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The Relationship between Spatial Patterns of Forest Distribution and Forest Fire
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Abstract

This study aims to identify the correlation between forest fire characteristics and forest distribution patterns
in 16 regional administrative units in Korea. The canonical correlation analysis was conducted between forest
fire characteristics and landscape matrices extracted from the forest cover map. The forest distribution varied
by administration unit, in terms of the diversity of tree species, and fragmentation and aggregation of forest
patches. The number of fires per unit area tended to be larger with less diversity of tree species, higher
concentration of forest patches and simpler perimeter of a forest. The larger the average size of forest
patches, the larger the burned area per fire. The shorter the distances among patches of pine forests, the
longer the combustion time. This result contributes to the development of forest management strategies

for reducing risks of forest fire.
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Figure 1. Regional administration districts and forest cover map
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Table 1. FRAGSTAT metrics (McGarigal & Marks, 1995) computed in the analysis

. . Scale
Metrics Index (unit) Landscape (Whole forest)  Class (Pine)

Edge/Area/Density

PD Patch density (no. / 100ha) O O

PLAND Percentage of landscape (%) X O

AWMPS Area weighted mean patch size (ha) O O

ED Edge density (m / ha) O O

AWPSSD Area weighted patch size standard deviation (ha) O O

LPI Largest Patch Index O O

MPS Mean Patch Size (ha) O O
Shape

AWMSI Area weighted mean shape index O O

FRAC Fractal Dimension Index O O

AWMPFD Area weighted mean patch fractal dimension index O O
Proximity/Isolation

MNN Mean nearest—neighbor distance (m) O O

NNSD Nearest—neighbor distance standard deviation (m) O O

ENN Euclidean Nearest Neighbor Distance (m) O O
Interspersion/Contagion

CLUMPY Clumpiness x O

CONTAG Contagion (%) O O

Al Aggregation index (%) O O

CONTIG contiguity value O O

1J1 Interspersion_juxtaposition index (%) O O
Diversity

SHEI Shannon's Evenness index O X

SHDI Shannon’s diversity index O X
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Table 2. Forest fire statistics by regional administration district
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Burned area

Administration district = Forest fires Burned area Fires (ha) Burnesi area  Fire spregd C? mbusti.on
(ha) / fire rate (ha/min) time / fire
Per 1,000 ha

Gangwon—do 992 30,296 0.50 17.84 30.54 0.033 185.53
Gyeonggi—do 757 1,078 0.66 1,05 1,42 0.014 140.61
Gyeongsangnam—do 731 1,648 0.52 1,34 2.25 0,014 160,99
Gyeonsangbuk—do 1381 4,115 0.54 1,63 2.98 0,012 174,89
Gwangju 182 148 2.89 2.62 0,81 0,011 79.06
Daejeon 227 168 3.44 2.69 0.74 0,009 60.57
Daegu 256 264 2.35 2,76 1.03 0,007 146.38
Seoul 355 65 4.77 0.88 0.18 0,004 46,94
Busan 409 544 3.88 6,60 1,33 0,013 106,12
Incheon 310 215 2.19 1,92 0.69 0,011 83.06
Ulsan 292 634 2.13 5,38 2.17 0.016 126,44
Jeollanam—do 912 2,352 0.58 1.70 2.58 0.021 164.96
Jeollabuk—do 595 1,063 0.58 1.45 1,79 0.015 130,56
Jeju 37 129 0.18 0.64 3.49 0,027 168,35
Chungcheongnam—do 521 4,164 0.53 3.61 7.99 0.018 154,23
Chungcheongbuk—do 563 873 0.60 1,06 1,55 0,014 139,04

Total 8,520 51,510
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Figure 2. Patch density(PD) and Aggregation index(Al) of each administration district
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Table 3. The results of principal component analysis for whole forest patches

Principal component #

Patch type 1 5 3
Eigen value 4,27 2.98 1,18
Cumulative Variance 42.71% 72.49% 84.29%
Component Loading
PD -0.316 —-0.408 —-0.076
LPI -0.019 —-0.231 0.796
SHAPE -0.016 0.542 0.253
FRAC —-0.252 0.353 0.350
CONTIG 0.240 0.465 -0.160
ENN 0.372 -0.092 -0,212
CONTAG 0.439 —-0.196 0.024
1JI -0.378 0.040 -0.096
SHDI -0.387 0.237 -0.285
Al 0.392 0,202 0.112
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Figure 4. The scatter-gram between principal component 1 and 2 for whole forest patches
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Table 4. The results of principal component analysis for pine forest patches
Principal #
Patch type rincipal component
1 2
Eigen value 3.99 1.99
Cumulative Variance 49.91% 74.87%
Component Loading
PD —-0.450 —-0,216
MPS 0.433 0,082
LPI -0.236 0.464
SHAPE 0,471 —0.090
FRAC 0,344 —-0,262
CONTIG 0.295 0.430
ENN -0.277 0.468
CONTAG 0,225 0.500
PRIN2
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Figure 5. The scatter-gram between principal component 1 and 2 for pine forest patches
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Table 5. The results of Pearson correlation between forest fire variables and landscape metrics

. Whole forest Pine forest
Variables

MPS FRAC ENN CONTAG SHDI SHEI MPS ENN
Fires / 1,000ha - -0.,500" 0.734™ 0.560° -0,728"  -0.540" - 0.551"
Burned area / 1,000ha 0.673" - - -
Burned area / fire 0.531" - - - - - 0.534" -
Combustion time / fire - - -0.658" - 0.546" - - -0.561
Rate of spread (ha/min) - - -0.569" - - - -
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Table 6. The results of canonical correlation analysis between forest fire characteristics and whole forest landscape indices

Patch type

Canonical Weights

Canonical Loading Canonical Cross—Loading

Dependent variables
Fires / 1,000ha
Burned area / 1,000ha
Burned area / fire
Combustion time / fire
Rate of spread (ha/min)
Independent variables
CONTAG
ENN
1JI
SHDI
AL
Redundancy Index
Canonical correlation coefficient

1.6754
—1.5609
0.6450
0.0573
1.2295

—0.0363
0.1518
0.6702

-1,3684

-0.3591
0.5882
0.949"

0.6874 0.6526
—0,2814 —-0.2671
—0.3794 —0.3602
—-0.6781 —0.6437
—0.2499 —0.2373

0.4588 0.4356

0.5861 0.5564
—-0.2111 —0,2004
—0.7837 —0.7440

0.0091 0.0086

Table 7. The results of canonical correlation analysis between forest fire characteristics and pine forest landscape indices

Patch type

Canonical weights

Canonical Loading Canonical Cross—Loading

Dependent variables
Fires / 1,000ha
Burned area / 1,000ha
Burned area / fire
Combustion time / fire
Rate of spread (ha/min)
Independent variables
PD
SHAPE
MPS
Redundancy Index
Canonical correlation coefficient

0.4911
—1.9100
0.8651
—0.6767
1.1536

0.4955
0.1028
—0.6269
0.3085
0.888*

0.1299 0.1155
—0.6342 —0.5638
—0.4957 —0.4407
—0.4294 —-0.3817
—0.1187 —0.1055
0.9467 0.8416
—0.7252 —0.6447
—0.9657 —0.8585
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