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Abstract

In order to maximize the efficiency of the limited resources for fire—fighting and prevention, it is important
to set a forest fire precaution period by considering the temporal characteristics of forest fire occurrence
and spread. In this study, the forest fire precaution periods were suggested based on statistical analysis
of the national fire statistics data from 1991 to 2018. Multiple, ridge, and Lasso regression analyses were
applied to identify the monthly (or 10 days) linear trend of fire occurrences, while k-means cluster analysis
was used to select the precaution period. The fire occurrences in January, June, August and November
have increased significantly over time, whilst those in March, April and May remained high without fluctuation
over this period. The results suggest the extension of the fire precaution period in South Korea from 5
months (Spring: February 1 to May 15, Autumn: November 1 to December 15) to 8 months from mid-October
to mid-June. This results from this study are expected to serve as statistical evidence for readjustment
of forest fire precaution period in South Korea.
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Figure 1. Annual fire occurrences and burned areas (ha) between
1991 and 2018
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Table 1. Estimation of parameters with multiple regression analysis for summed monthly forest fire occurrences

Month Estimate Standard error t-value pr(>t)

intercept 1,999.88 2.68 746.48 <0.0001
January 0.15 0.06 2.49 0.022
February -0.07 0.03 -2.39 0.027
June 0.20 0.05 3.69 0.002
July -0.45 0.35 -1.30 0.211
August 0.54 0.16 3.30 0.004
September -0.19 0.13 -1.48 0.156
November 0.26 0.12 221 0.040
December -0.16 0.09 -1.72 0.102
Table 2. Results of multiple regression analysis for summed monthly forest fire occurrences

Residual Standard Error(d.f)) R-squared Adj R-squared F-statistic(d.f.) P-value

5.34(19) 70.34% 57.85% 5.633(8,19) 0.0009563
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Table 3. Estimation of parameters with ridge regression, LASSO regression and multiple regression analysis

Ridge regression analysis LASSO regression analysis. Multiple regression analysis
Intercept 1997.336 Intercept 2000.958 Intercept 1999
Early January -0.009 Middle January 0.110 Middle January 0.285
Middle January 0.256 Late January 0.006 Early June 0.217
Late January 0.107 Middle May 0.004 Late June 0.578
Early May -0.048 Late May 0.027
Middle May 0.157 Early June 0.115
Late May 0.008 Late June 0.425
Early June 0.166
Middle June 0.104
Late June 0.535
Early October -0.063
Middle October 0.260
Late October -0.086
Early December -0.081
Middle December -0.014
Late December 0.006
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Table 4. Cluster analysis results using fire occurrences and burned area

Cluster size | Mean of forest fire occurrence transformed with log equation | Mean of burned area transformed with log equation | sum of square
Cluster 1 9 6.776 8.007 12.692
Cluster 2 17 5238 4.944 7.870
Cluster 3 10 3.546 2827 9.182
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Figure 2. Scatter plot of k-means clustering analysis for fire occurrences and burned area
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Figure 3. Time series graph of k-means clustering analysis for fire occurrences and burned area
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Figure 4. Scatter plot of k-means clustering analysis by group (division by 7 years). (a) 1991~1997, (b) 1998~2004, (C) 2005~2011,

(d) 2012~2018
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Table 5. Cluster sizes by group (division by 7 years)

Period Group Cluster 1 Cluster 2 | Cluster 3
1991 ~ 1997 1 11 19 6
1998 ~ 2004 2 8 16 12
2005 ~ 2011 3 7 18 11
2012 ~ 2018 4 6 22 8




132 Crisisonomy Vol.15 No.11

(2)
. ,-/.H.““
o -
@ e >
= _— s .\.\ cluster
= L o /¢ L |
gl A \ N
o A\ - A
E A ;.__.L__‘(/. - /‘\x’ A 2
Z,. / . 3
= iy
2 iy
-—
011012013 021022023 031032 033041 042043 051052 053 061062 063071 072073 081 082083 091092 093101 102103 111 112113121122 123
()
ol - rﬂ-\‘*
@ = -
% /‘/ e \‘ T cluster
4- A ~ar R N
z \/ \ 1 A~ . 1
E \ e i 2
Zz- \i-_ T '/. S = 3
0- \'.
011012013 021022023 031032 033041 042043 051052 053 061062 063071072073 081 082083 091092 093101 102103 111 112113121122 123
DATE
()
" -
g d_r—-l-w/‘_h" LT
E & b e o cluster
54 i A~ /‘“\/ T
5 Aar ./l’ = 1
-
g " " —
S2- \ =
z \ / B 3
g \\\ | 3 /,
07 [l 1 L} 1 ' " 1 " [l ' " ' 1 L} ' ' " i " " 1 L} ' ' L} ' ' " " " ' ' L} ' 1 L}
011012013 021022023 031032 033041 042043 051052 053 061062 063071072073 081 082083 091092 093101 102103 111 112113121122 123
DATE
(d)
6-
— - '/‘\n
w "'\-kH-
@ -
&5 T ~ T 1 cluster
5 A ==
@ 4- /"‘ x o = 1
£ Lt \ P B a 2
5 \\ A = Tt ty o = .
3- \ /
5 10 \\/..-
o \ .
2- -/'/

011012013 021022 023 031 032 033 041 042 043 051052 053 061062 063071 072073 081 082 083 091092 093101 102102 111 112113 121 122 123

(The number in X-axis means months(the first 2 characters) and ten days interval of a month(the last character, 1: early, 2: middle, 3: last), ex. 112
means the middle part of November)

Figure 5. Time series graph of k-means clustering analysis by group (division by 7 years). (a) 1991~1997, (b) 1998~2004, (C)
2005~2011, (d) 2012~2018

Zr 158 RN AFE <Figure 5>} 20| Al A E itk AHERAZITFE FF 1, 73 2
AE 2 =2 Tt AHEZAZ|THS FelsHT A, 47 15 F5OF 10¥ skeiE 3d 62 =
<Table 6>E &3l ZF Al7]19] AHE2AI7|7H] WSS T7HA] A&ET 20129 7E 20183 di@ste 1%
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