Aerosol-Cloud interactions in CACTUS:
Current and Future directions

Athanasios Nenes

School of Earth and Atmospheric Sciences
School of Chemical and Biomolecular Engineering
Georgia Institute of Technology, Atlanta, GA

Fe s ; ' AEROCOM meeting, December 2004



Nenes and Seinfeld parameterizations

o Sectionall or lognermal
representation of aeresel chemistry
and size distibutien.

s Eachi section or legnermal mode
nas Its own chemicall compoesition drop growth

o Viultiple pepulations cam co-exist activatio Hax
and compete: fior Water Vapor.

= Kohler theory for cempuiting CCN
PrOPENLIES. S

o[ agirangian parcel firamework used.

Derive expressiontfior the: condensational grewth eff CENE Include within
the supersaturation; balance for the parcel, and solve for the maximum.

Challenge: to derve ani expression of the condensation rate at S,
So/ution: “Population splitting” (Nenes and Seinfeld, JGR, 2003)



Nenes and Seinfeld (2003) activation parameterzation
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Nenes and Seinfeld, JGR, 2003
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Activation ratio (Parcel Model)

Features:

-103-104 times faster
than fulll numerical
moedel.

= USES| mmal ameunt
off empirical info.

- chemically’ complex
and Neterogeneeus
aeresol can be: treated,
Including the efifects ofi
Organic SpPecies.



Parameterization: current accemplisnments

Expanded the parameterization capability

= Derived formulations fer sectional (Nenes and Seinfield, 2003) and
logriormal (Feunteukis and INERES, /7 review) aerosol.

o [ncluded size-dependant mass transter off Water Vaper e droplets
whichr eliminated underestimation tendency: in; parameterizedl droplet
numbber (Eountoukis;and Nenes, /. review).

= Explicitly can treat chemical effects; that alter surface tension;and
accemmoedation coeefficient (Fountoukis: and Nenes, /i review).

 |ncluded! the efifect off condensalhle gases (Nenes; in preparation).

Evaluations &implementations
s Computational efficiency: suostantially Impreved.

o Parameterizations have been| evaluated with /7-s/tt data for heth
cumulus andf stratecumulus cloud regimes

o I[mplemented i NASA GISS. Currently being implemented in NASA
GMIi; Goddard GCW



Parametenzation evaluation' Field data comparson

Measure in-situ aerosol size/composition, updraft velocity
and droplet concentration (CIRPAS Twin Otter).

Will the parameterization calculate the right number?



Evaluation: cumulus cloud regime (CRYSTAL FACE)

Parametenizaion
agifees Wit
obsenved CDNC
Wil
expernmental
URCertariy;
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Meskhidze et al., JGR, in review
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Evaluation: stratecumulus cloud regime (CSTRIPE)
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Meskhidze et al.,JGR, in review
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GCM implementation: NASA GISS

a) Indirect forcing assessments

New: parametenzation withl fiull aeresoll micrepaysical simulation
(TOMAS medel, Adams'and Seimfeld, 2002).

Present day — preindustrial TOA sulfate forcing: -1.4 W mji2

217.71 (cm—3)




Empirical aerosol-CNDC relationships

fThey can| be used tegether with) parameterization toe
ohtai “effective” updraft fier calculating activation.

Prescribed or Simulated Size
Distribution: from GCIV

10000

Boucher and Lohmann [1995]
Gultepe and Isaac [1999]

Droplet Number

Droplet Number
[cm]

8.01 0.1 0y 10 100
Aerosol Sulfate (ug m-3)

Aerosol
Number [cm3]

Ny, Niotay Myoy + Parameterization

Calculate the updraft needed to obtain N, from
empmcal correlations From Lance et al., JGR (in press)



Empirical aeresol-CNDC relationships: ISsues
The “effective” updralts implied camn ve very high

Empirical correlations may imply unrealistic cloud dynamics.
TThe problemis most prominent at marine/clean envirenments



Empiricall aerosol-CNDC relationships: Issues

TThe “effective” updrafits implied can be very hign...
.- PUL Rt always

[

—— North Atlantic Marine
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—— Pristine

10 15
sulfate (ug m-3)

I 'he high updrafts appear when [SO4] < 2 ug mr*
sPristine (clean) environments always have high W
oThis Is an inherent feature of the cornrelations
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