Spatial variation of PM2.5 from biomass burning in Upper
Southeast Asia using chemical transport models
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Abstract

In this study, the Community Multi-scale Air Quality (CMAQ) modeling system is used to simulate the fine particles
(PMZ2.5) during episodes of smog in Upper Southeast Asia (U-SEA) 2012. Contributions of individual process to PM2.5
formation vary with locations. The analysis of atmospheric processes revealed the main source of PM2.5 in U-SEA is
regional biomass burning emission in Northern Thailand, Myanmar, Laos, and some areas of Cambodia.

Modeling system Percent of particulate matter composition

MCIP ;:yl\élé?n 8 IDV BEC BENH4+ ONO3- OS042- OORG
100%
e ———— 90% -
- : 80% -
s 1ICON Hh| cctv || VERDI 3
E 1 50% -
L 40% -
v » BCON 5| ARCMAP o

Emission syst 20%
FINN ystem : . 10%
JPROC Visualization 0%

1234567 8 9101112131415161718192021222324
SEACA4RS > THEM time of day

MEGAN

Spatial of atmospheric process

84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114°0'0"E 120°0'0"E 126°0'0"E 84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114°0'0"E 120°0'0"E 126°0'0"E 84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114°0'0"E 120°0'0"E 126°0'0"E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lo N
30°0'0"N- & F30°0'0'N 30°0°0"N- F30°0'0"N  30°00"N- -30°0'0"N
27°0'0"N- F07°0'0'N  27°0°0"N- F07°0'0"N  27°0°0"N- -07°0'0"N
24°0°0"N- F04°0'0'N  24°0°0"N- F04°0'0"N  24°0°0"N- F04°0'0"N
21°0'0"N- F01°0'0'N 21°0°0"N- F01°0'0"N  21°0'0"N- -21°0'0"N
18°0'0"N- F18°0'0'N  18°0°0"N- F18°0'0'N 1870°0"N- -18°0'0"N
15°0'0"N- F15°0'0'N 15°0°0"N- F15°0'0"N 15°0'0"N- -15°0'0"N
12°0'0"N- F12°0'0'N 12°0°0"N- F12°0'0"N 12°0'0"N- -12°0'0"N
9°0'0"N- F9°0'0'N 9°0'0"N- F9°0'0'N 9°0'0"N- F9°0'0"N
6°0'0"N- F6°0'0'N 6°0'0"N- , F6°0'0°N 6°0'0"N- -6°0'0"N
P - 4 -%
3°0'0"NA : R s vE B, F3°0'0'N 3°0'0"N- o - A s V& ) F3°0'0'N 3°0'0"N- - 3 s vE . -3°0'0"N
PM2.5 (ug/m3) 0-17 18 - 57 58 - 120 - 121-214 - 215 -450 f o EmiS_A25 (ug/m3) [ 302 -654 166 - 301 83 - 165 - 25 -82 - 0-24 | HaDV_A25 (ug/m3) [ 144 - 34 33 --8 -0 1-19 - 20 - 107 ﬁ” o
S . il . il
1 T T T T T T 1 1 T T T T T T T 1 T T 1
84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108° o 0'E 114° 0 0'E 120° 0 0'E 126°0'0"E 84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114° 0 0'E 120° 0 0"E 126° o 0'E 84°0'0"E 90° o 0'E 96° 0 0'E 102° 0 0'E 108° 0 0'E 114° 0 0"E 120° o 0'E 126°0'0"E
PM2 ncen . mission N | d
M2.5 concentration emisSsSIoO horizontal a VECtIOn
84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114°0'0"E 120°0'0"E 126°0'0"E 84°0'0"E 90°0'0"E 96°0'0"E 102°0"0"E 108°0'0"E 114°0'0"E 120°0'0"E 126°0'0"E 84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0°0"E 114°0'0"E 120°0'0"E 126°0'0"E
1 L L 1 L L L 1 L 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 L 1 L L 1 L 1 1 L 1 1
30°0'0"N- F30°0'0'N  30°0°0°N ¥ -30°0'0°N 30°0'0"N- -30°0°0"N
27°0'0"N- o7 0'0'N  27°0'0°NA FO7°0'0°N 27°0'0"N- 072 0'0"N
24°0'0"N- F04°0'0'N  24°0°0"N- F2470'0°N 24°0'0"N- -04°0'0"N
21°0°0"N- F21°0'0'N  21°0'0"N- F21°0'0°N 21°0'0"N- F21°0°0"N
18CIOIOIIN_ _1800IOIIN 1890'0"“_ _18°D|D|FN ,18CIOIOIIN_ _18CIOIOIIN
15°0'0"NA ~15°0'0'N  15°0°0"N F15°0'0°N 15°0'0"N- 157 0°0"N
12°0'0"N- F12°0'0'N  12°0°0°N- F12°0'0°N 12°0'0"N- -12°0'0"N
9°0'0"NA -9°0'0"N 97 0"0"N- 07 0'0"N 9°0'0"N- -9°0'0"N
BcCIlCIuN_ _GaououN GGOIOIIN_ _GaolollN GGOIO"N- _BcolouN
3°0°0"NA : R s vE . -3°0'0"N 370°0"NA R o vE § -3°0'0"N 3°0'0"NA : =" s vE -3°0'0"N
zaov_A25 (ug/m3) [l 3o --14 13 --3 2-0 0 1-2 - 23 -77 :ﬁ A HDIF_A25 (ug/m3) [ -15--02 -01-.00 o1 I o2 - 03 -.05 :ﬁ " vDIF_A25 (ug/m3) [l <17 - 260 268 - -121 120 - -33 - 32 -0 - 1-15 | &
X i 3L i _
T T T T T T T T T T T 2 I T T I = T T T -
84°0'0"E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114700 120°00°E 126°0'0"E 84°0'0"E 90° 0 0"E 96° o 0'E 102° o 0'E 108° o 0'E 114° 0 0'E 120° 0 0'E 126°0'0"E 84°0'0"E 50°00°E 06°0'0°E 102°00°E 108°00°E 114500 120°00° 126500
vertical advectlon h tal di ff tical d ff
84°00°E 90°0'0"E 96°0'0"E 102°0'0"E 108°0'0"E 114°0'0°E 120°0'0°E 126°0'0E B400E SUTO0E 96700 102°00° 108°0°0°E 14700 120°00° 126700 .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 N 57 //’:?r-'*_,-o—;‘? s e 7 KoL, N IR Ty o
. L . . L . L . L . . L . L \!_,,.- A / 1 f)///./’:?—"é 5 : e mESVRL 7 j f i - . .t gi
30°0'0"N- L 20°0'0"N 3070'0"NA ~30700"N Lﬁ”’////z’”ﬂ v o S ..».-—»__.a.,__’,_ar”.’* Can TYRDR e vt o e l\ -~
\‘_N,Ja//,»/’/ . ——yr e G omow v s % BB FN !'\'\
R . ,-__,_/'/' ;fff 7 IR B A R | :’:‘\
o o 27°0'0"N -07°0'0"N % 2 __»» FLE g PP EY B 8 5 X &
27°0'0"™N ~27700"N ;:,,. . o P %;ffff}??ffﬁl " AN
s ,..,////n;///;ffTTryrrrt\\ 5 LWANEN
e i 247 0'0"N -24°0'0"N * IR £ O3E B g /"//'/| f 1 (- T ~ EAGIE X P e e
2470'0"N~ -24°0'0"N iz g & b e AR B E B E o ow w o S Tonge R
i,-_. ' ;,,-lx//////z‘/rtxrr,,»;‘i\\ B e P R
21°0'0"N - o1 0'0"N A T TNy e S s, P AT P S e e e e e,
21°0'0"N- -21°0'0"N AT F NG 1 5 5 ey e # e A N I SN <
;?;fff. PRI R S T S 5 S IR U .- P (N U P S b bt
F 208, 2 W5 G 5 A ALA (Rt '\'\s\-\._,_._.._,_v_
18°0'0"N- Lig-gomy 1870'0"NA F16°0'0"N W s e s, O ST S B N ’\\ \«“_,,,‘,,_\,/ —
VAR S S B B )j e b I \ ,,,,,,,,,,, SRR
VAR A S S S b . Y o
A |z rmn . ""-/././/,//-—"‘—*“-’-' "
15°0°0"N Liseggeny 10 00N 15700N R f’#fn/’}/ A SR NN R e TR I gl
Tua e,y Y. AR IR O A it ou Sl R e sl
T Rt A A A A ’/-’V”W"’”“"*’"W&"'e"'ﬁ“’m
ey 12°0°0°NA -12°0'0"N :
1270'0"N- —1270'0"N LR A A A £ ;r«*///wwww«—’ww«’@r\(}
et B L 2WE 2 Y 3 : : LQE 1 T /j
[ NN N, | £ & e e
9°0'0"N- Loy TOON FOOUN ELk4 F§ 73 ey o Mok et § e e ./,‘// "
Lol lidde & 3 ot ; iSF AR AR MG a2
6°0'0"N oo LA A ASAAL S S e e prdl
GaououN_ _GaououN ) J j j J J ‘/ & e &/‘/k/x//w"e—"t-'—"e"'/ / / FAs ////
S il AT T e e e e e e e e S S LTSS S
. ! 111/{/!"‘““\‘&“‘:t*—«///wwwwwﬂ-*wxﬁff/z bl ol
s 3 Rt ti T .k Loy TR, | ORI - R SIS N Sy pra:
3°0'0"NA o o L ovE | > feroon FOON ' . = FOON BT 8 o o b e S8 5 i n & e gl e
T - I ! ¢ o T ?ﬁ\ Q o — - P Wi
. CLDS_A25 (ug/m3) B3 --41 40 --7 -2 AV S oA w4 AT
DDEP_A25 (ug.-’mS}- 24 --13 12--8 7- 4- 3- 1-0 ?’_:ﬁ g . K T e ol o r\:\: L z} agei & R <ERE
: - Flig T T T T T T T T T P — 71T L7 RO
T
84°0'0"E 90°0'0"E 96° OOE 102OCIE 108° CIOE 114° CIUE 120° OOE 126°0'0"E 84700 0700 96700 102°00° 108700 ”“'OE 12000E 126700°

dry deposmon cloud processes Wmd 850 hPa
Acknowledgements

Acknowledge NCEP/NOAA for the public access of FNL data used in the study. THEM WRF CMAQ and MEGAN for the model
system. Authors acknowledge Asia emission data supported by SEAC4RS and biomass burn data from FINN.



