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Estimates of carbon emissions caused by forest fires in the temperate climate of

Heilongjiang Province, China, from 1953 to 2012

WEI Shujing, LUO Bizhen, SUN Long, HU Haiqing "
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: As global climate change continues to accelerate, the frequency and intensity of forest fires continue to grow.
Forest fires, which play an important ecological role in forest ecosystems, have a very significant effect on carbon emissions
and carbon sinks, and also play an important role in the carbon cycle. Although the impact of forest fires on carbon
emissions has been analyzed in detail, studies that scientifically and accurately measure carbon and carbonaceous gas
emissions from forest fires are lacking. Carbon dioxide (CO,) emissions from temperate forest fires are usually calculated
based on Intergovernmental Panel on Climate Change guidelines (IPCC 1997) and only include direct effects of burning.

Forest fires have been shown to release significant amounts of carbon into the atmosphere and play a significant role in the

EETR . BB SR H (2011BAD37B01) ;973 T H (2011CB403203 ) ; [ 5 [ SARF 5410 H (31070544, 51208244 ) ; S 1T A BHE 1
KHE I (GA09B201-06) 5 Molk 24 5 #:AT ML BHIFL 1T (201004003 6) 5 H e e A SEARIAIF A 55 2% & 198 4 1T H ( DL12CAOT ) ; 78 3 < 4 4 S Al
T H (131029) % Hh

75 B H#5:2012-12-09; 7 4% tH kit A A :2013-07- 16

# JIAMEH Corresponding author. E-mail ; weishujing2003@ 163.com

http ://www.ecologica.cn



11 4] BATPRT A5 SRRV WA AR IR HE L A T A 3 3049

global carbon cycle and carbon balance.In this study, we estimated the level of emissions from forest fires for carbon and
carbonaceous gases including CO,, carbon monoxide ( CO), methane (CH,), and non-methane hydrocarbons ( NMHC)
from 1953 to 2012 in Heilongjiang Province, China. We used a geographic information system based modeling approach to
simulate emissions using a two-step procedure. First, we calculated total carbon released from forest fires in Heilongjiang for
selected years between 1953 and 2012 by merging and analyzing measurements of several parameters. Second, we calculated
the amounts of four carbonaceous gases released during the burn, CO,, CO, CH,, and NMHC, using several different
experimentally derived emission factors. The origin of each of the inputs used in our models was based on a combination of
analysis of forest fire inventory, forest resources inventory, field research, and laboratory experiments. Direct total carbon
emissions from forest fires in Heilongjiang during 1953—2012 were about 5.88x10” t, and mean annual carbon emissions
were about 9.80x10°t per year, accounting for 8.66% of the direct total carbon emissions from forest fires in China. Carbon
emissions of four trace gases, CO,, CO, CH, and NMHC, from forest fires were 1.89x10°%, 1.06x107, 6.33x10° and 4.43%
10° t, respectively; mean annual emissions of CO,, CO, CH, and NMHC were 3.15x10°, 1.77x10°, 1.05x10" and 7.38x
10” t, respectively, accounting for 7.74% , 6.52%, 9.42% and 6.53% of the amounts of CO,, CO, CH, and NMHC
released from forest fires in China, respectively, during that period. Our results indicate that combustion efficiency of
coniferous broad-leaved mixed forest is lower than other forest types. The mean annual burned area for this type of forest
accounts for 57.54% of China's total burn area, while this area’s fires account for only 38.57% of carbon total emissions
from forest fires. We propose the following forest fire management strategy. First, our studies show that the area’s mean
annual forest fire carbon emissions have an important impact on the regional carbon balance. So, we suggest strengthening
the management of forest fuels (fine fuels, heavy fuels, etc.) as part of the regional forest fire management strategy. Fuels
on the ground do not decompose easily in Heilongjiang's cold and dry temperate forests. Land managers should implement a
reasonable prescribed burning plan designed to reduce the accumulation of combustible fuels. A policy for conducting
periodic prescribed burning will reduce the incidence of forest fires. Prescribed burning should help land managers to control
and limit the incidence and intensity of wildfires while allowing them to improve the condition of the ecosystem. Finally, we
should give full consideration to the role of forest fires in maintaining the ecological balance of forest ecosystems.

Key Words:

carbon emissions; carbonaceous gases emissions; forest fire; forest fire management path;
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Fig.1 Burned area and fire intensity rank distribution of forest types of Heilongjiang Province from 1953 to 2012
a: FMZIHAHK broad-leaved Pinus koraiensis forests; b: Y& ¥AMK Larix gmelinii forests; c: FMEM Betula platyphylla forests; d: TE A - A HERR
Betula platyphylla-Larix gmelinii forests; e i FAMK Pinus sylvestris var. mongolica forests; f: ZxV& 2K Abies nephrolepis-Picea asperata forests; g:
HEM Betula platyphylla-Populus davidiana forests; h: B [f Ak Hardwood forests; i: 5% i B Ak Quercus mongolica forests; j: &1 #& Coniferous
forests; k: MM #K Broad-leaved forests; 1. %1 IR 3ZHK Coniferous broad-leaved mixed forests
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B WIS [F] 4143 Different components of each forest types
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Fig.2 Fuel load of per unit area from different components of forest types in Heilongjiang Province ( mean+SD)
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Fig.3 Main carbonaceous gases emissions of forest types from forest fire in Heilongjiang Province temperate forest during 1953 to 2012
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