional map analyzed
map for any wind direction. according to the topography (wind direction : southeast)

4. FORECASTING METHOD FOR FOREST FIRE DAMAGE FORECAST DISTRICT

Thie paper made the sectional map of fire damage forecast disirict by analyzing fire spread
direction, spread speed, spread times and spread distance, based on the fire risk district sectional
map which is based on the topography. The example of Manba is explained as follows.
(1)Calculation of fire spread direction, spread speed, spread times and spread distance™.

This paper calenlated fire spread direction, spread speed, spread times and spread distance.
The results are shown in Table 6.

(2)Making of sectional map of fire spread forecast district.
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Table 6_Fire spread dirsctionspeedtimes and distance (Manba)

. . . Maximum Tilt angla of -
. Firs speak time |Fire spreading tima|  Wind velocity P " Wind direction 8w
Fire outbreak dotel (i iccky w )| gntion 5| animan taop

A Apr. 2793 12 4 0 1515 178 135(NY)

B Apr. 2743 13 3 .3 57.5 18.0 1385(MwW)

c Apr. 2793 18 ] A 515 141 90(w)

D Apr. 27°93 15 5 . 8040 181 9008}

E Apr. 2893 [ 9 £0.0 157 315(SE)

F Apr. 28 ‘93 11 4 . 02.5 10.0 225 N}
Main fire spreading| Main fire spreading| Side fire spreading ozsxa:rga Main fire spreading] Slds_ﬁre sproading O;:::::;r::‘;e .
diraction 8 {deg)| speed Vo (m/h} | speed Vs (m/h} speed Vb (m/h) distance {m} distance (m) distance (o}

A 42 408 5B 10 1992 20 49

B 43 462 62 13 1386 B& 39

[v] 7 134 91 67 1206 1% 603

D 37 208 78 a2 1040 385 185

E 23 79 43 27 i1 387 243

F 17 213 95 42 1092 384 168

Fig.9 Sectional map of fire spread
forecast district (point C)

r ey e

scate 30 Igoom

Fig.10 Sectional ﬁlap of fire spread
forecast district (whole area)

Sectional maps of fire spread forecast district were made for fire outbreak point and on each fire
spark point. The area was decided by main fire spread distance, side fire spread distance and
opposite fire spread distance. By way of example, a sectional map of five spread forecast district
for point C is shown in Fig.9, Fig.10 shows a sectional map of fire spread that combine map from

point A to point F.

(3) Making of sectional map of fire damage forecast distriet.

This paper made a map that combines
sectional map of fire spread forecast district
and fire risk district sectional map, analyzed
based on the topography of each wind
direction at the time of fire outbreak and
spark from point A to point F. Fig.11 shows
the map on point C. This paper assumed that
the fire at the fire outbreak point and fire
spark points will spread to areas of more fire
risk than area of the point. For example in
point G, the area that has a high fire risk
area than area of point C and area that
borders on area of point C exist on the east of
point C in Fig.7, so the fire

W

Fig.11 Combined map of sectional map of fire spread
forecast district and sectional map of fire risk district
(point C, wind direction : west)

should spread the area east of point C. Fig.12 shows the sectional map of fire damage forecast
district at the point C. Fig.13 shows the sectional map of fire damage forecast district that

combined the point A to point F into one.

Furthermore, there is figure of burnt area in Fig.13.
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Fig.12 Sectional map of fire damage
forecast district (point C)

(4) Discussien and making of sectiopal map
of the final fire damage forecast district.

In the Fig.13, the burnt area is in a
sectional map of the fire damage forecast
district, but the accuracy is not sufficient.
The cause of this error will be the error of
establishment of wind direction and the lack
of careful consideration to the fire actions. In
this paper, wind direction wag established by
the wind direction at the fire spark time of
the point, but the wind direction changed
every moment. Especially, wind direction
changed vemarkably after the fire spark
time of point C. Then, this paper
investigated for the second time about the
wind direction at point C. As a result, just
fire spark time at point C is the west wind,
but after that wind direction can be seen
changed from the west wind to the north-
west wind. So this paper corrected the west
wind to the north-west wind at the point C.
The result is shown in Fig.14. Furthermore,
fire of fire spark point B was got under
control at once. So this paper thinked that
the area of point B was damaged only just
the circumference of point B and corrected
Fig.14 to Fig.15. Fig.15 shows the sectional
map of the final fire damage forecast
district.Takehara was analyzed by almost
the same method.Fig.16 shows the final map
in Takehara. ‘
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 impact on the spread of forest fire This ~ !

5. CONCLUSION AND CONSIDERATION

The results of this paper are as follows:

(D Although there are some problems,
validity for the forecast method of forest
fires in this paper could be confirmed.
Especially this method can be usge for all
wind directions.

@ The topographical features have great

Forefastidi

I B e

paper could confirm that the most important
information is the topographic geometries I e
representing how steep or moderate the Tig.16 Sectional map of fire damage forecast
topographies areand in which directions the district (whole area)

topographies are slanted.

These topographic information, together with the wind direction and velocity turned out to allow
us to predict disastered zones of forest fire.

@Takehara has improved when an analytical result of Takehara and Manba are compared.It is
thought that the reason for this biggest cause is that the wind direction and the value of the
velocity of wind in Takehara were able to be decided accurately compared with Manba.l think
that setting the wind direction and the velocity are imporiant when this technique is applied for
this reason.

S

Ve -
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