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ABSTRACT

This study was conducted to develop a forest fire occurrence model using meteorological
characteristics for practical forecasting of forest fire danger rate by reflecting the climate change for
the time period of 2000yrs. Forest fire in South Korea is highly influenced by humidity, wind speed,
temperature, and precipitation. To effectively forecast forest fire occurrence, we developed a forest
fire danger rating model using weather factors associated with forest fire in 2000yrs. Forest fire
occurrence patterns were investigated statistically to develop a forest fire danger rating index using
times series weather data sets collected from 76 meteorological observation centers. The data sets
were used for 11 years from 2000 to 2010. Development of the national forest fire occurrence
probability model used a logistic regression analysis with forest fire occurrence data and
meteorological variables. Nine probability models for individual nine provinces including Jeju Island
have been developed. The results of the statistical analysis show that the logistic models (p<0.05)
strongly depends on the effective and relative humidity, temperature, wind speed, and rainfall. The
results of verification showed that the probability of randomly selected fires ranges from 0.687 to
0.981, which represent a relatively high accuracy of the developed model. These findings may be
beneficial to the policy makers in South Korea for the prevention of forest fires.

Key words: Forest fire occurrence, Daily weather index, Forest fire danger rating, Climate change
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Hj : The relative humidity of the day,
H, : The relative humidity before n days,
r . Effective humidity coefficient (0.7)
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Table 1. The statistics of forest fire occurrences during the Spring time of the years from 2000 to 2010 for the regions;
Gangwon (GW), Gyeonggi (GG), Chungnam (CN), Chungbuk (CB), Jeonnam (JN), Jeonbuk (JB), Gyeongnam (GN),
Gyeongbuk (GB), Jeju (JJ)

Year
Class Total
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

GB 115 125 94 42 116 79 52 74 52 144 45 938
(17.6%) | (18.0%) | (17.0%) | (18.3%) | (24.6%) | (18.4%) | (15.2%) | (18.9%) | (18.9%) | (29.6%) | (23.3%) | (19.9%)

GG 87 134 111 67 60 64 76 74 41 41 13 768
(13.3%) [ (19.3%) | (20.0%) [ (29.3%) | (12.7%) | (14.9%) | (22.3%) | (18.9%) | (14.9%) | (8.4%) | (6.7%) | (16.3%)

GN 55 98 70 21 88 53 67 74 54 101 59 740
(8.4%) | (14.1%) [ (12.6%) | (9.2%) |(18.6%) |(12.3%)|(19.6%) | (18.9%) | (19.6%) | (20.7%) | (30.6%) | (15.7%)

N 64 66 69 37 91 81 62 72 43 57 11 653
(9.8%) | (9.5%) [(12.5%)|(16.2%) |(19.3%) | (18.8%) | (18.2%) | (18.4%) | (15.6%) | (11.7%) | (5.7%) | 13.8%)

GW 124 77 44 10 45 31 19 24 17 47 28 466
(19.0%) | (11.1%) | (7.9%) | (4.4%) | (9.5%) | (7.2%) | (5.6%) | (6.1%) | (6.2%) | (9.7%) | (14.5%)| 9.9%)

CN 93 82 75 19 31 41 33 24 19 19 6 442
(14.2%) | (11.8%) | (13.5%) | (8.3%) | (6.6%) | (9.5%) | (9.7%) | (6.1%) | (6.9%) | (3.9%) | (3.1%) | 9.4%)

CB 59 55 45 21 20 32 20 25 21 33 26 357
(9.0%) | (7.9%) | (8.1%) | (9.2%) | (4.2%) | (7.4%) | (5.9%) | (6.4%) | (7.6%) | (6.8%) |(13.5%)| 7.6%)

B 51 54 46 12 20 49 12 24 27 45 5 345
. 0 . () . 0 . 0 . 0 o 0 . 0 . 0 . 0 . () o () . 0

(7.8%) | (7.8%) | (8.3%) | (5.2%) | (4.2%) |(11.4%)| (3.5%) | (6.1%) | (9.8%) | (9.2%) | (2.6%) | 7.3%)

1 5 2 0 0 1 0 0 1 1 0 0 10
. 0 o () . (] o (] - 0 . 0 . 0 . 0 o 0 o () o () . 0

(0.8%) | (0.3%) | (0.0%) | (0.0%) | (0.2%) | (0.0%) | (0.0%) | (0.3%) | (0.4%) | (0.0%) | (0.0%) | 0.2%)

Total 653 693 554 229 472 430 341 392 275 487 193 4,719
(] 0 0 0 0 0 0 0 0 0 0 (]
(100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%)
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Table 2. Climate change trend of dry season by four forest fire climate Zones

Temperature Relative humidity Acculn'{ula.ted Precipitation day
Precipitation
Gyeonggi ++° o - -
(+2.5C) (-12%) (-80mm) (-6 days)
Gangwon " q o N N
(+1.5C) (-8%) (Omm) (0 days)
+ _ - _
Chungcheong, Jeolla (+1.5C) (-8%) (-100mm) (-8 days)
G ++ - = - — —
yeongsang (+2.0C) (-10%) (-100mm) (-4 days)
Uehdtt o]#3t o] 8- Won et al.(2010a and 2010b) o, 2337} 3R] 98 gkl 7paaolds 7ty B e
£ 1990WT] BAT7FSHO] AT RS B ek 53] QAL T & ST, 4] 7
2lsto] 7R IR o A A o 2183 v Qe o] Aol F Z1 02 YETHTable 2). SHAIRE 344
& AolAs AR AR 9 =71 = HE 71 e a4 MakEo] vl A vrol Ak
H7E A2 T2 AT 1990 A B3 0] 9 A= A 7 SHolA thE A EG A el Aoz AlmE
BHELHIV) 2, T B2 dd= ey, el Tk % Hod 7|5 et ST A B3 vl
o) AL ABHESL BRI A BRAO] Ue FORM AR FFS vIH L U Fa AT
BT}, Sung eral.2010)2] AT 197310 0]F0] QXIS AW 4 91 Ao ke

R Yt 7] 58 Bl A - Aol A2AE F
Rt HA R AL - 23 Aol 7t Ao et e
o, S JEA G e A2 B HIAT &
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Fig. 1. Change in frequency of forest fire occurrence between 1990s and 2000s.
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Table 3. Forest fire occurrence probability model in Spring, 2000s (Tmax : maximum temperature, Eh : effective
humidity, Rh : relative humidity, Wmean : average wind speed)

Regions Model (Pr) (%iglrs ;th
Gyeonggi [1+exp{-(2.507+(0.112*Tmax)-(0.061*Rh)-(0.123*Wmean))}]" 73.6
Gangwon [1+exp{-(1.932+(0.109*Tmax)-(0.047*Rh)-(0.057*Eh)+(0.646*Wmean))} " 80.7

Gyeongnam  [l+exp{-(4.713+(0.076*Tmax)-(0.055*Rh)-(0.023*Eh)-(0.572*Wmean))} ] 74.4
Gyeongbuk  [1+exp{-(2.030+(0.052*Tmax)-(0.062*Rh)+(0.038*Eh)-(0.320*Wmean))} ]" 68.7

Jeonnam [1+exp {-(1.931+(0.087*Tmax)-(0.055*Rh)-(0.014*Eh)+(0.329*Wmean))} ] 70.1

Jeonbuk [1+exp {-(-0.281+(0.127*Tmax)-(0.042*Rh))} " 73.5
Chungnam [1+exp{-(-0.188+(0.113*Tmax)-(0.041*Rh)+(0.182*Wmean))}]" 70.6
Chungbuk [1+exp {-(-0.857+(0.127*Tmax)-(0.066*Rh)+(0.038*Eh))}]" 72.8

Jeju* [1+exp{-(-6.224+(0.040*Tmax)+(0.399*Wmean))} ]! 98.1
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Table 4. Reliability evaluation of estimating forest fire occurrence probability model; Gangwon (GW), Gyeonggi
(GG), Chungnam (CN), Chungbuk (CB), Jeonnam (JN), Jeonbuk (JB), Gyeongnam (GN), Gyeongbuk (GB), Jeju (JJ)

Regions GW GG CN CB N JB GN GB Al
Mean of 245 444 331 273 433 269 413 562 018
non-fire days
Mean of fire . 700 545 507 643 492 692 697 052
days
t-value 28.090™ 20.778"  16.782"" 17.039™ 17494 16.193” 21.889" 13972  2.031"

" significant at 99% level, " significant at 95% level.
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A Table 5. Daily weather index(DWI) in Spring, 2000s
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28 o2 A 5L o] gato] AR I A48 A5 40% ! 2031~ 3218]
A AHFI A1 K] 50] A 7 117K2000- 0% > [ 3219~ 4342]
2010 BH(1-2-3+4+569)2 299 714 60% 6 [.4343~.5535]
ARE A FER o] fiedste] Yojz HEE 70% 7 [.5536~.6527]
% o EAS o] g3t0] 10% FPE MRS 245} 80% 8 [.6528 ~.7443]
a3l oA FETHE X3} she] AA sk 1A 90% 9 [.7444~ 8346]
Yh= Table 59 2t 100% 10 [.8347 ~ 1.000]

Table 5ol 4] 442 DWIS 7 o8 ARty el g
PN AFAH O R o 2 T 0] Aol AESE o] ubaa}x] gk Uro] DWIE W A o 2 Ly, of
£ ol Z3)0] H-g3ko] 7|4 I3k 2000 T B A 25k Anks DWIZHARREIYO) 91R A S 09 of
AFZIAY 91 A| HDWD) S AT KTable 6). AA] =3} 4 gl mao]et 21 ojujgith. 97) = 2]
2 AN MR U E0) DWIE 2 b, AR AN 7lof 9loj ] Ak WA BRE A, A7, 74

Table 6. Distribution of DWI by weather data of the past dry season

Fire Daily Weather Index(DWI)
Class
frequency | 2 3 4 5 6 7 8 9 10 Total
Fire 2 12 24 32 25 30 47 71 56 167 466
oW Non Fire 37 169 139 94 58 41 40 17 13 12 620
Fire 0 13 42 61 73 84 102 119 274 768
oa Non Fire 0 71 93 102 79 59 41 35 29 518
Fire 2 21 29 33 68 107 108 149 219 740
oN Non Fire 5 49 83 78 90 67 75 45 41 18 551
Fire 0 1 11 58 101 139 196 249 183 938
B Non Fire 0 13 62 63 74 98 110 69 16 505
Fire 0 9 42 60 100 92 105 145 100 653
N Non Fire 0 19 75 89 93 101 59 54 33 16 539
B Fire 0 4 28 53 57 57 54 43 34 15 345
Non Fire 0 105 219 117 81 49 44 21 12 3 651
N Fire 0 5 25 42 63 88 48 76 63 32 422
Non Fire 0 45 145 151 108 52 49 40 16 2 608
Fire 0 9 25 40 66 63 53 36 54 11 357
B Non Fire 1 121 186 120 79 51 51 29 8 0 646
Fire 12 14 2 1 0 1 0 0 0 0 30
n Non Fire 1,039 530 17 1 0 0 0 0 0 0 1,587
Total Fire 16 48 148 292 423 581 624 737 869 1001 4719

Non Fire 1082 1047 948 805 674 514 475 357 227 96 6225
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