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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
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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. 88%10” t and mean annual
carbon emissions were about 9. 80%10° 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° 1.06x
107 6.33x10" and 4.43%X10° t respectively; mean annual emissions of CO, CO CH, and NMHC were 3. 15%10° 1.77
X107 1.05%10* and 7.38%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 broadHdeaved 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.
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Fig.1 Burned area and fire intensity rank distribution of forest types of Heilongjiang Province from 1953 to 2012
a broad-eaved Pinus koraiensis forests; b: Larix gmelinit forests; c: Betula platyphylla forests; d: -
Betula platyphylla-Larix gmelinii forests; e: Pinus sylvestris var. mongolica forests; f: Abies nephrolepis—Picea asperata forests; g:
Betula platyphylla-Populus davidiana forests; h: Hardwood forests; i: Quercus mongolica forests; j: Coniferous
forests; k: Broaddeaved forests; I: Coniferous broaddeaved mixed forests

http: / /www. ecologica. cn



3053

) 2 185 071.37 hm’ ). 1.2.2
57.54% (
Y Y ) N Y
949 750. 34 hm? 25.01% 864
( N N )
662 660. 68 hm? 2
17.45% . 184.88 t/hm’ -
170.22 t/hm?
. 157.79 t/hm’
2.2 155.70 t/hm”
93.37 t/hm?
( . ) ( . 132.84 t/hm’.,
250 1 Bk oA oEA s ED
o RAE © RUAKRRA o Mo E
200
T
£
®Z 150 |
3
£ 8 !
£2 | 19
%ﬁg 100 4
S
50 H
0 a ‘ bl.‘c.‘ d ‘e ‘ fI gl.‘ h i j kI

AR A [F]414) Different components of each forest types

2

Fig.2 Fuel load of per unit area from different components of forest types in Heilongjiang Province ( mean+SD)

2.3 .
( 45
) o
0.45
19 o
MultiN/C3000 ( o
2.2 ) >
1. 1 48.47%
48.16%
49. 53% 48.49% 2.4
45.12% »
>
> > > > o 2.2
o 0.5 0.09—0. 16 0. 105

http: / /www. ecologica. cn

10 37-40

0.5

432
432

45.70% o



34

3054

601 "0FIE"0 960°0F6L "0 6VI'0FES'0  SIT'0F8C'0  €OT'OFIE'0  S60°0FEE’0  €61°0F8F'0  OCI'OFLY'0  SEL'OFIE'0  9PI'OFLE'Q  LIL'OF8F'0  6C1'0FOL0 wealy ff A
€007y 0 LEO'OFOF'0  THO'0T69'0  €E0OFIY'0  TEOOFIV'O0  0CT00F¥P'0  0£0°0F69°0  9C0'0FI90  ¥EO'OFLP'O0  ¥CO'0FSS'O  IT0°0FE9'0  CLO'0FIY 0 US1H EE
LIO"0F¥E°0 1€0°0FCr 0 vIO"0FSS'0  SIO0F8C'0  €I0°0FvE'0  €I0°0FEE'0  TCO'0FPS'0  TCO0FLr'0  vIOOFPE'0  9I0°0F8E'0  TCO'OFLP'O  TCO'0FTE'0Q p19POy Fch  sHqop Apoom dsrR0)
610°0FLL"0 910°0FLL'0  8IO'OFPE'0  LIO'OFPI'0  SEO'OFRL'0  TIOOFITO  9I0°0FEL'0 1C0°0FCe’0  6I0°0FFPI'0  6I0°0F6I°0  CIOOFSE'0  120'0FEL’0 no FH AN B
0SC°0F6E°0 LV 0FEST0  €0C0FL9°0  LECTOFIS'O  OETOFLY'0  OCLT'0FC9°0  BYC'OFLO°0  OIC'OFLE'0  9ST'OFCS'0  OLC0FWP'0  08C'OFLF'O  09C°0FES'0 Ry fefAc
LT0°0F69°0 €C0°0F88°0  6C0°0F68°0  610°0FE'0  0LO'0F6L'O  9L0'0F68°0  970°0FS6°0  0CO'0FER'0  €C0°0FER'0  LVWO'OF6L'0  0C0'0FS8'0  0CO'0FL8'0 YBIH FE
S10°0¥5C°0 9T10°0F6L "0 6£0°0FCL'0  9C0°0FI¥'0  €CO'0FRE'Q0  STOOFFO'0  9T0°OFIL'O  +IO'0FSS'0  9€0°0FTE'0  IT00F6E'0  6l0°0F8E'0  TCO'OFLY 'O OIEIOPOY 3 ch
LIO"0F01°0 610°0FEE’0  CI0'0FOF'0  €I0°0F8C'0  LIO'OFST'O  610°0FEE’0  6I0°0F9E'0  610°0FEL’0  9I0O'0OFIC'O0  0COOFPL'0  STO'OF6L'0  €20'0F¥C'0 no FH Bna BIRLE
09¢°0%789°0 OIT'0FSL'0  9¥C'0F89'0  +OT'OFPL'0  6IT'OFEL'0  TOTOFOL'0  6LC'OFCL'0  ¥9C'0FLO'0 68T '0FE9'0 961 °0F6L0  I0C'0F8S'0  S9T'0F99°0 Ry fefAc
0F00°1 0F00°1 0F00°1 0F00°1 0F00°1 0F00°T 0F00°T 0F00°1 0F00°1 0F00°1 0F00°T 0F00°1 YBIH FE
1€0°0799°0 STO'OFSL'0  CCO'OFYO'0  6C0°0FCL'0  TE€0'0FCL'O0  €T0'0FF8'0  6I0°0FSL'0  STO'0OFKY'0  €I0'0F6S'0  €EO'0FER'0  TELOOFSK'O  8L0'0FE90 RIoPOl Efth
800°0FLEO 600°0F6F'0  CIO'OFIF'0  OI0O'OFIS'0  800'0FLY'O0 TI0O0FCS'O  TIOTOFCK'O  800°0F9¢'0  OI0O'0F0E'0  600°0FES'0  OIOOFIE'0  LOO'OFIE0 no HH TonTT st
PSET0FCE 0 LOL°OFPR'0  LYI'OF98°0  #91°0FC8'0  LTC'OFEL'O0  O91°0FS8°0  COL'OFLL'O  8PI'0FE8'0  161°0F6L°0  6SL'OFI8S0  OBL'0FO8°0  LEC'OFILO wealy ff A
0F00°1 0F00°T 0F00°1 0F00°1 0F00°1 0F00°1 0F00°1 0F00°1 0F00°1 0F00°1 0F00°T 0F00°1 YSIH FE
LO00FLEO 0I0°0F06°0  800°0FE6'0  980°0F98°0  600°0FSL'0  TIO'OFI6'0  IT0O°0F6L'0  600°0F98°0  800°0FE8'0  €I0O'0FT8'0  €I00FC8'0  LIOTOFCLO e1oPOy Fch
600°0F81°0 LI0°0FI9°0  600°0F99°0  €I0°0FI9°0  OI0'0FSHF'0  O0I0'0FE9'0  600°0FES'0  600°0F¥9°0  EIL'OFPS'0  610°0FCO°0  CTIO'0F9S'0  LIOOFTK'O MO (T GoH Y
€90°0F€EL 0 V0 OFLL'0  8S0°0F¥C'0  PLOTOFLI'0  6£0°0FFL'0  6E0°0FITO  6S0°0FOC'0  LSO'OFLI'0  #HO'OFSI'0  SSO'OFIL'0  ISO'OFSI'O  ISO'OFSIO wealy ff A
610°0FIT 0 PIO'0FEL'0  TELO'OFOE'0  OI0°0FLC'0O  6I0°0F6I°0  €I00FST'O0  ¥IOOFLL'O  9I0°0FKC'0  [20°0F6L°0  8IO'0FCC'O0  6£0°0FITO  0L0°0F0C0 US1H EE
LOO0FET0 600°0FSL°0  600°0F€C’0  800°0FSI'0  LOO'OFPL'O0  €I0O°OFITO  TIO'OF6I°0  800°0FLI'0  600°0FSI'0  800'OFLI'O  800'OFSI'O  800°0F¥I'0 RIPOf Xl th
800°0¥90°0 800°0FCL°0  €I0°0FLI'0  €I0°0FOL°0  910°0FOL'0  <CIO'0FIL'0  CHO'OFYI'O  OIO'OFIT'0  TEO'OFOL'0  LIO'0OF60'0  ¥IOOFOL'0  LZO'OFOI'0 mo FH qnrg N gt
¥20°0¥50°0 9S0°0FSL'0  9S0°0F0C'0  990°0F8I°0  8LO'OFOL'0  9L0°0F6L°0  CSO'OFSI'O  +0O'0OFPI'0  THO'OFB0'0  9¥O'OFFI'0  6£0°0F80°0  LZO'0F90°0 Ry fefAc
P10°0FL0°0 TCO0FCC0  6I0°0FLL'0  BIO'0FSC'0  6I0°0FFPI'0  €IO0FSC'0  6C0°0FIT'0  ICO'OFBI'0  €EO'0FCI'0  LCO'OFSI'0  LIOOFEL'0 910706070 YBIH HE
€10°0750°0 EI0°0F¥I'0  S20°0F0C'0  8I0'OFBL'0  6CO0FOL'0  OI0'0F8I'0  STO'OFPLI'0  TCO'OFEL'0  CEO'0F80°0  LTO'OFPI'0  CCO'OFLO'0  #I0°0F90°0 OIRIOPOY ch
010°0¥20°0 920°0F60°0  ¥I0'OFPFI'0  6C0°0FOL'0  T10°0F90°0  €200FOL'0  €I0°0F60°0 SPO'0FOI'0  €IO'0FRO'0  9¥O'0FOL'0  €I0°0FSO'0  ¥I0°0FE00 MO E(H ool Ydf
I 3 f I q 8 J ° 4 b q w Aysuaqur ot
juaueduiod 1sa10,] L FEY
(9% gsTueow ) 3sa10§ 9geraduio) 2ouIA01] Suel[SUoPY Ul sANISUUI A1 Jdpun sadL) 35310§ Jo syUAUOdUIND JUIDIIP Ul [9NJ JSII0J Jo AOUSDIYD UONSNqUIO) ¢ d[qe],
(% ZEW P TR A D RIERH L BEY BV D URHHEHREYEYSYHBETIZE o
UBOW PUBIS 18910,
06 0F¥L '9¥ LOOFIS Oy vE'0FCr'Sv 6V '0FCO'Ly  Ov'OFI8'OF  6F O0FOL'SK 8V OFPE'Sy  CE'OFPC'LP  BE'OFEE'LP  LS'OFIE'LP  61°0F6C 9% 60 0FLY 87  ¥E'0F91 8% TN
sugap Apoom 9sIBO7)
06 0F¥L '9¥ LOOFIS Oy vE'0FCr'Sy 6V '0FCO'Ly  Ov'OFI8'OF 6V OFIL'SY 8V OFPE'Sy  CE'OFKPC'LP  BEOFEE'LP  LS'OFIE'LP  61°0F6C 9%  6C°0FL9'Ly  ¥E'0FOL 8% Y
PS0FCL S ECOFIL'Sy  IT0FSEVP  PSOFEL'SP OL'OF6L'WF  OCT'OFEV v CCOFSS¥P  STOFCH'SF ¥COFVL 'Sk SI'0FEL'Sy 6C°0FIv 'Sk 8C'OFIE 9 0E'0FOS S Bna BIRLE
LTTF08 9% 9¢'0FSL'8y 8V 0FS6 VP CCOFVE'Ly  8COF8P'SP LOOFVR'WF  OCT'OF8Y 'O OV 'OF6Y'OF  CCOFOV'LP  €C'OFST'9Y LW OFLI'LY  99°0FPE'8F  ¥C'0FE9'8F TNt st
LY OFST9Y LEOFTL Oy CE°0F99°SF  9S°0FS9°9y  eF'0FLS Oy 9T OFLE'SY  TP'OF98°Sy TP OFIP 'Sy CL'OF8L 9y  OC°0FEE'Ly  STOFCE'SY  LTOFCI'LY L OFET'OF GO Y Er
10 '1¥61 '8 8C°0FE0 6y 6V OFL8 'Oy  CLOFIC 6V 9T OFLE'8F  OF OFLE'OF  ST'OF8Y 87 6L 'OFLI'8F  CLOFCL'6F 6E°0FVC'6F  SK'OFCI'8Y  6C°0FEC'Gr  SS'OFSL 6V qnrs 3 gt
9L TFES "6F 68°07C0°0S v’ 0TVl 'Ly EV'OFPE'IS  ¥r OFP8'LP 88 °OFSK'LP  89°0FOS 'Ly  IB'OFCI'IS  LGOFSI0S 66°0FFC'0S €8'OFEE '8y IS'OFCL'CS  T9'0FS6 08 oa1], df
uragy I 1 ! I 4 i ] ° 1§ > q v
Hifr4 quouoduion 1se10,] {LH;

(9 qSTueaw ) 15310§ dyerdduidy ddurr0ag SueilSuopl ur sad£y sa10) Jo sjuduodurod JUIIJJIP UI [9NF JSAI0J JO JUUOD U0qIE) T J[qe],

1%

(% WY T B A )M G [ W CH L0 BE (o] o TR W S W B

BLIE

1ca. cn

/ Iwww. ecolog

http



11

3055

0. 03—0. 90 0.50 "*4 3

0. 02—0.

28 0.06—0. 30
0.30—1. 00
0.13—0.69,

26 1

0.18—1.00
0. 10—0. 95

2.5
(1)
o 3
1953—2012 60 58 795 120. 14 t

9.80x10°t

11 288 656. 38t 19.

20%;
14.00% ,
00t 13.86%;
1072033. 45t

8 227 459. 73t

1.82%;
1 565 045. 69t
2.66% . (
- )
57.54%

22 675 610.

98t 38.57%;
20.71%

9.67%; ( .
. )
25.01%

20172464. 40t 34.31%; (

. . )

17.45%

15947044 76t 27.12% .

2.6

4 ( 2.2 ) o

8 147 611.

*Co.
CH, NMHC Co,
. 4
( . . )
Co, CO.CH, NMHC
(
. ) €O,
CO.CH, NMHC
Co,
CO.CH, NMHC
( ) CO,
2.7
(2) 1953—2012
5.
5
o 3
1953—2012 Co,
188915783. 50t CO 10 596 410. 96 t
CH, 632763.37 t NMHC 443 067.59 t
C0O,.CO.CH, NMHC
3.15%x10°.1.77%10°.1.05x10*  7.38x10’t
T,
T4% 6.52% 9. 42%  6.53% .
( - )
57.54%
Co,
CO, 7.27x107 t CO,
38. 48%
20.71%  CO, Co,
8.95% ( . .
)
22.93% CO, 6.42x10" t
34.00%; ( . .
) 19. 53%

CO, 5.20x10" t

http: / /www. ecologica. cn

21.52% -



34

3056

PU®1S 1S910] JO SUOTSSTWD

Sb6LIER9S £L°6SPLTE8 TT9LP18 SPECOTLOT 69 SH0S9ST IS°0L91SPE  L9°STLEYET 80 '8ETIOSI ST'SLLEOLS  TO SST9S8S IO 0LFPE9E  8€"9S988CTL woqueo 710, NPT W
76 "€0g61 v 0SSTL €9°9117¢ 9¢ '8LIS LT°80L9 $0 0858 81 °91L8 ST'ISL6 9L °709¢1 LS ETH6L ST°202¢1 LE VIvPY HE
F66°9916FC  FIT C806T6  F88°€6ICES F9C LE/YY F99°CLL98  FLI'GLR68T  FSO'LTB66I  FLSLLESTT  FIC'L90L8T  F8L'I960VF  FT9°688VLE  FS9 '6LE8I9
PE€6L£6T OF "S8611 L8 SPET ¥L €86 00 "67£T 96 °LEOY 62 TSL 18 96t L6°SSTET LOSTLL £6°6EST1T 62 "0SH0L i
F66°890CLS  F9S"0L8I9L FOI'T16LLS F60 5781 FPPH096S  F65 LY]YOT Fb'ST961 FPLIOPE6  FOLEIC8IE  FSL'9TIVEL  FT6 'RISIHC  F98 "980LSOL
£5 19065 8 °601Y 9 891 L6°L99 8290601 £8'8€9¢ 71898 £1°9L0C 66 7TH09C L6°0879 9¢ " L09% L8 06666 Y suqop &poom
FL8°L9ST0S FCb L0989 F0¢ "S0vCe FOP"LECS F6C 055SS FCb LLLYY FL0°€0¢8 F99°¢857¢  FLRE86E81 FOC8CTLY  FUYREO0ET  F8E06L6TY asIeoT) ) 4 N B
IL 8901 0€ "#896¢ €L 6507E 6F '¥87S 65 vI9¥ 09°LIEL €9°9218 LOOvLY S8 T0VL ¥EI8YLT 96 ' 1¢ITT 01 °19LT1 HE
FCO'06SK9T  FLYISOTITL  FEL'0SET66  F8YIVCEET  FCCIFOCCT  FI9CTTLSRLT  F86°0SETI0E  FLO'06800C  FPILI6CLT  FSC'TI6WIP  FOL TECTLTS  FTI°"6L9¥SS
$9 TLSTT SE081F T8 °0Ers 09 '900¢ 9L °0L6T 91 °99LE ¥S TE01 1971581 €7 9£9LT L6°TSSL €0 °€8001 6L °896C¢ Heh
FLETLSTOL FPIGCT86  FIS 6£L00T F00 ' 1918% 86 °€L98F F60°80¢86 F£9°¢CT8T FILECICL  FPLLITIOF  FSL'89PLEL  FOL'69IFOT  FHT LT6S69
) ST ISTET ) 60 vLIC ) SO LILT ) 9¢ "906 . 80 "TCO¥ ) €8°568¢ ) 0€ "SPL ) L9°81C1 ) 81°926L1 ) T1°L89¥ ) 69 786 ) 98 "€Ig6r 5 o EY
F00 0LLIPT F8C TE6SS FLL 89S F96 L8861 F10°SCT6S F9b"6L00S F92°SCOVL F90°€THIT  FOV 9PPET F96°0€0¢¢ FC6°TCREL  FEL'LLRIIS
0 0 0 0 0 0 0 0 0 0 0 0 HE
FLI'O9TSET  FIT'COL8PIT  F9T SOI9ISI F6L 08868 FF9OLYYS  FERLPIFSE  FOTSSIIEY  FLOOP66IT  F8S'STI08C  FLETO6VOY  FSC'C09L6T  FCO€TOTIL
9¢ "989%1 0€ "80LS It "268F T H0TL £6°¢0TC 8 °5009 £FTIST €L PL6T 7876878 €9 '9606 85 °509¢ IS "T0¥C9 Heh
FCOCLTR0C  FHPUISOILL  FHb L8SHPI FEL6CILT 89 °8ICIS  FHISS6£TT F81°C6T6S FYCTLOLL  FOLVLOTRE  FLL'IS6TET FLOSCILL  F99 8009+01
) €6 ¢S89 ) 80°0Cr1L ) ¥€ TSLT ) 01°§2C . 89°L86 . LE 96T ) 8L°LEY ) 80 °00S ) I LITOT ) 0£ "T691 ) LET6IT ) £8"6EILI o o S
F9b 6£T61¢ FCLVISYL FIRI6IC6  FOF "TIVII FCPP996S  FCP686LET FOI'8CTIEE FER66STC  FIT 90£08C FL0 L7066 FIR°0L8LE  FH9 6VISSS
0 0 0 0 0 0 0 0 0 0 0 0 HE
FCLIPRECT  FOTLIT6EYT  FTI°8T90V0T FHCERCL  FELTISE0T  FLY6S9H0E FIV'6STVS  FOS'CLLIST  FS9°L660€T  FI6°0L8TC8  F99°91¢09C  FITR VLOLYE
£6°LL8T LS TSTE 786801 €T9 07908 60 °'T0LT £0°0C1 I8°TLL TLBICY ST 5199 €1 "8¥6C 66 "196¢1 e
F9C9IT66  FCSTO06ST  FOI TELOTI F78°6£9C FCP'90999  FII'6£180C FLY°L9C8 FIVOPOCL  FOC98L9FF  FPP 000S0F  FLS TTHLRT  FEb'8LLOSS
8L°8LTY £9°180C I1°S2I1 98 €T 18 °¢8ST T 61ET €096 ILYLE T1°96L6 61 '99¢9 001961 ¥S H0L6T H S ———
FHCO6V8S8  FI6°8E89T1 FLLILYSY FELOLITI FIROLSIL  F96°LSTEVT F1C°885S F98°00SLC  FECITLITY  F9CSHTTOT F99°¥9816  FI8°66506¢
08 "6101C £9'6850¢ £0 98865 071621 80 "00Z¢ £2°05¢S Ot "095¥ 8T TH0¢ 65 OLYL 18 °61L91 86 79LET £9°¢ThCe HE
FIR'9CL9ET  FhP 909S6F  FTE OPRILS FECLS6EE FLOI8STE  FEEE€86S01 F70°'TT698 FC6 798 F6CS9689  F6ELYISOT FLEEIIEL  FLESBELTT
£6°LOVYI £1°059¢ 6L°001C ¥E6IY 0S 9501 LE L30OF 09°L9% 78°058 TS SLYL 89 "09r1 76 °ESPT 98 "85T61 Hih
FE6'£6868C F6C 19679 F89 'I€ISS FLTLESL FPE TLI0T 8108619 FLCIS9L F60°98ILT  F8S966VC1 FCIS8ILG F66 TSHLY  F16°96679¢
) 12 750¥¢ ) L1T0VC . 6€°L96T ) LY 0¥ ) L 881Y ) P8 YLLE |oo SeL1 ) 8t 18 ) IS "8788¢ ) P1°9LL9 ) LT °S8T¢ ) ¥ "0rE66 H sqnryg 8
b IHEEST FOL TLEVE F8L°SC60F F8 "C66T FCT689C F98°6LL0S F6E°009S FLYYEPS  FIL'SHB6IL F7E°099¢¢ FCLLITIT  F 91 °9vESHe
9999916 62 761891 0T "69LVFL St 1Trse €6°8699¢ 92 "0¥80¢ IS "#66801 $9°LELSE €L PLE]TT €0 "TTeTLL Y2 1SS8L 98 '¥86S¥1 HE
FI6°TH6CLY  FEL'09CIRYT  FS9°8T69LOT  F60 PITHIE  F9CL9S89C  FIO'0CKS99  FLYOISHOL  F88°6¥89CC  FOU LPISSY FS9°060S9TT  FTO +IS0L9  FIL OITIEY
£8°7L8691 ¥6 " CILOT 70°8LOVT 8 "7C801 LL0T69Y € 6658¢ 16°LLSTT 86 "€6V1T ¥L 65668 0L 955901 £6 16 79 TEr60¢ Hih
FCCTISIS9  FCO'TTISTC  FE6°€hE96T  FOI'889801  FSE'S66E9T  FIT'TLEOTE FCIOLTE9  FPYCO8CET  FSB'TOLVSL  FTOPEISES  FTO'ICOI0E  F56 66S8LTI
|mh "8TOPT |mw "$¥99C ) SLYTYET |@o "68¢01 ) | K 4] ) €2°9766¢ ) 6 7609 |3 YLETT |wm "6L9991 |o~ 920611 ) v 9CI6¢ ) ¥S 991¢h 5 son1], YA
FLEPE6SLS F90°LLOL6  FIV P9LKET F9C'TOL9E  FIS'TYIISL  F8F 9TSISI F65 IPLTY FIOVOLIS  F6V'S9L0PS  FI9'00CILT  FSO CISYST  F9¥ LypThOlL
[ k| [ ! q 3 J k) P 2 q ® Aysuaqur oI

quouodwod 1se10, LH

HEEY

(7 *gSTuBow ) 70T 03 £S6T 359105 Aeradurd) duiAolg Suel[Suo[PF Ul SINISUAUI I JOpuUn

(7 MBI TRV A VB A O BE Y B e DO [ W G OB Rl Y TR W B W

sad4y 3s310¥ Jo syuduOduIod JUIIAIP JO [dNJ JSII0J JO SUOISSIWD UOGIEd [E)0], ¢ dqel

HEE T ES TI0—€S6I €2

1ca. cn

/ Iwww. ecolog

http



3057

m:o%woo%f ouetpowoN TYXLhdE DHNN

IE0F#9 I0°0F€0°6 WOFI0B SO T+ 8'0FSI8 YO0+ 658 Y0¥ 6L8 9L'0F ¥ woFvO9 ELOFLEL 8L0FTCL 9L'0FL89 OHINN

0C0F LS8 8I0F6CTI 00FVI'6 0OFIU6 WoFerT eI'0F 6C°6 90FSITI WOoFLEG 00F I YLOF TETL OL0F SE°1T EL0FTETL "D SLIGOp:
6C°ETFISTCL  COPFSPI6L  8SSTFRITLOL  SL'SFLYTIC 9S'SFET  CWETFWIML  LL9FLESSCL  8ETFISOIL W TFIEWL P ECFW WL 65CTFHECIT 96T P 68C (0] Apoom osreo)
0L E€FTI'9E0E TO9T FSI'9ZE 96 TIF Ly ebIe OECL ¥ 6C°L8IE SYOI T L2°eSIE TL'SIF#E TIIE TI'REF9I°66CE 9T VI FOI'T6IE 6LV IS'TEEe ¥S¥I FTLI9IC 9C¥I F ¥E'CE0E ST'6E F 0T '800¢ ‘00 R
IoF9L PLOFREL 80F968 OL'0FEL Y0¥ 9576 900FII8 8T 0T 638 QOFE'L 0C0FSr9 IC0FICL 00FHL NOFHIOL OHINN

PLOFL2°6 IT°0FSE1L 00FCE0l Y0¥ 0L 8C0F 801 CAOFHIL 0C0F Lv'1L 00F8I'6 0T SL6 6I°0F 0c°01 6C°0F £ 01 6L 0FOI'TL "D

€69FTIOCLL 6P CFTWVEL W STYCSTT  OEFESTEL VCPFW I 86 CTTFHWIRL  0BCFLSVST  VWEVFLOLML  %CFIHSOL 6L STILBLT  LOPFHESOL  €€v TS 9l (0]

STLFREIIIC BL'BI FHECICE 8SVI TSI °L8CE T6'0CF8I'STIC 0CCCF 61°LLTE  SS'9F 8S Ve Sh'OI F8S'SSEE €6°CI FHEPEEE €T 6CT VP ISCE 89°9F LI'68CC T LI THS'TOIE I8'ETTF 10 SCIE ‘00 e
9E0FIL9 90FMm9 SPOFL woFl'L 0I'0F9%°L L90FI5°L 90F L8 SCOFM9 &OFWL 8COFICR 81 0F169 6I0FSH'L OHINN

PLI'OF8C'6 eE0FT N00FRI'6 0O0FSLTI eL0F LS°01 LI'OF Sp°Tl OI'0FLI'6 WoFshe 1€°0F91°01 SO T+E9°01 CCOFC 0L IC0F8pII "D

WLFSTMOL  €L9TFR6El  SPEF 6Pl STLSIST  SI'STFIE'66]  SLEFTE 'YL 6CEFSTGPT  TQTFSL'L  OLVFTI QL vEBFCC 6Ll SOLFISHL  80°9F9I'8LI (0]

QST L9PIOE 00761 T6ETIEE P 6T F VL BYCE 9T LI F8S'I8IE €6 'LCT ITTI0CE 86T FHI'WLE 66°LF CT9EEE 6V CCTF VI 'S0Ce SCTCTF W Cee LIOL F T 196 SCTLF ev'e8IE ST'TC ¥ TE CWE ‘00 TN (B
8I'TF6E9 YLOFSIL 6C0FIS 8COFLSS 8C0F6C8 wCoTICs 9L 0F Lv'9 % 0FVS'L 1C0FSr9 0r'0F79°6 LI'OFL8'L 6F0FSE9 OHINN

Or'0F k6 [ARIERA] OFeL BOFSIT 9L 0F#E 11 9L°0F 801 8EOFILS wOoFIP6 ¥C0F 5676 LIOF a1l WoFive 1€°0F9¢°01 "D

I8CTF96°TL  TCCTFIT6  SCPFCEIST HSTSITHT  I8STLETEL  L9'9F8SOLL 9T OFHE'SIL 6L 'LFSELST  OCCFH9'SST  (09'STFTERIL  LOTTFIT'e6l L[99I F IS LSI (0]

YS'LLTF O RIE 88T F I879SEE 6F €€ F S1'S0CE 6E'STFTI'SEIE 05T F¥9°6HCE ¥I Ve T ¥SCC LO'SI F LI 6SEE €8°0CT PE¥6Ce TC TI T ¥E 8IC (8'6L F I¥ 'SICE 1681 T LS'EOIE T6°0CF Ly 191E ‘00 SGIOH S
8C0F6S9 8CO0F6CB AR €Z0FTIC6 CCOTIRY 8COFI58 0C0FE 8 8 0FIS6 LI'0F €5°6 woFTeE9 LEOFE6'9 0T OHINN

0C0FSE'8 8I0F6CTI P OFCI 0l 6COFITTI ISOF I3°IL cLOF eIl 00T LOOL el 0F LS01 0¥ 01 8LOFH'6 LEOFICTI WwoTseTl "HD

9PFI'WC O9SSTFITEIN 6P eFTCOL  SLTFLELT  WPFEWI  LTFWOWWL 6ITFLL 6N 8TCFLESST  SCTTFO'RVL OLTFI'NQL SQTFICERI €S TFLEEIT (0]

TCEFOLTCE 6V ETOCOCEE LITFYESHEe CCTFIILRCE TTTC TRV 99TFWWIC ILTFLEIEE [LCFRIIEL SITTTFLI'LLZE €9CF W OLEE TH'TTF 66 RWIC S5°CFITTREC 00 SqnIYS Ny
wITe9 SO'TFII8 NIFSrL OF TFerg 6L'TT 9’8 9ST+SC8 80FLIL WIFYE'6 SL'OFSF'S LTF1E9 SI'TF9¢8 OF9C'L OHINN

6L TT8'8 1T TF9¢° 1L 90 F Sy°01 WOFSy Tl ePIF T 98 0FSITl 0 TT¥S6 19°0F 818 wOoTLYe 9L°0F 96 "¢l 0E TF29°0L BPO0FHSTI "HD

BLTFWRLC 6O TFIVEL 6 TFOLOMT  THTFI QL TETFHELL  VeCTFPHWC  SCTFRIVEL  PECFLO00C L IFHESHT 8TFHE'RT BTIFITTIIL  0'€FHE ST (0]

LLTF e SH0E  LECFCIEEee TEeFCCTCE Cl P FIIRIEE TRCFLIWSCE (9CTFEEVCIE CBTFRIOME TREFCCELCe [B'SFICCCIE QP OFI9EREE QS CFERIIE 9T 'CF §S VLIE 00 soaL], N df

I b ! I q 8 J ° P 2 q ® adf) sun
Juatiodwon 1810, fia:H m_ww_.mﬁﬂr\

(D 8y 8 ‘(ggTueew ) 359105 djeraduid) ddulAclg SuellSuo[PY Ul 311 3S310J WIOIJ SA1dads SasES snoddeRUOqIERd UlEW JO SI0JOB] UOISSIUIY § d[qe],

OBy 2 ZWHYFREA ) FHHHHPY SRS EFT X WY

£y

=N

BL¥E v

http: / /www. ecologica. cn



34

3058

Tt 19801 8866925 70°0€58S 078859 ThST09 99 #09¥1 L§T€89T 8€'6LS6 v1¥L6 LL 6TILT LOT6LST €9°8¥7€C  DHIWN
& SSHl 95 "0rS08 8¢ "€9699 1976888 Th LETS 9€ "$970C 80 "06¥0C 1€°98L01 Th 80081 8 SpETy 6L TESTT L87991LE "HD
86°SI69EE  $9°9€6066 L SSOIY0I S6°8LIOFT  ¥87906811 9S TIGSEE TS PESTOE VS SPLTIT  LSTEOPOST S8 PSOSKY  LIS9PITK  IL'HTISSY 0) YBIH FE
OL'EESPIOS 60 TGETLTT  LO'PITSETET  8S'E€898EST €I PSISTT  IL7680STLS  T6'8T6L969  6L°7€CS88E  TE TIVIVSY 9L LPLOSLIL  Sb LSSPEVY 6 STHEVTOL 0D
99°079¢1 e T6hL 70°L6TS S5 65LI 8 PSPe €€ 1878 1t 9611 78768LE 6°0TSS1 6 €ECTI 7976808 89°€886¢  DHIN
$9°6LT8I €9 LLFIT £6°80€9 LETIVT 68508 [AlRzaat 96181 6°£STh 6 9¥65T 08 "+F061 SE8S011 LT°8€60S "HD
0 PIFSEr  L9°T6EEFT 61 PESOOI €6 "6I70F €V°680L9 €6 680681 €T 9IPLT vPOSIPS  €SOLES6E  9T°STI88T  T6ISOTIT 60 TEESY0I 0D OIRIOPOY Fch
86 VSITOPY  [0°SO6SETE 66 TLESOIT  8T'IPBERY 0L TE90TEl  OI'ILESSTE TP 6608TY L €OOIEST  EL°C09EILL  9S°ISIS9TS  TITELW6TE 98 STIGLYST ‘0D
7€ OFSTI ¥ 9TrE 87015 $6°LE9 61 "€6LE 02 701$ 69°L58 67 POEL 80 8OVLI $9-°62¢S €7 "898€ €1°0889C  DHIN
91 79881 T LETS YO LLIY 81°7L8 €1°61CS 72 600L IT 2901 € THvl €L TSKLT 67 T0E8 €9 "€0€S 8P86vck  "HD
LT°69999¢ £9°98059 T LFIL9 05 "0zEYl S6°€SEEL 91 €T6SII $6°6L9ST 8V 'S688C VS 6TLLST  GI'90EKCT  SEPISIOL  ¥8°8TSHSL 0D Mo HT
VESLVCEYS  OL'SLSLLYL  TO'E9T8SYI  VS'SPLLVC  TL'VGISWPL  TPSTI9NOC  SETPISE9E  86°0S90TS  80°EETLIOS L8 609VLIT 09 6SERLST  ¥OLT6GOLLI ‘0D
I 3 f I q 8 J ° P 2 q ® adf s fsuoqun oarg
uatodwon 18010, LH m_ww_.mﬁﬂr\ HE

(7 *qsTuesw ) 7107 03€SGT Suranp jsatof dyerddudy dduiroag SueirlSuofd ur a1y 1sa10§ woy sadLy 1s310f Jo spudUOduUIod JUIIIIIP JO SUOISSIUD SISES SNOIIBUOGIED UIE[y S J[qe],

(0 ZY Y TR ErA ) EHGENHY M S XY W OB Bl ViR W 8 H 8 Y croz-cs61 W

b

=N

BL¥E s

1ca. cn

/ Iwww. ecolog

http



11 : 3059

40000000 mCO, 8CO BCHy; @NMHC

35000000

T

230000000

T

£ 25000000 Ffl=
25 =
=8 =
£ 520000000 HF
rE =
=2 15000000 H|E
&g £

£ =

& 10000000 15

5000000 H|(I5 = =
o UlE Sgli = . =
a b c d e f g h i j k 1
3 1953—2012 ( + 1)

Fig.3 Main carbonaceous gases emissions of forest types from forest fire in Heilongjiang Province temperate forest during 1953 to 2012
( mean=SD t)

CO 10 CH, NMHC 100
3
4
. 1953—2012 60
5.88x10" t .
9.80x10° t »
8.66% C0,.CO.CH, NMHC
1.89x10%.1.06x107.6.33x10°  4.43x 48
10° t C0,.CO.CH, NMHC
3.15%x10°.1. 77x10°. 1. 05x10*  7.38x .
10°t
% 7.74% .6.52% 9. 2%  6.53%:
C0,.CO.CH,
2 0.67%-0.65% 1.15%
443 2 8 44
3 ) ) (
) 4

( )

http: / /www. ecologica. cn



3060

34

22675610. 98t

12%

43 4547
o

48

675 610. 98t
( N
- )
57.54%
(
38.57%;
20.71%
9.67%; (
)
25.01%
20 172 464. 40t 34.31%: (
. N )
17.45%
15 947 044. 76t 27.

http: / /www. ecologica. cn

( ) o
(P<0.05) o
z o
- )
57.54%
22
38.57%:
20.71%
9.67%:; (
)
25.01%
20 172 464. 40t 34.31%;,
. . )
17.45%
15 947 044. 76t 27.12% o



3061

0.05) .

CO.CH,

34
4

Co,

Co,
CO.CH, NMHC
( P<0.05) .
NMHC
( AY
Co,

Co,
CO.CH, NMHC
) CO,
(
- )
57.54%

Co, Co,
27%107 t Co, 38.48%
Co,

Co, o
Co, .
( 4) o
49-50

References:

10

11

13

Li AF Tian HQ Liu Y Q. State-of-the-Art in quantifying fire
disturbance and ecosystem carbon cycle. Acta Ecologica Sinica
2005 25(10): 2734-2743.

WeiSJ] HuHQ Sun L Wei SW Li S Y. Situation on our
country” s sustainable management of forest fuel under the
background of climate and its countermeasures. Forest Fire
Prevention 2012 (2): 22-25.

Petit J R Jouzel ] Raynaud D Barkov N1 Barnola J M Basile
I Bender M Chappellaz ] Davis M Delaygue G Delmotte M
Kotlyakov V.M Legrand M Lipenkov V'Y Lorius C Pépin L
Ritz C Saltzman E Stievenard M. Climate and atmospheric
history of the past 420 000 years from the Vostok ice core
Antarctic. Nature 1999 399(6735) : 429-436.

HuHQ WeiS] Wei SW Sun L. Effect of fire disturbance on
forest ecosystem carbon cycle under the background of climate
warming. Journal of Catastrophology 2012 27(4): 37-41.

Hu HQ WeiS] Sun L. Estimating carbon emissions from forest
fires during 2001 to 2010 in Daxing” anling Mountain. Acta
Ecologica Sinica 2012 32( 17) : 5373-5386.

Clark J S. Effect of climate change on fire regimes in northwestern
Minnesota. Nature 1988 334(6179): 233-235.

Neary D G Klopatek C C Debano L ¥ Ffolliott P F. Fire effects
on belowground sustainability: a review and synthesis. Forest
Ecology and Management 1999 122(1/2): 51-71.

Wei SJ HuH Q Sun L Zhou R L. Situation on our country’s
forest fire prevention under the background of climate and its
countermeasures. Forest Fire Prevention 2011 (2): 14.
Robinson J M. On uncertainty in the computation of global
emissions from biomass burning. Climatic Change 1989 14(3) :
243-262.

Levine J] S Cofer W R [l Cahoon D R Jr. Biomass burning: a
driver for global change. Environmental Science and Technology
1995 29(3): 120-125.

Aulalr A N D Carter T B. Forest wildfire as a recent source of
CO, at northern latitudes. Canadian Journal of Forest Research
1993 23(8): 1528-1536.

Amiro BD Todd J B Wotton B M. Direct carbon emissions from
Canadian forest fires 1959—1999. Canadian Journal of Forest
Research 2001 31(3): 512-525.

Choi SD Chang Y S Park B K. Increase in carbon emissions
from forest fires after intensive reforestation and forest management
programs. Science of the Total Environment 2006 372(1):
225-235.

Kasischke E S Bruhwiler L P. Emissions of carbon dioxide

carbon monoxide and methane from boreal forest fires in 1998.

http: / /www. ecologica. cn



3062

34

16

18

19

20

21

22

23

24

25

26

27

Journal of Geophysical Research 2003 107 ( D1) doi: 10.
1029 /2001JD000461.

Lavoue D Stocks B J. Emissions of air pollutants by Canadian
wildfires from 2000 to 2004. International Journal of Wildland
Fire 2011 20(1):

French N H F Kasischke E S Williams D G. Variability in the

17-34.

emission of carbon-based trace gases from wildfire in the Alaskan
boreal forest. Journal of Geophysical Research 2003 108 doi:
10. 1029 /2001JD000480.

French N H F  Goovaerts P Kasischke E S. Uncertainty in
estimating carbon emissions from boreal forest fires. Journal of
Geophysics Research 2004 109 doi: 10.
1029/2003JD003635.

Cahoon D R Jr Stocks BJ Levine J S Cofer W R III  Pierson J
M. Satellite analysis of the severe 1987 forest fires in northern
China and southeastern Siberia. Journal of Geophysics Research

1994 99( DY) :
HuHQ WeiSJ JinS Sun L. Measurement model of carbon

18627-18638.

emission from forest fire: A review. Chinese Journal of Applied
Ecology 2012 23(5):
Isaev A S Korovin G N Bartalev S A Ershov D V Janetos A
Kasischke E S Shugart H H French N H F Orlick B E

1423-1434.

Murphy T L. Using remote sensing to assess Russian forest fire
carbon emissions. Climatic Change 2002 55(1/2): 235-249.
Zhang Y H Wooster M ] Tutubalina O Perry G LW. Monthly
burned area and forest fire carbon emission Estimates for the
Russian  Federation from SPOTVGT.
Environment 2003 87(1): 1-15.

Kasischke E S French N H F  Bourgeau-Chavez L L

Remote Sensing  of

Christensen N L. Estimating release of carbon from 1990 and 1991
forest fires in Alaska. Journal of Geophysics Research 1995 100
(D2): 2941-2951.

Wang X K Feng Z W Zhuang Y H. CO, CO and CH,
emissions from forest fires in China. Scientia Silvae Sinicae
2001 37(1): 90-95.

Tian X R Shu L F Wang M Y. Direct carbon emissions from
Chinese forest fires 1991—2000. Fire Safety Science 2003 12
(1): 7-10.

Li A F Tian H Q. Interaction among climatic change fire
disturbance and ecosystem productivity. Journal of Plant Ecology
2007 31(2): 242-251.

Li AF Tian HQ Liu ML LiuJY MeliloJ M. Spatial and
temporal patterns of carbon emissions from forest fires in China
from 1950 to 2000. Journal of Geophysics Research 2006 111
(D3) : doi: 10.1029/2005JD006198.

Hu H Q Sun L. Estimation of carbon release from shrubs
herbages and litters in Daxing” an Mountains by forest fires in
1980—1999. Chinese Journal of Applied Ecology 2007 18
(12): 2647-2653.

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Sun L Zhang Y Guo Q X Hu H Q. Carbon emission and
dynamic of NPP post forest fires in 1987 in Daxing’an Mountains.
Scientia Silvae Sinicae 2009 45(12) : 101-104.

Hu H Q Li A B. Characteristics of gas release during combustion
of main arbor and shrub species in Xiaoxing"an Mountain. Chinese
Journal of Applied Ecology 2008 19(7): 1431-1436.

Yang G F JiangH Yu S Q Zhou GM Jia W J. Estimation of
carbon emission from forest fires in Zhejiang Province of China in
1991—2006. Chinese Journal of Applied Ecology 2009 20(5):
1038-1043.

Tian X R Yin L Shu L F Wang M Y. Carbon emission from
forest fires in Daxing” anling region in 2005—2007. Chinese
Journal of Applied Ecology 2009 20( 12): 2877-2883.

Sun L. Hu HQ Guo Q X Lii X S. Estimating carbon emissions
from forest fires during 1980 to 1999 in Daxing”an Mountain

China. African Journal of Biotechnology 2011 10 ( 41):
8046-8053.

Huang L Shao Q Q Liu J Y. Carbon losses from forest fire in
Jiangxi Province China in 1950—2008. Chinese Journal of
Applied Ecology 2010 21(9): 2241-2248.

HuHQ WeiSJ Sun L. Estimation of carbon emissions due to
forest fire in Daxing”an Mountains from 1965 to 2010. Chinese
Journal of Plant Ecology 2012 36(7): 629-644.

HuHQ Wei SJ Sun L. Estimation of carbon emissions from
forest fires in 2010 in Huzhong of Daxing” anling mountain.
Scientia Silvae Sinicae 2012 48(10) : 109-119.

Jiao Y Hu H Q. Estimation of Carbon Emission from Forest Fires
in Heilongjiang Province during 1980—1999. Scientia Silvae
Sinicae 2005 41(6): 109-113.

Houghton R A Skole D L. Nobre C A Hackler L Lawrencel K
T  Chomentowski W H. Annual fluxes of carbon from
deforestation and regrowth in the Brazilian Amazon. Nature

2000 403(6767) : 301-304.

Crutzen P J Andreae M O. Biomass burning in the tropics:
impact on atmospheric chemistry and biogeochemical cycles.
Science 1990 250(4988) : 1669-1678.

Dixon R K Solomon A M Brown S Houghton R A Trexier M
C  Wisniewski J.
ecosystems. Science 1994 263(5144) :
FangJ Y Chen AP Peng CH Zhao S Q CiLJ. Changes in

Carbon pools and flux of global forest

185-190.

forest biomass carbon storage in China between 1949 and 1998.
Science 2001 292(5525) : 2320-2322.

Kasischke E S Stocks B J. Fire Climate change and carbon
cycling in the boreal forest. New York: Springer Verlag 2000

377-389.

Streets D G Yarber K ' Woo ] H Carmichael G R. Biomass
burning in Asia: annual and seasonal estimates and atmospheric
17 (4):

Emissions. Global Biogeochemical Cycles 2003

1099-1119.

http: / /www. ecologica. cn



11 3063
43 Wiedinmyer C Hurteau M D. Prescribed fire as a means of 23 C0,.CO
reducing forest carbon emissions in the western United States. CH, . 2001 37(1): 90-95.
Environmental Science and Technology 2010 44 ( 6): 24 . 1991—2000
1926-1932. 2003 12(1): 7-10.
44 TuB KongSF Han B Wang X Y Bai Z P. Inventory of 25 .
atmospheric pollutants discharged from biomass burning in China 2007 31(2): 242-251.
continent in 2007. China Environmental Science 2011 31(2): 27 . 1980—1999 N
186-194. 2007 18(12) : 2647-2653.
45 Shan Y L Wang S Q Zeng C Zhai C G Zhang J. Carbon 28 . 1987
emission from forest fires of main forest types in Jilin Province. NPP . 2009 45(12): 100-104.
Acta Ecologica Sinica 2010 30(9) : 2254-2260. 29 .
46 QiuY LiZD ZhangY] XuHC YuRY. The effects of fire 2008 19(7): 1431-1436.
disturbance on the biodiversity of understory plant in virginal 30 1991—2006
forest northern region of Daxing anling Mountains China. Acta 2009 20
Ecologica Sinica 2006 26(9) : 2863-2869. (5): 1038-1043.
47  HuH Q Zhao Z K Wang X C Zhang Y D. Fire history of 31 . 2005—2007
Mongolian pine ( Pinus sylvestris var. mongolica) forests in 2009 20(12): 2877-2883.
Mengkeshan of Tahe China. Acta Ecologica Sinica 2010 30 33 . 1950—2008
(23): 6372-6379. 2010 21(9): 2241-2248.
48 LiuZH Yang] HeHS Chang Y. Spatial point analysis of fire 34 . 1965—2010
occurrence and its influence factor in Huzhong forest area of the 2012 36(7): 629-644.
Great Xing’an Mountains in Heilongjiang Province China. Acta 35 2010
Ecologica Sinica 2011 31(6): 1669-1677. 2012 48(10) : 109-119.
49 HuHQ WeiSJ SunL Wang M Y. Interaction among climate 36 1980—1999
change fire disturbance and ecosystem carbon cycle. Arid Land 2005 41(6): 109-113.
Geography 2013 36( 1) : 57-75. 44 . 2007
50 HuHOQ LuwoBZ WeiSJ] SunL Wei SW Wen Z M. 2011 31(2):
Estimation of carbonaceous gases emission from forest fires in Xiao 186-194.
Xing’an Mountains of Northeast China in 1953—2011. Chinese 45
Journal of Applied Ecology 2013 24(11): 3065-3076. 2010 30(9) : 2254-2260.
46
2006 26
1 (9) : 2863-2869.
2005 25(10): 2734-2743. 47
2 2010 30 (23):
2012 6372-6379.
(2): 22-25. 48
4 2011 31(6):
2012 27(4): 37-41. 1669-1677.
5 2001—2010 49 N
2012 32(17) @ 5373-5386. 2013 36(1): 57-75.
8 50 . 1953—
2011 (2): 1-4. 2011
19 2013 24(11) : 3065-3076.

2012 23(5): 1423-1434.

http: / /www. ecologica. cn



