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ABSTRACT

The Global Chemistry Model driven by Observation-derived meteorology (GChM-O,
Benkovitz and Schwartz, 1997; Benkovitz et al., 1994) has been modified to include the
production of H,O, from HO,, aqueous phase sulfur chemistry in non-precipitating clouds, use
of daily averaged oxidant concentrations from the MOZART model (Brasseur, 1998), and
dynamic estimation of the cloud water pH. Resolution has been enhanced to 1° X 1° in the
horizontal and 27 n coordinate levels in the vertical (surface to ~100 hPa). The model uses the
time and location dependent meteorological data from ECMWF. The model has been applied to
simulate mixing ratios of sulfate, SO,, DMS, and MSA for the Northern Hemisphere to 81°N
during the ACE-2 experimental period. Eighty four percent of the sulfur emissions in the
modeling domain are contributed by anthropogenic sources, 12% by biogenic sources, and 4%
by volcanos. Primary sulfate emissions are only 3% of the sulfur emissions; other statistics for
the sulfur emissions are also presented. Analysis of the results for one specific day, June 26,
1997 at 0 UT, show that biogenic emissions contributed ~6% of the total sulfate burden in the
domain, anthropogenic emissions contributed ~66%, and volcano emissions contributed 28%.
The contributions to the sulfate column burden of the anthropogenic emissions by main source
regions (generically called North America, Europe, and Asia) and by formation process
(primary, gas-phase, aqueous-phase) are also presented. Vertical profiles of sulfate
concentrations at two ACE-2 land sites and the largest contributor at each level demonstrate the
difference between a site within an area of heavily anthropogenic emissions and a site away from

the direct influence of such emissions.
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COMPONENTS OF THE TRANSPORT AND TRANSFORMATION MODEL

METEOROLOGY

ECMWF

Winds, precip, etc.
horizontal: 1° x 1°
27 vertical levels

EMISSIONS
EDGAR/GEIA Anthro
SOy, primary sulfate
BNL/Kettle/Andreae
Ocean DMS
Lamb Land
DMS, H,S
BNL Volcanoes
SO,

OXIDANT
CONCENTRATIONS
Daily average
O3, OH, H,O,, HO»
MOZART (Brasseur et al.)

r

TRANSPORT
Bott/Easter

CHEMISTRY (Rate constants NASA, 1997)

GAS Phase
SO, + OH > H2S04
DMS + OH DMS chem Yin/Seinfeld
HOz2 + HO2 —> H20:2 (limited by Mozart)
AQUEQOUS Phase
SOz + H202 > H2SO0a4
SO2+ 03 » H2S04

DRY DEPOSITION

—Time, tocation-dependent—
—Wesely— 0.8 cm/s SO2

0.1 cm/s Sulfate

WET DEPOSITION
Berkowitz/Hales

CONVECTIVE MIXING
Berkowitz
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Emissons

Volcanos

% Emissionsfor smulation period whenever
possible.

Y Active volcanos from Smithsonian Volcano
Activity Reports.

% Emissions estimated using:
mM easuranentsand interpolation.
mM infmax emissonswith random function.

m25yr averagedegassng (Andres, 1997).
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Emissions, Percent by Source Type

Source Type | Model Domain [ACE-2 Domain
0° to 360° 25°W to 8°W
Equator to 81°N | 23°N to 44°N
Anthropogenic 84.5 79.8
Biogenic 11.7 20.2
Volcanos 3.8 0

Anthropogenic Sulfur Emissions

Percent SO, vs Primary Sulfate

Sulfate
3.2

SO,
96.8

Per cent by Release Height

Release Height % SO, |% Sulfate
Surface to 100 m 55.1 61.4
100 to 260 m 44.8 38.6
Above 260 m <1.0 0




Emissions from Volcanos

Per cent by Release Height

Release Height % Emissions
500 to 2,000 m 30.4
2,000 t0 4,000 m 25.7
Above 4,000 m 44.0

Percent By Method of Estimating Emissions

M ethodology Emissions (%)
M easurements 59.0
Temporal Average 37.7
Range of emissions 34




Winds at ~850 hPa for June 26, 1997 at OUT

NEEENEN

[ - e~ T~~~ -~ - G = - 7V 77777 Wx\\\\\ A SARRAREEEEEY FEEEEE NN
80 ,-::::j::\\ 2= 3 " A N vidyes it ,-“\\\\\\\%\\\““ ,,,,,, NN NN
AN AN NN AT TR A NN A KIIIIIIAA AT RN Y7 AN 110t o
-~ / &2, - H s . , ’ N NANN -
EIN Y WQW \ PITRNN gt g NN [T T NNV 1SS v
“\\\\\\\\\\\\‘ < 4 \ / NG AR ERRANETA A (e > g
L NN ( Wy ’/.\ \\\{\ S S A, s L RGH - ST /13 ey
I_z-\ B P % N i~ /4..,.’ Ay VN - (NN TN
. o VA 2 A N A RN e N& /,.‘,,,‘,\>,,,////,,/H N
N SR Ly e M o VY YRR F I
: ,\\\ St TV yih TP T 1 LIS T T
Bt TTIANNN NN T e 2 AT RN NN A N SRR Re 1Y)
60k~ - < ‘ M \\:‘\\\ H//‘/' N //////,\\:‘,\‘:/‘/',,\H-//\\\\.' e S
Y . AY /////,///J- -~ . /. aNSN ’\\ ~Ns~._ ., ( —
\'S Py W”H\\,’W } \ Y IR A R A RN TS PN SLARN
|y KRIVTIN J Tivaa DTSN 77y A NN S 2 s
el N A L7070 NI NN L R LA R R TBE DN SR Tisen< (AR NS AN A B
] \M‘ 122000 AR CSSEIE RIS NSRS MDY y,'\ | W
AN \\\,./ (/,\\‘ u-./\\~,,-\\\x<.r;H”l‘/,,_\\’\,,vl\ \\\1 X .\\\-,‘ D7
(D) AN NN U A . ’ \\ AN / . //’.\I/. \\ 72 ) AW NP I
— \ NN //M‘\\\ NS L DO DTN NERR NN, \ .
5 N ” "““'f//.‘\&\\ \ 1N Nt A It NN R Vo > S VI RN
Col e - PN - - 'y - .- - - . - - -
— \ AT TN on L -, oSN T //\,"H\ ST AT TN TUAN N T T N R N S A
‘S 40\ Y Y VYV ‘:“\‘“‘ wrid AN “,.:\{::,///;\,' \ CUNVINC YL NI T ,./.iu,.,\_,,
O H/{//l. o) “}\\ RRERSN YIS SO NN ///L,ﬁ)\\ B - A AR A ‘ j o s L)
S BRGNS ) S A LR meettts
Lvs N~ - PR - ~ —\ -\, vV, 4 - y A, -~ > v ]
_./:l\\\\..*,:/';;;} : '“!\'\\::_,_,/ ,:;;/’/ “:“\;//’/\'\\/\‘,,,7////4“[ ! Q\ : DARSARNS I
AR NS SO - Y ; - ‘ PYAARNEVY SN BV VAR Y UL I
7/ \ f771 A\ 128924 \ » \ e
_,/\\\\\‘\.r,_”,//;; NS /"‘\----,.,,//1/;// &-/ \ -.\l\i-:-\ 4/4,‘\ N Q:\x ..... PRRNRNR /L
SN,y A EE R R N ,,,,,//// - t - AN :.ﬂ.,‘ \\\\‘.4.\4.,,’/,,1‘
R A TV AV AT ST N\ NSO SPRAN
A0 IS SRS AA AR Jases > NSNS /A0 TR DY ‘;mw WO oo 0 PR( SR Nt
,_,,,,,,,,,,‘.‘.,,,,:;;::/, | N,.,_,,,_,::;; ;»;{,' L ,,_.'.'f\,';:,’ Y \MA 7270 T VWA ) /, // ot |
”,,_/_’,’,,_-’/‘”_,,”,"' R " krrrr///;// ,,.\‘|11~ ‘\ ﬁ;j/ ‘\/////rj \wfr ‘,/««\\._,,‘_,_«s,_‘_
,,«*,,,,,/,-\,//~~'!'/' /{ N, “ A S . 20N B \../’/,‘ - / / /7/ {,/‘.-‘.\4.,,.4_‘_«‘_’
R I Y, AL et ey PR EES CE AT R N Vs el —W F \ !,~.\~..,._,_x\‘_,_
T .-- i - [y, 0, A DI U A W N YRR W I 2 5 BN c-‘ ,.// RN
{,,-:;f‘:,:::-{‘ '/l//ll".;’-ll/'/ ,,,‘:~ r::::--.‘l// S s g /14111111\'1’_/ /1//////\// A //// ,'./AI ‘,,,ﬂ,l\‘.
_',,_’,,_ﬂ/A_‘-J_“ Il de s Vwwrdsw 1 /,,~¢_\ks..¢.\\\\“/‘ Y A /.1,41\\\(// /////////////// I\ l ,,,,,, L sadb T
O<,,,,,-,. ..‘\\.l‘--\\\l/.l////l/z; ANPGRS L S TS S5 5 5 N S A IS /l/// IRERTNENN //I“H\..//////, /\\é , Al raddsinN

Longitude
Min="0.03 Max= 29.25



Sulfate Column Burden for June 26, 1997 at OUT
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Sulfate Column Burden for June 26, 1997/ gt ouT
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Winds at ~850 hPa for June 26, 1997 at OUT
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Height, km
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