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| fReguIatory Importance:

~ Effectiveness of strategies for
visibility improvement and PM, -
attainment will be affected by
modeling of cloud chemistry.
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SOy vieacts with OH in the air to form S0,
(Julrg»r:- I'he sulfate anion usually combines
WithArEer NH,* In different combinations to
mfﬁ <y sulfurlc aC|d ammonium bisulfate or
g monlum Sulfate aerosol.

= @‘ disselves in cloud droplets, raindrops or
~ even hydrated haze particles. SO, then reacts
& W|th ozone (O;) and peroxides (HO,) in solution
to form SO, 2. Evaporation leaves behind sulfate
aerosol.
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RElative Contributions of S
=OliIIALion I\/Iecﬁﬁmsms

—

w lINe ge s phase reaction Is relatlvely slow,
Pl continuous, as long as sunlight is
El\/rl A Ie

%;- _erogeneous sulfate formation depends
“"”orn the presence of condensed water. The
“reaction can be very fast and efficient.
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eredients for I\/Iod'ellng
NELENC eneoué%hemlstry
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BGunaensed water as raindrops, cloud
rlrool OIf ygroscopic aerosols at high
(eleti) e AUMmIdity.

e .-r:_concentratlons of O3, peroxides, SO,
—and! other gases & particles that influence
~ the pH of droplet/aerosol solutions.
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eIBNIds & precipitation are highly
gerameterized, even in meteorological
mo,é als.
f‘- Sey sarate modeling of meteorology &
*"éTm'ospherlc chemistry means that
~ different assumptions are made, even
though meteorological & chemical
processes are interdependent.
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BUEEd by the Southern Appalachian
Vieuntains Initiative (SAMI).

BeIpids are defined using water vapor,
c_p d & precipitation parameters prowded
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Sxeinining Model Treatmen

Clotlefs

Sxemned low well the'model simulated
cer_r.crm Ioud characteristics.

:,w ed the cloud influences on
--;_CJE @uted Ssulfate levels.
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Period

istics,0f PeriodsiExaminet

Weather

O, & Sulfate Levels

|

26 April — 3
May 1995

Light rain shewers early,
dry In the midadle, scattered
rain late

Low to high ozone
Moderate sulfate

24-29 June

Scattered rain threughoeut

Low to high ozone

1992 period, some locally heavy High sulfate
raim on 27 June
~ | 3-11 August |Widespreadrain throughi8 | Low to moderate ozone
11993 August, then tapening off | Moderate to high sulfate
11-19 July | Little or ne rain in' mMoest Moderate to high ozone
1995 areas, very hot Moderate to very high
sulfate




ﬁh

= % - % =[Yll ® NWS station
_f___e.us area for NS e B |MPROVE site

=~ —model cloud
= sulfate analysis

Southern Appalachian
Mountains Region
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3 - 11 August 1993

-~ Timeof Day

Frele JOJ‘_ oud Cov er

<—— Good performance

* -'--—_'Observed e Modeled

-~ Poor performance ——»

FCC (10ths)
ol

26 April - 3 May 1995

Time of Day
— Observed ® Modeled
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e off fioUlF epISodes:

Avpermallsimulation with all chemistry modules
ZCUVated.
-r\” nulation with the Reactive Scavenging Model

ﬂSJ\/I) for cloud chemistry & precipitation scavenging,
= deactivated.

A simulation with both the RSM and the module for
~ —heterogeneous chemistry in non-precipitating clouds
deactivated.
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The contribution of different processes to sulfate levels
was estimated by comparing results from the different
simulations.
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RIECpitating clouds almost always removed
IIONE ulfate from the atmosphere than they
greefufe

- fp --emplsode with the least cloud cover, the

= [gwest frequency of areas having FCC>0.5, and
f,_ff‘l?he least precipitation produced the most sulfate
— aerosol through heterogeneous reactions.

» The episode with the most cloud cover and
precipitation produced the least sulfate aerosol
through heterogeneous reactions.

PIEERESIS of Model Sulfate ——




ontributLg_ﬁ of Clo
> AerosolfFermation
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August '93  April '95 June '92 July '95
24% 43% 63% 67%
Episode/Cloud Contribution to SO4

Increasing Contribution of Heterogeneous Mechanism =—-



\/erJe ion of Heterogeneo Dul'
sEcHon with Sulfiate Concent A
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Magnitude (Tercile) of Ground-level Sulfate



Viedel Sulfate Bias Vs § Clou
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- 12-k rid Region

¢ July 1995
® April 1995
A June 1992
B August 1993
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saleNiivence: off heterogeneous (cloud) chemistry on
Julrm_zeg Erosel appears greatest when photochemistry
[SielctiVEranadi cloud cover amounts are not high.

rhgr 'Sulfate levels are associated with large

cey jtrbutions from cloud chemistry. Thus, cloud

= modeling Is most important for poor V|S|b|I|ty & high
== 1\/|2 = events.

”‘Blas In model treatments of clouds may bias modeling
of emission reduction strategies for visibility and PM, ..

**Limits on available data and the complexity of sulfate
aerosol production make it very difficult to detect a
clear cloud bias signal in model results.




