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ABSTRACT

This study was conducted to develop a forest fire occurrence model using meteorological
characteristics for the practical purpose of forecasting forest fire danger. Forest fire in South Korea is
highly influenced by humidity, wind speed, and temperature. To effectively forecast forest fire
occurrence, we need to develop a forest fire danger rating model using weather factors associated with
forest fire. Forest fire occurrence patterns were investigated statistically to develop a forest fire danger
rating index using time series weather data sets collected from 8 meteorological observation centers.
The data sets were for 5 years from 1997 through 2001. Development of the forest fire occurrence
probability model vsed a logistic regression function with forest fire occurrence data and
meteorological variables. An eight-province probability model by was developed. The meteorological
variables that emerged as affective to forest fire occurrence are effective humidity, wind speed, and
temperature. A forest fire occurrence danger rating index of 1 through 10 was developed as a function
of daily weather index (DWI).

Key words : Forest fire occurrence, Meteorological characteristics, Forest fire probability model, Logistic
model, Dailly Weather Index(DWI)
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Table 1. Regional status of fire occurrence using forest fire occurrence probability model.(1997-2001yr, Feb. * Mar. - Apr. - May)

Year
Class 1997 1998 1999 2000 2001 Total
Gyconggi 73 33 30 77 119 332
(19.8%) (17.1%) (14.8%) (13.2%) (20.0%) (17.1%)
Greonbuk 73 19 9 94 103 298
yeonb (19.8%) (9.8%) (4.4%) (16.2%) (17.3%) (15.4%)
Gangwon 44 2 48 112 45 271
(12.0%) (11.4%) (23.6%) (19.2%) (7.6%) (14.0%)
Chungnam 4 42 23 87 77 270
(11.1%) (21.8%) (11.3%) (14.9%) (12.9%) (13.9%)
Gyeongnam 25 19 16 43 88 191
(6.8%) (9.8%) (7.9%) (7.4%) (14.8%) (9.8%)
Jeonnam 46 26 27 60 63 22
(12.5%) (13.5%) (13.3%) (10.3%) (10.6%) (11.4%)
32 16 2 55 48 173
Chungbuk (8.7%) (8.3%) (10.8%) (9.5%) (8.1%) (8.9%)
Jeonbuk 32 13 25 94 51 171
(8.7%) (6.7%) (12.3%) (16.2%) (8.6%) (8.8%)
Yeju 2 3 3 4 1 13
(0.5%) (1.6%) (1.5%) (0.7%) (0.2%) (0.7%)
Total 368 193 203 582 595 1941
(100%) (100%) (100%) (100%) (100%) (100%)
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Table 2. Meteorological observatories in natation using forest fire occurrence probability model.

Regions(including provinces) Stations ID of stations Periods
Gyeonggi(including Seoul, Incheon) Suwon 119 1997yr - 2001yr
Gangwon Gangneung 105 (daily weather data on Feb.,
Chungbuk Chungiju 127 Mar., Apr., May)
Chungnam(including Daejeon) Cheongju 131
Gyeongbuk(including Daegu) Andong 136
Gyeongnam(including Busan, Ulsan) Masan 152
Jeonnam(including Gwangju) Gwangju 156
Jeonbuk Jeonju 146
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Table 3. Estimated results of forest fire occurrence probability model using logistic regression analysis.

Variables Gangwon Gyeonggi  Chungnam Chungbuk Jeonnam  Jeonbuk Gyeongnam Gyeongbuk

Maximum

Temperature .004** 007** - - - L005** - 004+
Effective Humidity = -.008** -.014%* -015%* -015%* -.014** -013 -.006%* -.014%*
Minimum Humidity - - - - - - - -
Maximum Wind speed - - - - - - - -
Mean Wind speed - - - - - - - 027+
Constant 2.494 6.732 7.405 7.256 7.384 5.556 2216 5.396
NY 715 766 729 666 689 665 662 755

-2 Log likelihood 733.029  755.234 688.127 588.247 653.099 566.507 696.199 707.437
X2-Value 214.901** 292.504**  273.973*%*  174.730%* 210.002** 190464** R4.371** 304.618%*
%predict value 74.0 74.7 71.5 79.6 759 82.2 74.3 759

The unit of weather variables applied to effective humidity(% x 10), minimum humidity(%), maximum
temperature(°C x 10).

® In case of occurring forest fire above two in particular day, it made an analysis after increasing sample size
like the number of case occurred.

**significant at 1% level *significant at 5% level
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Table 4. Reliability evaluation of estimating forest fire occurrence probability model.

Regions Gangwon Gyeonggi Chungnam Chungbuk Jeonnam  Jeonbuk Gyeongnam Gyeongbuk
Mean of 0.2456 0.2830 0.2424 0.2027 0.2562 0.1559 0.2351 0.2321
non occurring days
Mean of 0.5197 0.6544 0.6314 0.4581 0.5394 0.4399 0.3582 0.5871
occurring days
t-value 16.530%%  21.178%F  21.278%%  14.873%%  16.126%%  16.798%*  9.508%*  20.324%*

**gignificant at 1% level

TEsled 2] Aedn NS At 1 2
Fh= Table 49} o] UElton, AR 8] 24
3 e Wit AETAEEC] AbEo] TAYEHA] e
2E] AETASERTE FAMCE = A
FEAA Frelie] e Ao A1

o]F AtHo® gohy] Al 7} AFPER e
WY WAL A BEES 2ER
TR Y Fig. 13 2th AAR HEo] T g
50| HAR 2REo] TSR] ot dHY £
dEgte] wthe AL A 5 U

3.3. 7|Aofl ol Yl AREUQIE Xl Ty
A A=e] A 7 PIRRE o83 AhEEAYE)
EXgo] A oF AMEAINHS A5 4 rk=
Ro| ERIxo], 7ol A LIS ERFo|
A AR Xéi &g A A AHRAgE
AEFAES o83l A BN IATE ARt
AR AR|=e] B A $:37H1997-2001%)
o] 2-3-4-599 A JIIEE A9E SER

Forest Fire Occurrence Probalility

070
0.60
0.50
0.40
0.30
0.20
0.10 r

el gigste] dojzl FEE9 FASXE o831
10% T RS E sl R dS gETRE
R)538k51e] AASIT) L A3R= Table 59+ 2t
T2 Table 5914 7%t DWIE A9 Lhed
BEERFHM Ao 25 Aol X9
AR oS0l H83l] TPl ok I b
EPRGSDWNHE AE3ion, 788 IA 4
d DWIE A9ER A AN vpidR
TEEke] A E QK Table 6).
Table 6ollxle AA|E Ako] MAFE EEo] DWI

= 52 v, Az 4kEo] whskx] ke de
DWIE %2 ZAoZ UEltt o2t o= DWI7]'
e HRAAEE wS- F AT 5 s
olgks AL AUl <=

gl = A oA AHE ST T2

A7), ﬁ*}%f—;, Bl Aefs) DWiE 41 ¥
Ao e FHRE, A, el
DWISERE £8 Aol (S )
e AL ¢ 5 ok

0.5871

0.00 ; * ;

&

wt— Non—-Occur. —@— Occur. I

Fig. 1. Mean between daily forest fire occurrence and non occurrence by regional groups using prediction model.
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Table 5. Daily weather index (DWT) by forest fire occurrence probility model.

Ratio interval DWI Estimating Ratio interval
10% 1 [.0000~.0406]
20% 2 [.0407~.0818]
30% 3 {.0819~.1307]
40% 4 [.1308~.1917]
50% 5 [.1918~.2648]
60% 6 [.2649~.3615]
70% 7 [.3616~.4711]
80% 8 [.4712~.6004]
90% 9 [.6005~.7562]
100% 10 [.7563~1.000]

Table 6. Frequency value of daily weather index by weather data of the past.

Class

Daily weather Index (DWI)

Regions

2 3 3 3 6 7 8 9 10 Towl

Gangwon 0% 1 8 9 6 17 21 36 & 6 53 20
Non-occ. 50 71 56 50 49 49 44 45 24 T 445

Gyoonggt 0% 2 3 6 g 10 22 26 4l 63 149 331
Non-occ. 62 44 48 45 46 S0 45 34 43 18 435

o Occur, 5 3 8 11 45 31 31 38 16 T 183
YEORENAM - Non-oce. 2 39 98 9 8 70 50 34 9 .41
Gyoongbuk 0% 1 3 21 8 3 16 33 32 69 100 297
Non-oce. 90 74 46 52 44 40 28 41 32 11 458

oo 0% n 2 2 10 54 56 50 37 57 35 220
Non-occ. 52 62 59 60 15 18 44 31 32 13 469

oo 0% 6 3 0 12 117 21 37 1 25 17
Non-occ. 118 91 8 63 44 37 24 16 13 2 49

Chungram 0% 3 3 3 9 8§ 21 34 29 50 110 271
Non-occ. 94 61 42 51 4 41 4 33 33 13 458

Chungouk 0% 2 3 6 16 18 26 13 40 24 25 173
Non-occ. 87 80 62 62 62 44 44 30 19 3 493

ol Occur, 14 39 68 90 176 210 244 301 360 497 1916
Non-occ. 555 522 497 474 388 355 321 264 205 67 3731

vy E Wzte] @i Ao AR PKRIAE FgREl o

£ d7e 3 A AAIgAIE ) A 7Pk
BE o83l A=) AN ERE S V)
et ATEATHE [0k vt 2t

7—} = ) A-bEE JPdegles 31171

2, HBEE, YOFE FO2 EReH, 2 A9

2 ARG ERES deltt. FHRF 7—‘4?}5
© BE AFo] 1% FFolA frelde] Ao, &
) oS8 74.0~822%2 WFERT).

N AN ET S A5 A 23
< AR S8l 40l o8- 19973FE 2001

Yot AEIYSEES AN AR S A
Algh Azt AAR LhEo] WG ] B AR
AgE0] AbEo] WA e FE] RIS
Hoe FAHCE wr= 20l 1% Tl #Fold
o] 3le Aoz I

A AGE 7VIARE AE HFERF st
of Lol HES FASAE 183l 10%77E
BEAFE FEsI -elE FETHE AFsksi
AETAARARTE SN, T HA 9
DWIE AEE HA] AHEds) vpdgds 72
Sl A9 A Az o] BT EES] DWI



Lee et al.: Developing of Forest Fire Occurrence Probability Model by... 249

fr

o U AR AHEo] WASEA] 2 de
DWIE @ Aog Yeh} pwit Aol $13

ARE e 4 d2Y & Qe 2ol 2e &
% siet.
ol BHE ol8F WA HPelEe 22

o, /1A 9 ZlsH|eh Adde] AEFQ1 WA

£ o Aol W ARYE - BAE gL Az
ao] uTislz AL & glom, o Yokt 58

Q) ABFAZA AL 0|27 r|xEE ATE F S
Ao U}

| (==}
—oL

ot

*"ﬂ%ﬁfi 1951: FRMRAKBE L IREOBRRICEIT. Ak
5. 59, 179-181.

Boychuk, D., and D. L. Martell, 1988: A Markov Chain
model for evaluating seasonal fire fighter requirements.
Forest Science 34(3), 647-661.

Cheong, Y. H., S. Y. Lee, Y. C. Yeom, and W. H. Yeo,
1989: Danger rating of forest fire. KFRI Journal of
Forest Science 49, 92-102. (in Korean with English
abstract)

Cheong, Y. H, S. Y. Lee, and Y. C. Yeom, 1994:
Evaluation of forest fire warning period and estimation
of forest fire danger rating index. KFRI Journal of Forest
Science 49, 92-102. (in Korean with English abstract)

Choi, K., and S. Y. Han, 1996: Developing forest fire
occurrence probability model using meteorological
characteristics. Journal of Korean Forestry Society 85(1),

15-23. (in Korean with English abstract)

Cunningham, A. A., and D. L. Martell, 1972: A stochastic
model for the occurrence of man-caused forest fires.
Canadian Journal of Forest Research 3, 282-287.

Deeming, J. E., J. W. Lancaster, M. A. Fosberg, R. W.
Furman, and M. J. Schroeder, 1972: The National Fire-
Danger Rating System. USDA Forest Service, Rocky
Mountain Forest and Range Experiment Station,
Research Paper. RM-84, 165pp.

Deeming, I. E., R. E. Burgan, and J. D. Cohen, 1977: The
National Fire-Danger Rating System 1978. USDA Forest
Service General Technical Report INT. 39, 63pp.

Fried, J. S., and J. K. Gilless, 1988: Stochastic
representation of fire occurrence in a wildland fire
protection planning model for California. Forest Science
34(4), 948-959.

Haines, D. A, 1983: Fire-danger rating and wildfire
occurrence in the northeastern United States. Forest
Science 29(4), 679-696.

Lee, S. Y., B. S. Lee, and J. H. Lim, 1997: Prediction of
forest fire danger rate using fuel moisture stick. KFRI
Journal of Forest Science 55, 150-157. (in Korean with
English abstract)

Lee, S. Y, S. Y. Han, S. H. An, J. S. Oh, M. H. Jo, and M.
S. Kim, 2001: Regional analysis of forest fire occurrence
factors in Kangwon Province. Korean Journal of
Agricultural and Forest Meteorology 3(3), 135-142. (in
Korean with English abstract)

Van Wager, C. E, 1987: Development and Structure of the
Canadian Forest Fire Weather Index System. Canadian
Forest Service. Petawawa National Forestry Institute.
Chalk River Ontario. Forestry Technical Report. 35,

37pp.



