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 Efficient forest fire management is closely related to accurate and consistent 

predictions of fire regimes (Hardy et al., 2001), and especially ‘seasonality’ is 

strongly associated with the temporal patterns of fire occurrences (Ji and Stocker, 

2002) which is one of the key factors when making policies and strategies for 

effective forest fire management(FAO, 2006).      

 Currently, ‘Fire precautionary periods (February 1 to May 15 and November 1 to December 

15)’ have been set up as one of fire management strategies considering forest 

fire seasonality, and put much effort in fire prevention and suppression.

 However, systematic researches for forest fire seasonal characteristics have not 

been conducted much and furthermore setting up the precautionary periods 

were based on rather officers’ intuition and expert opinions than objective analysis.

 In this study, the seasonal characteristics of forest fires in South Korea were 

analyzed with statistical methods, and examined the proper precautionary period 

in comparison with the existing one.
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Fire and Climate change..
 The estimated period began 10 days earlier

in autumn and extended into midwinter

(late December and January), indicating 

the need of more cautious forest fire 

management during the periods.

 As shown in Figure 4, the climate of winter 

is getting warmer and drier, which could 

strongly influence on fire occurrences.

 The seasonal characteristics of forest fires in South Korea were investigated using the 

statistics over the past 16 years, 1991 through 2005 and multivariate analysis methods.

 The fire patterns were classified into five clusters, and a general danger index for forest 

fire was derived from the first principal component. In connection with ordered 

logit model, the probability for the five ranks of forest fire risk was calculated and

thresholds for high-risk fires were detected, resulting in the borderline values of 1.0, 

1.36 and 0.23 for log-transformed values of the number of fire occurrences, the total 

area burned and the average area burned per fire, respectively.

 Consequently, October 21 through May 17 was recognized at a high-risk of forest fires, 

which began 10 days earlier in autumn and included midwinter as opposed to the 

existing precautionary period, indicating the need of more cautions during the period.

3) Thresholds for fire risk assessment

 To detect the high-risk of forest fires 

and to have effective strategies for fire

control, threshold values for variables 

were examined with logit model. 

 The point where risk rank3 had the

probability of 1.0 was meaningful and 

could be a threshold.

 The borderline values for number of fire   

occurrences, Total area burned, and the 

average area burned per fire were 1.0, 

1.36, and 0.23, respectively.

4) Fire precautionary periods

 The intersections of the extracted days

from each variable could be considered

comprehensively at high-risk and appr-

opriate for the precautionary periods.

 The derived dates from statistical 

analysis was October 21 through May 17.

Cluster 
No. of 

days 

Mean for 

number of  

fire occurrencs 

Mean for 

total 

burned area 

Mean for 

burned 

area per fire 

1 113 0.27
 d
 0.14

 e
 0.09

 d
 

2 144 0.92
 c
 0.88

 d
 0.31

 c
 

3 72 1.54
 b
 1.71

 c
 0.41

 c
 

4 33 1.83
 a
 2.45

 b
 0.73

 b
 

5 3 1.86
 a
 3.84

 a
 1.99

 a
 

 

2)General index of forest fire risk

 As results of principal component analy-

sis, 2 high explanatory variables were   

derived.

 PC1 had 86 percent of the variances 

and a linear combination of almost all 

of the same positive weights for three 

variables, defined as a general index of    

forest fire risk.

 The mean scores of PC1 for 5 clusters 

showed a tendency to increase gradually 

and furthermore the values were positive   

from cluster 3, indicating significant and 

practical forest fire risky groups. 

a-e means that the same letter is not significantly different 

at  the 0.05 level according to the Duncan’s multi-range test.

Table 1. Results of cluster analysis and post-hoc test

1) Clusters of forest fire

 5 well-characterized groups were classified.

 From Cluster1 to Cluster5, the mean values    
for each variable increased gradually.

 Particularly, Cluster5 was the 97th, 102nd, 
and 104th as Julian dates, in which the two 
largest forest fire occurred, burning 17097 ha
(2000yr) and 3095ha(2002yr) respectively.

 Cluster distribution (Figure 1)

: Cluster 1 & 2 - Summer and early autumn
Cluster 3 - Winter, Cluster 4 & 5 - Spring

Principal 

component 

Eigen vector 

of number of  

fire occurrence 

Eigen vector 

of total area 

burned 

Eigen vector  

of average area 

burned per fire 

Cumulative  

proportion 

of variance 

PC1 0.57 0.62 0.54 85.5 % 

PC2 -0.65 -0.07 0.76 99.3 % 

 

Table 2. Eigen vector and variance for PC1 and PC2

Figure 1. Types of clusters and scores of PC1 for 365 days

Figure 2. Probability and 

range of risk rank 3 for 

variables. 
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Statistics Year

2000 2001 2002 2003 2004 2005

Days with fires 7 8 12 8 17 24

Number of fires 10 14 20 9 32 58

Discussion 

Table 3. Fire statistics during January over the past 6 yrs 

Figure 4.  Trends of Relative humidity and temperature during winter(Dec. to Feb.) over 36 yrs (59 AWS data)

Figure 3. High-risk days above the borderline values for variables.
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Study data..

 Daily records of forest fire over 

16 years, 1991 through 2005.

- Number of fire occurrences

- Total area burned

- average area burned per fire

 All of the variables were logarithm-

transformed to overcome.

- the instability of the variance

- the differences of measurement 

units 

 Julian dates were used for date 

notation. 

Material & Methods
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Study Method..

 Various multivariate statistical 

analysis were used to extract the 

seasonal patterns of forest fire

- Cluster analysis

: classification of forest fire

- Principal component analysis

: Examination of meaningful index

- Ordered logit model

: Calculation of fire risk probability 

and threshold values

 In application of these methods, 

we extracted the most risky days of forest fires, and estimated appropriate forest

fire precautionary periods.

• Cluster Analysis 

(ANOVA & post hoc test)
• Principal Component Analysis

Step 1
Identifying Seasonal Characteristics

of forest fires

< Statistical Analyses > < Goals for analyses >

• Ordered Logit Model

• Setting up threshold 

Step 2
Making assessment model 

for forest fire risk 

Step 3
Extracting high-risk days and  

Estimating fire precautionary period


