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Shiplane by Types = LPSs Emission We analyzed regional and chemical characteristics using the region/chemical speciesinformation in our inventory.
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simulation models, ranging from 1° x 1° for most regional model applications down to 30
sec x 30 sec resolution for urban-scale studies. Each type of emission source is ) o
represented by a different spatially resolved surrogate parameter, using such data sets as Zhejian‘;/// Y~ 5
urban and rural population, road networks, land cover, and ship lanes. Large Asian ® ® N ® Region Area Fraction
power plants are separately identified in the RAINS-Asia model and located accor ding to
their latitude/longitude coordinates.

G
®

Source  Mixing Ratio
Contribution .(co , PPb)
Non-Bio @ <120
5B|oluel @ 120-129
[ Biomass @ 130 -139
Region 140 - 149
150 - 159
® 160 - 169
170 -179
180 -199
200 -229

(For anthro. gridding 30 min, Shifted)

® 230 - 269

- PYSNE AN NN

@ 270-399

. . ‘HHH| H HH“\
National Center for Atmospheric Research, Boulder, CO | \ T , kI
o~ — H\‘ i (150,-5)
» 016+ N BC 2 o164 _ . . . . :
g . o 5 ol i Global Veget ation Monitori ng, World Fire Web’ ECJ RC’ | tal y J.WmHmmm ‘H”nmWwHHHNNHHW» _ 2.D and 3.D analyssfeaturesfor DC8 fllght 6 (March 4th). Left: 3-D back trajectories (5-day) colored with
2 o] S — ot | B o] - - S china i i i ) ) . NWHH\W , » measured trace gas mixing ratio (light purpleline: 4.6GMT, purpleline: 5.2GMT, red line: 6.9GMT, green
| Y wo | | 3 0l Department of Ecological Engineering, Toyohashi University of Technology, Japan ey line: 7.0GMT); fossil fuel (light blue dots), biofuel (yellow dots), biomass burning (red dots) emissions;
g Ny \\ . 2 #DCS-O_{? 7 background map - topography colored by landcover. Right: Source sector contribution by CMB model and
g oo N . | . . . . . . . ] _ _
: s N g o Department of Chemical Engineering, University of California, USA > ® a2 5day 2-D back trajectories s o
2 0.08 — — v~ § 0.08F \' s, i i '
3 L. __ — N -~ Saae T el ///¢// / \DC8-10 ””\H ‘ ‘
° . ' & —_ ~ @ i
i i A i
/ DC8-08 Tl i
0.04 — 0.04 —— " 1’ { L
v Aug Sep Oct Nov Dec Jan Feb Ma Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May an M Month DC8-06 -
c .=' Sq
9 0.18 —NH3 0.18 —e—Mongt_JIia, N. _China —l—C.Chin_a, Korea, Japan e ﬁ%&&
2 016t cHA 0.16 T Central China oS g TSR e E ": M‘i contibution (501 ppb)”
: i o Non-Bio & < 34
5 0wt 014t |77 7SouthChina The monthly biomass burning CO emissions by region o = 7 ::fgngg AA—
© North China - - ' ; : ; ..‘ -Reglon 140 - 149 3.3
g 0127 0.12T ', \ 2000 : s sl N - = o g - -'-I "W e T AR 3 .:::-::g
© 0.10T 0.10 + - - s E . ' el . AR g < (85,-5) (150,-5) i 3 ;zg.g:
Y A e o . r: o = : o e 20 Ja . . . T =
c 0‘08"\\/W/ 0.08 F—_~ s 1500 1 sl . : i g : "ﬁ i Selected DC8 flight and measurement points used in the - 1% & s
5 _ . . , 2 - 4 20 - i L . L - S ] i a.|.||.|rlul anal ySlS : 1" @ 400 <
= 0067 0.06 T A . Ting oW s % i - ! el ‘ .. (60,5) (150,-5)
§ 0.04 — 0.04 L el gmm F I b i | 3 ﬂ - , = (60,55) (150,55) 2-D and 3-D analyssfeatureefor DCB fI|ght8 (M arch 9th), Left: same as uppermost figure, but (light blue:
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 8 sy ‘; - .\ 3.4GMT, purple 3.3GMT, red: 25GMT); Right: same as upper most figure.
.. . . . . . . " \ (60,55) (150,55)
Em|§gons 0 e ca_lcu_lated e 10 ann_ual time _perlod._ AOSER _|t_|_s FEEEgZEEd th_at Hnzie 'S . Area sour ce emission distributions at 30 min grid resolution: SO, (leftmost), NO, (middleleft), NMVOC (middleright), and NH, (rightmost). Theunit isMgyr-1 per grid cell.
consider able seasonal variation for some species, associated with such activities as the burning of fossil
fuels for home heating in winter and the temperature dependence of releases of NH, from fertilizer T 5 ) }HH ¥
application and CH, from manure. Biomass burning clearly has a very high degree of seasonality, Oé,wé;wé;é;é;é;;&;@'%;@;@;@'wMM@M&W&HM@MNWWN T \ . . et
; : : ’ A e ¢ 2 A number of features stand out: the source strengths of NH; in the agricultural areas of e i
determined by local agricultural practices and meteorological conditions. Such seasonality isimportant F : ) . ) ) 3 i $% : MgCO/day/grid
in preparing emissions for comparison with time-specific field experiments. For this reason we have The daily biomass burning CO emissions ] _y@éi? y. p g L iR central Chinaand northern India, the relatively strong signature of NO, from transportation 8 i <200
. . . L . . . (March, Year 2001) £ aall g oy ' g sources in Japan, significant emissions of NMVOC from biomass burning in Southeast Asia, 200 - 600 Source M-&ngn;m
apportioned annual emissionsto daily and monthly emissions using a variety of techniques. , - : i ) (e 0, e s el Hesn 1) L s e e . e & 657500 Contribution(CO, bpb)
: F°ﬁf'c£1”§§§2‘é§?‘°" Ef%#ﬁ?iﬁ&‘?" The CO from fossil fuel and biofuel combustion shows the contrast between sour ce categories & : oy
Th hni sed N Bt % B i  acrossdeveloped and rural areas of China, where coal and biofuel combustion are prevalent. F @ 4400 - 10000 :
S IIETESE Original Fire Count(rc_org) Regional Biomass Burned W, s % éggﬁégﬁﬁ The distributions of four NMVOC species shows the dominant sour ce associations of these @ 10000 i §
LO develop Dbiomass ‘ ‘ (AVHRR, WFW) (Dr. David Streets) o Y I 30 souo % mwwowm | gpecies: alkanes and ethene with biofuel combustion, toluene with industry, and 60,5) ] 1] (150,5) =i 1%
urning  estimates Satellite Cov./Cloudiness Normalie b JE‘ i : %«“ Eacen, formaldehyde with biomass burning. These maps are specifically for the month of January, Geographical distribution of temporally averaged (monthly) o i
z;;ddaf:raﬁ,iﬁfﬂ Latittfﬁ(\e/:dqufs)tyfactor :“ I e ,,ﬂ H P ' “"“"%»T ~‘ ‘N g UNEreEre ey ETipiess EmiEslons o tumene (EEng i Chis e bemsss biomassburning CO emissions 2-D and 3-D analysis features for DC8 flight9 (March 16th) Left: same as uppermost figure, but (light t:lué')
' ) e burningin Southeast Asia . . § ) ' . ; ' -
surveys of fires, | Normalized FC(FC_Norm) | Consistency test The same as above, but : CO from fossil fuel (Ieft) and biofuel (right) : Evaluation measur es of the CM B model estimates 3.3GMT, red: 3.5GMT, light red: 5.2GMT, orange: 7.6GMT, yellow: 7.9GMT), Right: same as upper most
AVHRR satéllite fire : - Biomass burned .vs. FC figure.
counts, and TOMS 3-day Fire Count(For only 0 FC) Moving Average ;; » -C':nnuah Fi’pi_ca]i, fegioaf;l:'C : Fl. No. DATE (-g'\"/:% R? (CaFT?tOi?)s) (60,55) H (150,55)
Al daIa - = angecrl_ eriatror eacl . . ‘ Il
AI(TOMS) | Moving Averaged FC(Fc_MA) | adjust step DC8-06 | 3/4/2001 4.6 0.85 1.08 . HHH HH ‘HHH ‘ ‘ ‘ HHHHH HHW ot
Efforts concentrated - IGEnE e et wwwmmmmw
on realistically Satellite Cov./Cloudiness p for adjust DC8-06 3/4/2001 5.2 0.84 1.01 : H”“”‘l}“‘ W‘”HHH“\
o (AVHRR), ~ DC8-06 | 3/4/2001 6.9 0.99 1.05 I
apportioning annusl l 2 % . Precipitation(NCEP), Al adjus DC8-06 | 3/4/2001 7.0 0.98 1.03 HHHH\ /
emissions to the ,ec,p,tatﬁ '? Landcovet (ORNL) > DC8-08 | 3/9/2001 25 0.77 0.89 i
months of March . Regr ession FC& A — {Finalize FC DC8-08 | 3/9/2001 3.3 0.99 0.95 S M et
and April, which Al adjusted FC(Fc_Aladj) : DC8-08 | 3/9/2001 3.4 0.99 0.96 Wi Sinvns 5.5
correspond to the Summarize FC DC8-09 | 3/10/2001 | 3.3 0.88 1.16 Mo O -
timing  of  the Daily, Gridded Tsim:?gjfa‘é G ST LA TTIE DC8-09 | 3/10/2001 | 35 0.68 0.92 -
TRACEP and ACE- il DC8-09 | 3/10/2001 | 5.2 0.68 0.92 “@i Smm
Asia field Dailv FC. L andcover class » o e _ S _ _ _ _ _ B ) DC8-09 | 3/10/2001 7.6 0.89 1.11 0 % .%EE%%E
campaigns. yBio'ma$ density ' : Area sour ce emission at 30 min grid resolution: total alkanes (leftmost), ethene (middle left), toluene (middleright), and formaldehyde (rightmost). Unit : Moles/sec/grid Dc8-09 | 3/10/2001 7.9 0.89 111 Emh S
NAZA — Tﬁ'%ﬁg&;ﬁag{m DC8-10 | 3/13/2001 5.5 0.87 1.14 (80,5) (150,-5)
R P yp pcs-12 | 3/18/2001 35 0.92 0.94 2-D and 3-D analysisfeaturesfor DC8 flight10 (M arch 13th) and DC8 flight 12 (March 18th), L eft: same as
. .. . . . . .. . ; DC8-12 | 3/18/2001 5.2 0.98 1.02 uppermost figure, but (yellow: flight10-5.5GMT, orange: flight12-3.5GMT, red: flight12-5.2GMT, purple:
We used the annual-regional emission data from Yarber et al. [manuscript in preparation, 2002] to estimate daily emissions for the period 1 deg. 30 min. 145,738 e 111 f'?;ht12'5'76?v'T)' Righ(t)f Sameasappermog figure s i Y
from Feb 26 to May 10, 2001. These estimates of total biomass burning emissions by regions were further analyzed to provide daily emissions. Ny -
3 i s (F f 3 Ao g Theinitial allocation procedures are conducted at the / | Asi flow i all | i f biofuel. bi d fossil lightsin th f | reqi hiah latitud d low altitud found
The AVHRR fire count, cloud, and satellite cover age data was used to analyze daily fire events. The basic allocation method was to distribute ) . ; In general, Asian outflow isusually a complex mixture of biofuel, biomass and fossil sources. Flightsin the post frontal regions at high latitudes and low altitudes were found to
the emissions within a region in time and space according to the daily fire count statistics normalized by the total number of detected fires highest possible resolution (30 sec x 30 sec—about 1 have a high contribution of fossil fuel emissions. Flightsin the warm sector of cold fronts were dominated by biomass burning contributions (about 70% ). Biofuel contributions
- - km x 1 km) then aggregated to lower resolution to were high (about 70%) when air masses come from central China. The receptor model results were shown to be consistent with 3D chemical model sensitivity studies for two
50 : an g AMEEE T meet the needs of modeling and analysis. In theory, common flight cases. Our receptor based approached showed consistency with biomass bur ning emission sensitivity tests using 3D chemical “source” models [Tang et al., 2002;
a0 Comparison of OllGas Field nemER EAnEEEE any resolution is possible that is lower than or equal Zhang et al., 2002]
3.0 - country surveys with Fire Count Dﬁf‘uﬁﬁg ““’.‘ﬁi\ 5 t0 30 EEES 30 sec. o o In addition theresults are consistent with sourceindicators. Ma et al., [2002] identified the contributions of bio-emission (e.g. biomassand biofuel) using the P-3B flight aerosol
201 | [T GOt = Ty ST | various AVHRR fire- R e mamma T EEE® T P Left figure shows CO emission distributions at the 1 measurement data. They used dK+/dSO,? slopes from biomass(biofuel + biomass burning) and fossil plumes to analyze contribution of source categories. Both P-3B flight 10
o count adjustments - _,i“%%r w8 xinjang & . deg. (upper right), 30 min. (upper left), 5min. (lower and DCS8 flight 8 flew a similar path along the 20°N latitude on the same day (March 9th). Their results using dk+/dSO,2 slopes showed that the bio-emission contributed
™ o8 B ‘ a 2 | revealsproblem areas m e |5 % @ o LakeTai’s left), and 30 sec. (lower right) grid cell near Shanghai 80~100% of total mass. Thisresult is consistent with ours, i.e. 87~96%.
o gﬁffgg‘.:g'"g ?25;‘ o §§§§ 25, ’;;;8 "Qﬁgf e ) "" for further . Ny R effect can be area. The effect of Lake Tai could be shown in 30 Theratios of traditional sour ce tracersincluding acetonitrile (CH;CN : biomass combustion sour ces), tetrachlor oethene (C,Cl ;: fossil fuel sources) and SO, (fossil fuel sour ces),
109" LA fﬁf f ff LLs j g‘” FEEEf Y . . mm A IndiF:\{xJ © {__ Qinghai_ seen atl30 x min. grid resqlutlon, w_hereas Yangt_ze HIVCIRRIS and CO (general sources) were also analyzed. CH,CN/SO, ratios for the selected data points for DC8 flight 6 and flight 12 (high fossil fuel source contribution) showed lower
201 \ Investigation # istar{fﬁ@] i Xieang e 30" showed only with the highest resolution. In this values, whereas the selected data points for flight 8 (high biomass combustion source contribution) showed higher numbers. The SO,/CO and C,Cl,/CO ratios were anti-
a0 | fire count < countrv survevs | : : ~0 0 SHEET s resolution, figure, the effects of regional and sectoral differences correlated with CH;CN/SO, ratios for the same data points. The CMB receptor model, 3D chemical model and source tracer ratios showed consistent results for the selected
y y Fire detection from but Yangtze can be clearly seen for thefour different regions. flight cases.
7 i(c')“ll'dagg ?Ir;‘:epaf':::” Landcover Fraction River’ s effect Right figure shows SO, (Upper) and CO (Lower)
- [~®—Biomass Burned _—©— Original & Normalized & Moving Averaged 9 Al adjusted | OiIL}Gas dl"l”lnsg site fStlernoa:I;nr:‘?na”ocate cannot be ernigon digributions at the hlgh%t reg)lution in the
il oL clearly seen Pear| River Delta, as an example. In this figure, the References
eveninb' x i i Ma, Y., R. J. Weber, Y.-N. Lee, D. C. Thornton, A. R. Bandy, A. D. Clarke, D. R. Blake, G. W. Sachse H. E. Fuelberg, J.-H. Woo, D. Streets, G. R. Carmichael, F. L. Eisele The Characteristics and
T e e resine aEae e dlae aaver. arel e iassEre e Foed] Fersiar o THa T t Landcover 5 i elffecfs & reglona;: i sz:ft;)ra] dlfrl:erehc;]es Can. 5 Influence of Biomass Burning Aerosols on Fine Particle |onic Composition Measured in Asian Outflow During TRACE-P, J. Geophys. Res., submitted in 2002.

. . g. L 9e, Weapplied a n(?rma 1z actor tothe Ire.c.oun Fraction resotution. & e‘?lr y seen for the tWO, ITferent chemic SpeCIeS Jung-Hun Woo, David Streets, Gregory R. Carmichael, Youhua Tang, Bongin Yoo, Won-Chan L ee, Narisara Thongboonchoo, Simon Pinnock, Gakuji Kurata, Itsushi Uno, Qingyan Fu, Stephanie Vay,
data to adjust for missing data. However this process does not account for no-data grid cells or data error conditions. (Crop/Crass This makes focused studies of large metropolitan air- Glen W. Sachse Donald R. Blake, Alan Fried, D. C. Thornton, The Contribution of Biomass and Biofuel Emissions to Trace Gas Distributions in Asia during the TRACE -P Experiment, J. Geophys. Res.,
The zero fire detection due to the lack of satellite information case, we used 3-day moving aver ages (only applied for i /Forest) sheds feasible with thisinventory. submitted in 2002.
zero-fire counts cells). If there was trouble in the satellite on-board system or at the receiving station, or if clouds Streets, D. G., T. C. Bond, G. R. Carmichael, S. D. Fernandes, Q. Fu, D. He, Z. Klimont, S. M. Nelson, N. Y. Tsai, M.. Q. Wang, J.-H. Woo, and K. F. Yarber, A year-2000 inventory of gaseous and
persisted more than several days, the moving average scheme can not improve the AVHRR fire count data. In this primary aerosol emissions in Asia to support TRACE -P modeling and analysis, J. Geophys. Res., submitted in 2002. _ , _ _ - A ,
case we used TOMS-Al data as an additional information source. However, the TOMS-AI data should be used with Tang, Y., G. R. Carmichael, J.-H. Woo,‘N. Thongboonchoo, G. Kurata, I. Uno, and D. G. Streets, The Influences of Biomass Burning during TRACE -P Experiment Identified by the Regional Chemical

tion because it detects all (absorbing) aerosols, including dust and man-made smoke. So we lied several masks Transport Model, J. Geophys. Res., submitted in 2002
cau ) . . . 9 ' 9 . . " app .. Yarber, K.F., Streets, D.G., Woo, J.-H., and Carmichael, G.R., Biomass burning in Asia: annual and seasonal estimates and atmospheric emissions, in preparation, 2002.
to help filter _the mforr_nanon th_at 'S_nOt caused by_ bloma$_bur_n|ng: These masksinclude: 1) thecl_asaflca}tlon of cloud = Zhang, M., I. Uno, Z. Wang, H. Akimoto, G.R. Carmichael, Y. Tang, J.-H. Woo, D.G. structure of trace gas and aerosol distributions over the Western Pacific Ocean during TRACE -P, J. Geophys. Res,,
conditions with and without rain using NCEP daily precipitation fields; 2) landcover maps to omit dust interference; submitted in 2002.
and 3) maps of anthropogenic smoke sour cesincluding coal minefires, oil wells, and gasdrilling sites. 5 min. 30 sec.
Acknowledgement : Thiswork was supported by the NASA ACMAP and GTE Programs and the NSF Atmospheric Chemistry Program.




