St A 2SS =R, A24H A2, 2010 H J. of Korean Institute of Fire Sci. & Eng.
= 2 Vol. 24, No. 2, 2010

ASX Y 5 2HFRI0M HRsEs| OS2 JHY
e & At ENEL)
Development of Prediction Model of Fuel Moisture Changes

in the Spring for the Pine Forest Located the Yeongdong Region
(Focused on the Fallen Leaves and Soil Moisture Level)

O[AIY - HFEDT - O|BS* - O|5H** - AFYH++

Si-Young Lee + Chun-Geun Kwon® - Myung-Woog Lee* -
Hae-Pyeong Lee** - Joo Young Cha***
AAREL WAARA I, DBk Feb, g 2,
R R =) SH—I—EH Bkl &4 g = 9 sHAlE}
(2010. 1. 15. F<7/2010. 4. 9. =)

T o 23} AEZIA Y 8o ule Zo sk} wat
H GEA 2L QB WEEE 5mm o]
o} 7} Zoll 3t AFFES} AL /el
QR Ao 59 FHE Y PSR 17%
S Uitk whe, RA3e 620] A3t HolE 30% o1l A8 $EF Uehion,
B A - 52 ol W B sl WS} sl ol e Ae R % 59 ARG g

?=0.56~0.87)% /Hdst e ,2008&4_ TY7N] A F 7P ASARE A L3l dFR
48 AZ3 AT} 1% 04 FAdo] YL & 4 Yt).

ABSTRACT

The fuel moisture changes accompanying with the elapsed days after a rainfall is very important to
predict the risk of forest fire and make a good use of forest fire guard. So, to investigate the condi-
tions for the risk of forest fire, it was studied the risk of forest fire for fallen leaves level, rotten level,
and soil level after more-than-5 mm-rainfall according to the different forest density of pine forests
which were located in Yeong-dong region in the Spring of 2007. The result of the study showed that
the around 17% of fuel moisture which was the risky level for forest fire was reached after three days
of a rainfall in the coarse dense forest region and after five days in the medium or highly dense forest
region. However, for the rotten level represents more than 30% of fuel moisture even after six days
after the rainfall, and the lower and upper level of the soil represented a slight or almost no changes.
Based on the result, the prediction model (R*= 0.56~0.87) for the change of fuel moisture was devel-
oped, and it was examined by applying to actual meteorological measurements in the same period of
2008. It showed a meaningful result of 1% level of distinction.

Key words : Forest fire, Fuel moisture, Forest density, Prediction model

1. M = AAFE vpd A AHE A < 60%S A

2 e Ao HuET 3, 53] '02~05d A

S AC sk SEvEr AR FE 5 - 7F oA AR tfd AR 3770 F 177090 46%7F FEA
3 e B o, B8] BEH % ] FFEHY Jon, olg BEH FHUFAA =9
2= HAFe] HyS domA Al (foehn)d 3

T E-mail: keg3338@kangwon.ac.kr doA JExte] AEEZRE AHEo] Axd FH k3

67



68 oA - FED - oHE - ofFlH - 25
R wE7] wEolth.) I HEo] B2 Zlog HIAEH
ARHARS SR FERE AR A 2 w17 FUdM e 5, I8 AFEFH dui9 71
3 ERe GFS HAA He F8% JdARA B AREFE HEkE 2Alete] AEAEES 245
FEGFO] ¥ S ARSI Fo] Yolx|e W, oM FF Ao S FESHE A5} 71
FEG o] e AS- A WEC] B4 Yehte  AEE o]§3t] AHEHPHA S S THEY] AR
Zo| dukr<l EHolt}? welA Addge] R BHAE AL v U
FE A dEsr] faire A W AE AR e, 739 5 dule] I E, S, ESTl o
B 25, 5, R, 5, A9E 5 /R4S 3 AREE HIlE ASse AR AEEete] #
o #AE T3 Ao| Haslh AE A7e AL wfg- wu)g dgolrt. wabA, &
w)=+o] 7-$- Ponderosa AUNF-E THE dESEESTH AFoMe B AEZAVT T AL AUEE
-(Fuel Moisture Stick)2 ©]-&-3te] A F &2 AxAy oM Y BEEE 9 F 995, 74T, B9
AW M £ o] dFYE VEE 1978d Wi FERISE ASste g, 71dRIAeke] #AE
NFDRS(National Fire Danger Rating System)}{-E] 4Hs 43t 739 & AS5FEHS) dESRdg /fdeta
A= SA d&sfatar glom, olelde 7k A 2 Y8t
A& AEFE Wstel AR Pz Hate] A7t
ZPe € vk lk? 53], A diel] 3 Ho] e 2. M5 U diH
JARE AEA RS AR AR tids] Fadk o
TS 3 A HAT Ase] FE Tl Al A 2.1 ZAK| & EAHHY
oM S FF TV ARE WA A% B 2 7= 20079 2 AHexA 712 F Table 13}
o B2 oA HastER 30 of| QoA dAx  Fo] Adm A FejAll RS ArE F
o Fi FFE Arel 7o Fol dTIHEANE  UR dxUt &, F, U AGe AR F A §
AFAE AB9 H]E, UF & (compactness), &  AEFE HIE ZABIADLY 2AF 71EE FES
(porosity), 1=°] 7], 7|F2AGET, FHFE, 25 Zol 5.0mm o]} W& g 7|Fog!h 79 5 ol

Table 1. Stand Investigation and Site Investigation

in the Survey Site

Item Fallen Leaves and
Stand Investigation Site Investigation Humus Layer
Thickness (cm)
Degree
. Ave.r age | Average of Trees | Altitude | Direc-| Survey Average Fallen Humus
Species | Height | DBH . . Slope GPS Leaves Total
Closure | (ha) (m) tion |Location o Layer
Stand (m) (cm) %) ©) Layer
Pinus N 37° 30" 04.6"
Loose |t | 70 235 20 | 400 | 94 [S40W| bottom | 23 | SO0 13 | 23 | 36
. Pinus N 37° 27" 35.7"
Medium Densiflora 10.70 18.93 60 1400 20 S30W | bottom 14 E 1290 09' 222" 1.7 35 52
Pinus N 37° 29' 21.7"
Dense Densiflora 12.72 16.26 70 2500 48 S30E | bottom 7 E 129° 06' 16.6" 2.5 3.0 5.5
Table 2. Survey Period of Fuel Moisture
Item Duration of Survey Period Accumulation
Investigation Rainfall Y Rainfall
First Investigation '07 March 4 '07 March 5~March 10 6.5 mm
Second Investigation '07 March 28-April 1 '07 April 2~April 7 62.5 mm
Third Investigation '07 April 17 '07 April 18~April 23 10.5 mm
Fourth Investigation '07 May 1 '07 May 2~May 7 18.5 mm

PSR £ B8PS =R A24H A28, 2010



PEA B 2rgol Amsmsl dEne AN B ESEES FH0E) 69

FE 6UZF Table 29} 7Fo] 43]o] A ZASIATH

AR A7)= Zhzbe] e tisted 10m x 10m
2 9o, AEAFHAE ZAFY 02m x 0.2m 2719]
2ZA} plot 3¢, &, sh & AAst, H9%5, 74
Z 2 ENE(0~5cm), ESdE(5~10cm)ol 3k
Wi Y AIZFRD 107190 vinyl Rl AEE A
Hste FAE 543 & AFHAE ukeqi).

Bk, Al EAFH S} Y Al 71735 4]
Kestrel 40002 AFE-3le] &% AEE, 2452 =
AR, 2L 9= INS DX-200 FH| S A}g-3ho]
Eri=2

o2 9

2.2 EAMulH

221 9ESFE W3 24
Aol AF S GAF, F4F 2 EFIE(0~5em),
E¥aZ(5~10cm)e] AIES AFAE 2u T 105°C,

S]

24717k F<t Dry-ovendll X AZAIZ 12 A5 =4
sl A8 <% (Fuel Moisture Contents, FMC)E 4Hg

YRR, F98 ARFEWNE 1)

RS F al
T RSt Tl (N ARFE #A0) AHEE

FMC(%) = (Www;dwdj %100 1)

o714 FMCE QESE(%), W.B AF W ¥

<ol

222 AEHFEHS J=2d /T 9 A
g e flske] 43]o] AA

)
HFEE THULE FUS A7

2~ = I
Auss, 43

Fuel moisture contents(%)

Qe

ke

M

e,

i
P
3{)1
g,
%
1
e
o

>0 ol
)
e

& _1},
il

5 o AP B,
ZEE 2t gAVE FHE 2uE, 3RS 73
$ FE ¥ AAY5ME, JRUEE GoESE of
g3l AL L AAsOw, N8 AARY e
o st 2k

Y =b,+b,D1X4 + D2X4 3)

g, oA X7t AUEeIH DIX4=1, D2X4 =
02 F3lal, X47F STUEo|™ DIX4=0, D2X4=1
2 AFsIAaL, X471 WAE o]H, DI1X4=0, D2X4=
02 Aste] 3]ARAE AAIBIAT ol 72+ Who
Z e Ao AHE flske] 2008 B AHE
ZA7 F FA7S-FFo] 13.0mm W™ el 39 14
d JAREH 6d7H3Y 15¥-3Y 20¥) AT 714
AE A A8t oF ft AF 7S Ttests
3l AStArh

I~

3. 23 3 nF

3.1 2% & U dE&T WSt vl
300 gEEsd Hla

s LB e B |
Figure 1~Figure 4= 7% & AALdgol w2 934
Z, FA5Y A8SE Wilel EE, EYsEe

18.5mm
—a— Loose
—=— Medium

—e— Dense
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7 Date

|<_ Days After Precipitation _>| 41 |(_ Days After Precipitation —>| 417 |<— Days After Precipitation —>| 5.1 |(— Days After Precipitation —

Figure 1. FMC changes of fallen leaves layer.
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Figure

2. FMC changes of humus layer.
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Figure 3. FMC changse of soil layer (0~5 cm).
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Figure 5. FMC changes of loose stand.
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Figure 6. FMC changes of medium stand.
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Figure 7. FMC changes of dense stand.
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Table 3. Fuel Moisture’s Predictive Expression by Statistics Analysis

Fallen Leaves | FMC =0.725 +0.611*Logl10(EH) + 0.06413*Logl 0(ALUX) — 0.290*(L) — 0.140*(M) (R*= 0.867)

Layer —0.482*Logl10(ED) ’
FMC =2.151 + 0.301*Log10(EH) — 0.228*Log! 0(ALUX) — 0.004*(L) — 0.04*(M) 2

Humus Layer — 0.120*Logl 0(ED) (R*=0.749)

Soil Layer | FMC=2.071 = 0.146*Log0(EH) + 0.01318*Logl 0(ALUX) ~ 0.266¥(L) = 0.049*(M) | 2 o0
(0~5 cm) — 0.428*Log10(ED) ’

Soil Layer FMC = 1.617 — 0.009*Log10(EH) — 0.083*Log10(ALUX) — 0.02*(L) — 0.016*(M) (R2=0.564)
(5~10 cm) —0.106*Logl0(ED) ’

#Hd): FMC = A85%(%), logl 0(EH) = 2 &%

ol A 2 e =ER] A4 A23Z, 2010

(%), logl 0(ALUX) = FHZ%, loglO(ED) = A5 (Y), L = A%, M= 5
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Table 4. Analysis of ANOVA

A ool Agsedst dErd A ¥ EYFEEE SHeE)

73

Item Model Sum of Squares df Mean Square F Sig.
Regression 3.019 5 .604 85.835 .000
Fallen Leaves Residual 464 66 007
Layer
Total 3.484 71
Regression 1.642 5 328 33.493 .000
Humus Layer Residual .549 66 .008
Total 2.191 71
. Regression 1.524 5 305 91.482 .000
Soil Layer Residual 220 66 003
(0~5 cm)
Total 1.744 71
. Regression .280 5 .056 17.074 .000
Soil Layer Residual 216 66 003
(5~10 cm)
Total 496 71
100 100
Fallen leaves layer —a— Loose(p) Soil layer(0~5cm) —a— Loose(p)
—_ —=—  Medium(p) —_ —=—  Medium(p)
R 804 —e— Dense(p) X 80 —e— Dense(p)
K] —4A—  Loose(o) " —4A—  Loose(0)
< —O—  Medium(o) c —1O— Medium(o)
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S 601 P - prediction g 60+ P : predicti
: 0 : observation o 0 bbservation
5 e
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2 401 o 404
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E 204 E 20+
0 . . . . T . 0 - - - : . .
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Elapse Days Elapse Days
Figure 8. FMC changes of fallen leaves layer. Figure 10. FMC changes of soil layer.
300 100 - A
Humus layer —a— Loose(p) Soil layer(5~10cm) —a— Loose(p)
—_ —a— Medium(p) —_ —=—  Medium(p)|
§ 250 —e— Dense(p) é 80 —e— Dense(p)
P —4A—  Loose(o) 7)) —4A—  Loose(o)
€ —{O—  Medium(o) t —O—  Medium(o)
8 200 o —O— Dense(o) K] —-O— Dense(o)
§ S~ P - prediction § 60+ P : prediction
@ 150 X O : observation o O : observation
= =]
2 g 40
2 1001 2
é 50 § 201
0 . - . . . . 0 . : : - : :
1day 2day 3day 4day 5day 6day 1day 2day 3day 4day 5day 6day
Elapse Days Elapse Days
Figure 9. FMC changes of humus layer. Figure 11. FMC changes of soil layer.
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Table 5. Analysis of t-test

Item N M SD T P
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72
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