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ABSTRACT

In this paper some microphysical and optical properties of desertaerosolswereextracted from OPAC to determine
the effect of hygroscopic growth at the spectral range of 0.25um to 2.5um and eight relative humidities (RHs) (0, 50,
70, 80, 90, 95, 98, and 99%). The microphysical properties extracted were radii, volume mix ratio, number mix ratio
and mass mix ratio as a function of RH while the optical properties are scattering and absorption coefficients and
asymmetric parameters. Using the microphysical properties, growth factors of the mixtures were determined while
using optical properties we determined the enhancement parameters and were then parameterized using some
models. We observed that the data fitted the models very well.

Keywords. microphysical properties, optical properties, toggopic growth, growth factors, enhancement
parameters.

INTRODUCTION

Atmospheric aerosols are complex in their sourees|utions, and interactions with water vapor ia #imosphere
and as a result of that they affect the regiondl glibbal climate by participating in various atmbsgc processes.
Their hygroscopic response with the changes intivelshumidity (RH) is critically important for theicloud
condensation nuclei (CCN) activity, atmosphericidesce time, optical property, microphysical prapeand
chemical reactivity and so is one of the key faxtor defining their impacts on climate. Atmospheaierosol
particles change in size due to water uptake wricthetermined by their chemical composition and dahwient
relative humidity (RH). The effects of hygroscopgimwth on optical properties are that primarilygatuses increase
of the geometric sizes of the aerosol particles witreasing RH, and secondarily the decreasednirttiex of
refraction of those particles that are solutionpdravith increasing RH as the drops become largdrtbns more
dilute.

It is well known however that absorption of wateriasoluble particles (especially clays) can leadhygroscopic
growth similar to deliquescent salts (e.g., Sckfigld et. al., 2007). This shows that the relatimportance of the
humidity dependences of particle size and indexefifaction on the aerosol scattering coefficient fogiven
substance depends on RH and on the sizes of thielggthat provide the dominant contribution te gtattering.
The size and the solubility of a particle determtine response of an ambient particle to chang&HnThe water
vapor pressure above a water droplet containingptlisd material is lowered by the Raoult effecte Byuilibrium
size of a droplet was first described by Kohler@Q3vho considered the Kelvin (curvature) and Raéablute)
effect. Past studies have demonstrated that €a{€iaCQ) (a mineral with very low solubility compared to
deliquescent salts) and Arizona Test Dust (ATD) icé@ract with water vapor and adsorb multiple tayef water
under subsaturated conditions (Gustafsson et2805; Vlasenko et. al., 2005; Hatch et. al., 2008)s interaction
implies that dust mixtures and individual mineraith hydrophilic insoluble surfaces can affect wadetivity of
aerosol (especially when the solute fraction ofiplas is low) with largely ignored implicationsrfpredicted CCN
activity.
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The study of particle hygroscopicity has a primaesle in climate monitoring and weather forecastgkdgcopic
properties of aerosols, their size distribution anchposition may alter the Earth's radiative bud8ethlow et. al.,
2006; Wulfmeyer and Feingold, 2000). Model studmesre demonstrated that relative humidity has #cati
influence on aerosol climate forcing (Pilinis ek, 4995). Numerous studies have investigated #iationship
between aerosol scattering and relative humidity iRHerms of the hygroscopic growth factor gf(RHing
humidified nephelometers. These have been usedifioorne or ground-based determination of the gnofattor
considering a ** dry” RH over the range 20% — 4@¥d a “wet” RH up to 90% (e.g.,Covert et al., P9 McInne s
et al., 1998; Kotchenruther et al., 1999; Malmlgt2003).

This paper uses data extracted from OPAC on ddasttwater interactions to examine the importarfaaauding
hygroscopic growth on mineral dust aerosol. Theropibysical properties extracted are radii, numbassnmix
ratios, mass mix ratios, volume mix ratios andaffe refractive indicies while the optical propestare scattering,
and absorption coefficients and assymetric paramselehe microphysical properties were used to dater the
hygroscopic growth of the mixtures, which were lat@delled using one and two parameters to deterihiair
relations with RHs. The optical properties weredute determine the types of particle size distidmg and their
dependance on RH, and enhencement parameters lsermadelled using one and two parameters to da@term
their relations with the RHs and wavelengths.

MATERIALSAND METHODS

The models extracted from OPAC are given in table 1

Table 1 Compositions of aerosol type (Hesset al., 1998)

Aerosol model typel Components  Concentratigfchr®)
WASO 2,000.0
MINM 269.5
Desert MIAM 30.5
MICM 0.142
Total 2,300.142

where : N is the mass concentration of the component, watkible components (WASO, consists of scattering
aerosols, that are hygroscopic in nature, suchubiatss and nitrates present in anthropogenicupiolt),mineral
nucleation mode (MINM), mineral accumulation mod&WMl) and mineral coarse mode (MICM).

The main parameter used to characterize the hygpasty of the aerosol particles is the aerosol rbggopic
growth factor gf(RH), which indicates the relatimerease in mobility diameter of particles due tatev absorption
at a certain RH and is defined as the ratio ofpiheicle diameter at any RH to the particle diameteRH=0 and
RH is taken for seven values 50%, 70%, 80%, 90%%,98% and 99%. (Swietlicki et al. , 2008; Randkisal.,
2004):

D(RH)
af (RH) = -2 (1)

The gf(RH) can be subdivided into different classéth respect hygroscopicity. One classificatiorb&sed on
diameter growth factor by Liu et al (2011) and Slidki et al., (2008) as barely Hygroscopic (gf(R&)1.0-1.11),
Less Hygroscopic (gf(RH) = 1.11-1.33), More Hygasc (gf(RH)= 1.33-1.85) and most hygroscopic girow
(of(RH)> 1.85).

Atmospheric particles of a defined dry size tydic&ixhibit different growth factors. This is due éither external
mixing of particles in an air sample or variabléatie fractions of different compounds in indivaparticles (the
latter here in after referred to as quasi-integnalixed). A mono-modal growth distribution withogggread can only
be expected in very clean and homogeneous air Ipafaar further details on mixing states see eugdsius et al.
(2002).

Most atmospheric aerosols are externally mixed wibpect to hygroscopicity, and consist of more ka$
hygroscopic sub-fractions (Swietlicki et al., 2008he ratio between these fractions as well ag tt@itent of
soluble material determines the hygroscopic groeftthe overall aerosol. Particle hygroscopicity mayy as a
function of time, place, and particle size (McMuagd Stolzenburg, 1989; Cocker et al., 2001; Sislatet al.,
2008).
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Prediction of hygroscopic growth factors with Kahteeory requires detailed knowledge of particlenposition as
well as a thermodynamic model, which describescdtecentration dependence of the water activitysiach a
mixture. The hygroscopic growth factor of a mixtugé,x(RH), can be estimated from the growth factorshef t
individual components of the aerosol and their eespe volume fractions, ¥ using the Zdanovskii-Stokes-
Robinson relation (ZSR relation; Sjogren et alQ20Stokes and Robinson, 1966; Meyer et al., 2808k et al.,
2011):

9fmixRH) = (i Vieg fi)'/3 7
where the summation is performed over all compoupidsent in the particles. Solute-solute interactiare
neglected in this model and volume additivity iscaassumed. The model assumes spherical partabbes,mixing
(i.e. no volume change upon mixing) and independextér uptake of the organic and inorganic comptmen

It can also be computed using the correspondingoeuffinactions pas (Duplissy et al., 2011;Meier et al., 2009);
9fmixRH) = (S gf) /3 @3)
Where n is the number fraction of particles having thevgitofactor gf .

We now proposed the gf(RH) to be a function of mass mix ratio as

9fmix(RH) = (Zemygf)'/3 (@)
where the subscript k represents the differenttanbss.

The RH dependence of g{RH) can be parameterized in a good approximatipratbne-parameter equation,
proposed e.g. by Petters and Kreidenweis(2007):

1
Ifmix(@y) = (1 4+ k2] (5)
Here, g is the water activity, which can be replaced kg tblative humidity RH, if the Kelvin effect is Hegble,
as for particles with sizes more relevant for lighattering and absorption. At equilibrium, it daen shown that,
over a flat surface, the water activity equals dhabient relative humidity in the sub-saturated hliervironment
(Seinfeld and Pandis, 1998; 2006). The coefficieris a simple measure of the particle’s hygrosctpiend
captures all solute properties (Raoult effect).

Humidograms of the ambient aerosols obtained ifouaratmospheric conditions showed thaf¢RH) could as
well be fitted well with ay-law (Swietlicki et al., 2000; Birmili et al., 200&Kasten, 1969; Gysel et al., 2009;
Putaud, 2012) as

IfmixRH) = (1 - 12)" (6)

100

Particle hygroscopicity is a measure that scalesvtlume of water associated with a unit volumeliyf particle
(Petters and Kreidenweis, 2007) and depends omtilar volume and the activity coefficients of thissilved
compounds (Christensen and Petters, 2012).

The bulk hygroscopicity factor B, which can be diése as the rate of obsorption of water with theréase in RH
under subsaturation RH conditions was determinatjubke relation:

B =(1-gfp)ina, ) (7
where g is the water activity, which can be replaced yyRH as explained before.

The impact of hygroscopic growth on the aerosoicapiproperties is usually described by the enhanece factor
f(RHA):

_ x(RH,A)
LR, ) = 200h )
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where §(RH)) can be denoting the aerosol scatteringand alisorpoefficients, and asymmetry parameters. RH
corresponds to any condition, and can cover thgeeRH spectrum. In this paper we will only usettrng,
absorption and asymmetric parameter. The reasomisimg asymmetric parameter is to determine thecefbf
hygroscopic growth on forward scattering. This roétlwvas initially introducedby Covert et al. (1972)

In general the relationship betwe¢p(RH,A) and RH is nonlinear (e.g. Jeong et al. 2007).his paper we
determine the empirical relations between the ecdrment parameter and RH (Doherty et. al., 2005) as:

_ x(RHA) _ (100-RHer \¥
fy(RH,2) = x(RH=0,1) (IOO—RHhigh) ©

where in our study RE is 0%. Theyknown as the humidification factor represents tepeathdence of aerosol
optical propertiies on RH, which results from chasign the particle size and refractive index upomidification.
The parameter in our case was obtained by combthimgighty(RH, 1) parameters at 00%, 50%, 70%, 80%, 90%,
95%, 98% and 99% RH. The useybas the advantage of describing the hygroscopiaviehof aerosols in a non-
linear manner over a broad range of RH valuedsd amplies that particles are deliquesced (Quinal.e, 2005), a
reasonable assumption for this data set due tditile ambient relative humidity during the field dyu They
parameter is dimensionless, and it increases witteasing particle water uptake. From previousisiidypical
values ofy for ambient aerosol ranged between 0.1 and 1.55@eet. al., 2000; Quinn et al., 2005; Clarkelet a
2007).

Two parmeters empirical relation is also used (desial. 2007; Hanel (1976)) as;

f (RH,2) = a(l —%(Z"))b (10)

The model assumes equilibrium (metastable) groviitth® aerosol scattering with RH such that the hlignaph
profile does not display a deliquescent growth ifgof-or aerosol in a humid environment, this bétawill hold

true. Most aerosols are a mixture of metastable delitjuescent particles and will exhibit some dadiscent
behavior. We decided to validate models (9) and §18=0.25pmA=1.25um and\=2.50um.

The Angstrom exponent being an indicator of th@sarspectral behaviour of aerosols (Latha and Baakh, 2005
), the spectral behavior of the aerosol opticabpeater (X, say), with the wavelength of ligh) (s expressed as
inverse power law (Angstrom, 1961):

X(\)=pr* (11)

whereX(@) can represent scattering and absorption coeffici€he variable X( can be characterized by the
Angstron parameter, which is a coefficient of thikofwing regression,

INX(A) = -aln(}) + Inf (12)
however the Angstrom exponent itself varies withva@langth, and a more precise empirical relationgtafwveen
aerosol extinction and wavelength is obtained witnd-order polynomial (King and Byrne, 1976; Etlkle 1999;
Eck. et al., 2001a, b,; Kaufman, 1993;0’'Neill et 001a, 2003; Pedros et al, 2003; Kaskaoutiskardbezidis,
2006; Schmid et al., 2003;Martinez-Lozano et @0D) as:

INX(X)=az(INX)? + azlnd + Inp (13)
and then we proposed the cubic

INX(X)= InB + aglnk + op(IN)?+ az(Ind)? (14)

where X{) can be any of the optical parameien, aj, op, 0z are constants that are determined using regression
analysis with SPSS16.0.

We also determine the effect of hygroscopic growth the effective refractive indices of the threexeli
aerosolsusing the following formula (Aspens, 1982):
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Eeff—¢€o0 — ZiS—lfi Ei—&o (15)

Eefft2eo - git+2¢gg
where f andg; are the volume fraction and dielectric constartheff” component ang, is the dielectric constant of

the host material. For the case of Lorentz-Loréhtrentz, 1880; Lorentz, 1880), the host matesalaken to be
vacuum.gg =1.

RESULTSAND DISCUSSION

Table 2: the growth factor of the aerosols using number mix ratio (equation 3) and Bulk hygroscopicity factor (equation 7)

RH(%) 50 70 80 90 95 98 99
fmix(RH) 1.0250| 1.0914 1.1150 1.1594 12091 12773 4P3
Bulk Hygroscopicityfactor (B)] 0.0532 0.1070 0.086D.0588| 0.0394] 0.0219 0.013
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Figure 1; A graph of growth factor of the mixture using number mix ratio (equation 3)

Figure 1 shows a non-linear increase in hygroscgmevth with deliquescence as from 90 to 99%RH. riveture
can be described as less hygroscopic (Liu et2@11; Swietlick et. al., 2008).

The results of the modelling using equtions (5) g)care given below:
C=1.3485, k=0.0112, R2=0.8364 (equation 5)
~=-0.062512, R2=0.997060 (equation 6)

The fitted curve can be represented by one empipaeameters fit of the form of equations (5) a6, though
equation (6) has higher coefficient of determinatio
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Figure 2; Bulk Hygroscopcity factor of the mixture using number mix ratio (equation 7)
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Figure 2 shows that B increases almost linearlyn Wit from 50 to 70% RH. After 70% the graph droppedy
sharply. This shows that the mixture absorbs mooésture as 50 to 70% while after that the rate foaption
decreases with the increase in RH. The natureeopliit from 70 to 99% shows the possibilities aéfnal mixing.

Table 3: the growth factor of the aer osolsusing volume mix ratio (equation 2) and Bulk hygr oscopicity factor (equation 7)

RH(%) 50 70 80 90 95 98 99
ofmx(RH) 1.0025| 1.0044 1.0076 1.0150 1.0294 1.0$43 aLio0
Bulk Hygroscopicityfactor (B)] 0.0052 0.0050 0.00510.0048| 0.0047| 0.0042 0.0033

Figure 3, agraph of growth factor of the mixture using volume mix ratio (equation 2)
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Figure 3is almost similar to figure 1 but the miewwan be described as barely hygroscopic.

The results of the modelling using equtions 5 aladebgiven below:

C=1.014828, k=0.003351, R2=0.985371 (equation 5)

7=-0.014900, R2=0.868155 (equation 6)

The fitted curve can be represented by one empipaemeters fit of the form of equations (5) aBd, though
equation (5) has higher coefficient of determinatio

Figure 4; Bulk Hygroscopcity factor of the mixture using volume mix ratio (equation 7)
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Figure 4 shows that between 50 and 95 % RH theungixtontained the mixtures of externally and iraélynmixed
aerosols, because of the nature of the non-lineafithe plot. It also shows that 95 to 99%RH dre delequent

points, because these are the points when the midassumed to become internlly mixed.

Table4: the growth factor of the aer osols using mass mix ratio (equation 4)and Bulk hygroscopicity factor (equation 7)

RH(%) 50 70 80 90 95 98 99
Ofx(RH) 1.0013] 1.0024 1.004) 1.0073 1.0188 1.0303 8BJ4
Bulk Hygroscopicityfactor (8)] 0.002§  0.0023  0.0027.0023| 0.0021] 0.001$  0.0015
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Figure5; agraph of growth factor of the mixture using mass mix ratio (equation 4)

Figure 5is almost the same as figures 1 and 3niikeere is barely hygroscopic.
The results of the modelling using equtions 5 aladebgiven below:
C=1.007315, k=0.001542, R2=0.987689 (equation 5)

7=-0.007306, R2=0.861313 (equation 6)

The fitted curve can be represented by one empipaemeters fit of the form of equations (5) aBd, though
equation (5) has higher coefficient of determinatio
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Figure 6; Bulk Hygroscopcity factor of the mixture using mass mix ratio (equation 7).
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Figure 7: A plot of scattering coefficients against wavelength
Figure 6 shows that the plots at 50, 70 and 80%c&tiained a mixture of externally and internallyed aerosols
and also the deliquent poing started from 90 to 99%
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Figure 7 shows the dominance of coarse particlesalse of its nature at the small wavelenght, boam be
observed as the RH increases the hygroscopic grbaghmore effect on small particles because ofritrease in
scattering more at smaller wavelengths than atdomgavelengths. This increase is due to the graftbmaller
particles to sizes at which they scatter more ligihg more pronounced than that for larger paicl

Table5 Theresults of the Angstrom coefficients of scattering coefficients using equations (12), (13) and (14) for sahara model at the
respectiverelative humidities using regression analysiswith SPSS16.0

Linear Quadratic Cubic

RH(%) R2 o R2 ol 02 R2 ol o2 o3

0 0.0053| 0.01014 0.9653 -0.0819 -0.2002 0.9829 1%05-0.2349| -0.0455
50 0.0800( 0.0355 0.953F -0.11%3 -0.1738 0.9805 820 -0.2127| -0.051(
70 0.2250| 0.0604 0.9551 -0.1349 -0.1617 0.9817 0e21 -0.2012| -0.051§
80 0.3960| 0.0853 0.960p -0.1547 -0.1511 0.9839 2aB1 -0.1903| -0.0514
90 0.6899( 0.1389 0.9754 -0.1997 -0.1324 0.9890 6731 -0.1694| -0.0484
95 0.8629| 0.2082 0.988Fy -0.2624 -0.11j79 0.9937 3622 -0.1478| -0.0397
98 0.9376| 0.3124 0.996[L -0.36%5 -0.1156 0.9967 5223 -0.1307| -0.019§
99 0.9488| 0.3841 0.9978 -0.4435 -0.1293 0.9978 39®4 -0.1335| -0.0054

Table 5 shows that in the linear part there is er porrelation at RHs 0, 50, 70, and 80%. At RHs®#) 98 and
99% RH the values af reflects the dominance of coarse particles. Atghadratic part the sign @2 which is
being used to give more clarification of the tydeparticles failed. Probably may be because ofsimectral range
used. The cubic part gives some improvement owerdbrrelations.
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Figure8: A plot of Effectivereal refractive indices against wavelengths

Figure 8 shows that hygroscopic growth has causededsed in the effective real refractive indide0% RH the

plot is almost linear between 0.25um to 2.0um duigl gignifies spherical particles and at 2.0um.&ugn shows
the presence of non-spherical particles. The iseréa RH decreases the effective refractive indaes the plots
are becoming more non-linear with the increase ks RThis shows that hygroscopic growth makes splzeri
particles to become less spherical.
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Figure9: A plot of Scattering enhancement par ameter s against wavelengths
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Figure 9 shows that the scattering enhancemenbis moticeable at shorter wavelenghts and satipfieger law.
This shows that hygroscopic growth has more effedine mode particles.

Enhancement factor as a function of RH shows alinear relation. The results of the fitted curvégquations (9)
and (10) are presented as follows:

For one parameter (equation 9)

At A=0.251, y=0.182958, R2=0.9900

At 2=1.254, y=0.035933, R2=0.9000

At 2=2.5Qu, y=0.0083, R2=0.8600

For two parameters(equation 10)

At A=0.251, a=0.917506, b=-0.209922°%0.9860
At A=1.251, a=0.947222, b=-0.052915%#9.9139
At A=2.5Qu, a=0.985431, b=-0.012896+0.8813

From the values of R2 it can be observed that ¢e fitted our models very well.
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Figure 10: A plot of Absorption coefficients against wavelengths

Figure 10 shows that absorption is almost independeRH and is higher at smaller wavelenghts.l$b ahows
that it satisfies power law.

Table 6 Theresults of the Angstrom coefficients of absor ption coefficients using equations (12), (13) and (14) for sahara model at the
respectiverelative humidities using regresson analysiswith SPSS16.0

RH Linear Quadratic Cubic

(%) R2 o R2 al 02 R2 al 0.2 a3

0 0.7568| 0.8054 0.968ff -0.5147 0.63[15 0.9821 -0.§96.8374| 0.2699
50 | 0.7562| 0.8050 0.968p -0.5144 0.6325 0.9821 32490.8365| 0.2673
70 | 0.7559| 0.8044 0.968f -0.5139 0.6329 0.9821 21.490.8362| 0.2665
80 | 0.7557| 0.8043 0.9688 -0.5134 0.6332 0.9822 12490.8360| 0.2659
90 | 0.7551| 0.8034 0.968Pp -0.5124 0.6340 0.9822 9®.480.8361| 0.2650
95 | 0.7541| 0.8024 0.969p -0.51¢8 0.6350 0.9822 75.480.8366| 0.2643
98 | 0.7519| 0.8003 0.969p -0.5074 0.6375 0.9823 43480.8392| 0.2645
99 | 0.7497| 0.7979 0.968P -0.5040 0.6397 0.9824 1®.480.8422| 0.2655

The values ofi. from the linear part reflects the dominance ofrsegarticles together with R2. For the quadratic
part, the sign ofi2 also testifies this. The decreasenviandal also signifies the decrease in absorption with th
increase in hygroscopic growth. The cubic showsesonprovement over the R2, and this shows thatthaure
can be bimodal
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Figure 11: A plot of Effective Imaginary refractive indices against wavelengths

Figure 11 shows that hygroscopic growht has laffect on the imaginery part of refractive indicA$.0% RH the
plots is non-linear and this probably happened tszaf the nature of the mixture. As the RH inceeidasan be
observed that there is no definite relation betweHective imaginary refractive indices and RH i tspectral
range.
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Figure 12: A plot of Absorption enhancement parameter s against wavelengths

Figure 12 shows that the enhancement is very ribli@t shorter wavelenghts and increases withrtbeease in
wavelenghts.

Enhancement factor as a function of RH shows alinear relation. The results of the fitted curvé®quations (9)
and (10) are presented as follows::

For one parameter (equation 9)

At 2=0.25um, y=0.002507, R2=0.980

At A=1.25um, y=0.001856, R2=0.9950

At A=2.5Qum, y=0.003538, R2=0.9500

For two parameters(equation 10)

At 1=0.251, a=1.001871, b=-0.001921%+0.9843
At A=1.251, a=1.000736, b=-0.0016267+0.9984
At A=2.5Q, a=0.996593, b=-0.004608°%0.9290

All the models fit the data very well.
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Figure 13 shows that hygroscopic growth has lefecieét shorter wavelengths but increases at waghts 0.5 to
1.0 and decreases at shorter wavelengths. Thigsstimt the increase in the hygroscopic growth roég more
scattering in the forward direction for small pelgs but enhences backward for big particles. &lEe shows the

importance of the patrticle size in forward scattgri
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Figure 14: A plot of Asymmetric parameter enhancement parameter s against wavelengths

Figure 14 shows that the enhancement factore ssthes 1.0 at shorter wavelengths but started &sang as from
0.35 upto 1.0um. As from 1.0um it decreases upteravithe enhencement becomes less that 1 and ceehtiou
decrease with the increase in wavelengths.

Enhancement factor as a function of RH shows alinear relation. This shows that as the paricke $ncreases,
there is a size that hygroscopic growth will catieescattering to be equal in both forward and bac#l and as the
size increases the scattering in the backwardalsb increase.The results of the fitted curvesgoiagons (9) and
(10) are presented as follows:

For one parameter (equation 9)

At A=0.25, y=-0.00689, R2=0.9990

At A=0.554, y=0.00592, R2=0.9380

At A=1.254, y=0.000494, R2=0.2400

At A=2.5Q1, y=00119, R2=0.9690

The models fitted the data very well excepiat.25um.

For two parameters (equation 10)

At 1=0.251, a=0.999993, b=0.006884%+0.9968
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At 2=0.551, a=0.992726, b=-0.008207, R2=0.9502
At A=1.251, a=0.996303, b=-0.0016547+0.6260
At A=2.5Q1, a=1.001026, b=0.001513%#.9708
The models fitted the data very well.
CONCLUSION

From the gfix(RH) determined, it can be observed that despitehilgher fractions of more strongly absorbing
particles, very low values of gf(RH) were observed, and this is in line with whdteidan et al. (2001)
determined.

It shows that increase in hygroscopic growth insesaforward scattering because particle growth ragsaforward
diffraction (Liou, 2002) for smaller particles wéiin larger particles it causes increase in théwand scattering,
though the smallness has a limit as can be obsdrged assymmetric parameters and assymmetric eehzamt
parameters. It also shows that the mixture is ivaly mixed for smaller particles because of treréase in forward
scattering as a result of the hygroscopic growtlf@/and Martin, 2007).

Finally, the data fitted our models very and canused to extrapolate the hygroscopic growth at Rhlyand
enhencement parameters at any RH and wavelength.

The modeling shows that hygroscopic growth at higleéative humidity increases the effective radiattering
coefficients, scattering enhancement parametersoration coeffeicnts, absorption enhancement paes)e
decreases effective real refractive indices bullefite relationship for effective imaginary reftave indices.

The nature of the effective real refractive indicieassymmetric parameters and assymmetric enhanteme
parameters with the increase in RHs, shows thatdsggpic growth causes spherical particles to bg $pherical
and the less spherical to become more less spherica

The more increase in scattering enhncement paresnateshorter wavelenghts and more increase inrptico
enhancement parameters at longer wavelenghts stietsincrease in hygroscopic growth causes incréase
cooling for smaller particles while it causes irage in warming for bigger particles.

Finally it can be concluded that the importanceletermining gfix(RH) as a function of RH and volume fractions,
mass fractions and number fractions, and enhandepsgameters as a function of RH and wavelengtimsbea
potentially important because it can be used fliciehtly representing aerosols-water interactiomglobal models.
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