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Estimation of carbonaceous gases emission from forest fires in Xiao Xing’ an Mountains of
Northeast China in 1953-2011. HU Hai-qing', LUO Bi-zhen', WEI Shu-jing'*, SUN Long',
WEI Shu-wei’, WEN Zheng-min®> ('College of Forestry, Northeast Forestry University, Harbin
150040, China; > Guilin University of Technology, Guilin 541004, Guangxi, China; °Lanzhou Uni-
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Abstract; Based on the forest resources investigation data and the forest fire inventory in 1953 -
2011, in combining with our field research in burned areas and our laboratory experiments, this pa-
per estimated the carbonaceous gases carbon dioxide (CO,), carbon monoxide (CO), methane
(CH,) , and nonmethane hydrocarbons ( NMHC) emission from the forest fires in Xiao Xing’ an
Mountains of Heilongjiang Province, Northeast China in 1953 —2011. The total carbon emission
from the forest fires in the Xiao Xing’ an Mountains in 1953-2011 was 1. 12x10" t, and the annual
emission was averagely 1.90x10’ t, accounting for 1.7% of the annual average total carbon emis-
sion from the forest fires in China. The emission of CO,, CO, CH,, and NMHC was 3.39x107,
1.94x10%, 1.09%x10°, and 7.46x10" t, respectively, and the corresponding annual average emis-
sion was 5.74x10°, 3.29x10*, 1.85x10, and 1.27x10’ t, accounting for 1.4% , 1.2% ,
1.7% , and 1.1% of the annual carbonaceous gases emitted from the forest fires in China, respec-
tively. The combustion efficiency and the carbon emission per unit burned area of different forest
types decreased in order of coniferous forest > broad-leaved forest > coniferous broadleaved mixed
forest. Some rational forest fire management measures were put forward.

Key words: forest fire; carbon emission; carbonaceous gases emission; Xiao Xing’ an Mountain;
forest fire management measure.
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Table 1 Burned area and fire intensity of forest fires in Xiao Xing’ an Mountain from 1953 to 2011 (hm?)
KBESR R B Forest type A
Fire intensity A B C D E F G H Total

I 116618.07 19356.97 24145.59 59638. 48 3880. 96 8765.71 23319.59 95265.30 350990. 67

I 85516.75 18033.25 24702.79 40210. 85 1775.48 10275.35 11107.08 51417.56 243039.11
Il| 35279.82 29128.59 39596.99 29821.27 13642.22 29657.27 18213.52 31850. 32 227190. 00
JF Total 237414. 64 66518. 81 88445.37 129670. 60 19298. 66 48698. 33 52640. 19 178533.18 821219.78

I 520 Low; I . " JE Moderate; 1. 5 & High. A M ZLAABK Pinus koraiensis forests; B: V&M WAMK Larix gmelinii forests; C: FAHEM Betula
platyphylla forests; D . 75 M-¥a-FHHERK Betula platyphylla—Larix gmelinii fovests; E . FEF-FAMK Pinus sylvestris var. mongolica forests; F.%£F Ik Conifer-

ous forests; G :[@MH K Broad-leaved forests;

H . &1 R3S HK Coniferous broad-leaved mixed forests. T [A] The same below.
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B3 /NSRRI R A 2H 53 B T AR T A
Fig.3 Fuel load per unit area of different forest types in Xiao Xing” an Mountain ( mean+SD, t » hm™).
FR2 IIHRIEREARHREZHS W AR SBRE
Table 2 Carbon content of fuel in different forest components in Xiao Xing’ an Mountain ( mean+SD, % )
4oy PRI Forest type SE A
Component A B C D E F G H Mean
¥ K Trees 50.95+3.04 52.15+2.56 48.33+£1.68 50.24+2.35 50.18+2.95 51.34x1.71 47.14£2.84 50.02+3.44 50.04+1.62
K Shrubs 49.75+1.14 49.23+1.48 48.12+3.13 49.2420.96 49.12+2.38 49.21+1.99 46.87+1.46 49.03+2.59 48.82+0.91
FA Herbs 46.23+1.56 47.12+1.95 45.32+0.97 47.33+1.85 46.18+1.16 46.65+1.32 45.66+1.28 46.12+1.46 46.33+0.68
JAVEY) Litter 48.63+1.54 48.34+1.43 47.17+1.34 46.25+1.12 47.46+2.59 47.34+1.67 44.95+0.93 48.15+2.67 47.29+1.21
JEH 5T Humus 45.50+0.94 46.31+0.97 45.41+0.98 45.23+0.46 45.24+1.34 45.13+0.54 44.35+1.24 45.11£0.83 45.29+0.54
HIAR B AA Coarse woody debris 48.16+1.87 47.67+1.57 46.29+1.63 47.31+1.79 47.33+£1.96 47.02+1.38 45.42+1.08 46.51+1.54 46.96+0.84
F-141H Mean 48.20+2.09 48.47+2.06 46.77+1.31 47.60+1.86 47.58+1.82 47.78+2.18 45.73+1.08 47.49+1.88 47.45+0.86
M BURASHRSIPAR D : T RIZSEERZSHTE WIFIRAR B AAR by T 32 SRR A 2 M B0k, AN A

WIESHARBFRARZ > FA 2 > IS TR [
RIS 20 73 Je bR 73 7K1 B85 B0 3l e e b
AR5 Bl 3. AR ) 28 53 T AR BT 43 (AR AR
HEA) AP 2 35 i A FL BT 0.5, T AR AR B 23
(A JEFEIR) B)-F- 335 B R LU AR 0. 45, %

ARIY R 82 55 i A P B BOR. AEARIRL L B AR
FR s TR TR S, B R TR S M T R ARG
TR P I AR 2 S R A, HEUON
I ZTARAR, R AR R A I [ B X 2% Fofo ol
K0, 5 MBI &5 e R = N AMIF I B K2
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2.4 AN[ALKERFE T /N2 W PR X A5 AR (1 T AR
MABERICR

2 3 W LA ESMAEURE L0 TeAR 2
PR BTG, 0.02 ~0. 26, ok WHEARZ 1

£3 FRMGEERETANS

tain ( mean=SD, % )

R R X R K BT A 400 40 5 B R AR S

Table 3 Combustion efficiency of fuel in different forest components under different fire

0.07 ~0.26 Z[i], BAJZTE 0.21 ~1.00, &Y )2
R, 75 0.30 ~ 1. 00. A W5 R, i ARbkrb b -
BB AW R BEAU R R 0. 09 ~ 0. 16 iﬂﬁ%iﬁﬁa\_f
WRY) B IRBER N 0.03 ~0. 90117 520 43l 1%

ROR 5 E M S R
2.5  RN[FVCREETR /N W AR DX R AR AT R ) 1 Tl
HEs

240 LLE M, /N %215 1953—201 1 4F

intensities in Xiao Xing’ an Moun-

Yo JBet R Forest type
Component Fire intensity A C D E F G H
EIN 1 0.03+0.009 0.06+0.007 0.10+0.018 0.03+0.012 0.11+0.042 0.13+0.054 0.08+0.034 0.02+0.008
Trees I 0.05+0.016 0.08+0.009 0.13+0.034 0.09+0.013 0.13+0.049 0.19+0.033 0.12+0.034 0.04+0.015
I 0.08+0.011 0.12+0.027 0.16+0.035 0.11+0.039 0.17+0.053 0.26+0.054 0.15+0.045 0.06+0.039
i 1 0.09+0.021 0.09+0.014 0.08+0.008 0.09+0.013 0.10+0.016 0.15+0.015 0.11+0.017 0.07+0.014
Shrubs I 0.13+0.027 0.14+0.033 0.15+0.034 0.14+0.041 0.15+0.023 0.23+0.039 0.15+0.025 0.12+0.026
| 0.18+0.042 0.19+0.046 0.20+0.022 0.18+0.034 0.23+0.045 0.26+0.057 0.21+0.051 0.21+0.044
LN I 0.41+0.133 0.55+0.115 0.60+0.154 0.52+0.097 0.62+0.143 0.64+0.114 0.59+0.096 0.21+0.154
Herbs | 0.73+0.245 0.83+0.132 0.85+0.084 0.81+0.123 0.85+0.103 0.89+0.098 0.88+0.094 0.45+0.145
I 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000
TR 1 0.34+0.064 0.30+0.018 0.52+0.129 0.31+0.028 0.35+0.026 0.42+0.052 0.55+0.068 0.40+0.052
Litter I 0.61+0.019 0.44+0.036 0.78+0.164 0.55+0.064 0.65+0.054 0.61+0.046 0.81+0.123 0.62+0.095
I 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000 1.00+0.000
JE B 5 I 0.22+0.029 0.18+0.035 0.13+0.041 0.23+0.062 0.32+0.027 0.36+0.023 0.28+0.021 0.12+0.013
Humus | 0.46+0.054 0.37+0.039 0.36+0.045 0.54+0.045 0.56+0.059 0.69+0.056 0.46+0.034 0.27+0.049
I 0.85+0.064 0.84+0.095 0.77+0.154 0.87+0.134 0.82+0.039 0.96+0.085 0.85+0.065 0.75+0.098
FHA 5k A 1 0.11+0.029 0.33+0.065 0.17+0.042 0.12+0.015 0.33+0.056 0.27+0.059 0.21+0.054 0.14+0.017
Coarse woody I 0.30+0.064 0.45+0.074 0.35+0.044 0.29+0.035 0.46+0.059 0.58+0.092 0.33+0.032 0.25+0.023
debris 1 0.41+0.045 0.61+0.095 0.52+0.095 0.45+0.038 0.59+0.078 0.75+0.074 0.44+0.067 0.39+0.041
R4 AENGEETNNRIGHREZRANEAS HTTRY SEHERE

Table 4 Total carbon emission of fuel of different forest components under different fire

tain (10° t)

intensities in Xiao Xing’ an Moun-

ik KRR PE MAY Forest type
Component Fire intensity A B C D E F G H
A I 221.67 60. 68 93.74 102.06 17.21 38.23 53.89 92.03
Trees 1 270.92 75.37 124.68 206. 44 9.30 65.49 38.50 99.35
m 178.83 182.61 245.97 187.12 93.49 258.67 78.92 92.31
A I 79.58 4.88 10. 48 19.37 1.61 9.78 25.79 57.48
Shrubs 1l 84.29 7.07 20.09 20.32 1.11 17.58 16.75 53.18
ii| 48.15 15.50 42.95 19.37 13.02 57.37 108. 04 57.65
Bk | 115.16 45.05 75.90 99.08 8.40 32.29 71.93 16.15
Herbs 1 150. 36 63.33 110.01 104. 06 5.27 52.64 51.10 18.67
| 84.97 123.25 207.45 95.27 47.63 170.73 95.22 25.71
JRIEY I 195.33 12.13 49.57 83.71 6.65 28.53 52.75 43.12
Litter 1 256.98 16.57 76.07 100. 14 5.65 48.57 37.00 36.07
m 173.80 60.83 156.33 135.03 66.82 229.83 74.91 36.04
JE B I 113.82 31.00 16.45 85.37 7.23 20.46 44.54 49.30
Humus I 174.51 59.36 46. 60 135.14 5.78 45.98 34.85 59.87
m 133.03 217.67 159.78 161.47 65.08 184. 64 105. 60 103.02
AR | 124.67 37.33 26.39 32.77 10. 50 6.84 36.68 82.25
Coarse woody 1 249.33 47.43 55.60 53.40 6.70 17.23 27.45 79.28
debris I 140.58 103.84 132.39 61.46 65.98 64.32 60. 02 76. 61
S BRHERL Total carbon emission 2795.98  1163.91 1650.43 1701.57 437.42 1349.21 1013.95 1078.09
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Table 5 Emission factors for main carbonaceous gases emitted from various types of fuel burning in Xiao Xing’ an Mountain

(mean=SD, g - kg™' C)

4 EL gt Ssi] B Forest type
Component Carbonaceous
qases type A B C D E F G H
N €0, 3099.47+145.33  3145.64+91.15 3295.58+147.18 3149.23:177.24 3241.46+79.45 3335.30+84.57 3315.242117.48 3048.56+188.14
Trees Co 254.49+29.34  208.87+41.46  187.49+38.24  144.28+27.87  198.36+45.34  129.34x47.94  142.56+39.68  231.45+49.62
CH, 11.21£3.21 10.51£2.12 13.32+2.46 9.53:1.34 8.36+2.57 7.1242.67 12.24+3.59 8.74+2.72
NMHC 7.24:1.11 8.25+2.23 6.41+0.89 5.52#2.31 9.27:1.24 6.82+0.78 7.9421.52 6.26+1.32
WA €0, 3099.24£222.15  3165.48+245.46 3325.47x156.27 3241.75:137.57 3313.24x186.37 3363.18+89.46 3269.12£127.64 3014.48+159.46
Shrubs €O 211.24223.42  189.33+34.24  163.45£12.45  184.43£25.34  156.26+19.67  156.31%25.99  110.22+34.90  201.23x15.30
CHy 12.23+1.24 11.03+2. 16 9.12+1.12 10.30+1.57 10.00+1.46 9.130.86 12.88+1.21 8.26+0.89
NMHC 8.11£1.10 6.93£0.79 6.44+0.86 9.4240.79 9.330.47 8.2421.16 7.74:1.20 6.48+1.24
HA €0, 3154.23£133.12 3168.61£114.25 3312.36+159.54 3178.28+124.64 3297.24x124.34 3346.17+184.56 3379.87£164.25 3112.12£135.35
Herbs €O 189.33£26.31  199.32433.32  169.25+26.46  154.55+19.56  155.24%29.16  134.33+35.36  143.79£34.46  186.67+42.16
CH, 10.15£1.34 9.48+1.36 11.39+2.59 9.89+1.89 9.37£1.52 7.031.61 10.01+1.33 9.35¢1.28
NMHC 6.81+1.11 7.9242.23 9.35+1.31 6.38+1.28 8.49+1.11 7.55+1.01 7.26+0.91 6.12+0.57
&Y €0, 311.15£159.65  3179.36+168.78 3359.15+129.51 3225.15£186.58  3300.01£100.35 330.25+178.35 3329.87«139.18 3009.35+168.28
Litter €O 177.35£21.34  175.98+34.69  178.29+18.26  164.23+29.64  164.89+35.35  159.78+19.37  168.9728.46  158.12439.22
CH, 11.36+1.57 10.59+1.68 10.87+2.24 10.29+2.33 9.3120.98 8.04£1.25 11.2421.27 9.05+1.24
NMHC 7.33£1.02 6.84:0.78 8.16=1.14 7.18:1.11 6.59x1.47 7.21£1.24 6.7020.48 6.29:0.67
05 €0, 3111.21£145.42  3154.68+187.26 3298.28x167.34 3227.71x128.36  3357.21:189.46 3345.11x125.64 3297.10£134.48 3101.21x154.33
Humus €O 167.66+17.62  194.48225.27  175.78+23.14  194.34x30.01  148.81x18.54  172.29£19.34  129.48+31.25  178.29x19.34
CH, 11.47+0.57 10.28+1.09 10.47+0.97 9.69+1.21 9.09+0. 95 10.35+1.29 11.24+1.48 9.11+1.42
NMHC 7.06+0. 31 7.650.84 7.25+0.71 6.2110.49 7.28+0.52 8. 11£1.01 8.27+1.14 7.23£1.18
VNG €0, 3015.21£213.45  3029.32+189.97 3159.57+248.27 3329.68+234.49 3187.29145.27 3267.19+140.19 3287.19+234.12 3012.26£109.21
Coarse woody Co 241.18+18.26  213.24233.36  193.17£25.24  187.16+18.88  211.67:28.47  187.24+37.14  187.34x24.29  215.34x19.17
debris CH, 11.39+1.18 11.24:1.79 12.12+1.47 10.19+1.10 9.12+1.49 8.09+1.19 11.31£2.46 8. 14+1.24
NMHC 6.76=1.04 7.4621.17 7.24:0.48 6.59:0.74 8.1620.79 7.26:0.84 8.1520.97 6.21x1.01

NMHC ; JE %42 Nonmethane hydrocarbons. T [A] The same below.
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Table 6 Main carbonaceous gases emission of the fuel burning of different forest components in Xiao Xing’ an Mountain

(mean=SD, t)

MK AR HE R R 1. 12%x107 ¢, fﬁigﬁ%ﬁkﬁkggj@
1.90x10° t, 24 &5 4 [ 4 2 FR AR S o i HE il & 1)
1. 7% ; &SR €O, .CO .CH, FI NMHC FYHERCR 43
G4 3.39%107 | 1.94x10° | 1.09x10° 1 7. 46x 10" t
TSR CO, . CO,CH, Il NMHC A9 4F 34 HE i 12 5

A4y Bt eS| M Forest type
Component Carbonaceous
gases lype A B C D E F G H
%N €0, 2081065.02+  765308. 46+ 1119536. 6= 910683. 61+ 358808. 52+ 990226. 15+ 440305. 43+ 561986. 70+
Trees 97578.35 22176.05 49998.30 51253.66 8794. 60 25108.21 15602. 82 34682. 66
€O 170871.23+ 50816. 36+ 63691. 95+ 41722. 40+ 21957. 16+ 38400. 10+ 18933.75+ 42666. 64+
19699. 64 10086. 88 12990.45 8059.35 5018. 84 14233.04 5270..00 9147.20
CH, 7526. 69« 2557.00+ 4524.92+ 2755.85+ 925. 40+ 2113. 88+ 1625. 63+ 1611. 18+
2155.28 515.78 835.68 387.50 284.48 792.70 476.80 501.42
NMHC 4861. 12+ 2007. 16+ 2177.53« 1596. 25+ 1026. 13+ 2024. 81« 1054. 53+ 1154.00+
745.28 542.54 302.34 668. 00 137.26 231.58 201.88 243.34
A €0, 657082. 17+ 86908. 36+ 244483 18+ 191475. 20« 52149. 60+ 284999. 31+ 492247. 55+ 507380. 95
Shrubs 47098.90 6739.11 11488.72 8125.62 2933.42 7580.93 19219.39 +26839. 44
€O 44785. 83+ 5198. 06+ 12016. 58+ 10893. 43+ 2459. 49+ 13245.87+ 16596. 37+ 33869. 94+
4965.37 940.06 915.30 1496.72 309. 60 2202.42 5255.07 2575.21
CH, 2592.93+ 302. 83+ 670.49+ 608.37+ 157.40+ 773.69+ 1939.41+ 1390. 28+
262.90 59.30 82.34 9.73 22.98 72.88 182.20 149.80
NMHC 1719.43+ 190.26+ 473. 46+ 556.40+ 146.85+ 698.27+ 1165.45+ 1090. 68+
233.22 21.69 63.23 46. 66 7.40 98.30 180. 69 208.71
R €0, 1105551. 61 733964.75+ 1302925. 11 948414.58+« 20211138+ 855497. 83+ 737665. 49+ 188369. 17+
Herbs 46658.31 20464.43 62755.46 37193.20 7621.69 47185.49 35847.99 8192.41
€O 66359. 80+ 46169.73+ 6657491+ 46118.49+ 9515. 77+ 34343. 45+ 31382. 54+ 11298. 69+
9221.60 7718.12 10408. 11 5836. 80 1787.42 9040. 31 7520.99 2551.84
CH, 3557. 56+ 2195.91x 4480.29+ 2951.23% 574.35+ 1797.32+ 2184.71= 565.93+
469.67 315.03 1018.78 563.99 93.17 411.62 290.28 77.48
NMHC 2386. 89+ 1834. 56+ 3677.85+ 1903. 82 520.41+ 1930. 27+ 1584.51= 370.43+
389.05 516.55 515.29 381.96 68.04 258.22 198.61 34.50
by €0, 2010496.83+  284633.97+ 947209. 15+ 1028424.06=  261107. 52+ 1015726.10=  548313. 66+ 346765. 05+
Litter 99956. 66 15110.12 36519.08 59495.95 7940. 02 54741.94 22918.10 19390.77
€O 111038. 60+ 15754. 71+ 50274. 00+ 52369. 06+ 13046. 63+ 49042. 14+ 27823. 48+ 18220. 04+
13360. 95 3105. 64 5148.93 9451.50 2797.01 5945.34 4686.37 4519.29
CH, 7112. 48+« 948. 08+ 3065. 11+ 3281. 24+ 736. 64+ 2467. 76+ 1850. 84+ 1042. 82+
982.97 150.40 631.63 742.98 71.54 383.67 209.12 142.88
NMHC 4589.30+ 612.35+ 230.09+ 2289. 53+ 521.42+ 2213.00+ 1103. 26+ 724.79+
638.62 69.83 321.46 353.95 116.31 380.60 79.04 71.20
JRHE Co, 1310945.05+  971721.65+ 734944, 54+ 1232913.34+  262171. 26+ 839904. 70+ 609923. 70+ 658032. 66+
Humus 61274.43 57680. 84 37287.80 49030. 66 14795.31 31546.24 24877.18 32746.63
€O 70645. 52+ 59904. 79+ 39168. 46+ 74233.55+ 11620. 87+ 43259.32+ 23952.24+ 37830. 60+
7424.39 7783.80 5156.21 11463.15 1447.83 4855.97 5780.87 4103.67
CH, 4833.02+ 3166. 50+ 2332.99+ 3701. 36+ 709. 86+ 2598.72+ 2079. 26+ 1933.01+
240.18 335.75 216.14 462.19 74.19 323.90 273.78 301.30
NMHC 2974.81+ 2356.39+ 1615. 49+ 2372.08+ 568.51+ 2036. 29+ 1529. 85+ 153410+
130. 62 258.74 158.21 187.17 40.61 253.60 210.89 250.38
HIAFS €0, 1551574.46= 57134170+ 677326. 60« 491575. 18+ 265103. 65+ 288814. 51« 408115. 22+ 717327, T4+
Coarse woody 109837. 65 35829.09 53222.39 34618.78 12082. 87 12392.58 29066. 75 26006. 84
debris €O 124107. 02+ 40217.91+ 41410. 44+ 27631.25+ 17605. 71+ 16551.72+ 23258. 86+ 51280.22+
9396. 28 6291.83 5410.78 2787.34 2368.00 3283.12 3015. 68 4565.07
CH, 5861. 10« 2119.91« 2598.20« 1504. 39+ 758. 56+ 715. 14+ 1404.17+ 1938.43«
607.21 337.60 315.13 162.40 123.93 105.19 305.42 295.29
NMHC 3478. 58+ 1406. 99+ 1552. 06+ 972.91+ 678.71+ 641. 77+ 1011. 85+ 1478. 82+
535.17 220.67 102.91 109.25 65.71 74.25 120.43 240.52
3 it w R 5.74%10° 3.29x10% 1. 85x10° 1 1.27x10° t,
G35 ki A PR A AR K A S e M i
TE 1953—2011 4F1Y 59 4[], /NS ZISARIX AR 1.4% 1.2% 1.7% F1 1. 1% ;4E¥) CO, .CO .CH, 1Y

FEACER: 23] o B A ) B R G AF E HE I 4T e )

P 0.2% 0.2% F10.3% .t Al L /N %2z
FRMR I T HE I B 5 e A MR B i X 35
R ST 8 N RAGIA 7= HE — 2 B R . /N D422 I8 AR IX
59 A () ZRAK K9 1 B HE T B e A AR HE i o
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