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Abstract: In this study, we develop a fire stochastic simulation model by season based on the historical fire data
in Korea. The model is utilized to generate sequences of fire events that are consistent with Korean fire history.
We employ a three-stage approach. First, a random draw from a Bernoulli distribution is used to determine if
any fire occurs for each day of a simulated fire season. Second, if a fire does occur, a random draw from a
geometric multiplicity distribution determines their number. Last, ignition times for each fire are randomly drawn
from a Poisson distribution. This specific distributional forms are chosen after analysis of Korean historical fire
data. Maximum Likelihood Estimation (MLE) is used to estimate the primary parameters of the stochastic
models. Fire sequences generated with the model appear to follow historical patterns with respect to diurnal
distribution and total number of fires per year. We expect that the results of this study will assist a fire manager
for planning fire suppression policies and suppression resource allocations.
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Figure 1. Number of fires per week over 19 years, 1991-2009.

Table 1. The results of Tukey's Studentized Range Test for
Average.

Comparisons significant at the 0.05 level are indicated by ***

Season Difference Simultaneous 95%

Comparison Between Means Confidence Limits

High-Trans 17.946 9.775 26.117 ok
High-Low 27.578 22.609 32.546 ok
Trans-High -17.946 -26.117 -9.775 ok
Trans-Low 9.631 2.331 16.932 ok
Low-High -27.578 -32.546  -22.609 Rk
Low-Trans -9.631 -16.932 -2.331 ok

Table 2. High fire seasons by region.

Region* High fire season range
Kw 3.22~4.30

SKI 3.8~4.30

CB 4.1~4.30

CN 3.8~4.21

KB 2.15~4.30

KN 1.22~4.30

B 4.1~47

JN 2.15~4.21

*KW : Kangwon-do, SKI : Seoul, Kyunggi, Incheon, CB : Chung-
cheongbuk-do, CN : Chungcheongnam-do, KB: Gyeongsangbuk-
do, KN : Gyeongsangnam-do, JB: Jeollabuk-do, JN: Jeollanam-do
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Table 3. Probabilities of one or more fires occurring on a day by region and season.

Region® ) KW SKI CB CN KB KN B N
Season
High 0.68 031 039 0.26 028 030 027 0.32 030
Trans 0.60 0.22 0.18 0.10 021 0.18 0.16 0.18 0.18
Low 0.25 0.06 0.04 0.02 0.03 0.05 0.04 0.02 0.03
ANOVA RESULTS
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Figure 2. Average and 95% confidence interval plots of fire frequency per week for the Low(1), Transition(2), and High(3) fire

seasons.

Table 4. Estimated p parameters and chi-squared goodness-
of-fit significance levels for geometric distributions fitted to
(Multiplicity -1) by seasonal range.

Season 0 Chi-Square DF Pr> ChiSq
High 0.2041 4730.0513 32 <.0001
Transition 0.2940 1962.9030 20 <.0001
Low 0.7148 71428.6311 17 <.0001
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Table S. Estimated p for geometric distributions fitted to (Multiplicity -1) by region and season.

Region*

All KW SKI CB CN KB KN JB IN
Season
High 0.20 0.79 0.66 0.85 0.78 0.73 0.82 0.78 0.77
Trans 0.29 0.91 0.93 0.96 0.92 0.94 091 0.90 0.92
Low 0.71 0.98 0.99 0.99 0.99 0.98 0.94 0.99 0.99
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Figure 3. Relative histogram of historical high fire season.
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Figure 4. Histogram of the relative frequency of historical fires by time of day and the corresponding fitted time distribution.

Table 6. Distribution parameter and chi-squared goodness of 74 T3t g B E 9} 10| 3t 2A 3 LSS Table
fit significance levels for Poisson distribution fitted to time of

day.
Be:t fitting distribution Poisson A SA Abelel it AR, 53] Aot Al
P a2 o gigle] 221904 34 Apolel WYEEo] EE& Ao
2. if result is <0 then add 24 YeRgt)
Estimated parameter Lambda =12.05
Chi-square Sig. level. 0 2. B R HS
HA 1997e] S e AR E 28-ato] e A
< x - by kg A Eeold RHe) BA4 B AZE9
o= e h2 o} o) 9lal, 7 b AES) AR BAL 53
0 otherwise AR A ARE o] 8l AHEo] dold AR Eo] B
B ‘?i—TLOﬂH Zt g5 3 e F2 Asee] 2 Zow Hots “Xli A3k 9A, 7% SAAE ©]
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Table 7. Parameters on time of day by region.

Region* All KW SKI CB CN KB KN JB IN

Time 12.05 11.42 12.17 11.58 11.54 12.07 12.23 12.32 12.21

Table 8. Descriptive statistics for historical and generated distributions of the time between fires by season.

Low Trans High

Historical Simulated Historical Simulated Historical Simulated
Mean 0.33 0.36 1.63 1.77 430 4.12
Standard Error 0.0137 0.0188 0.10 0.15 0.18 0.20
Standard Deviation 091 0.95 2.30 2.61 5.95 5.43
Sample Variance 0.83 0.91 5.29 6.79 3537 29.49
Kurtosis 249 16.1 4.14 14.62 14.07 13.17
Skewness 42 3.6 1.95 3.18 2.81 2.79
Range 11 8 14.00 20.00 63.00 51.00
Minimum 0 0 0.00 0.00 0.00 0.00
Maximum 11 8 14.00 20.00 63.00 51.00
Sum 1457 943 861.00 550.00 4901.00 3133.00

Count 4386 2580 527.00 310.00 1140.00 760.00
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Table 9. The results of t-Test: Paired Two Samples for Means.

Low Trans High
History Simulated History Simulated History Simulated
Mean 0.37 0.37 1.6903 1.7742 4.2882 4.1224
Variance 0.94 0.92 5.2630 6.7903 37.7970 29.4909
Observations 2580 2580 310.0000 310.0000 760.0000 760.0000
Pearson Correlation 0.0099 0.0332 -0.0123
Hypothesized Mean Difference 0 0.0000 0.0000
df 2579 309.0000 759.0000
t Stat 0.1888 -0.4325 0.5538
P(T<=t) one-tail 0.4251 0.3328 0.2899
t Critical one-tail 1.6454 1.6498 1.6469
P(T<=t) two-tail 0.8502 0.6657 0.5799
t Critical two-tail 1.9609 1.9677 1.9631
() High Seson 48 42 ARE vzad. 712 BANA YRt 7
Al A ke 2 Aol i "okt 24k -

Historical Simulated

(2) Transition Season

Num
5
L

Historical Simulated

(3) Low Season
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Figure 5. Box and whisker plots of historical and generated
number of fires per day distribution and corresponding vital
statistics in the Republic of Korea for the Low, Transition,
and High fire seasons. The center horizontal line in each box
represents the median of that distribution, while the upper
and lower horizontal lines mark the upper and lower
quartiles. The vertical lines(whiskers) extend out to the
extremes(minimum and maximum) of the distribution.
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