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Abstract: This study proposes improvements to the refined classification criteria for forest fire danger forecasting
by using daily regional forest fire danger index forecasts and observed fire occurrence data over a 10-year period
(2015-2024). Under the existing criteria, a region is assigned a grade when areas (number of pixels) exceeding the
forest fire risk index threshold account for at least 70% of the total area. This approach results in an excessively
high proportion of “Low” grades (70.54%) and a very small proportion of “Very High” grades (0.06%). Moreover,
the fire occurrence probabilities by grade—High (19.9%) > Very High (8.1%)—reveal a lack of logical consistency
in the current scheme. To address this issue, optimal classification criteria were derived using ROC-curve and
accuracy analyses. The revised criteria define “Very High” as cases in which areas with a risk index >86 (D4)
account for at least 15% and areas with a risk index > 66 or above (D3+D4) account for at least 60%; “High” refers
to cases in which areas with a risk index of 66 or above (D3+D4) account for at least 60% but not meeting the
‘Very High’ criterion; “Moderately High” (hereafter “Moderate”) includes cases in which areas with a risk index of
51 or above (D2+D3+D4) account for at least 40%. “Low” includes all remaining cases. The revised classification
shows a monotonic increase in observed fire occurrence rates with increasing grade (Low 2.1% < Moderate 9.7%
< High 15.4% < Very High: 27.4%), demonstrating improved logical coherence and predictive accuracy. By increasing
the issuance of “Very High” warnings, the revised criteria are expected to enhance the operational effectiveness of
forest fire danger forecasting.
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Very high: D4 > 70% Very high: D4 2 15 AND D3+D4 > 60%
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Area percentage (%) refers to the proportion of grid cells (pixels) in each category within a region.
* Source: National Institute of Forest Science, Korea Forest Service

Figure 1. Overview of forest fire danger index calculation (Source: National Institute of Forest Science, Korea Forest Service).

Table 1. Criteria of regional forest fire danger classification.

Forest Fire Danger Class (55%) Forest Fire Danger Index (AFH=-$]3X|<) Area (%) (M ¥]E)
Very high (UH—?—l'j% > 86 (D4) > 70%
High (=< > 66 (D3+D4) > 70%
Moderate (11]-4_31 =) > 51 (D2+D3+D4) > 70%
Low (%) Else (71 9])

*DI1 : area (number of pixels) where the danger index < 51
D2 : area where 51 < the danger index < 66
D3 : area where 66 < the danger index < 86

<
D4 : area where 86 < the danger index
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Table 2. Distribution and fire occurrence rate under the current classification criteria.

Class Cases Proportion(%) Fire Occurrence Rate(%) Remarks
Very high 36 0.06 8.33 Too rare to be operationally useful
High 6,571 10.71 19.86 Higher rate than “Very high”
Moderate 11,471 18.69 11.52 Acceptable level
Low 43,293 70.54 3.03 Too frequent
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Figure 2. ROC Curves and optimal threshold points for each danger combination (D4, D3+D4, D2+D3+D4).

Table 3. Optimal thresholds derived from Youden's J Statistic.

Danger Level Combination Optimal threshold (%) Youden’s J Sensitivity (%) Specificity (%)
D4 1 0.257 36.5 89.9
D3+D4 2 0.464 83.2 63.2
D2+D3+D4 48 0.433 78.4 64.9
Table 4. Changes in warning frequency, fire occurrence rate, and prediction accuracy by threshold combination.
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Figure 3. Visual representation of the decision point that
simultaneously meets monotonicity, practicality, and
statistical accuracy criteria (Optimal Combination: 40, 60, 15).
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Table 5. Improved criteria of regional forest fire danger class.

A1147 A4Z (2025)

. Area (%)
Forest Fire Danger Class Index Range (Number of pixels(%))

. > 86 (D4) > 15%
Very high > 66 (D3+D4) > 60%
High > 66 (D3+D4) > 60%
Moderate > 51 (D2+D3+D4) > 40%

Low Else
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Table 6. Comparison of grade distribution and fire occurrence before and after improvement.

Grade Current criteria Improved criteria Change Fire occurrence Rate
Very High 0.06% (36 cases) 3.82% (2,346 cases) X 65.2 increase 27.41%
High 10.71% (6,571 cases) 9.80% (6,017 cases) - 0.91%p 15.37%
Moderate 18.69% (11,471 cases) 27.24% (16,719 cases) + 8.55%p 9.70%
Low 70.54% (43,293 cases) 59.13% (36,289 cases) - 11.41%p 2.06%
Table 7. Comparison of predictive performance between current and improved criteria.
Metric Current Criteria Improved Criteria Change Interpretation
Accuracy 0.727 0.631 -0.095 Slight drop in overall accuracy
Sensitivity 0.667 0.810 +0.138 Significant improvement in fire detectio
Precision 0.145 0.127 -0.018 Slight drop in precision
Specificity 0.731 0.619 -0.111 Slight increase in false alarms
F1-Score 0.239 0.220 -0.019 Minor reduction
AUC 0.713 0.746 +0.033 Slight increase (4.6%)
Youden Index 0.398 0.429 +0.031 Slight increase (7.8%)
. 3,302.6 3969.7 +667.1 Significant increase (20.2%)
Cramér’s V 0.232 0.254 +0.022 Improvement within moderate level
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