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Abstract; Black carbon aerosol is a serious environment problem because it raised global warming as increase rapidly the
CO, concentration and atmospheric radiation, and polluted air quality, as well as impacted human health. With the
increasing of forest area and biomass due to aforestation and reforestation in subtropical China, forest fire frequency becomes
more high and it make big contribution to black carbon. It is very important to estimate the amount of black carbon released
from forest fire in regional scale, however, there are paying less attention to it in most area of world. Based on statistical
data of forest fire and the biomass of forest types in Zhejiang Province from 1991 to 2006 year, this paper reported the
estimation of biomass burning from forest fire every year of Zhejiang. Meanwhile, the annually amount of black carbon
released from forest fires during 1991 to 2006 year were measured using emission factors The amount of black carbon
released from forest fires from 1995 to 2006 year are from 38.4 t/yr to 97.2 t/yr, The proportion of black carbon released
by forest fire are 0. 12% and 0.17% of whole black carbon emission in Zhejiang province in 1995 and 2006 respectively,

they influence seriously air quality in the regional scale.
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BERSV I (black carbon, 5, BC) —URHR BUREL (LIE 1A KK AE M IRELSE ) A8 bt # = A
gt BUR I SRR 2R 5142 (IPCC) 585 = RIE A IR A 0 H B2 G SUJR: AR L Rl L A2 S 0 A/ B e =
MR S — RSB, B EE MR AR LK AT AR R 5 T KB ML R . BRI RS TS
Yo S FRAR KR SR AR E T RS E  RR R RIS IR I B B4R 4, Hobi AR E B 7E 0. 01

~ 1.0 pm"™ FE S HR A B H AR, ZE R X A A2 IR T R P B VR SR 4 310 10 P g/ m’
107 g/m’, i RS FH 0.2% ~1.0% ) fERH =1 ERETAAEH E K

B9, Bk B R SR /R CH, , BUN R M 23R AR R UK T CO, I EZE M ST, Jacobson FHF5E
R, SRR T A BRI A M) SR 08 ) TR B R M SV S A B 5 338, AT R WA B 22 F) O PR 5, i/ N I RV
HIBR HANHRA T REHRIS B R AR S AR R EIRUR™ . Jacobson'” AR IR 55 6 B, BRH ) EL 4248
SH3R3E 4 0.55 Wem >, ] Hansen 25" fBF5TIA N BBAR I H BB HRIE N 0.55 ~1 Wem ™2, M04h, Bk AA
LA, 7E RS 1 AR AT AR RIS Y, A T R AR R S b O A4 R O 2 3R s
B BRSO SR S S BIET T Il A w R RS R AR B R = R
o g ) [ B Y o SRR B BV R T RS P R . Chameides &7 BT B8, BIRK
VA R AR AR 8038 b T 9 K PR 5 S B0k B AR VR BB . Meenon 2510 | AR RIBEHIBE 55 2 B, BBk 51 2 K<
Tz (6] AR A SO T U B 2 XUER I, AT A BB BT Hp B R 5 Bk B ks K s i b o T 8. R
BRIURLA S M TR R T, R AR o B4/NIBRRL T (R <1 um) BEHRA T FEIGE
TR, 51 % P 0 2R S it LA B I8 JRERE S5 i 2k 20 2

] SMEE R S FEOUR I ABIF 92 5 TG P G 0 L e 7, o R A< 8 S F) 0- A B VA B ) i s LU 3 22, Bn I
#h X ) ACE-Asia 1181 .t 35 #b X ) RACE ( Radiative Aerosol Characterization Experiment) , Vb X ) ACE-I
( Aerosol Characterization experiment ) , KX FIJE Y #1 X 1) ACE-TT ( Aerosol Characterization Experiment) , EJ & i)
INDOEX ( Indian Ocean Experiment) A K £ Bk A WEMM ( GAW ) iWiIN I H %5, H N 2% i %
Hh ] PG R A SRR AT AT T R 5 TR SR 3 AR Tt X 2 BRI IR MR BEREAT T M, X BB HFSE
B X R VA TR JBE B 18] A2 [ 43 e B8 A, (AR BRMR K TR i ik A s FSe LA 5 2y T i F
FEsE WARE] . St RAFER AR IIL AT, R I B ILE A, 7R E 1950 ~2000 474 [FF-
AR TR 75.76 hm’, i FRAK B AR 5. 6% o ZRPK KK 9 & HE ARALEE B R A5 R G Bk
W, A RERIOR 2 1 & kiR 2= <A, b4 CO, (CH, \N,0 FIRHKSE . M 20 42 70 4K 80 4ERBIFF 45,
A B A NI AN RS AL , % ZRbk K R B IR E SR MRS, B
P2t 3R E AR AR B IR = SR AT TR Y . (B EEER ALY CO,.COCH, % 7 HHIfEH,
HL AR R K TR B B AT A

WV T I0 3 3 S R H AR X 38 (27°127 ~31°31'N, 118°01’ ~123°10'E) , FFMB 5H3K 59.4% , 248
PAGr BB AR LR FE B R 32, PU RS R , 373k 800m, A B JE T I AT & 4% M AR X 38R-R 350 (Y2 i)
i 5 N PR T X 338 - ST AT S W Ry ) | LA SR 0 S A S A B2 A, BTV AU TR E 7%
MRE , RRE AR —, FF R &R [FE, ST R R R, TR, T ™E. FHik,
WML £ E RIS R i TR K I BRI BB , 2 — 25 B AL BRAR K TN PR B SV IS A STk, X T
IERTFN R E WG b X R S R R A TEE R, [RIEAT Bk A PR Tl Ak i o v st X A i %
B, i@ BRAR AT 5 Hh SRRk IS U 5 AN s TSR HE R 224 o
1 HRFRIFE
1.1 BrEsest
1.2.1  FARARGHEIE

KRB AR T VLA AT AR I DGR FORL, I BEE FENRER T 1991 4R B AU VLA 4 F R AR AR
KIAC T, FAEAL K R IR AL AR T B AT B X 4 ik K TR B ER EKFE R MR BN . AU
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HA 1991 ~ 2006 4F [ AR K i 5%, B ] 3 & AR FRAR KR 9 182 IR, AFE ¥ % 570 IR, FR AR E T K T FRIK 90
317 hm?,
1.2.2  FRpkAEYELIE
WYL 7R RIS A AR - 349 4 RV T 2006 AFEMTTLAS A 254 28 MR IR 45 , 1235 H F 2005 ~ 2006 4F
TEREFATT WA B EA SR R Y BAR BF5Y , 76448 200 J7 hm’ 5 520 25 K98 Bl 9 $51
X BRAF TN BRIRLH B ST HE S PR 2 AR B 854 A ML T A% 1 i 2 YOk}, i A AR Hb AR My B ST, g ST
TR W R A g A A, 1] PSSR R0 3% v M 5 S BRI b R, WU T WL R A SR A & .
(DFFARZEMERE PRI 20 m x30 m, FHREEZHEARR . EIH#E 5.0 cm, JHERF
JolifE R BT R EE , ARG SRR EE, SR RS R R AR EA (1 #R) , 1% Stoo 432
YIENR:, LA 2 m RATBE T (R ) B (B8R W& R RRIEHRIZIENE . HEHAEY ERTE&
WD REAREAR SR YRS
Q) TAREBAEYEME EEREFT AR 2 mx2 m H7 340, BAETARKENEE REAEEE
BE SRR AR R BN RBER T B AR R ARARER AR YR A R 2E B E A, 0 R A
KA R
Q) EARZEYERE HETRKE/MEFTHALAMATAR L mx1 m B/NEY, AEEARZMHE &
FERERIREE . SRk FRE  RIE A 50R L U A A AU &
2.2 BN
R K REBRMEE R ESRERER RN AEY R, RETTE B RPHRE, 5B E O HER E 7Rk Al
R ZRAR K R BT HER Bk B, Seiler 255 R T — M E ZRAK K R FELE R (M, 1) FAEEAR
M=AxBxaxb (1)
AP A BB AR IR (hm?) ;B FE AR (V hm?) sa db B3 AW E & SEY R0 AR
HIBRBERR
o b FBA A B o A R LB BB , SR IR TR = % X b A M B T R A R
FRIMIRBECR A KR PR E B S MR A B L EDY , BT BB E M LR S5
IR I ZRPRIETY VR G540 DA I & A KR B AR RIS R A BT & AR R P R M 2 7, AT A ]
BTS2 X ES BB E A B R4+ o Kasischke 25 BT IA N BVl AR AR IR B2 R 0.2 ~ 0. 25 ; Hao
20 N IBFFE N R A AR B BERR 9 0.4 ~ 0.5, ERTTEX 7 T IR IR i 80 , AR U8 B Al S B BF
FREERFWTLA IR, W48 8 T AR WG SR, - BRI 2 SR AR AR, R SR B 2006 4 TPCC [F 5K
RS ARIE IR BT A BB B ER 0. 45,
FRAE L5 S P B AR 2L S BB BE ( Ce) 45% ) RS FTAS B ot i A 0 IR v B BIRER S IR T 500, Bk )
Bk (Mc)
Mc=CexM (2)
ZEE AT (2) BEAT LA ARk R P BR ) B BRI R
N T B BRAE FRAR AU P R, BIAHER R F (EF) #8. HEBUA TR AR KK PR F &
BRI B (me ) FIARARK R 5 52 B BB B 0 A

EF =mc/Mc (3)
R I, 15 H R AR K R A R A HE R (Mbe ) ) EAR N
Mbc = EF x Mc (4)

TR HET R 7 48 ARG B ) AR AE B S R P B HLE . X T RRBRHEE BRI, AR Y
FHWHRFMEL . Andreae 2 3¢ £ W) RIRBEF= A4 I AT SIE IR HEAT IR I )T & IR BRAE S FF BRI
BEA BRI N 0.56 g/ke; T Reddy 254! 3 1B HE OB BRI BEHEBUR MBS BAR , SBER VI Ak
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B0 0. 98 g/kg; Streets %! ZEBFIT v [ FRBR VA (O HERCT , 22 0 SR AR B TR i ) SR A HE BB 4 1. 0
g/kg; 4 Kuhlbush % {5 , MRPEHERCA AR A SBR N 1. 1 g/kgo PRLIARSCH , SERHE R R B
EARSCEREFEIE 1 g/kg.
2 ZREHW
2.1 PRI bR

Bt 1991 ~2006 4F R IT.45 bk K T 5 432 3 NG BE 1991 ~ 199551996 ~ 200032001 ~2006, F| B
R BB Arcgis EHTTLAE B KT 52 RUALFE R o 25 (B 50H , %5 FiI Kenel density #9757 ¥ HE U 500R e 6t
R B RO, AR BT LA FRAR K R A E (B 1) o
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A #3 Pine
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Bl 1 1991 ~2006 4FH V14 bk K K54
Fig. 1 The distribution map of forest fires in Zhejiang Province , 1991 ~2006

XF 1991 ~2006 AEHITAA ZRAK A I I0 T3t 8] EEMAR G K E BT, B E 1. MR
KIEBUL A o KRR 0.25% , R TR AT A B RT3 . MR AT LAE H,1991 ~ 2006
SEWIVT AR BB K I 5 645 hm® , A AR 9 4E #958 K T ARGE 3 697 hm®  RWITLAE Fbk & £k
R EEME, X AAPRIERTTLI 2 0 %, BV D BANE £, U4 Fr A SRR AR 27. 1%
TR AR 2 AR P BOAA AR FU B B R R 55.2% 7 o et , T AR T HAB M AR AR, JB T 5 Ak T 47
a0 SUBD TN AL LN ANTTE AL e N ) LS S
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R1 1991 ~2006 F£HAEHTHTE EXHFAER T KER (hm)
Table 1 Burned area of different forest types in Zhejiang Province, 1991 ~ 2006
4E4y Year X U . 2N FE Ak Evergreen ‘(EBEM it
Pine forest Chinese fir foret broad-leaved forest Mixed forest Total
1991 426.9 159.5 33.3 184.1 803.7
1992 2284.8 460.8 78.3 875.4 3699.3
1993 2612.4 377.1 107.4 808.2 3905.1
1994 1324.2 223.5 29.0 453.5 2030.1
1995 2935.9 615.3 65.2 666.5 4283.0
1996 3156.1 688.7 102.0 1520.3 5467.1
1997 863.4 235.6 33.3 408.9 1541.2
1998 1374.8 222.5 38.1 517.9 2153.3
1999 2640.1 258.1 88.8 883.0 3869.9
2000 5851.5 1659.8 182.3 2745.5 10439.2
2001 1328.4 296.2 21.6 616.9 2263.1
2002 2358.7 245.2 164.0 1540.0 4307.9
2003 8261.7 1861.3 832.8 260.6 11216.4
2004 14558.8 3709.0 333.9 728.4 19330.1
2005 7158.2 1080.7 338.9 3094.0 11671.6
2006 2019.9 326.3 194.9 795.4 3336.6
-4 Average 3697.2 776.2 165.2 1006.2 5644.8

RIEARK (1), BIRT i KRR A Y& R BERCR TR MR AR BN AR, 2B T
1991 ~2006 FWiTLA AR K RIEFER DR . WL EIHRMKCRIEFEEY RN 114 387.1 ¢, H
HR R AE ) B B 25 )2 2004 4 FRIRBEIE 371 420.6 t, 2EMEN 3 5. MY R R KRR M,
X BRI 61.9% BT AZARMF AR5 R 19. 6% (13.7% Fi14.8%

F2 1991 ~2006 FHEHTIE ERXFRLBRHRRERBGENE ()

Table 2 Consumed biomass of different forest types by forest fires in Zhejiang Province, 1991 ~ 2006

LE0} Year FAMK A [# Ak Evergreen BASHK Bt

Pineforest Chinese fir foret broad-leaved forest Mixed forest Total
1991 7917.1 3109.1 1067.9 4642.0 16736. 1
1992 42376.1 8982.1 2514.7 22079.5 75952.4
1993 48453.4 7351.0 3448.4 20384.3 79637.2
1994 24560. 8 4356. 1 929.9 11437.5 41284.2
1995 54452.9 11994.9 2093.5 16811.0 85352.2
1996 58537.6 13424.5 3276.0 38343.4 113581.5
1997 16012.9 4593.4 1070.2 10312.1 31988.6
1998 25498.3 4336.8 1223.3 13062. 8 44121.3
1999 48965.7 5030.4 2851.2 22269.7 79117.0
2000 108529.7 32356.5 5854.0 69246.7 215986.9
2001 24637.9 5773.5 694.5 15558.2 46664. 2
2002 43747.3 4780.7 5264.8 38841.3 92634.1
2003 153231.0 36284.6 26740.5 6572.2 222828.4
2004 270024.8 72303.6 10721.0 18371.2 371420.6
2005 132764.2 21066.2 10879.9 78034.4 242744.7
2006 37463.5 6361.3 6258.6 20061.8 70145.1
1 Average 68573.3 15131.5 5305.5 25376.7 114387.1

2.2 FRARKRBETR ) AR
55 FRAR KRB SR AN PR AR A HE R 7, ARG~ 30 (4) , BURT 53 H AR KR B BR i HE R, Jnk

3 B

HITE SR AT LR, #T7LA 1991 ~2006 4P 3 RE4F T AR KR R HEBAR RS 51.5 ¢, 3 BLHE
BT TERRMK KB BB

TR BRI BEAR T R, HER 22 4 1E 2004 47,35 167. 1 t, %
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i ARPREY STRRAE S T 60% o iX SR B AA BRI KT AR A B B R R 3 B , 4 R 802D WA P KR YR 5 T

B K BEAR R 980> By RRAR K I 1) R HERR B AR

F3 1991 ~2006 FHEHTE B LXFREBBFHRNRERB RS (1)
Table 3 BC emmision from different forest types by forest fires in Zhejiang Province, 1991 ~ 2006

A0 Year FABK AR [ Ak Evergreen TR Bt
Pineforest Chinese fir foret broad-leaved forest Mixed forest Total

1991 3.6 1.4 0.5 2.1 7.5
1992 19.1 4.0 1.1 9.9 34.2
1993 21.8 3.3 1.6 9.2 35.8
1994 11.1 2.0 0.4 5.1 18.6
1995 24.5 5.4 0.9 7.6 38.4
1996 26.3 6.0 1.5 17.3 51.1
1997 7.2 2.1 0.5 4.6 14.4
1998 11.5 2.0 0.6 5.9 19.9
1999 22.0 2.3 1.3 10.0 35.6
2000 48.8 14.6 2.6 31.2 97.2
2001 11.1 2.6 0.3 7.0 21.0
2002 19.7 2.2 2.4 17.5 41.7
2003 69.0 16.3 12.0 3.0 100.3
2004 121.5 32.5 4.8 8.3 167.1
2005 59.7 9.5 4.9 35.1 109.2
2006 16.9 2.9 2.8 9.0 31.6
1 Average 30.9 6.8 2.4 11.4 51.5

3 ghagSihe

3.1 FRARK KB RAR PR AE 1

M 1991 45 2004 47, Ak KK BN R ABHCR 2 3030 LT A@ % (8 2) , 3 B P 3h i g B
SRR (HARAR KK KA BB IRA BBl , (HIE STt AR (B 3) . 41:2002 ~ 2006 4% 2f i B L 2 2
2006 4F SR 5.6 2%, XX LA K RRBIGETH G KK R ERIREUAE 3 ~ 4 1551992 S KK
WEALFE SR — (R AFHE U RRBR B A4 TRMRAK o XK 1991 ~2006 45, K H -394 KK )i
KEFA SIS (B 4) o X AT HER B T ARSI, AT A BRI I, KRB ZUBEERE R, o ] BE A 2
RS HBETRA X,
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fEfy Year A Year

Fl3 1991 ~2006 4F-Wi V145 ARk k RIRE 3 A2k
Fig. 3 Annual variation of forest fires’ count in Zhejiang Province,

1991 ~2006

B2 1991 ~2006 £FEH 1148 AR K RBERBR IR Bh 2521
Fig. 2 Annual variation of BC emissions from forest fires in Zhejiang

Province, 1991 ~2006
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3.2 FRARK KRBT R A 6734l

1991 ~2006 4FHTVLA FRAR K I FBRBE IR 1) A F
WEKZRBILBR, EEERE 12 A ~4 Al (A
5) o ZHE AP REK B, 2 SRS LU, AR
KRB HESRBET %Mo TR —Bemt ], RE iy B
B2, EFET JUH TAE S, NIRRT A RO 7E
BT . FAMVE T FER BRI B K e, 2
S KRB ZHER
3.3 R[RI X AR K KB R R A 225

AN [7] By 3t IXC T R AR K SR PR ) HE R Y
Z= 5 BB, iR M B 4P 3 AR 12, 4 ¢, T 380
MAE 0.4 ¢, 284 30 /(K 6) , XA XA
AMEIREIMR . 70, WM AR & AT i
AR, BEReE FREER, B RERKK
R, A BEHLRIX 3 A DX I R HE B B R

1H Jan.

Bl5 1991 ~2006 4EUFILAE BRAK K KA TR ARk i
Fig. 5 Month average variation of black carbon emission from forest

fire in Zhejiang Province during 1991 ~2006

3.4 FRMKRBETL BRI SR EF W HLE

T3k REFR
Average aera of forest fire (hm?)

I I I I | | | |
1992 1994 1996 1998 2000 2002 2004 2006

A4y Year

El4 1991 ~2006 4FHiVTA BYCER KK KA B A4

Fig. 4 Variation of Average area of forest fires in Zhejiang Province,

1991 ~2006

ERH R
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o ©
T T

N

NN

?
07
0 7 % A

BN WK B BT S W A% T Sl M

Bl 6 1991 ~2006 4 1145 45 T AR K KT 2 R ke ik

Fig. 6 Average of black carbon emission from forest fire in the city of

Zhejiang Province during 1991 ~2006

HIRZ I 2E X o B B BB R T T8, LS T &8 B TR % S E™ >, Streets
1) BT BR W VT4 7E 1995 4F SRR S HERCE 22 32 800 t, B [ B 45 (45 5 Wi T 2000 4F SR AR HER 3
B 57 100 t, HHEH 19952000 SEHTFITAE bR K R BERH) BR 2 B2 38.4 £.97.2 t, 76 M M B 1Y
FA 4510 0.12% 0. 17% o 53 = BRI B 0 EEHEE—F RAE R AL IR (405 5 o B HE S B
f54.5% 36.3% , 8 R4 ) KL, ZRAR AR HERCER 5 BB ERV/N . (AR, HEE BRI E SRRk
SIS X Tk BEA T B HE B B PR R B R B BB, DA R AR bR K R T AR R B S R B AR ARk R
HER ) B AR BE BARHE R B P B FC TR AR B K, T ELZRAR K 5 8 A B st ) 70 DX 3R L 2B 4, ZE 4 T/

i B PR R PR R X DX PR S R I o
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3.5 FAERIAE

A KBEH RN RS ZBREH RN, AR AIREL R B R PER KK E RIS
FARNFSF o AR SCH MR AN HER R 7802 D A A B 5 3R B, 28 A 38 JRH AR AR KR L R i
i, ATRE A —EHIIRZE
3.6 RRFMAKK BRI

WA ARAR A T Sk R BB 2 D AR AR K R B R B R B AR A ZUBE . K THIUE BB 28 T BUN
TERIP ARG IR R (A 2T B, Hrp A5 Bl ORISR KO8 o 3l Bl 2, AT A o T K I B PR AR HETL , 7]
I SER AR TR A R o (BAERRMAES RGP, R BAERI B K &7 A KR AT R B, e B 2 SE
AR IR 3 A R L o 3 B ) KR, X A 2SR S5 5 R RIS o Rt FEBRARAR K B BT AT 3
R ke, TR TR B E M AR AR S AR o R B RAEA R T A TR AR
KPR A T4 T A A D38 , AT Dok 2 A DRV B K R D AT R, AR Ak R e A Bk B BE o R
SR PR AR AT MR (RO , 2 W MRS (UL AR 25 R 55 D RE 7 T O AR PR, [ i RL T SR P S LA o Sl ad 3
NS FRAR B2 A B , D ERAA AR i S B TOURRG 30 9 S e P RO B R

BEE B AR ARFIHT VLA A SR B TT R, Wi VA8 AR AR T BN W 47K BR Ak rp 9 A 2 G R Rt BoR
%o —BRAEFMKR MRPEYRBMBES , XHEHEE BB W, EFRERNFLCAFTE
BES T LV 2 SRR B R A MRS TERE , MR RTD , 50 RA i, R K IO B, T 2%
PRI R A RS PR SR R S 8 JE AR BRIC AR AR UE ™, 6 SR (L 36 B O 2 & 1
TR, HI, T2 EAEEARA KRBT E , B R R, Rk TAEM I 5Tk

References:

[ 1] Penner ] E, Eddleman H, Novakov T. Towards the development of a global inventory for black carbon emissions. Atmospheric environment. Part
A, General topics, 1993, 27(8) : 1277 —1295.

[2] [IPCC. Third assessment report, climate change 2001 The scientific basis. New York: Cambridge University Press, 2001.

[ 3] Bai] H, Wang B C. The advance in black carbon aerosol. Science Technology and Engineering, 2005, 5(009) : 585 —591.

[4] QinSG, TangJ, Wen Y P. Black carbon and it s importance in climate change studies. Meteorological Monthly, 2001, 27(011) ; 3 —7.

[5] XuL, Wang Y Q, Chen Z L, Luo Y, Ren W H. Progress of black carbon aerosol research i:Emission, removal and concentration. Advances in
Earth Science, 2006, 21(004) : 352 —360.

[ 6] Kuhlbusch T A J. Enhanced: Black carbon and the carbon cycle. Science, 1998, 280(5371) : 1903 —1904.

[ 7] Jacobson M Z. Strong radiative heating due to the mixing state of black carbon in atmospheric aerosols. Nature, 2001, 409 (6821) : 695 —697.

[ 8] Andreae M O. The dark side of aerosols. Nature, 2001, 409(6821) ; 671 —672.

[9] Hansen]E, Makiko S. Trends of measured climate forcing agents. Proceedings of the National Academy of Sciences of the United States of
America, 2001, 98(26) : 14778 —14783.

[10] Schurath U, Naumann K H. Heterogeneous process involving atmospheric particulate matter. Pure And Applied Chemistry, 1998, 70 1353 1361.

[11] Martins J V, Artaxo P, Liousse C, Reid J S, Hobbs P V, Kaufman Y J. Effects of black carbon content, particle size, and mixing on light
absorption by aerosols from biomass burning in brazil. Journal of Geophysical Research, 1998, 103(D24) : 32041 —32050.

[12] Wolff G T. Particulate elemental carbon in the atmosphere. Air Pollution Control Association, 1981, 31; 935 —938.

[13] Jinhuan Q, Liquan Y. Variation characteristics of atmospheric aerosol optical depths and visibility in north china during 1980 1994. Atmospheric
Environment, 2000, 34(4) : 603 —609.

[14] Liousse C, Penner J E, Chuang C, Walton J J, Eddleman H, Cachier H. A global three-dimensional model study of carbonaceous aerosols. Journal
of Geophysical Research, 1996, 101(19) ; 411 —419.

[15] Penner J E, Ghan S J, Walton J J. The role of biomass burning in the budget and cycle of carbonaceous soot aerosols and their climate impact. In:
Global Biomass Burning: Atmospheric,Climatic, and Biospheric Implications. Cambridge: MIT Press, 1991, 387 —393.

[16] Ackerman A S, Toon O B, Stevens D E, Heymsfield A J, Ramanathan V, Welton E J. Reduction of tropical cloudiness by soot. Science, 2000,
288(5468) : 1042 —1047.

[17] Chameides W L, Yu H, Liu S C, Bergin M, Zhou X, Meams L, Wang G, Kiang C S, Saylor R D, Luo C. Case study of the effects of

http ://www. ecologica. cn



2620 E oA ¥ W 29 %

(18]
[19]

[20]
[21]

[22]

(23]

[24]

[25]
[26]

[27]

(28]

[29]

[30]
[31]

[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]

[42]
[43]

[44]

[45]
[46]

atmospheric aerosols and regional haze on agriculture: An opportunity to enhance crop yields in China through emission controls. Proceedings of the
National Academy of Sciences of the United States of America, 1999, 96(24) : 13626 —13633.

Menon S, Hansen J, Nazarenko L, Luo Y. Climate effects of black carbon aerosols in China and india. Science, 2002, 297 (5590) ; 2250.
Hamilton R S, Mansfield T A. Airbomne particulate elemental carbon. Its sources, transport and contribution to dark smoke and soiling.
Atmospheric Environment, 1991, 25(3) ; 715 —723.

Cohen A J, Nikula K. The health effects of diesel exhaust: Laboratory and epidemiologic studies. Air Pollution and Health, 1998, 32. 707 —745.
MacNee W, Donaldson K. Particulate air pollution: Injurious and protective mechanisms in the lungs. Air Pollution and Health, 1998, 30:
653 672.

Tang J, Wen Y P, Zhou L X. Observational study of black carbon in clean air area of western china. Quarterly Journal Of Applied Meteorlolgy,
1999, 10(002) : 160 —170.

Zhang M G, Xu Y F, Zhang R J, Han Z W. Emission and concentration distribution of black carbon aerosol in east asia during springtime. Chinese
Journal of Geophysics, 2005, 48(001) ; 46 —51.

XuAJ, LiQQ, Fang LM, Wu D S. Study on model about forest fire forecast and prediction based on gis. Journal of Zhejiang Forestry College,
2003, 20(003) : 285 —288.

Yao SR, Wen D Y. The management of forest fires. Beijing: Chinese Forestry Press, 2002.

Crutzen P J, Heidt L E, Krasnec J P, Pollock W H, Seiler W. Biomass burning as a source of atmospheric gases CO, H,, N,0, NO, CH;CL and
COs. Nature, 1979, 282(5736) : 253 256.

Dixon R K, Krankina O N. Forest fires in russia; Carbon dioxide emissions to the atmosphere. Canadian Journal Of Forest Research-Revue
Canadienne De Recherche Forestiere, 1993, 23(4) ; 700 —705.

Goldammer J G, Crutzen P J. Fire in the environment: the ecological, atmospheric, and climatic importance of vegetation fires: John Wiley &
Sons, 1993.

Levine J S, Cofer W R, Cahoon D R, Winstead E L. Biomass burning: a driver for global change. Environmental Science and Technology, 1995,
29(3): 120A —125A.

Wong C S. Carbon input to the atmosphere from forest fires. Science, 1979, 204 (4389) ; 210 —210.

Jiao Y, Hu H Q. Estimation of carbon emission from forest fires in heilongjiang province during 1980 —1990. Scientia Silvae Sinicae, 2005, 41
(006) : 109 —113.

Tian X R, Shu L F. Direct carbon emissions from chinese forest fires , 1991 —2000. Fire Safety Science, 2003, 12(001) ;: 6 —10.

Wang X K, Feng Z W, Zhuang Y H. CO,,CO and CH, emissions from forest fires in china. Scientia Silvae Sinicae, 2001, 7(001) : 90 —95.
Wang X K, Zhuang Y H, Feng Z W. Estimation of carbon-containing gases released from forest fire. Advances in Climate Change Research, 1998,
6(004):1—15.

Liu Q X, ChangJ, Jiang B, Yuan W G, QiLZ, Zhu J R, Ge Y, Shen Q. The bioma ss of the evergreen broad- leaved ecolog ica 1 publ ic-welfare
forests in zhejiang, east China. Acta Ecologica Sinica, 2005, 25(9) : 2139 —2144.

Seiler W, Crutzen P J. Estimates of gross and net fluxes of carbon between the biosphere and the atmosphere from biomass burning. Climatic
Change, 1980, 2(3) : 207 —247.

Fang J Y, Xu S L. Biomass and net production of forest vegetation in China. Acta Ecologica Sinica, 1996, 16(005) : 497 —508.

Kasischke E S, Brian J. Fire, climate change, and carbon cycling in the boreal forest: Springer, 2000.

Hao W M, Liu M H. Spatial and temporal distribution of tropical biomass bumning. Global Biogeochem. Cycles, 1994, 8(4) : 496 —503.
Eggleston S, Buendia L, Miwa K, Ngara T, Tanabe K. 2006 ipcc guidelines for national greenhouse gas inventories, vol. 4 Agriculture, forestry,
and other land use, 2006.

Levine J S, Cofer W R, Cahoon D R, Winstead E L. Biomass burning: A driver for global change. Environmental Science and Technology, 1995,
29(3): 120 —125.

Andreae M O, Merlet P. Emission of trace gases and aerosols from biomass burning. Global Biogeochem. Cycles, 2001, 15(4) : 955 —966.
Reddy M S, Venkataraman C. Inventory of aerosol and sulphur dioxide emissions from india: Part jj -biomass combustion. Atmospheric
Environment, 2002, 36(4) : 677 —697.

Streets D G, Gupta S, Waldhoff S T, Wang M Q, Bond T C, Yiyun B. Black carbon emissions in china. Atmospheric Environment, 2001, 35
(25) : 4281 —4296.

Union A G. Biomass buring and global change. Williansburg: Virginia, 1995.

Forestry department of Zhejiang province. The Natural Forest Resources of Zhejiang( the volume of forests). Beijing: Chinese Agriculture Science

and Technology Press, 2002.

http ://www. ecologica. cn



5 VERE 4 UL 1991 ~2006 4FFRAk KRB HURBRKEL I 5 B 2621

[47] Zhang]J, Ge Y, Chang J, Jiang B, Jiang H, Peng C, Zhu J, Yuan W, Qi L, Yu S. Carbon storage by ecological service forests in Zhejiang
Province, subtropical China. Forest Ecology and Management, 2007, 245(1-3) : 64 —75.

[48] Zheng H N. Flammability of trees. Forest Fire Prevention, 1991, 3. 32.

[49] MaoSL, Yang Y P, Jia W J, Zhang M Z, Zhang W C. Study on regularity and trend of forest fire in zhejiang province. Journal of Zhejiang
Forestry Science and Technology, 2004, 24(001) : 16 —20.

[50] Cao G L, ZhangX Y, Wang Y Q, Ce H Z, Chen Z. Inventory of black carbon emission from china. Advances in Climate Change Research, 2006,
2(6) : 259 —264.

[51] Conard S G, Sukhinin A I, Stocks B J, Cahoon D R, Davidenko E P, Ivanova G A. Determining effects of area bumned and fire severity on carbon
cycling and emissions in siberia. Climatic Change, 2002, 55(1): 197 —211.

[52] Carter M C, Darwin Foster C. Prescribed burning and productivity in southern pine forests: A review. Forest Ecology and Management, 2004, 191
(1-3): 93 —109.

[53] Oreskes N. The scientific consensus on climate change. Science( Washington, D. C. ), 2004, 306(5702) : 1686 — 1686.

[54] Adams J A’ S, Mantovani M S M, Lundell L. L. Wood versus fossil fuel as a source of excess carbon dioxide in the atmosphere: A preliminary
report. Science, 1977, 196(4285) ; 54 —56.

[55] Kurz W A, Apps M J. A 70-year retrospective analysis of carbon fluxes in the canadian forest sector. Ecological Applications, 1999, 9(2): 526
—547.

B EHk:

(3] B, FRUR. MBRKRIIHER. PR 5T, 2005, 5(009) : 585 ~591.

(4] )", Bk BEB BESEREERBBITP R L. K4, 2001, 27(011) : 3 ~7.

(51 WE, £V, BRIk, B3, I BBRBRITRIERE 1 Hi, WHERAWE. HBkR2UEfE, 2006, 21(004) : 352 ~360.

[(22] Wik, ARERAK. oo PG ORI Tt DX AR R S LI F 5. R IR 4K, 1999, 10(002) : 160 ~ 170.

(23] KSR, BRoKAm, TATHE, SRt R IX A RO IR B e B A A MRk B2 4, 2005, 48(001) : 46 ~51.

[26] #HRER, TR, TP, Rk 2T GIS ARMK KR BN BR BT SHT. WiilskeABes4i, 2003, 20(003) : 285 ~288.

[(25] BEWEA, SCETG. BRAMIEBE B, JbaC. AL R, 2002.

(31] fhste, WINGNE. RRJEVLA 1980 ~ 1999 AEFRAMCK KRB INMLSE. MlkBl#, 2005, 41(006) : 109 ~113.

[32] HBEHE, &F30AR. 1991—2000 4F o [ BRAR K R ELERE OB A5, K RBL2#, 2003, 12(001) : 6 ~ 10.

(33]  EXR, B3, HEBRMKIBRE CO,, CO M CH,H5E. AlkR#, 2001, 7(001) : 90 ~95.

[34] EXF, EWH. FRAMKIRRIN S B E AR SRR3R, 1998, 6(004) : 1 ~15.

[35] XUHEE, WA, L8, ROR, BUES, REE, B, Wl #iirawamn S Rk AeEY R ER¥M, 2005, 25(9): 2139
~2144.

[37] Jikiz, thike. RERMEPREYRMG AR, £, 1996, 16(005) : 497 ~508.

[(47] WA Mol)R. LMl BRVR (BRME) . Jeat: P ERRESR TR, 2002.

(48] HSMehl. WFRhZHR, MR, DUAYESE K. FRARBE K, 1991, 3. 32.

[(49] 5z, B, BUHIL, K, SO, WITLARM K KR LS RREHPIIE. WiTLAMLRH, 2004, 24(001) : 16 ~20.

[50] WHEER, KNR, EWHR, FHIE, BRAR. P EKERBE B E. RABIIEERE, 2006, 2(6) : 259 ~264.

http ://www. ecologica. cn



	05D45.pdf
	05D46.pdf
	05D47.pdf
	05D48.jpg
	05D49.pdf
	05D50.pdf
	05D51.pdf
	05D52.pdf
	05D53.pdf
	05D54.pdf

