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I.

I. Introduction

The characteristicsofdropletsizedistributionsnearcloudbasearcinitiallydeterminedby the

• aerosolparticlesthatactascloudcondensationnuclei(CCN).Throughphysicalandchemicalprocesses

thatdeterminethefractionofaerosolparticlesthatactasCCN, theseparticlesprofoundlyaffectthe

microphysicalstructureofcloudsandtheirtendencytoformprecipitation.

Thispaperprovidesa parmnctricstudyofthecondensationalgrowthon aerosoldistributions

fromtypicalmeasurementsinthemarineatmosphere,andanswersthefollowingquestionswithrespect

tothisprocess.

(I) How does thecondensationallyproduceddropletspectrumvarywiththeinitialaerosolsize

distribution,aerosolnumberloading,andtheupdraftvelocity?

(2) What isthefractionofaerosolparticlesthatactasCCN? Thisinformationcanbc appliedtothe

futurestudytopararnctcrizcthenumberconcentrationofclouddropletsinclimatemodels.
6

(3) How do theopticalpropertiesofthecloudchan_easaresultoftheproductionofdifferentdroplet
• sizedistributions?

2, Mici'o0hvsical Model

We useadynamicframeworkthatdescribesawell-mixed,sphericalairparcelwithcoupledwarm

rain microphysics. This model computes the spectral evolution of interstitial aerosols and cloud droplets

withtimebysolvingtheatmosphericmicrophysicalequations(PruppachcrandKlett,1978).The model

assumesadiabaticitybecausewe areinterestedonlyintheinitialstagesofclouddevclopmcnt.Wc

examinetheconsequencesofdiffusional_owth on an aerosol(ammonium sulfate,(NH4)2SO 4)

distributionwhichconsistsofanucleationandanaccumulationmode asshown inFig.I.
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a. Effect of aerosol number loading

Fig. 2 shows three aerosol distributions which correspond to an increase of total number density

from 100 to 1000 cm "3. Fig. 3 presents the resulting distributions of unactivated aerosol and cloud

droplet for these three aerosol number loadings and different updraft velocities at 50 m above the cloud

base. The growth of cloud droplets by water vapor diffusion is more rapid for lower initial aerosol

concentration, thereby leading to a narrow spectrum and a clear separation between aerosols and

droplets. In addition, the lower aerosol loading results in a droplet size distribution that is more likely to

be bimodal at higher velocity, although the amount of available water vapor limits the growth of droplets
to a somewhat smaller size.

b. Effect of initial aerosol distribution

The measured aerosol distribution ii', Fig. 1 can be described with the sum of two normal

distributions. We changed the relative magnitude at each mode but maintained the total number a

constant. The resulting three aerosol distributions are given in Fig. 4. The corresponding droplet
spectra under the same conditions as Fig. 3 but for aerosol distributions b and c of Fig. 4 are illustrated

by Fig. 5a and 5b. We found that the different initial aerosol distribu_ons given in Fig. 4 do not create

significantly different droplet size distributions except for the case wkb the lower aerosol number

concentration and the higher updraft velocity.

c. Fraction of aerosol particles activated to droplets

Fig. 6 presents the fraction of the total aerosol number that is activated to cloud droplets as a

function of updraft velocity for the three types of initial aerosol distributions given in Fig. 4 and variable

aerosol number loadings. As shown in Fig. 6, for low initial aerosol number concentrations the different

initial aerosol distributions only affect the nucleation fraction at lower updraft velocities. However, this

fraction strongly depends on both the quantity of aerosol concentration present at cloud base and the

updraft velocity. As the velocity is increased, the rate of condensation cannot respond quickly enough to
compensate for the increased cooling rate of the rising air parcel, mating a higher saturation ratio and

higher droplet concentration. This figure also shows a higher fraction for smaller initial aerosol

loadings. The fewer number of aerosol particles available for nucleation causes a decrease in

condensation and an incrca_ in the saturation ratio, thereby leading to a higher nucleation fraction.

d. Variation of the optical properties of clouds

The optical depth of the cloud is proportional to the quantity of Y-,ai2ANi (= A), where ai is the

radius of the droplets and AN i is the number of droplets of size ai. Fig. 7 shows the optical properties of

the predicted droplet spectrum for ali the cases considered in Fig. 6. Since the droplet number N is a key

factor in determining the optical depth, the value of A increases with the increase of aerosol number

loading and the updraft velocity. By varying the drop size distribution, the albedo of clouds may be

• chan.g,cd, thereby, altering the scattering and abso,'ption of solar radiation.
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4. ConclusioJ_i

A detailed microphysical Lagrangian parcel model has been used to study the relationship

betweenmeasm'edmaritimeaerosolparticlesandthecondensationallypr_.uceddropsizedistributions.

Inthismodel,thedropnumber concentrationisrelatedtothechemicalcompositionoftheaerosol

particles,theirsizedistribution,totalaerosolmassloading,anduIxlraftvelocity.

Resultsfromthisstudywillbeusedtoevaluatetheaccuracyofaprescribedmonodispe._edrop

sizedistributioninclimatemodels,andtoprovideabackgroundfortheparametcrizationofdropsize

distributionsinthestudyoftheEarth'sradiationbudget.
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4- Conclusions

A detailed microphysical Lagrangian parcel rru_iel has been used to study the relationship

between measured maritime aerosol particles and the cor_densationally produced drop size distributions.

In this model, the drop number concentration is related to the chemical composition of the aerosol

particles, their size distribution, total aerosol mass loading, and updraft velocity.
Results from this study will be used to evaluate the aCcuraCyof a prescribed monodisperse drop

size distribution in climate models, and to provide a baelcground for the parameterization of drop size

distributions in the study of the Earth's radiation budget.
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