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Research Progress on Estimating Emissions from Biomass Burning
Based on Satellite Observations

MAO Huiqin, ZHANG Yuhuan*, LI Qing, ZHANG Lijuan

(Satellite Environment Center, Ministry of Environmental Protection, Beijing 100094, China)

Abstract: Biomass burning is an important global emission source of aerosols and trace gases, and has signif-
icant impacts on air quality, climate change and human health. Accurate estimation of trace gas and aerosol
emissions from biomass burning is fundamental and important to further research about global climate change,
regional air quality assessment and forecasting. Within the last 20 years, satellite-based instrumentation has
been used to directly investigate the biomass burning emissions and has greatly achieved development. The
research progress on estimating emissions from biomass burning based on satellite observations were intro-
duced from four aspects: 1) two methods of emissions estimation for biomass burning using satellite products
of burned areas (BA) and fire radiation power (FRP); 2) the method and products for the key variables of
BA, FRP and active fire used for estimating emissions; 3) emissions inventory of biomass burning based on

above two methods; 4) further work about emissions estimation for biomass burning in the near future.
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H Y R (B RALFEF TR, AR,
BERAKE REFEBSGANFRYHHRNE
BERPEZ —; B3 EDGARv3.2FT2000 HERiE &,
7E 2000 SE 23R T5 R HEB P, S RIRBEHR
CO & 51%, NO. o 20%M) . 58 HER & A5
R EYFIRPEHER A — K ALY & 23R
26%~73%, B 55 33%~41%2-3] | EYRRER
HEEMSEBREET, MRk, RENEERHE
SREFERW; A RREHERGERY &
Em AR, ¥WAHEHNEMNSE, Bl
R X 38 R W BE AL HER IR 2R B S (0
EFEAHEY NMOC IR ALY NO,) S5
TRE 03 YR W, HEBA CO, &3¢ KA B
PEER= A e 8] | (R ) SR AR e 15 e HE R A4
EREEN REASAEIBRASERBZKRK
BHBR. ESKRERERFEEE L.

EYRREHEREHESRE S8, A
EYFHRE. REEH, RERETFE, P
BRUERREYUFHREMREER O, HHFE
FERAME KERE T O R, HEZEE
MTEBBE . iR &M E L
REAMNER. RAENBIGES/MNERBX, &
BEtLBRR; BELTERBBREARANERE, £F
RETEERBBYEVRREHRAETRERL
FUBAKEER, EXNHRMEREFRTE.
RESEREW., fFRER™%, DATRERES
B E T R,

2 ETIDEBBOEYRMRGEHEK
HH/AEE
EY R R BEHERR (Mx) HHRERBRE

TR EE (FCOr) U RAREY REHBE T
(EF) . #HREARA

Mx = EFx - FCr , (1)

AP X AHRHYR, HKET EFx BRR—
RERAEHETRMERERRLEME, HATX
w7 KR HERE T EERRE LRBRN

Z, XREMEHERE FHRERRRTS%E
B8 MEN BRI EREN TYRERTUET
HXDLEBRSRATIHHE. £205%K, EL
EBBRBEAWEKRE, MRENFRET RIEEY
RREFTEEG TR S REREHEN™R, €
FRBEER 010 | PR, RAKENGER
(fire radiation energe, FRE)!!11-13: Hf, T T E
BENTURSBRERETEXBIr AT T
FEMBRAEN T EMET A SENEENGH
Fk.
2.1 ETRBEARENMHRG S &
HHEREREEETTEMRREN THR
BE, ETREER=RMTYURSE—BRRXA
Seiler 1 Crutzen'¥ g8 AR

FCr=AxBxC, (2)

XF FCOr AR B TURE (ke), A ARLEH
B (m?), B AREMENHRE (kgm?), C KR
PR (%) . YWETLEBRMRERHS S
H#mR, HELPEK (500 m) 2= HFEX
EFH—K, MEAFSHKEEZL R KAWL
HRBHMEH - BETHRY RIS EYHR
PR TR, BERE CEE XA
HEERHSKE. BAEILLEITRERKI.
2.2 ETHaeRENAEBG NS E

B TFEMFREANRERENHEY RS
BE, FERKHAFHEE, BERMRBXAE
RO ZERBREBREMERERHERER, B
90 FEAK LA, ZEFLLAMB R K BT Th 2 (fire
radiation power, FRP) B2 3R 4 ¥ R FHM
EHMF . RERH T IERR Kaufman'?),
HHEARX N

FCr_rre = FRE x §3, (3)
FRE = / FRP (4)
FRP = 4,34 x 107*(Tr — Tome) » (5)

AH FCr_rre WHERH B TYRE (kg), FRE X
KA RER, RN B REMEST TR (FRP)
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WEETEIE RS, FRP A ASBREMRBATRERE
BERMEH. B K FRE BREEF (kgMIY),
MUAESHBEZRANETRERER SRR, W
Wooster % (16l ZE MR BRI BKMAR &, B
FTEERRELE, FHMAPLIH (mid-infrared,
MIR) FAHLAA G AR 5T 3 B PR ALRY FRE #47
R HE, WET FRE RENEMRBEEER
X R, HHEHB2 FRE BEHE F X4 (0.36820.015)
kg/MJ, i Freeborn %5 17 jH 3 L TR ML 3K
BURBEE T ¥ (0.453+0.068) kg/MJ .

3 ETIESBRNEMHREHR
xS BHTH R

MNEYIRBREALE TR AR H, K RIRF.
RpER K FRE RHPHRXBSH, TEARX=
MRBEFHHET R RER RN A
SENESF A A AT SRR
3.1 FERAABBR R

BHFERKSRTE 4 pm BHELRESHR,
BEGEERKEBENEHNE, F85 -4
NHEEREBRBIRTURAHABRE A, N
MRAMEERASHMERFE. 1978 FHEH
AVHRR(Advanced Very High Resolution Radiome-
ter) ML NOAA SE R LERGZE, %
F AVHRR $4E 9 K SRR BF RIS T I 4 3
J& (181, 90 42 4R LAk, FIA ARHRR 3.7 um il K
RABRGSHENTERT, FATERASK
W ARRH & 102, AT £ 1 km P X
AYEW A %75 1999 £ 4149 TERRA H1 2002
FERETH AQUA #E i ASTER(30 m 43 $¥ ) LA
B MODIS(1 km 43 ¥ K) #— AT KRIRH
BB, RET AEMMFHEHE (fire and thermal
anomalies algorithm), FF & T £ R E 1 km 43 ¥
R 5; 2011410 A 28 A, RERHT
F—AX# MM T E Suomi NPP, H LIER T
RIBLLHM AR $E B (VIIRS) 7T AT 4L 4b 4
pm FEBRETHESR, Fs VIRS k& T %
HE K TLE (DMSP) # OLS £ =3 ML
WREF, AT HX - WP B (day-night band,

0.5~0.9 um) $E, TTURBREBHREFS P
] REFEL SN B BRI VIIRS Bi&45 K
1k ok R B BRI BB R P, BT ABEE,
NOAA FRTHREHERARRIE B, &M
T 2R 375 m A PR IRT K T W=

HERZERBART AL EMNLF R
%, MXE NOAA REME FZY (Hazard Map-
ping Systems, http://www. osdpd.noaa.gov/ml/
land/hms.html) . B [H PR BTk S K0
A % £ 4 (Operational Fire Monitoring System,
http://www.inpe. br/queimadas/) . BEIEREHK K&
{§ B &4 (Advance Fire Information System) . I
R AE B RS (Wildland Fire Information
System, http:// cwfis.cfs.nrcan.gc.ca/home) %5, &
E SRR LR SR A Lt B F MODIS
HHRETRFLTHEAREBRENLY S R4%
(24, 3 7ESRBEAR Y HR 1T P 2 S e A oK A
252 (http://www.mep.gov.cn/hjzl/dqhj/igisicbg/);
HARKMAALBRILTERALEEEERS
(GFIMS,http://www.fao.org/nr/glims/en/) .
3.2 BRERUNAR= S

P — BB X A Y R &
AR R R EEERNER RS S ER
KEMEBRER 52 ELRWRERE L, B
RER—-BRETHEIPFE (KD 1km) HILEH
P&, I Pu S8 4001 1~10 X# NOAA/AVHRR ¥
#% & AVHRR NDVI & J& T 4t 3¢ X 1989~2000 £
Z A RBER= & *7); Tansey &3 F SPOT/VGT
ZRHEMEE RN RERFEIRBT 2000~2007
ELRZE A RPEE R *; Roy %X F MODIS ¥
BRBRTETN N REGPEEFE, 7
RTL2R 1km HPREARBERER 29,
X R SO BRI SR T A s M T UK T
2km® WA, ERAT 2 km? By HERBOR
FEE; ERMBREL, RETHRTUET 30m
P Landsat BYARMELR P L& (normalized
burn ratio, NBR) 7= &, @3 LAY RRERE
iy NBR {H3EAT 5 (0
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BREERRtTUEI 8 - T EARBRSE
(Im AVHRR, SPOT, ATSR i &% MODIS) # 7E
XEERRETH. VAR TELERR. £X
BEARARBRELBYAE KHEE S
RBERZ MREXRR B, 2 5HAE Lsk—
BRBENA RN ITE: AIABLTE GOES I
BT K E TR (fire size) FI K S SEmt o) H 3,
FARE 0.5 h — B BRBE B 5 (52, A% R Sy
RYEEIE, 33T A= 6 BEE T F E  XUBS
AU RESHERBHRULRERS. AW, A
BB R A SRR R RRIAR.
0 GOES Imager X#E#IR T 38% B9k, T Hitt
WERREE A S BN R/ 2 B0E K 53, MODIS
BT, M. BRI KR 2497 50% 89 K A8 H Kl
Hise 13430 FIF EMERER T AR B — (5 R 2R
BB, EI Zhang FRAES A TLERERAE™
i (B3 GOES Imager, AVHRR #1 MODIS), i+#&
T RE KR 2004~2007 FREER R, FREHE
WA /N KR B 38— MODIS 8 T 24%, B4 5
RAMRBEBIRERT 30%57 . XTI PIK
HBRRE, K= R/RSEELITS (Climate Change
Initiative, CCI) B2 R W5 /NHE T Envisat-
MERIS F & ##3> BEZ Ky 500 m #4852 H R ™
fh, KRBT /KA M gE Ay B8,

HE&REYFRREEHZRBE &, &
¥. (1) #F MODIS, TRIM/VIRS . ATSR
B GFED4 Z# AW %™ &; (2) ZF MODIS
MCD45A1 ] MCD64A1 & A W57 5; () %
F SPOT/VEGETATION # L3JRC . GBA
GBA2000 7 2 8(#E4; (3) #F NOAA-AVHRR
By GBS ¥(#E4H; (4) T ERS2-ATSR2 iy GLOB-
SCAR (Global Burn SCARs) , A AR & >
&4 {0 GFED4 #1 MODIS W #, Wi GFEDS3 f X &
R R HEE R 0.25 dx0.25 d, B It MODIS
MER=RABENZ, K7=H NASA EM R
https://firms.modaps.eosdis.nasa.gov/firemap/ I &
WA
3.3 FRE it R™&

HTAMERRE™=ENBRSSH MR B
BRESHENERERFSBNEK, BLERSL
BBRMRERKHE 4 pm FEREIERFPLINE
E, RUEMIMTRESHASLERR, |/
BX R RAAFEEEZEM, FHIREER XS
W EE R, X3 A MODIS 4R 48 K3 Z 8
FYRR R R HERBE A S ERRRER.
Kaufman 4 Hi FIBRFBIKH FRE B, #
] 7f TERRA/AQUA i MODIS £ Fi% 848,
3 A B I 3 Sl B (low-gain infrared chan-
nels), {78 MODIS F y &M E#EWMR FRP § 1%
B384, FRP BEETIH @94 Bf 5 FRE. FRE 2
XEREMEEXDMGEER, ARENTY
SRR, EHeFHEEMMUE FRP
HEETHEYTREHNR R, FetilRETRE
HRAREHR I EEZSH REER. RER
Fi. REPHE) SR ATEE 1Y,

FRP WH B LA =F: BT MIR fi#hi
Sh (TIR) @38 B DG % U2, BT P4 sEE
# MODIS HitM K MIR Hik 1431 | JO%# 7k
FEHTF IS Y (bi-spectral infraRed de-
tection, BIRD) L E# 8 #Y HSRS £ R B R H1T
K ARG K FRP 89 R 49, B F K H B RLLIME
SHERFOINEEEFRE, MICHHEER
WERREEERVUFTEFRMEENFEL, Eik
RB&F i+ H FRP A KWz, MODIS FRP
ERAEEEEENME FRP 5 4 ym ERFTRIE
RUEXZFRITHE FRP, I TREERADIE—HE
B, HUWAHLIOLEREEEER, MODIS @
FRP 72§ MOD144S! BRI @R . Wooster
SEBEH MR HEESERHAEHRTEEHE AR
BEMEMSEREZHHXR, RSEL FRP fig
MBI RYERR; Meteosat LB SEVIRI
FRP B R A T g o,

HTFHRETE (o MODIS) H RHEME,
EURBUK B R AR B H B, —BRERE
FRP J—4 ¥, Wi FRE & FRP ¢yH B R E, B
WRH T ER FRP =R S8 4EY R R % &
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BE. Bk, BFREMAMRASILEEK FRP =&
FRBASHEHZ, UEBRHDTE FRE
FEREINEE, M Andela S50 R AW R RO A
SEVIRI g FRP @3RI T A & H LMK, 2%
# T MODIS FRE @y {88 (47 | Hsh, Kaiser
FXAFERBENFTERLT Terra fl Aqua §
MODIS FRP, %8 T £8R#y FRP % 7= & U8l

# L TEH FRP R T2 @40 BFRK,
Hox g LM BERR (0 SEVIRI 3 50 MW, T
MODIS 2 30 MW), H it # Ik T2 &38R K FRP
B K B AL IR%E . Freeborn %8 53 48 MODIS 1
SEVIRI # FRP /= #:, WREEFMZESS FRP
PR RFEE N (frequency density (f-D) distri-
bution) #3#EFE, F R T 2R 15 min B[ HFER L
FRP = 491,

HEl FRP B9 ML R%&: 1) 2E NASA
EHGEEZ 23R TERRA/AQUA MODIS *k
S & MODI4, S HAEMME (http://modis-
fire.umd.edu/pages/ActiveFire.php?target=GetData)
LR, 2) BHKKEEFAHSR (EUMET-
SAT) 45 T & T # 1L TE MeteosatSEVIRI 14/
#% 1 FRP-PIXEL fil FRP-GRID WE™ &, B&x
e, BRH B R B KRl ZEM W http://modis-
fire.umd.edu/pages/ActiveFire.php?target=GetData)
LERAMEE. 3) KE MACC B+
B3 /N4 (Monitoring Atmospheric Composi-
tion and Climate-Interim Implementation) FF Xk
B GFAS P&, 2% MM http://www.gmes-
atmosphere.eu/about /project_structure/input_data
/d_fire/ .

4 HETIDEBBEEMRBGEHR
3¢ 7 o

4.1 & Y AR T AR 5 R 48 R RS HE B &
ETTIERBRNEVRRRER> &, 46
HEEERR, M ESRERAUREGES
B&, 2REVRBEHRERETHBEE: 1)
T MODIS &M ™. VIRS f1 ATSR i7E
RSB U R = Yy s R4 2 i 2 B3R KCHERK

4% 48 GFED4PY, 2 [d] 43 #F &K 2 0.25°%0.25°, Bt
6] & BE o4 1997~2014 4, BIHESHE XA, H.
3h F=F 2) ET MODIS # 7% f L fPH 8
2 7 BRI 7 75 5 B NCAR 2 BR A S HEMOE 3
FINNv1, 224 ## %% 1 kmx1 km, €35 2002 4
PIskZ B =Y R R HER 5, 3) £F GLOB-
SCAR ¥ E £ M B SHBPARRX LPI-DGVM K23k
0.5°x0.5° 4} ¥FK 2000 £ H HBFIEE BY; 4)
X T GLOBSCAR # GBA TR EM ISAM (In-
tegrated Science Assessment Model) i b A S R4
HABREAR, £ 0.5°%0.5° ¥ &K 2000 4
7 A R g m s 50,
4.2 ETHESERESESHOHR™"S

2 AR E RARE R AE T £ YRR
HZ /e, RESERSFEFEFMA FRE f1 FRP
EHEYRREHRERE, HPHIERREER
J: 1) RN KBATMR 08 GFASVL.0 HE
B, %15 BB AR 4k Terra fl Aqua EREIE
J£5 MODIS 4§ FRP ML), FF R T LRk 28R X
SEML RS GFASVLIO, ZRATLUITER T H
IR, TR AL, SEAIEU R
Htb T &z 51280 09 FRP MR#, ATKBE R
R EYRRPEHER R, 2) REDE2ZK¥H
GBBEP-Geo HERUEH. H FRUZEREELZHE
KB AR W, 2EGEZREHNHETEHIL
T E (GBBEP-Geo) M %% (55 NOAA W %5
P E GOES. BkHZERIAHW SR T E (Meteosat-
09) . HESRRWEYEEMIEE (MTSAT) &
BA RS R TEE2REY TR BHRK
7 GBBEP-Geo, ¥ H ¥ M Z S A EFMHE R
HEL 55 LB K A HER R 5 B

5 ETIEZBENEMRBHEHRK
M RE

i 20 B4R, BT TDERBRIEY IR HE
BMEHBERCHET KEHER, LEE MODIS
WA REETERER, HEIERMEEDNE
FERREARESE: XMAREERET: 1) £
VIRREE G EURFTES AT, X
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IR REAE TR A G TR EME, FHILHEXY
= R RE AR RACH R 5% | 2) TEHE
BRZESHENRE, WRHTIENRKEAEE
SHE, MELTEZRBRERK: BHEZH
W, SBAAER, AHERENMBRESY
XK. ) AREETRERRECEBHERN Y
%, AYREREERAERIBRPHEXSHE (WH
BMETF EF ., BE¥EC. BHEERERT 8
F)MBEFERKABEHE & TRXEAHEE
FEARFEAEOHRERERMB KX, W GFED
1 FLAMBE % #HERUIE A K PM2.5 7ERH]
REERFBARE, BRE 2~3 G2 H BT, o
REBEAMXERHE N EBRMEH, AR HE
WEBEENZRE L#THE, FEMEHET
ERHAHERBRERATHE, AKEBHUE
EEHEBHXTEMOHREMAPFRER, B
BT R Y TR HE R R N AR E TR
BRI LRIER R M FF R 2 — B8 iy F
BLTIEMBATREHAR=RERRE, Bl
ZEDEHRENER. FLBREYRBREAEER
HBEENEETFR, RHBEERRP LR
Fl{kL R4 (GFAS) ERBHAENRRE, BERAR
T—%1 BiRERLE LERFH FRP =&,
ATHOHRMERNRE, EERAREF
BT IRBMHF, i1 Ichoku %75 f§ MODIS & FRP
P M S B4 B (aerosol optical thickness,
AOT) Y& NCEP/NCAR W B R 5E, Hi
BT YRR P BRI e HEE % R #1 FRP Z
F LXK (R=C.-FRP), KA T 2% 1°x1°
M s B HER R ¥ C. 7= 4k FEERv1.0, TR T K
IEEE X EHy TOP-DOWN HEBCEH ik, BEbix
HERAPELRRENRIE. REHRORES
YRR RRTEBIA .
REEVEBREHREEFRIEZEEY
RS FEED=R—EE. APRE. AER,
EHEERRSTERES B, T TEBRHY
EYRRFBEABAERFRBLS, (GERELRK
BT HET MODIS FRP =R RERZTRE

Hemc R AL B 72 (95706, BE R R S8 45 I A K AT 32
b 557 5 LA B 2 0 TL B 048 3R LB 5 B RSB 1R
T, AkARETLHEEIENREEYFERER
BAEHEE, FRMAXEER S >, KRE
Y1 AR e HE R B e A ST, g R AR RO
REIRR EBEARE AR R RAGITR
HIBF5.
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