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The Analysis of Forest Fire Fuel Structure Through the
Development of Crown Fuel Vertical Distribution Model:
A Case Study on Managed and Unmanaged Stands of
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ABSTRACT

This study compared and analyzed the effects of forest tending works on the vertical
distribution of wildfire fuel loads on Pinus densiflora stands in Gyeongbuk province. The
study sites were located in Youngju and Bonghwa in Pinus densiflora stands. A total of 10
sample trees were collected for the development of the crown fuel vertical distribution model.

The 6™ NFI (National Forest Inventory) selected a sample point that only extracted from

managed and unmanaged stands of Pinus densiflora in the Gyeongbuk province. The fitness
index (F.I) of the two models developed was 0.984 to 0.989, with the estimated parameter
showing statistical significance (P<0.05). As a results, the vertical distribution of wildfire fuel
loads range of unmanaged stands was from 1m to 11m with the largest distribution at point
Sm at the tree height. On the other hand, the vertical distribution of wildfire fuel loads
range of the managed stands was from Im to 15m with the largest distribution at the point

of 8m at the tree height. The canopy bulk density was 0.16kg/m® for the managed stands
and 0.25kg/m> for the unmanaged stands, unmanaged stands were about 1.6 times more than

managed stands. This result is expected to be available for simulation through the

implementation of the 3D model as crown fuel was analyzed in three dimensions.
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Table 1. Summary of the observed statistics for Research data and 6™ NFI Pinus densiflora stands

. .. Variables
Classify Forest activity - :
Age (years) Stand density (trees/ha) DBH (cm) Total height (m)
Research Managed stands 41.0+0.6 754.0+£22.3 18.3+0.7 9.9+0.4
data Unmanaged stands 36.0+0.4 2,400+79.2 11.3+1.7 8.3+0.7
& NFI Managed stands 40.0+0.7 919.2+18.3 19.9+0.8 14.4+0.9
Unmanaged stands 41.0£1.5 1,775.0£25.6 11.8£1.6 10.2+1.1
Note: Mean + Standard error
(Logistic model)o]l &Jsf 058 14to]2] gha 74X i, iRt AR RS 2RgSto] ol TS ¢
(AR RS, ddEenle)e R B2 stk 224 W 47 He A
ez 24 F5AE Dol o8 maskstgt a W Faston], 7} ol 8 gl

(Mitsopoulos and Dimitrakopoulos, 2007).

RW=a/{1+ EXP [b—c(RH)} (Eq. 1)

Note: RW=Ratio of weight, RH=Relative height
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Note: CAV= Canopy volume(m’), CBD=Canopy
bulk density(kg/m’), CL = Canopy length
(m) of " individual trees, 7TEF, = Tree

expansion factor corrected to a per ha basis
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Table 2. Regression models of the vertical crown fuel distribution of FTW stands and control stands

RW =a/{1+ EXPb—c(RH))}

Forest
activity ~ Crown fuel category a b c FI.  RMSEkg) C.V.(%)
(SE) (SE) (SE)
1.009 9.072 13.987
’ ’ ) . . 10.2
Needles 0.026)  (0.864)  (1.392) 0973 0.095
Branches 1.004 9.688 15.431
. 0.087 13.1
FTw (<0.5cm) (0.021) (0.864) (1.421) 0.979
Branches 1.010 9.172 14.354
. 0.076 11.0
(<0.5-1cm) (0.020) (0.701) (1.141) 0.983
1.008 9.272 14.485
i . . 13.1
Available fuel (0.022) (0.796) (1.292) 0.979 0.085 3
0.993 8.481 14.058
’ ’ ) . . 9.7
Needles 0.018)  (0.632)  (1.086) 0987 0.070
Branches 0.994 8.112 13.849
. 0.079 11.5
(<0.5cm) (0.019) (0.667) (1.181) 0.984
Control Branch 0.990 8.345 14.764
rancnes . . .
. 0.068 12.4
(<0.5-1cm) (0.015) (0.603) (1.099) 0.989
0.993 8.233 13.973
i . . 13.
Available fuel (0.016) (0.580) (1.020) 0.988 0.067 3.5
Note: FTW is forest tending work, S.E .is standard error
@ 1 o Control - Observed fuel o ® 1 o Control - Observed fuel
* FTW - Observed fuel « FTW - Observed fuel
wenee Control - Regression line Ce --- Control - Regression line
08 - - —FTW - Regression line @, G 0s — — -FTW - Regression line a
% y=0 9783'need:13=§((:mgm'01) +0.0124 g ¥ = 0.9772*branches(Control) +0.0127 o ¢ .
E 0.6 o oo Cae § 0.6 oo
é 0.4 ° é 04 |
E e . VZO'QT&PHEEEE(E?W 00088 ; o o8 oo ’ ¥y=0 9866'br§x;uineas(§gﬂ\') +0.0028
02 L oceo'.‘B{' ° én.z— '\ e
p P LA
0 o o s e o L ’ 0 0z 04 os Y 1
Observed needles fuel(kg) Observed branches(<0.5cm) fuel(kg)
D,
© o Control - Obsarved fuel ® o Control - Regression Iine B
* FTW - Observed fuel - « FTW - Regression line o ® ”
— Cmt;ul - Regressiar_l line - Control - Regression line ta
Zoos —— ~FTW - Repression line 4 0.8 L===FTW - Regression line
E wo g0 o
7 ‘-=0,9797-bran2a11e;§cﬁnuol) +0012 £ T osmiorArComah 0016 4 3 R
E o / ERXAS 220,07
£ 04 Eoat
g 0z ‘ ¥ =084 branches FTW) +0.0062 % wa |0 TR "y oS AETI) +0g0ss
2 1:1 &
T e
= . . . .
’ 0 0.2 0.4 0.6 0.3 1 ’ 0 02 0.4 0.6 08 1
Observed branches(<0.5-1cm) fuel(kg) Observed available fuel(kg)

Fig. 1. Quantile-quantile plot analysis by crown fuel vertical profile. ((A) Needles, (B) Branches(<0.5cm),
(C) Branches(<0.5-1cm), (D) Available fuel).
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Fig. 2. Comparison of accumulated crown fuel vertical profile. ((A) Needles, (B) Branches(<0.5cm),

(C) Branches(<0.5-1cm), (D) Available fuel).
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Fig. 3. Tree-level crown fuel vertical profile using regression model. ((A)Managed stands (B)Unmanaged stands).
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Fig. 4. Effects of forest management on the canopy fuel load distribution in the managed stands and unmanaged
stands (Bar represent = Standard error of the mean).
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Table 3. Summary of canopy fuel characteristics
statistics for Managed stands and Unmanaged stands

Forest CL CBH CFL CBD
activity (m) (m) (kg/m*)  (kg/m®)
Managed 0204021 620+£024 1794007 0161003

stands ~ 320-1520 050-15.70 0.85—2.85 0.01-0.31

Unmanaged 5801052 580£055 201£033 0251010
stands 240-1240 310-13.60 092 -3.14 0.08-041

Mean+ S.E.
Min. — Max. ’
Canopy base height(m), CFL is Canopy fuel
load (kg/m?), CBD is Canopy bulk density
(kg/m?)

Note: CL is Canopy length(m), CBH is
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