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ABSTRACT

This study was performed to estimate Greenhouse gases(GHGs) emissions from
biomass burning at large forest fire(Ulju, Pohang and Bonghwa) in 2013. The extended
methodology to estimate GHGs adopted the IPCC(Intergovermental Panel on Climate
Change) Guidelines(2006) equation. For classifying fire damaged area and analyzing
burn severity of total three large—fire area damaged, this study used post—fire
imagery from Rapideye imagery to compute the Maximum Likelihood Classifiction
(MLC). The result of accuracy assessment on burn severity from imagery showed that
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average overall accuracy was 75.93% and Kapp coefficient was 0.67 Finally, GHGs

emissions from biomass burning in the three large—fire area 2013 were estimated as
follows: Ulju COs 63,260, CO 5.207, CH; 360, N;O 28.0 and NO, 4.4 g/kg™'-ha™!,
Pohang CO, 28,675, CO 2.359, CHy 163, N,O 12.7 and NOy 1.9 g/kg™'-ha ! and
Bonghwa CO: 53,086, CO 1,655, CHy 114, N0 23.5 and NO, 3.6 g/kg™! - ha ..

KEYWORDS : Greenhouse Gases Emission, Large Forest Fire, Burn Severity, Combustion
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Estimation on Greenhouse Gases(GHGs) Emission of Large Forest Fire Area in 2013
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FIGURE 2. Research process
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SIMAAIRIR 5m aMAEQl RapidEye JAIGAFS o]£-3519
arsA R BAS el 3xg my  Th ETAES 9 2013d 48 284 29

(a) Ulju forest fire area

Date occurred @ 2013.03.09. Date of |mage taken : 2013.04.28.
(b) Pohang forest fire area
Date occurred : 2013.03.09. Date of image taken : 2013.06.03.

(c) Bonghwa forest fire area
Date occurred : 2013.03.09. Date of image taken : 2013.06.03.

FIGURE 3. RapidEye image of large forest fire area
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TABLE 1. Standard for burn severity classification

Burn severity level Color code

Remarks

Extreme - Crown fire (100% burnt to death)

High - Heat damage of crown layer(60% > burnt to death)
Moderate O Crown and Surface fire(30~60% live)

Low o Surface fire(61%> live)
Unburn - Unbumn
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Legend

Total Hiomass

T

LI Kilometers
o 3% 0 100

FIGURE 4. Fuel loads distribution map in Korea
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TABLE 2. Combustion efficiency

Egdoln] wrtuieh st xfo) 7} Rt

oAM= daEs & ¥ 29 7o)
KFRI(2010) 7} 478t &xAHEAE oA 28
st} F¥da 0.95 F#ds] 046 IS
0.27 F&74 0.12 #& IPCC(2006) 7tol=
gieleA] AAeE F 20 Arad o] 4
3R 2).

wsl, WiEAGE IPCCollA AIASF Delmas
et al(1995) 7|& WiEATE HEsITh
COs= 1,580, CO 130, CH; 9, NO, 0.7,
N,O 0.11 #& #8353t

Categories Extreme High Moderate Low Source
Uljin Forest fire 0.95 0.46 0.27 0.12 KFRI(2010)
IPCC 0.43 0.40 0.30 IPCC(2006)
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TABLE 3. IPCC emission factor (G/kg dry matter combusted)

Categories CO;, CO CH,4 NO N.O Source
Forest Fires 1,580 130 9 0.7 0.1 Delmas et al.(1995)
ZAn o D& 2Wd 2E29 A SRdd = g 98
7F 78 Wkt ey A @A Ay &
1. YIMBAS 0188 METHYE W HEAT  Fxddo 49 Fudsl wrks GEas
24 o] wekor, ol B¢ ¥F A 394

Zo apEwlaH e WA S e

A}E-] s 7k A=) .= A}lE.o 7| iy
WEIEAE wAAY &5 AHEY] A T W emesl uae Hoz Az

A 376.9ha® WEbI AFHA FARE N _
g7l e A DA 4kez] B.5)3
280nasith A Wb s AAgewy ETIAIE SACE FLHAS SE

. W22 98.5ha%l o AHIH = Atk
82.00%, Kappa 7155 0.754% vhebich, 2 oo e 985haslon] WA AL 79hailt
Kappa 7l 0.645%0th Hul¢-=Hle 48

TABLE 4. Classification accuracy of Ulju forest fire area

Extreme High Moderate Low Unburn Total User s
accuracy
Extreme 116 24 0 13 0 153 75.8%
High 21 148 4 0 0 173 85.5%
Moderate 0 1 127 0 0 128 99.2%
Low 14 14 0 33 0 61 54.1%
Unburn 0 0 0 0 7 7 100.0%
Total 151 187 131 46 7 522
Produce s 76.8% 79.1% 96.9% 71.7% 100.0%
accuracy

FIGURE 5. Ulju burn severity by MLC
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TABLE 5. Classification accuracy of Pohang forest fire area

Extreme High Moderate Low Unburn Total User s
accuracy
Extreme 28 9 9 0 0 46 60.9%
High 1 42 21 0 0 64 65.6%
Moderate 1 17 83 0 0 101 82.2%
Low 5 7 1 51 0 64 79.7%
Unburn 0 0 0 5 9 14 64.3%
Total 35 75 114 56 9 289
Produce” s 80.0% 56.0% 72.8% 91.1% 100.0%
accuracy
. Extreme
@ Hiah
@ Moderate
o Low
. Unburn
FIGURE 6. Pohang burn severity by MLC
gt ¥ikE JIHEE dAxude FEI 2 YEREI Kappa Al 0.625%0t) &3t
Azt uds = 9% v&r) 4 we A B e A4 FES ST Huex
07 etk AA AR d3FAF Ay o]y W BEX43 ‘mle)s o2 gk Iairt 7
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Teln uds) Aodow ¥ BuE 4 0 AR UERTh ol el AR FEA
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T AEEA(39 99) T oF 379e] Ay 80l HEA YEhd ZoR Btk ¥ 53HA
o AAl HEH FAgo] on] sEAAe] #4]

SEEEREE R L I R S R
TR ga BYEYe] Waksty £
A oRF ekt R0 welth
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A7) eHAL 620%ha% VEET. 23
o] Fakw Prh A3k AAPHEE 7201%

A
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akg 121 Zlole}
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TABLE 6. Classification accuracy of Bonghwa forest fire area

- User' s
Extreme High Moderate Low Unburn Total aceuracy
Extreme 80 14 0 0 0 94 85.1%
High 9 17 6 1 0 43 39.5%
Moderate 0 6 156 0 1 163 95.7%
Low 2 0 0 12 0 14 85.7%
Unbumn 5 0 0 56 18 79 22.8%
Total 96 37 162 79 19 393
Produce’ s o o N o 9
acouracy 83.3% 45.9% 96.3% 15.2% 94.7%
. Extreme
@ Hih
. Moderate
O Low
@ Unbum
FIGURE 7. Bonghwa burn severity by MLC
2. 2MIIA HiSEF =X EM CHy7F  360g/kg ™ -ha '(1.32%), N,O7}
LR AR SWks W g 280gke bt (Q04%) - e NOJH
. = 3
_),:jﬂ_:é:}g @3'4-5 ?l_a_H CO27]_ 68,260g/kg_l . 44g/kg ha " (0.01%) = HHE QM——]—-,- X]—U—

ha™'(91.1%), CO7} 5,.207g/ke™ - ha ' (7.50%), ~ oF% 18 COF  11,176g/kg™ ~ha™
(16.1%). CO7} 919g/ke™ - ha ' (1.329%).

FIGURE 8. GHGs emission at Ulju; (Left) Crown fire and (Right) Surface fire
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FIGURE 9. GHGs emission at Pohang; (Left) Crown fire and (Right) Surface fire

CHsF  63g/kg ! -ha 1(0.09%),  N,O7} 0012 W= =91 Axms}E= Co7t
49¢/kg™' - ha '(0.01%) 18]1 NOJ} 1,874g/kg ™" - ha 1(91.9%), CO7} 154g/kg™ - ha™*
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7). A¥=E Bd AHEdedAe) st 2 &5 N2O7F 0.8g/kg™! - ha '(0.04%) 18]31 NO

AeA] A7 Ty 71 ol wjEH o=
YERStTE

FeaER Qg wlEE 247 wiEE
FH3E CO.7F 28,675g/kg ™ - ha 1 (91.9%),

7F 0.1g/kg™ - ha '2(0.005%) Wi&=ch(E
7). XPAGL AT H o] o} HnkA o
2 2AVA wERe] A EEHAY 1 F
o A E3el A COZF AtF oz thE Ao

CO7} 2,359g/kg ' - ha ' (7.56%),  CHy7}
154g/kg™ - ha '(0.49%), N,O7} 12.7g/kg ™" -
ha '(0.04%) 183 NO7} 1.9g/kg™ - ha™
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FIGURE 10. GHGs emission at Bonghwa; (Left) Crown fire and (Right) Surface fire

TABLE 7. Greenhouse gases emission at Ulju, Pohang and Bonghwa (unit: g/kg™" - ha™)

CO CcO CH, N.O NOx
Crown  Surface  Crown  Surface  Crown  Surface  Crown  Surface  Crown  Surface
Pohang 28,675 1,874 2,359 154 163 10 12.7 0.8 1.9 0.1
Ulju 63,260 11,176 5,207 919 360 63 28.0 49 4.4 0.7

Bonghwa 53,086 20,119 4,367 1,655 302 114 23.5 8.9 3.6 1.4
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o7 ®A3k u} QItH(Won et al 2008). AF Tl st F7F AFE Edf I7FaFA

FIRHER ] wjEE 2ATEA wEES xe] 7 H‘%l Q7 # ATFE B8 AHEY
F338t2 CO,7} 53,086g/kg™! - ha 1(89.8%), a2 gk 5 A&sHA et ¢
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1,874g/kg™" - ha 1 (91.9%), CO7} 1,655g/kg ™"
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