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ABSTRACT

A Study on the Climate Change and Disaster Prevention Plan

for Forest Fires in Korea

Kang, Seong-Tae

Advisor : Prof. Ryu, Chan-Su, Ph.D.

Department of Atmospheric Sciences

Graduate School of Chosun University

In this study, the general characteristics of forest fires, the changes in the
meteorological environment of the Gangwon area due to climate change and the
relationship between the occurrence of forest fires and the meteorological elements were
analyzed to propose a new forest fire danger index (FFDI) using a new meteorological
element and to verify it.

On the general characteristics of forest fires, wood always contains some moisture,
combustion depends on the moisture content of the wood, and the drying time of wood
in a forest is determined by the soil moisture content. In addition, the moisture content
of wood varies according to the air temperature and the type of wood. Therefore, a
combustible can be ignited with small embers when its moisture content is less than
approximately 15% of its total weight, but it cannot be ignited when its moisture
content is greater than 15%. However, in a large fire, the moisture content does not
matter, and a combustible with a 50% or higher moisture content burns well.

The moisture content of fallen leaves also influences forest fires. A 10% or lower
leaf moisture content is a good condition for a forest fire, and a forest fire rarely
occurs with a 25% or higher moisture content. In addition, the production of fire and
the ignition temperature vary according to the type of forest. Because the type of forest
is determined by the weather, it can be said that a change in the weather environment
affects the occurrence and spread of fires.

The combustion speed is also influenced by the air temperature. When the air
temperature is high, the combustion speed significantly varies according to the moisture
content; but when the air temperature is approximately 0°C, the change in the
combustion speed according to the moisture content is small. In addition, high air
humidity leads to a slower combustion speed; and in the case of combustion as large

_ix_



as a forest fire, a higher wind speed leads to a more active combustion.

The topography of a mountain also significantly influences the development of
forest fires. A different slope direction leads to a different amount of sunshine, wind
direction, wind velocity and degree of dryness of fuel materials. Therefore, the
Yeongdong area, the slope of which is steeper than that of the Yeongseo area, has a
larger damaged area than other sites.

The changes in the climate in the Gangwon area are characterized by a clear rise
in the air temperature and the amount of precipitation, and a fall in the relative
humidity and the wind velocity. The wind velocity significantly varies according to
seasonal changes. Among the changes in the climate elements, the decrease in the
relative humidity is an important factor of the frequency of forest fires.

Multiple examinations via one-way ANOVA using the daily weather data of the 10
observatories in Gangwon-do and significance verification showed that the
meteorological elements such as the air temperature, humidity and wind velocity varied
according to the area. The meteorological elements of the east coast area in
Gangwon-do (Gangneung, Samcheok, Donghae and Sokcho), which has been the most
damaged by forest fires, were compared with those of the other areas in the Yeongseo
area. The daily mean temperature and wind velocity were higher in the east coast area
than in the inland areas such as Wonju and Chuncheon. Thus, the air temperature and
the wind velocity were higher in Gangneung, Sokcho and Donghae, which were
severely damaged by large-scale forest fires in the 2000s, than in the other areas.

Considering that forest fires from a military firing range are significantly related to
the soil moisture content, a new FFDI was proposed via indexing through correlation
analysis by including the soil moisture content, which had not been considered for the
FFDI.

The new FFDI was evaluated and was found to be highly correlated with the
number of forest fires and the size of the damaged area in Gangwon-do for the last 10
years, from 2003 to 2012.
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inclined
length(m)
< 200

height
(m)

<3 <5 < 200

fuel
continuity
Nothing

main
trees
mixed
broadleaf
tree

study
sites
15

<30ha

Division
Small

Table 3.2. Analysis of Large and Small forest fire.
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Flash point(TC)
264
269
272

Wood
zelkova
paulonia

beech

Flash point (C)
240
293
263

Wood
cedar
euonymus
sachalinensis
red pine

Table 3.4. Flash point of the wood.
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AR s A mzkA] ddisert e s AR Ja3k AdxzsiAEA ofn EAR
hEel BAZE SRR si7E A aiRE o] zlojd wizkx] AR obA dxT
FE ol A b WFo A FE AL HeR sA7E A ofstdn. Ty
H ted & & WA= 717 d4E AlEE7E wol AR(AAR ) 5
Auz A= AR oFsixith efal w2 Ao 2R IATE iy B 4l
Hhgrol 7] wjZol =o A2 Sty w2 Ak ofef Hom X3
a3y, A2 /77 ofy ARS(Aub )2 - ofstm e ojujrl 32k

N

of 7 +2 deolth vl 7t Eom Al vhgre]l WEATTE olW 7ol ot
AA HF(FRkE o] Boleal ARE g s A AbEe] &435tE7] A
Eiasg

Aol ti|st st WA A% AAag Feole e s Fo WEdAs
olsfsto] BA7E ofgk W& =2t A AdS HATHeE Aldsh= Ao T4

v AR FEs SRV, AL vEs VA da PSSR

T3 =3e doUM daEdS ASAA B A9ez Hs(RIOA T
dheol ddad W FF, =3 ol o8 vidtets B9 9Im/sec F:=e] Aol 9
g Hd vsA = 800myt HW, EFol o3 HsA = bkmyt H7| = {E

ol AFAAE WFFo] b WAtole] WFS el Byl W] Azl u
fold Bast Ak F Dol FAAZRE 4 A8 e
Ahgro] Ban, el olsh MR AF fZeA AT oleZoz mge] Ve ot

Table 3.7. Air relative humidity and forest fire risk.

Humidity Forest fire risk
< 25% crown fire (15K ) occur
25 ~ 40% well occur, Forest fire does not turn off
40 ~ 50% well occur, rapid burning
50 ~ 60% occur, slow burning
< 60% no forest fire
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. i ,
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S-guvigte] el HstE H 1990 el oF pawe
4,3008H g o A 20006l F 46007 0 =2, !
2010 ¢F 4,800%+4 o & =713+ tH(Table ! e
4.1).

Fig.4.2. Population distribution of
ole] w& JATEEE 1990l S A  metropolitan city and Provin ces. (by

ook 4387 o) 4 2000 o]l oF 464 o & 2010 Statistics Korea, 2010)
ol oF 4867 o & Frtakdth

FEluEhe] Abgdrzs 1960 BANE S/ Al g e Al gl 7]E9]
1A Sl Axds SHCR 23atgie] wesglvh. 224 L 19901

Zo Aol Fagom, ol F 20 HHsn A2 FHORE 372 o]

8) AA FEuhel 7= 5100 ¥ ol rh(bH 375 2013).
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Table 4.1. The population and population density of Korea. 9

Division Year 1990 1995 2000 2005 2010 2013

Population (x10,000 ) 4341 4461 4614 4728 4858 5,100

Population density

5 438 449 464 475 486 543
(peoples / km”)

A QAT FE AR A (5 A )

S-Elvpetel = oF 330nH7He] AFAl A oF 17009 WOl FARAIE SHEkaL Q)
ok A A Tl e E-Auido]l oF 262%E AA|SY] b Ban, sE 9S24
(19.1%), 71k 7HAAH 2= (11.2%), &5 (10.4%) Sl 10%°]73e] HlFS 24
3 9l 1, 2, 33 Aoz w13 Ade wl$ A, 23 AL 12.9% A
AN 25.7% FALAZE EF-8ka dow, 3x AFPL 87.1% AFAA A 74.2%
TAAZE kAL ATk (S B Al Ak, 2010)

o gt F EXWAL oF 99897kmo] i1, x| = WA A= okt 2}4x] &}

e

-

= Hgo] 9F 64.5%% 7} B A-P(19.7%), EE-HE(2.9%), 3+:(2.8%) &
o] AtH(Table 4. 2).

Table 4.2. Land use of Korea.

”Use Forestry  Paddy Road  River House Factory Etc. Total
Divisi ground

z?qrne?) 64,472 19,716 2930 2837 27706 720 6516 99,897
Rate (%) 64.5 19.7 2.9 2.8 2.7 0.7 6.7 100
A A A (E A, 2010)

9) AMHIL, 2013
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Fig. 4.3. The climograph of each stations in Korea (1971 ~ 2000, 1931 ~ 2010).
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2 7P gkt 109 Hd gk ASAH R AFsste] 2001 ~ 201010l 128T=E 7

P 7 W3S 027C/10d 02 A58t Adko] FEsHA ey tH(Table 4.
3)
7]12()
16 — 7| ==7H0|EHF 108 H
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1975 1980 1985 1990 1995 2000 2005 20104

Fig. 4. 4. Interannual variation of annual mean temperature in Korea (1973 ~ 2010).

AP H 7] (Fig. 4.5 199439 191C=2 7¢ =k, 100 Hr g2 A&
oz Aesle] 2001 ~ 20100 183TC= 7Hd =it aglal AT H 17|
WHslgo] APt WEE(027C/10) % 21, Eshe A A F3leA U
B}y thH(Table 4. 3).

A A 7] (Fig. 4.6)2 1998l 89C= 74 :gkar, 1981, 19809l 6.
4C=E vrokth a8la 108 i ge AHH02 4Fste] 2001 ~ 20108 81T

rr

EV

2 7wkt B9 ARl 2 AW FH a2 tinste] At H A 7] 29
Wshgo] 030C/10do= 7P & Fo=m st A4S HAtHTable 4.3). 5,



Seluere] Hitrle Aol AA71ee] Wzt vAE Gage] avkn @ & k.

AdE 7 WEEe J5EES AYstny BT FAHCRE fod S ol
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et ow AZH ®stES 10ded 05T o] dH Feates AFgFew AAAE F
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Table 4. 3. Temperature change in Korea. (1973 ~ 2010, unit : C/10years)

Period

Annual Spring Summer Fall Winter
Element
Mean Tem. 0.27** 0.24** 0.10 0.31x=* 0.53*
Max. Tem. 0.27** 0.26** 0.08 0.29* 0.51=*
Min. Tem. 0.30** 0.25* 0.18 0.38** 0.52*

* |evel of significance a=0.05, **|level of significance a=0.01
712(C) ; L 712(¢c)

=78 =7d08¥E 109 @3

1975 1980 1985 1990 1955 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010

Fig. 4.5 Interannual variation of Fig. 4.6. Interannual variation of
annual mean maximum temperature annual mean minimum temperature
in Korea (1973 ~ 2010). in Korea (1973 ~ 2010).
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Fig. 4. 7. Interannual variation of annual mean precipitation in Korea. (1973 ~ 2010).

Table 4.4. Change of annual precipitation amounts in Korea. (1973 ~ 2010, unit : mm/10years)

Division Annual Spring Summer Fall Winter

Precipitation 55.45 - 5.75 55.20% 6.89 0.15

* level of significance a=0.05, **level of significance a=0.01
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Fig. 4.8. The rate of annual variation of more than 80mm/day rainfall day in each
station (1973 ~ 2010).
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Fig. 4.10. The rate of inter —annual variation of annual snowfall day in each station (1973 ~ 2010).
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Fig. 4. 11. Interannual variations of annual snowfall days (1973 ~ 2010).
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Fig. 4.12. The rate of interannual variation of more than 25C of daily minimum
temperature day in each station (1973 ~ 2010).
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day in year (1973 ~ 2010).
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Fig. 4.14. The rate of inferannual variation of annual asian dust day in each station (1973 ~ 2010).
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Fig. 4.20. Interannual variation of annual most rainfall in Korea (1973 ~ 2010).
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Table 4.5. The climate change at Gangwon province.

Change/decade
1912 2000
Elements \ Year & station -1921 -2009 B-A Gangneung Chuncheon
(A) (B)
1912-2009 1966-2009 1966-2009
Mean Temp.(C) 12.3 13.7 1.4 0.16™" 0.33"" 0.29""
Max. Temp. (T) 16.8 177 0.9 0.08"™" 0.28"" 035"
Min. Tem. () 77 9.6 1.9 0.24™ 0.39™ 0.26™
Tem
p Tropical days 27.8 324 4.6 -0.32"" 0.15 259"
Tropical night 3.1 8.8 5.7 05" 0.47 0.16
=0T 94.4 63.0 -31.4 -4.25 -7.45 -0.84
Climati Precipitation(
c recipitation(mm | 3185 15466 | 228.1 32.89" 62,73 2897
element
s Prec. days 149.9 144.0 -5.9 -0.66 1.34 -1.98
Prec . .
Prec. intensity
(mm/day) 8.0 9.0 1.0 0.18 0.24 0.33
Heavy rain days .
(80mm/day) 2.3 3.1 0.8 0.11 0.27 0.32
Mean Win speed D _ B 2) _
Win (m/sec) 3.0 2.8 0.2 0.06 0.06 0.17
d Max win speed D = = 2) . -
(m/sce) 74 5.9 -15 -0.28 -0.19 -0.59
RH (%) 67.6 43.8 -23.8 -1.1 -2.11" -3.01
Fog days 159% 47 -11.2 -2.44" 3.017
Frost days 8.8” 10.1 1.3 2137 5757
Phenom | pyynderstorm days 105" 13.0 25 0.94°* 1.06”
enon
Freezing days 934" 824 -11.0 -2.78" -0.20”
Asian dust days 16" 95 79 1.84" 216"
Spring Mar. 16 Febh. 21 -23
. Summer Jun. 4 May 19 -16
Startm)g
(date Fall Sep. 11 | Sep. 20 9
Winter Nov. 27 Dec. 5 8
Season
Spring 80 87 7
. Summer 9 124 25
Duration
days)
(days Fall 7 76 -1
Winter 109 78 -31

Y1944-19534

T p<0.10

"< 0.05

21944-2009d

< 0.01

$1960-19693
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Table 4.6. Annual incidence frequency of forest fires.

Year ‘03 04 05 ‘06 ‘07 08 09 10 11 12 Total

Frequency 11 57 41 30 26 25 60 46 39 44 379

‘03 ‘04 '05 ‘0B 'az ‘08 ‘0o ‘10 11
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Fig. 4.27. Annual incidence frequency of forest fires.
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Table 4.7. Monthly incidence frequency and rate of forest fires.

Month  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Frequency 16 49 83 153 31 3 1 1 1 9 11 22 380

Rate (%) 44 129 21.8 403 82 08 03 03 03 24 29 58 100

180 -
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[
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40 -

1 2 3 4 5 5] 7 B o 10 11 12
Month
Fig. 4. 28. Monthly incidence frequency and rate of forest fires.
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Fig. 4.29. The incidence frequency of forest fire in Gangwon region.
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Table 4.8. The significant test of air temperature and air relative humidity in
Gangwon area.

lememts Temperature ( 0.1 C) Humidity ( 0.1% )
Maximu | Minimu | Grass|D e w Minimu
Mean . .
temnerat m m upper|point/|Relative | m
Stations uere bera temperat | temperat | temperat | temperat | humidity | humidit
ure ure ure ure v
Gangneung 77.02a 125.6a 30.4a -22.3b -26.8b 522.3f 33.6d
Donghae 70.96ab 115.3bc 26.0a -14.5ab -21.7ab 565.1cd 35.8¢
Sokcho 66.76ab 110.6cd 23.8a -12.6a -20.9ab 581.2bc 39.8a
Wonju 53.04c 119.8ab -9.7b -41.1c -16.5a 655.5a 36.6bc
Chuncheon 49.80cd 121.3ab -15.2bc -56.0d -18.5ab 659.8a 38.1ab
Yeongwol 46.57cde | 118.1abc -21.7cd -51.4d -38.4c 592.4b 30.1e
Hongcheon | 49.80def 122.4ab -22.2de -51.5d -53.0e 539.7ef 28.7e
Inje 46.57ef 110.9cd -26.8de -64.7e -44.1cd 592.9b 32.8d
Cheorwon 43.07f 104.4d -27.1de -67.2e -47.3de 599.7b 29.0e
Taebaek 25.10g 85.3e -31.4e -65.9e -65.4f 556.4de 33.3d
F-value 37.45" 16.27" 85.83™ 55.43™ 33.09™ 4365 30.92™

a, b, c d f g ¥ Durcan Grouping< e},
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Table 4.9. The significant test of wind speed and meteorological data
associated with rainfall in Gangwon area.

Elememts Wind speed (unit :0.1m/sec)
Cloud . Sunshine
Precipitation .
amount (0.1mm) duration
Mean wind Maximum (unit : %) ’ (30mir1ute)
Stations speed wind speed
Gangneung 29.1b 67.8c 45.2a 21.0a 49.1ab
Donghae 30.0b 71.9b 41.5ab 16.3abc 49.5a
Sokcho 33.2a 80.9a 43.8ab 18.7ab 48.7ab
Wonju 14.1e 46.3f 43.5ab 14.3abc 43.1ab
Chuncheon 14.1e 52.1e 41.2ab 12.5bc 47.4ab
Yeongwol 16.6d 59.5d 43.2ab 14.8abc 49.2ab
Hongcheon 11.9f 41.5¢g 41.5ab 13.1bc 44 .6ab
Inje 18.7c 52.3e 40.7b 11.5¢ 42.8b
Cheorwon 18.2¢ 61.9d 43.2ab 12.5bc 46.1ab
Taebaek 18.6¢ 52.1e 43.6ab 18.5ab 48.7ab
F-value 3045 164.0 1.13V% 218 170N

a,
1%l A 9l

b,
o
=

¢, d, e, f, g= Duncan groupings e,

T5%elA oA e Y R sl



10
B Mean temperature  © Minimum temperature

Gangneung Donghae  Sokcho Wonju Chuncheon Yeongwol Hongcheon Inje Cheorwon Taebaek

Fig. 4. 31. Distribution of air temperature in the Gangwon area.

m/sec

B Peak wind speed(mean) 1 Mean wind speed

Sokcho Donghae GangneungChuncheon Yeongwol Inje Taebaek Cheorwon Wonju Hongcheon

Fig. 4. 32. Distribution of wind speed in the Gangwon area.
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Danger
Very dangerous

FreEF 30%7)F ddEvE o) e FEDI= (100 -35) x 04 + (100 - 25) x 0.1 + (6
Categories
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Table 5.1. The categories by FFDI ( Forest Fire Danger Index ).
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Year Frequency Damage area (ha) FFDI
2003 11 6.40 40.2
2004 o7 705.28 48.2
2005 41 1,168.95 46.2
2006 30 451 37.3
2007 26 11.32 379
2008 25 5.08 35.4
2009 60 57.04 424
2010 46 91.37 46.1
2011 39 110.06 43.6
2012 44 4.48 43.7
average 379 216.46 42.1
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Table 5.3. Monthly data of FFDI, forest fire frequency, and damage area.

Damage
Month Frequency Area (ha) o FFDI
Jan 16 21.0 1.0 489
Feb 49 55.0 2.5 53.7
Mar 83 104.0 4.8 54.3
Apr 153 1910.0 88.2 57.3
May 31 18.0 0.8 46.0
Jun 3 4.0 0.1 36.4
Jul 1 0.0 0.0 239
Aug 1 0.1 0.0 24.1
Sep 1 0.1 0.0 28.6
Oct 9 9.0 0.4 41.2
Nov 11 23.0 1.1 45.1
Dec 22 21.0 1.0 47.3
Total 380 2,165.2 100.0 42.2
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Fig. 5.4. Monthly frequency of the forest fire.

_67_



2500

2000

e
L
=
(=]

i
[
[ ]
L]

Damage arealha)

[®a)
=
L]

Month

Fig. 5.5. Monthly damage areas of the forest fire.

i
(=]

(=3
=

L
—
1

=
(=)

Gt
(=

Forest fire danger index
P2
—

—
[ )
|

[

Fig. 5.6. Monthly FFDI of the forest fire.

_68_



e A (e )9k AR Ae(HlE, y)o] BAE 2487 Aste] 1029

=
AAF A FAE A2 y=0.00846e" " 0 3L, o w R
o

°
= =
2 oF 097% AEAEA o AERA AFE EHS BA e AR F4FH
2t (Fig. 5.7)
70
y = 0.08460-8073x
60 R2 = 0.9792

u
o

IS
o

Frequency ratio(%)
w
o

N
o

[
o

<20 21-30 31-40 41-50 51-60 61-70 71-80 80<
Forest fire danger index

Fig. 5.7. The relationship between FFDI and forest fire ratio( % ).

T, AHESYA| o AHE A gl A (ha) AlelolAM = BAIH R fofdt dA
7F A HATE 2EAAA () bR AW A (y) Akl FAHE g A
y=4.6887¢"0%% 0]l 11 R?E 051% AR AL AASFE A dHdHge 34

& Z7bslE Ao = UEhstth(Fig. 5.8)

e y = 4.6887e0-0288x

160 R2 = 0.5094 -

140
g 120
o
&% 100 -
]
E >
3 80 .
E >
i 60 - = - —

pe * > ./
L J
40 - / - e
-
20 —/_;_/ e =4 b * - -
> &+ &
O hd L L
o} 20 40 60 80 100

Forest fire danger index

Fig. 5.8. The relationship between FFDI and forest fire damage areas.

_69_



Ho

A
A

0%

el

il

el

Ak

CEIE

A

=
=

A2 AHE9E A4~ (FFDI)

o

olo

B

el
i
o

~
;00
I

-

2 3719 Fxo wek Fewa

o

of webd =A 2

A = ]

[e)
He

ZRo] HEAE SepAY 1 =

o WEAAE DepA 1 2o

—_—
fie)

K

ol oF 15% oldhel A5
Frarel 15% ol el Hw %

Z A7E A2

7}

el

-
T

b

d

Y 2

3}
=g

G

W

—

T ik 2Ev ¢

—

el

Ty
)

—

X
Ty

ol

ol
=<}

}1\_]__

ZFol 10% wwtd wj

o

Ba
Ar
o)
Nfo
TR

<

s

t™, 25% o]

S

Aol ol

7ol mel 480C ~ 505C ¢k 240C ~ 27

=
<]

27

J

2TCT7HA Zpol7b dth. ey A

e

el
ﬂ_mo

_70_



5 @A 7] L0] 0T

<]

Fol7h & A

S

9/]

() Mo
X oS M N - B
% Wﬂﬂ%ﬂﬂ poEw
o L~ I ° ; W oM RT WT WO ok o
s SEEEC. SEEETLEE T
T ,urm%ﬁ oy e < =5 - B op
oy dn %o = o)) = > = o s o g .
T o s,%AmrHﬁElﬂ 4T w5
~ n o o= i — Nr < o = W oo 55
i T N T ~ = 1 o o B o b g
B E_smEER@, ﬂﬂr.&%ﬁﬂ%ﬂrﬁ @%fr
© o M fz B o5 TR a %o Jp )
mr - MM MEH B W = Wu MEW B = Wrw o 7 o Mll )
i O . X - — - ]
wﬂ %a ~ B A] e &m T %o W S = o RO T
G X OB Dy S %%moﬂ% o A
™ T o 9 S ~ Ay N X% % o N 30 o oy
Njo <O N o MW ol =o < o
L Y No 70 ~ o Mo AR N X L, T
= .o AR O £3 2 an o W
0 o Ak = X X Tw ™ AR i — )
4 HR o= D G o No 70 ~ ™ o " o
- P w s X Loz e B 4
PoLgiTaeg CEfEicTis T3
W p U E ¥ %ﬂﬂémo%ﬂﬂoﬂ mw\uﬂﬂﬁ
al ﬁmﬁ_wufmﬁww %gg%@ﬂ%@m #Mﬁ@?
= of B p e < o B ok g 9B oo Mo o R RO oy
™ ®g e N M B - o w3
<0 Woo™ Nlo Moo G (Y nE B
IH —~ W o] © = % = X iof-
o "D ﬂmooam]_. _ & T R og T 7o/ % o N
! A4 WX e X 5 5 A o O L ~ o o i
G N = o E Yy = 5 mR = = ~3 i K
Gl T o "y o < o HE T HE o = N ) o 1H ™
B o _ o 4 iy NI It ~ ° % o B T o
~ o z 9 oy < T Ho —y B oo o) R o o =
X 0 Xﬁl ~ O.f — )AL _ . HLA 0 —_ ﬁ i ,mﬂ
oy 5o o O X Jo 5 B & TR T 7o . o o =
P2zt gfsst 3T SErTE
T Ly KR & %W@V@LLHE " o B I
e w XT3 T;E%Uﬂis Hﬁﬂ%s
= < Gl wﬂx N e X o X W < 5 % a5 — 2 W H
) = = X ~ - — o X ~0 o~ ~
2z MR T~al B X T e B <A ~ Bo H] Aqr R o
N =t K ﬁe — ﬂ_mo ol EE X E.o ‘m_ﬂ [y )
R T aﬂammoﬁ}ﬂ% AR
%0 ) 1u s ,ﬁAo 2 RO ~o T o= o =
o) HI JH N ,ﬂl . E = ,ﬂl ~
wow o CEZ DRI
T o 9
R

smdew wd

o

R

=

A
pul

A=
10+ 7H( 2003 ~ 2012)
- 71 -

&

187 Al-A] <

-

T

A

)
S



o o) o N = _ ]
o 1 Zw 3 gt L= = o l
0 —~ - - - -
T 8EYEL® M T G W T R
N R TR g £ mh ) no 7 G N oAﬁ wm o B
PN o - R A olJ - - N D - Br ~o
TR e ) T E Lz T W om B
TR v X X o8 % N g ° ¥ O W x Mo N T
Mo ot oF ~ 9 o Ok - 2 R i S
ol e M Mom oo oW S B < & = WF g H
=z M= T e W oo ol & H = &
ooy N 50 M = RO = m..u T H g o w B o > bﬂ tlo o
NI : p O‘_ - ~ — e
Tad e bmwmed L = % owEET TXFEwow g
¥ T oo M N WA E * ©or P =Fg®E
o = T HRF o Xy TX A B B . TE T o5
o 0T E o e o e g g oo b
grzﬂurﬂu”@;o)ﬁ% el e x ™o v K w R
il o pL H in iy DI nﬂ ﬂa o < ~ o) o X < o= H_.a o > ﬂl
iﬁ_/oﬁElluumﬂ,ﬂo 2o R ET&MM )
PR L eE e oE5 T S I
ﬁ@_oquoi%wooy%% T o9 g e o X0 ol ot
S S 1ie Taelkd NN I o
o U P HE Yo oF S oW = ML . W_\EH o ook w X T o= o X
o L ® oA B° i g s 7 ° T I w N o=
Ay o+ o R % o W W ow ok s % <0 o T ~o ~ o Hy e
st )AL H_.E .10 Oﬁ o0 T ,ﬂl ,ﬁE ,ﬂl EME R EME X ,M 1._A|_| X Qﬂ T EO
A S TR IR - RE e d " wITEN R
LEfdE g REY LD SAEIE L SV T
e o BSX g o B AR o T AW o K %0 o A i %t 4 =3
oo g B ¥R N N %gﬂﬂﬁﬂ&é}ﬂ%w,%
%ﬂﬂ%iﬂP_onT@m & =M " S 9 %&%7MH2%
# o uow%ﬂmrururzﬂ wool 2 1mma%%,%ﬁﬂ%7o$
) = M 0 M AN 4 ol <0 o | IH o= gR 1o w %o Ar 4 o)
X o 0 o »i TR ‘_f - =X =y O] —
-~ & oo ™ &) .o R — oW N Moo B
N oo 'S A ~ o o Ao = RECHEGS 2 o
op o N g I e o| g =% = N oy N s - o -~ X~
;.qq@oﬁﬂwwgv@%% s * 5 2 R T AR SR
T OB T o o e = aooiﬂﬂﬂﬂnl%mﬁEch@.
Oﬁ < e oo ° X s AN l © l ,HL = Z‘.ﬁ N v By =
T Ko B _ T S, — o 10 L 5 oo of 5 ¢ [~ M Wox oM Lo X
Mg oo B T8 g =33k T IR R B -
e e ol X @ o 2 xR o BN o ~ ™ mo 1o <)
1 X ..OM = < O Ny ,ﬂl 7o) —_ A,rv 2
S SG T WIS N ow " . H 9 0 K o o @ T
2 = W W OR o urm _
0

- 72 -



WA A 2AA oA ABUA EFrT e fold wE Aol 2
Fatel FuEA BAL B HRADES AEA A%H Gy oo dgaE

S8l thew} o] A ekt

L Agtat abe e 4 vaa 2o
FFDI=0.4RHI+0.1EHI+ 0.3 WSI+0.2SMI

2. AlrE ABAVAFE AZD 27, W3IRH 012474 F 1093 49
=AY ARAAATE AAUA L HRAPAT) FFHOE B YA
2 WothFig. 5.8). & ARFAATE ¥4 ARVANF) AR H v o

0] F7lara.

AFus, 53 AT evste A A6l wek wEk sFEAL, ol
whe o] @Ak
SER

Z 73 nulgto] B AE T Ao] =olA 1 . o]
Aol R gdiE vheAdel AEsta Atk Eﬂri‘r’ﬂ oF
A8k A 9 AFel ol FolAck & Zolu,

T3 2 ATE S AEE AEE AEAEAs 45 G850 Er <l

=2

o

@A 2 ARG At slelsu, o we A7 s 24l 57
g Jlogn

_73_



77-81.

at7].

S

A -

Gl

S

2~

W3\ A, 4-5.
=

W3} o

a ®-A 7]

S

e}
T

J, 2011, A %}7]

A

s

W) 2003, AA A
T4, 2010, 71

A

i

7]
1, 19-114

i
/6} o

H
=

|~
[e)

<]

%
=¢7]

B!

ot

3], 7(4), 235-239.
o] &3t AH&E3HAF Simulation ¢arg]

, 33-39.

=

=

A-&2, 199, GIS

o0
!

)

st3]#], 87(4), 528-534.

7-44.

71%, 1999, OLE A& 3}

B

o

GIS®] AR&AF e sfo] = Jlko] 2

3
317, 2(1), 63-72.

o]%?‘s

=
=

=]
T

aH-8

]

s
fa

)=]
AHE

3%, 1(2), 1-13.

P& ro] mx

Eis

°ol-&

=

=

1

°
=1,

314, 3(3), 135-142.

I R

hi4
=

3]#], 8(4), 250-259.
°

i, Az, Sxlok, 1998, GIS
— 74 —

- ul
.

1

°
=1,

, 50, 150-157.

]

£

= A2 B

=
fu

i

5]
1

Arra AR A B3k A
5]
5}

hi4



A A5 Ak, s 2ot =), 19(4), 7579,

oA, TG, AWF, oW, 2004, N1FEHS o §F AT AE WA FF &
@ N s w78 E s A, 6(4), 242- 249.

o8k I AE, 2006 , SPSS 120 wiw<&. HiEAk 4-17.

DEH, NFH, ol ET, A5, 2006, /1 TS e] whE HFAENA G - S
@ ATAG - FFEY 715 A, 8(3), 199-207.

Ao, oA, PR, 1994, AZIPL Aol B AT AP AFRIL,
38, 117-123.

A3, D, 199, 714 ARS o] &3 AE w4 FE wHY AW BT

A, 85(1), 15-23.
=g g ARG 7rA T4, 2005, 71t FE I 2 A S AL = ML 101-112.
44, 1987, 71743 kA Ak A, 13-27.
IAAH A, 1951, #Rpkk S & WIE o BIfRic bz, HARGE, 59, 179-181.
Alan Juvenbille, and M. W. Twight, 1993, Outdoor Recreation Management :

(

(o

Theory and Application. Venture Publishing Inc., 99-124

Alexander M.E., and W.]. De Groot, 1988, Fire behavior in jack pine
stands as related to the Canadian Forest Fire Weather Index(FWI)
System. Can. For. Serv. North. For. Cent., Edmonton, Alberta. Poster,
8-45

Alexander M.E., B.J. Stocks and B.D. Lawson, 1989, Fire behavior in
black spruce-lichen woodland : the Porter Lake project. For. North. For.
Cent., Edmonton, Alberta. Poster. 36-68

Alexander M.E., Stocks, B.]., and Lawson, B.D., 1996, The Canadian Forest Fire
Danger Rating System. Initial Attack, Spring, 5-8.

Amiro B.D., Logan K.A., Wotton B.M., Flanigan M.D., Todd J.B., Stocks, B.],
and Martell D.L., 2004, Fire Weather index system components for large
fires in the Canadian boreal forest. International Journal of Wildland Fire,
13, 391-400.

Anderson H.E., 1983, Predicting wind-driven wildland fire size and shape.
Research Paper INT-305, U. S. Forest Service, 12-32

_75_



Beatriz P., and M.M. José, 1998 Methods for quantifying fie severity in
shrubland-fires. Plant Ecology, 139, 91-101.

Bonham-Carter G.F., 1994, Geographic Information System for Geoscientists:
modeling with GIS, Pergamon. 13-43.

Cheong, Yeon Ha. 1992, Burning Behavior of Forest Litter and Forest Fire
Danger Rating in Relation to Weather Conditions. Seoul national
University Ph.D. thesis, 48-49.

Chung ChangJo, F. Adrea and G. Fabbri, 1999, Probabilistic Prediction Models
for Landside Hazard Mapping. Photogrammetric Engineering & Remote
Sensing, 65(12), 1389-1399.

Countryman C. M. 1972, The fire environment concept(Pacific Sauthwest
Forest and Range Experiment Station. U. S. Forest Service, 7-34
Deeming J.E., Burgan R.E., and Cohen J.D., 1977, The national fire-danger
rating system-1978. USDA For. Serv. Gen. Tech. Rep. INT. 39-63.
Deeming J.E., RE., Burgan and J.D. Cohen 1977, The national fore-danger
rating system-1978. USDA For. Serv. Gen. Tech. Rep. INT39, 63pp.
Ezequiel V. Albanp, 1995, Spreading analysis and finite-size scaling study of the
critical behavior of a forest fire model with immune trees.

PHYSICAL A. 1995(216), 213-226.

Flanigan M.D., Logan K.A., Amiro B.D., Skinner W.R., and Stocks B.]., 2005,
Future area burned in Canada. Climatic Change. 72, 1-16.

Garcia C.V., and Lee B.S., 1993, Mapping risk of wildfires from human source
of ignition with a GIS. Proceedings of the Thirteenth Annual ESRI User
Conference, 1, 15-84

Jo Myung-Hee, Jo Yun-Won, Oh Jeong-Soo, and Lee Si-Young, 2001, The
Design and Implantation of Dynamic Load Balancing for Web-Based GIS
Services. Asian Conference on Remote Sensing 2001.

José R.A., MF. José, J.J. Maria and G. Pascual, 2001, The effect of fire inten
sity on the understory species composition of two Pinus canariensis refor
ested stands in Tenerife. Forest Ecology and Management. 148(2001), 21-
29.

_76_



KIM SYY. Lee B.D., and Chung J.S. 2005, Evaluation of the Forest Fire
Danger Rating Index Based on National Forest Fire Statistics Data.
Korean Journal of Agricultural and Forest Meteorology, 7(4), 235-239.

Kustanta B. P., 1999, The use of geographic information system for forest fire
management in indonesia. A| WA GHA 2] GISE&of #3t A AL}, =
Edae 21-4

Lee B.S., Alexander M.E. Hawkes B.C., Lynham T.J., Stocks B.J., and
Englefield P., 2002, Information systems in support of puter and
Electronics in Agriculture. 37.

Lu Phillip Feng and Ping An, 1999, A Metric for Spatial Data Layers in
Favorability Mapping for Geological Events. IEEE Transactions on
Geoscience and Remote Sensing, 37(3), 1194-1198.

Roy D.P., L. Giglio, J.D. Kendall and C.O. Justice, 1999, Multi-temporal
active—-fire based burn scar detection algorithm. International Journal of
Remote Sensing, 20, 1031-1038.

Stocks B.J., 2000, Climate change : implication for forest fire management in
Canada. Initial Attack, Autumn, 2-5.

Stocks B.J., Fosberg M.A., Lynham T.J., Merns L., Wotton B.M., Yang Q., Jin
J. Z., Lawrence K., Hartley G.R., Mason J.A., and Mckenney D.W., 1998,
Climate change and forest fire potential in Russian and Canadian boreal
forest. Climate Change, 38, 1-13.

Stocks B.J., Lawson B.D., Alexander M.E., Van Wagner C.E. AcAlpine
R.S., Lynham T.J., and Dube D.E., 1989, The Canadian forest fire
danger rating system : an overview. For. Chron, 65, 450-457.

Sunar F., and C. Ozkan, 2001, Forest fire analysis with remote sensing data.
International Journal of Remote Sensing, 22(12), 2265-2277.

Van Nest T.A., and Alexander ML.E., 1996, System for Rating Fire Danger and
Predicting Fire Behavior Used in Canada. National interagency Fire
Behavior Workshop Report, 17-38.

Van Wager C.E., 1987, Development and structure of Canadian Forest Fire

Weather Index System. C.E. Canadian Forest Service, Ottawa, Ontario.

_77_



111-147.

Web site
Canada Fire Research Network Homepage @ http//www.nofc.forestry.ca

/fore/frn/English/frames.htm

USFS, 2000, An agency strategy for fire management : http:/www.fs fe
d.us/fire/planning/USDA_Report. pdf.
USFS. 2000. National Fire Plan. : http://www fireplan.gov/president.cfm

_78_



	제1장 서론  
	제1절 국외 기술개발 현황  
	제2절 국내 기술개발 현황  

	제2장 연구 대상지역과 자료 및 분석방법  
	제1절 연구대상지역과 자료  
	1. 연구대상지역  
	2. 연구자료  

	제2절 연구방법  

	제3장 산불과 기상  
	제1절 산불  
	1. 산불의 정의  
	2. 산불의 기본원리  
	3. 산불의 발생 요인  
	4. 우리나라 산불의 특성  
	가. 산불의 연소 특성  
	나. 산불의 연소 유형  
	다. 산불의 구분  


	제2절 목재와 연소  
	1. 목재의 연소  
	가. 목재의 건조과정  
	나. 목재의 열분해와 발화  

	2. 함수량과 연소  
	가. 목재의 함수량  
	나. 함수량과 연소  
	다. 함수량과 연소실험  


	제3절 대기의 상태와 연소  
	1. 습도의 영향  
	2. 기온의 영향  
	3. 풍속의 영향  

	제4절 산불과 기상  
	1. 산불과 기상  
	2. 산불과 지형  


	제4장 우리나라의 기후변화와 산불발생  
	제1절 우리나라의 자연 및 인문환경  
	1. 자연환경  
	2. 인문환경  

	제2절 우리나라의 기후변화  
	1. 기온  
	2. 강수  
	3. 현상일수  
	가. 일강수량 80mm 이상 연간일수  
	나. 연간눈일수  
	다. 일최저기온 25℃ 이상 연간일수  
	라. 연간황사일수  
	마. 연간서리일수  
	바. 연간얼음일수  

	4. 극값  
	5. 극한기후지수  
	가. 최고기온 99퍼센타일  
	나. 최저기온 1퍼센타일  
	다. 일최저기온 0℃ 미만 연간일수  


	제3절 강원지역 기상환경변화  
	제4절 강원지역의 산불발생  
	1. 연도별 산불발생 현황  
	2. 월별 산불발생 현황  
	3. 지역별 산불발생 현황  
	4. 임상별 산불발생 현황  
	5. 기상자료의 다변량분석 및 기상대별 기상인자의 평균차 검정  


	제5장 산불예방을 위한 산불위험지수 제안  
	제1절 우리나라의 산불위험지수  
	제2절 산불위험지수(FFDI) 제안  
	제3절 결과 및 고찰  
	1. 산불발생과 산부위험지수 관계  
	2. 산불위험지수 회귀분석 결과  


	제6장 결론 및 제언  
	References 


