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Abstract 

This study presents continued development of the Nenes and Seinfeld (2003) cloud 

droplet activation parameterization. First, we expanded the formulation to i) allow for a 

lognormal representation of aerosol size distribution, and, ii) include a size-dependant 

mass transfer coefficient for the growth of water droplets to accommodate the effect of 

size (and potentially organic films) on the droplet growth rate. The performance of the 

new scheme is evaluated by comparing the parameterized cloud droplet number 

concentration with that of a detailed numerical activation cloud parcel model. The 

resulting modified parameterization robustly and closely tracks the parcel model 

simulations, even for low values of the accommodation coefficient (average error 

4.1±1.3%). The modifications to include the effect of accommodation coefficient do not 

increase the computational cost but substanitally improves the parameterization 

performance. This work offers a robust, computationally efficient and first-principles 

approach for directly linking complex chemical effects (e.g., surface tension depression, 

changes in water vapor accommodation, solute contribution from partial solubility) on 

aerosol activation within a global climate modeling framework. 
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1. Introduction 
Of the most uncertain of anthropogenic climate forcings is the effect of aerosols on 

clouds (IPCC, 2001). Calculation of cloud properties from precursor aerosol in general 

circulation models (GCMs) has often relied on empirical (phenomenological) correlations 

(e.g. Boucher and Lohmann, 1995; Gultepe and Isaac, 1996), which are subject to 

significant uncertainty. To address this limitation, first-principle approaches (e.g., Ghan 

et al., 1997; Lohmann et al., 1999) have been proposed, which require setting up a cloud 

droplet number balance in each GCM grid cell; processes such as the activation of 

aerosol into cloud droplets, evaporation, and collision/coalescence affect droplet number 

concentration. Explicitly resolving each of these processes is far beyond anything 

computationally feasible for GCMs, so, a prognostic GCM estimate of the aerosol 

indirect effect must rely on parameterizations of aerosol-cloud interactions.  

The chemical complexity and heterogeneity of global aerosol can have an important 

effect on activation and must be included in aerosol-cloud interaction studies (e.g., Nenes 

et al., 2001; Rissman et al., 2002; Lance et al., 2004). Incorporating such complexity into 

extant parameterizations is not a trivial task. For example, the presence of surface active 

species may facilitate the activation of cloud condensation nuclei (CCN) into cloud 

droplets (Facchini et al., 1999). The influence of surfactants depends on their 

concentration (e.g., Shulman et al., 1996; Charlson et al., 2001) which varies 

considerably with CCN dry size (e.g., Charlson et al., 2001; Rissman et al., 2004). 

Because of this, an explicit relationship between the critical supersaturation, sc (the 

supersaturation required to activate a CCN into cloud droplet) and the critical diameter, 

Dc is not possible (Li et al., 1998; Rissman et al., 2004), and becomes challenging to 
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incorporate into mechanistic parameterizations (Rissman et al., 2004). Furthermore, the 

droplet growth rate may be influenced by the presence of organic films (Feingold and 

Chuang, 2002; Chuang, 2003; Nenes et al., 2002; Medina and Nenes, 2004; Lance et al., 

2004) and slightly soluble substances (Shantz et al., 2003; Shulman et al., 1996) both of 

which could have an impact on cloud droplet number (Nenes et al., 2002). 

One of the most comprehensive parameterizations developed to date is by Nenes and 

Seinfeld (2003) (hereafter referred to as “NS”). NS can treat internally or externally 

mixed aerosol with size-varying composition and can include the depression of surface 

tension from the presence of surfactants, insoluble species and slightly soluble species 

within a framework in which minimal amount of empirical information is used (e.g., of 

all 200 cases tested by NS, only 20% required a correlation derived from a numerical 

parcel model). Despite the significant improvement in droplet number prediction 

compared to other parameterizations, NS may underestimate the droplet number 

concentration, and cannot, as most other mechanistic parameterizations, explicitly 

consider the potential delays in droplet growth from the presence of film forming 

compounds. Furthermore, NS employs a sectional representation of aerosol size, which 

may impose an unnecessary computational burden for global climate models using 

lognormal aerosol size distributions. These shortcomings are addressed in this study. 

The research presented here extends the NS parameterization by i) providing a 

formulation of the parameterization for a lognormal description of the aerosol size 

distribution, and, ii) including explicit size-dependence of water vapor diffusivity. The 

latter overcomes the underprediction tendency of the original formulation, and, allows to 
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explicitly include the effect of organics that may affect the condensational growth of 

CCN. 

2. The NS parameterization 
NS is based on a generalized sectional representation of aerosol size and composition 

(internally or externally mixed), with size-varying composition. The NS methodology 

involves two steps: The first involves calculation of CCN concentration as a function of 

supersaturation (the “CCN spectrum”) using the appropriate form of Köhler theory (e.g., 

Seinfeld and Pandis, 1998).  In the second step, the CCN spectrum is included within the 

dynamical framework of an adiabatic parcel with a constant updraft velocity (or cooling 

rate), to compute the maximum supersaturation, smax, achieved during the cloud parcel 

ascent. Calculation of smax is based on a balance between water vapor availability from 

cooling and water vapor depletion from the condensational growth of the CCN. CCN 

with sc ≤  smax will then be activated into droplets.  

NS introduce the concept of “population splitting” to obtain an analytical expression for 

the water vapor condensation rate; an integro-differential equation is this way reduced to 

an algebraic equation which can be numerically solved. Population splitting entails 

division of the CCN into two separate populations: those which have a size close to their 

critical diameter (the diameter a CCN must grow to before experiencing unstable growth), 

and those that do not. As a result of this approach, kinetic limitations on droplet growth 

are explicitly considered, and, (compared with other mechanistic parameterizations), the 

reliance on empirical information or correlations is significantly reduced. A comparison 

of NS with extant parameterizations is done in Nenes and Seinfeld (2003) and will not be 

repeated here. 
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3. NS formulation for lognormal aerosol 
The sectional representation of aerosol size and composition gives the most general 

description of aerosol size distribution. However, if such a representation is not available 

in a host model, it may be unnecessarily costly to implement. Instead, a formulation using 

a lognormal description of the aerosol may be preferred and is derived here. 

3.1 Representation of the CCN spectrum 
Using the nomenclature of Nenes and Seinfeld (2003), size distributions, nd(Dp), are 

taken to be of the single or multiple lognormal form,  
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where Dp is particle diameter, Ni is the aerosol number concentration, Dg,i is the 

geometric mean diameter of mode i, σi is the geometric standard deviation for mode i, 

and nm is the number of modes in the distribution. 

If the chemical composition of an aerosol mode does not vary with size, then nd(Dp) can 

be mapped to supersaturation space and the critical supersaturation distribution, ns(s), can 

be obtained as follows: 
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The critical supersaturation of a particle with diameter Dp is  
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Substitution of Equations (1), (3), (5) and (6) into (2) yields the critical supersaturation 

distribution, 
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where sg,i is the critical supersaturation of a particle with diameter Dg,i. 

From Equation (7), the CCN spectrum (concentration of particles with sc≤ s), Fs(s), is 

given by 
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If the maximum parcel supersaturation, smax, is known, the activated droplet number, Nd, 

can be calculated from Equation (8), as 

 )( maxsFN s
d =  (9) 
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3.2 Calculating smax and droplet number concentration 

The maximum supersaturation, smax, is calculated from an equation that expresses the 

water vapor balance (Nenes and Seinfeld, 2003): 

 0),0(2
maxmax =− sIGsaV

wπγρ
 (10) 

where, 

 2

2

2 ,
RTc

LM
Mp

pM
RT

gM
RTc

LgM
a

p

w

w
s

aa

p

w +=−= γ  (11) 

and V is the cloud parcel updraft velocity, ρw is the density of water, T is the parcel 

temperature, Mw is the molecular weight of water, L is the latent heat of condensation of 

water, ps is the water vapor pressure, cp is the heat capacity of air, p is the ambient 

pressure and R is the universal gas constant. G in Equation (10) is given by 
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where *
vp  is the saturation vapor pressure of water, Dv

’ is the diffusivity of water vapor in 

air and ka
’ is the thermal conductivity of air. 

The quantity I(0,smax) in Equation (12) is defined as, 
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Dp(τ) denotes the size of a CCN when it is exposed to s = sc; τ is the time needed (above 

cloud base) to develop the supersaturation needed for its activation. A common 

assumption (e.g., used by Ghan et al., 1993) is that CCN instantaneously activate, i.e., 

Dp(τ) is equal to the CCN critical diameter, Dc=8Mwσ/3RΤρws, (where σ is the droplet 
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surface tension at the point of activation). Evaluation of I(0,smax) and substitution into 

Equation (10) results in an algebraic equation that can be solved for smax. 

3.3 Calculation of Integral I(0,smax) 
We can approximate I(0,smax) by employing the “population splitting” concept of NS: 
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where sg,i is given by 
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Ms is the solute molecular weight, ν is the effective Van’t Hoff factor and ρs is the density 

of the solute and A=4Mwσ/RΤρw. Equation (17) assumes that the CCN are completely 
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soluble; appropriate modifications should be used if the CCN contain a slightly soluble 

(Laaksonen et al., 1998), insoluble (e.g., Seinfeld and Pandis, 1998) or surfactant fraction 

(Rissman et al., 2004). 

The integration of Equations (15) and (16) can be done with the help of the 
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It should be noted that the integrals in equations (18) through (20) bears some similarity 

with the formulations of Abdul-Razzak et al. (1998); this similarity arises from the usage 

of lognormal distributions. However, our formulations are distinctly different, as, i) they 

arise from the application of population splitting and thus use the integrals in a distinct 

manner, and, ii) lack the post-integration modificiations applied by Abdul-Razzak et al. 

(1998). 

3.4 Using the parameterization 
The procedure for using the modal formulation is similar to the sectional aerosol 

formulation (Nenes and Seinfeld, 2003). Figure 1 displays the solution algorithm for the 
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lognormal aerosol formulation. . spart is calculated using the “descriminant criterion”, or 
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determining spart, Equations (18) and (19) are substituted into Equation (10), and solved 

for smax using the bisection method. The number of droplets is computed from Equation 

(9). An evaluation of the modal formulation is provided in section 6.2.  

4. Including size-dependant growth kinetics into NS  
In developing the sectional and modal formulations of NS, we have assumed that the 

diffusivity of water vapor onto the droplets, Dv
’, is independent of their size. Although a 

good approximation for water droplets larger than 10µm (Seinfeld and Pandis, 1998), it 

substantially decreases for smaller and potentially multicomponent drops (Seinfeld and 

Pandis, 1998). As a result, water vapor condensation in the initial stages of cloud 

formation is overestimated and the stronger competition for water vapor biases the parcel 

supersaturation low. This results in an underestimation of cloud droplet concentration, 

which worsens if the presence of film-forming compounds further impedes the growth 

rate. It is important to note that other mechanistic parameterizations (e.g., Ghan et al., 
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1993; Abdul-Razzak et al., 1998; Rissman et al., 2004) also neglect size-dependence of 

the diffusivity coefficient and also tend to underestimate Nd (Nenes and Seinfeld, 2003).   

Size effects on water vapor diffusivity can be introduced by the following relationship 

(Fukuta and Walter, 1970),  
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where ac is the accommodation coefficient, a fundamental parameter that expresses the 

probability of a water vapor molecule remaining in the droplet phase upon collision 

(Seinfeld and Pandis, 1998), 
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For pure water, ac ranges between 0.1 and 0.3 (Li et al., 2001) but an aged atmospheric 

droplet tends to have a lower accommodation coefficient, typically between 0.04 and 

0.06 (Pruppacher and Klett, 2000; Shaw and Lamb, 1999; Conant et al., 2004). The 

presence of organic films can further decrease the accommodation coefficient; although 

still controversial, there are indications that such compounds exist in the atmosphere (e.g., 

Chuang, 2003).  

For typical droplet sizes, Dv
’ depends strongly on ac (Equation 21). For a value of ac close 

to unity, the difference between Dv
’ and Dv is less than 25% for particles larger than 1 µm 

and less than 5% for droplet diameters larger than 5µm. However, Dv
’ becomes 

significantly lower than Dv if ac<1 (Seinfeld and Pandis, 1998). Therefore, introducing 

the dependence of Dv
’ on size and ac is important to eliminate biases in droplet activation. 
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The thermal conductivity of air, ka
’ (Equation 12), also has a dependence on size, which 

is rather weak for the droplet sizes of interest. Simulations (not shown here) confirm that 

introducing a size-dependant thermal conductivity is not necessary. 

4.1 Implementing size-dependant Dv into NS 
Equation (21) could be substituted into Equation (12) in order to account for the size-

dependence on Dv
’. However, in such a case, Equation (13) becomes impractical in its 

implementation. An alternate approach is needed. 

Two approaches can be used to introduce corrections to Dv: i) using an average value for 

the diffusivity, Dv,ave, for those CCN that activate, and, ii) calculating '
vD  for each CCN 

section. We choose to adopt the first approach because it can be used in both sectional 

and modal formulations of the NS parameterization (while the second approach cannot), 

and, the second approach adds upon the computational burden. A section-specific Dv 

method has also been developed (Ming et al., in review). For simplicity, we adopt a size-

averaged diffusion coefficient, Dv,ave, 
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where Dp,big and Dp,low are the upper and lower size bounds used for calculating the 

average. Substituting Equation (21) into (22) and integrating yields: 
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where 
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v π
. In deriving Equation (23), we assume that ac remains 

constant throughout the activation process.  

If Dp,big and Dp,low and ac are known, Equation (23) can be used to calculate Dv,ave, and 

substituted into the G term (Equation 13) of NS. ac is usually constrained from 

observations (e.g., Chuang et al., 2003; Conant et al., 2004). What remains is the 

determination of the Dp,big and Dp,low. 

4.2 Determination of Dp,big and Dp,low 
We have evaluated two methods for calculating Dp,big and Dp,low: 

Empirical determination of Dp,big and Dp,low. 

A set of numerical parcel model simulations were used to determine Dp,big and Dp,low that, 

after substitution into Equation (23) (and subsequently into NS), would give a 

parameterized Nd in agreement with the numerical parcel predictions. Published literature 

suggests values for ac as low as 10-5 (e.g., Chuang, 2003) during the initial stages of 

particle growth; if true, such CCN would experience a “slow growth” phase (with a very 

low ac) followed by a “fast growth” phase with much higher ac. Simulations with the 

Nenes et al. (1998) parcel model (not shown) suggests that CCN with a constant ac ~ 10-3 

experiences roughly the same growth as a “film-breaking” CCN with a slow-growth 

phase ac ~ 10-5 and a rapid-growth phase ac ~ 0.042. Therefore, ac is assumed to vary 

between 0.001 and 1.0. 

Dp,big and Dp,low were determined for the wide set of conditions and ac listed in Table 1. 

Optimization criteria were the minimization of error and standard deviation between 

parameterized and parcel model Nd. The optimum Dp,big was found to be 5 µm, while the 
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optimum Dp,low was found to vary with ac; a correlation that relates the optimum Dp,low 

and ac was then derived, 

 { }0.5,207683.0min 33048.0
,

−⋅= clowp aD   (24) 

where Dp,low is given in µm.  

From Equation (24), ac increases with decreasing Dp,low. This is expected; for large ac, 

small CCN experience less kinetic limitations, and therefore can activate into droplets 

(Nenes et al., 2001). As a result, a wider range of CCN sizes need to be considered in the 

calculation of Dv,ave, so Dp,low should decrease. When ac decreases, only the largest of 

CCN (with low sc) have enough time to activate; hence a narrow range of CCN sizes can 

contribute to droplet number concentration, thus increasing Dp,low.  

Theoretical determination of Dp,big and Dp,low.  

Dp,big and Dp,low may also be determined using theoretical arguments. One can be derived 

from the equation that describes the diffusional growth of a droplet from time τ (when the 

parcel supersaturation is equal to the CCN critical supersaturation, sc), to the time of 

maximum supersaturation, tmax (Nenes and Seinfeld, 2003), 
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Dp(τ), like in Equation (13), is assumed to be equal to the critical diameter 

Dc=8Mwσ/3RΤρwsc, while the supersaturation integral in Equation (25) can be evaluated 

using the lower bound of Twomey (1959): 
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where s(τ) is the parcel supersaturation at time τ. Substituting Equation (26) into (25), we 

eventually obtain 
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where sc,min is the critical supersaturation of the largest CCN that exceeds its critical 

diameter. Equation (27) can be used as an estimate for the upper limit Dp,big. The lower 

limit, Dp,low, can be estimated by the smallest CCN that can theoretically activate: 
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It is notable that in this method, Dp,big depends on ac as opposed to the empirical method 

where Dp,low depends on ac.  

Assessment of Dp,big and Dp,low calculation methods 

Both methods of calculating Dv,ave were introduced into the NS parameterization; Nd 

predictions were then compared with parcel model simulations. The comparisons were 

done for the activation of single mode lognormal aerosol with Dp,g ranging between 0.025 

to 0.25µm, σi between 1.1 to 2.5, and for updraft conditions ranging between V = 0.1 to 

3.0 ms-1. Ambient P and T were set to 800 mbar and 283 K, respectively. Figure 2 shows 

the parameterized droplet number concentration (using the two different methods of 

estimating Dv,ave) against the parcel model simulations. The 1:1 line represents a perfect 

agreement between the parameterization and the parcel model.  Results are presented for 

two values of the accommodation coefficient (ac = 0.042, ac = 0.1). An average error of 

6% (±1%) was observed for the theoretical method, which slightly underperforms against 
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the empirical method (average error=2%, ±0.9%). We thus choose to use the empirical 

method until an alternate theoretical criterion is derived. 

5. Evaluation of modified NS parameterization 

5.1 Method 

The sectional formulation of the parameterization, as well as the diffusivity modification 

were assessed for their ability to reproduce simulations from the adiabatic cloud parcel 

model of Nenes et al., (2001) over a large range of aerosol size distributions and updraft 

velocities. The detailed numerical parcel model used in this study has been widely used 

and recently evaluated with in-situ data (Conant et al., 2004). Table 2 shows all the 

simulation sets used for the evaluation of the parameterization. Both single and tri-modal 

aerosols were considered, for number concentrations and mode diameters characteristic 

of tropospheric aerosol. For trimodal aerosol, we have selected four of the Whitby (1978) 

trimodal representations, namely the marine, clean continental, average background, and 

urban aerosol representations (Table 3). The updraft velocities used in our evaluation 

ranges between 0.1 and 3.0 m s-1; together with the wide range of aerosol number 

concentrations considered, smax varies from 0.01% to over 1%, covering the climatically 

important range of cloud droplet formation conditions.  

5.2 Evaluation of the modal formulation 

Evaluation of the modal formulation is done by comparing its predictions of Nd with 

those of the sectional parameterization. We consider the activation of lognormal aerosol, 

so both formulations should give the same droplet number (provided the discretization 

error of the sectional formulation is insignificant). This is shown in Figure 3, which 

depicts the parameterized Nd, using the sectional vs. the modal formulation. Cases 
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considered were for a single mode lognormal aerosol with Dp,g ranging between 0.05 to 

0.75µm, σi ranging between 1.1 to 2.5, and for updraft conditions ranging between  V = 

0.1 to 3.0 ms-1. The sectional formulation used 200 sections for discretizing the 

lognormal distribution. Regardless of activation conditions, the parameterization with 

modal formulation is as robust as the parameterization with the sectional representation 

(average error≈1%, standard deviation≈0.3%). Therefore, for lognormal aerosol, both 

formulations can be interchanged without any loss in accuracy. The advantage of using 

the lognormal distribution is that it is simpler to implement and, more than two orders of 

magnitute faster on a Pentium PC, than the sectional formulation (with 200 sections). 

5.3 Evaluation of parameterization with modified diffusivity 
Figure 4 displays the droplet number concentration as predicted by NS and by the (Nenes 

et al., (2001)) parcel model for the aerosol conditions of Table 3. The parameterized 

droplet number concentrations closely follow the parcel model simulations; however, 

there is a tendency for underestimation, which is not significant for ac=1.0, but worsens 

as ac decreases (Figure 5). This problem is resolved by substituting Dv
’ in the G term of 

Equation (17) with the modified diffusivity, Dv,ave. Figures 6 and 7 display the droplet 

number concentration from the modified parameterization against the parcel model 

predictions for the single mode (Figure 6) and trimodal (Figure 7) aerosol of Table 2. 

Results are presented for ac = 0.042 and ac = 0.005. It is clear that the modified 

parameterization captures the parcel model simulations much better than the original NS, 

even for low values of ac. The overestimation (average error 4.1±1.3%) observed in 

Figure 7 for marine aerosol is caused by the fact that the descriminant for these aerosol is 

close to zero, at the transition between the kinetically limited (∆>0) and kinetically free 
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(∆<0) regimes. Under such conditions, the expression for calculating spart is least accurate. 

Nevertheless, the modified diffusivity remarkably improves the performance of the 

parameterization, even for such challenging aerosol as those with film forming 

compounds. It should also be noted that the modifications pose negligible computational 

burden, as opposed to employing a more expensive algorithm (e.g., a section-specific Dv
’). 

6. Summary 
The aerosol activation parameterization developed by Nenes and Seinfeld (2003) was 

appropriately modified to i) allow for a lognormal representation of aerosol size 

distribution, and, ii) include a size-dependant mass transfer coefficient for the growth of 

water droplets (which explicitly includes the accommodation coefficient). To address this, 

an average value of the water vapor diffusivity is introduced in the parameterization. Two 

methods were explored for determining the upper and lower bound of the droplet 

diameter needed for calculating the average water vapor diffusivity. The most accurate 

employs an empirical correlation derived from numerical parcel simulation. 

Predictions of the modified NS parameterization are compared against detailed cloud 

parcel activation model simulations for a wide variety of aerosol activation conditions. 

The modified NS parameterization closely tracks the parcel model simulations, even for 

low values of the accommodation coefficient, without any increase in computational cost. 

This work offers a much needed rigorous and computationally inexpensive framework 

for directly linking complex chemical effects on aerosol activation in global climate 

models. 
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Table 1: Simulations considered for empirically determining Dp,big and Dp,low of Dv,ave 

Property Value / Range 

Cloud height (m) 500 

Ni (cm-3) 100, 500, 1000, 5000, 10000 

σi 1.1, 1.2, 1.5, 1.5, 2.0, 2.5 

Dp,g (µm) 0.025, 0.05, 0.75, 0.5, 0.25 

V (ms-1) 0.1, 0.3, 1.0, 3.0  

Chemical composition (NH4)2SO4:100%, (NH4)2SO4:50% - insoluble:50%, 

NaCl:100%, NaCl:25% - insoluble:75% 

Accommodation coefficient 0.001, 0.005, 0.042, 0.01, 0.1, 1.0 

Pressure (mbar) 100, 500, 800, 1000 

Relative humidity 90%, 98% 

Temperature (K) 273, 293, 303, 310 
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Table 2: Aerosol and updraft velocity conditions considered in the parameterization 
evaluation 
 
Simulation 

setb,c 
Dg,i, 
µm 

Ni, cm-

3 
σi W, ms-1 Chemical 

Composition 
Number 
of cases 

SM1 0.025 100 1.1 - 1.5 0.1 - 3.0 (NH4)2SO4:100% 15 

SM2 0.025  500 1.1 - 1.5 0.1 - 3.0 (NH4)2SO4:100% 15 

SM3 0.05  500 1.1 - 2.5 0.1 - 3.0 NaCl:100% 25 

SM4 0.25 100 1.1 - 2.5 0.1 - 3.0 NaCl:100% 25 

SM5 0.75 1000 1.1 - 2.5 0.1 - 3.0 (NH4)2SO4:100% 25 

TM-M  (NH4)2SO4:100% 4 

TM-C Given in Table 3 (NH4)2SO4:100% 4 

TM-B  (NH4)2SO4:100% 4 

TM-U  (NH4)2SO4:100% 4 
b SM denotes single mode 
cTM denotes trimodal; M represents marine, C continental, B background, and U urban aerosol 
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Table 3: Aerosol characteristics for the multimodal simulations of Table 2. Distributions 
taken from Whitby (1978). Dg,i is in µm; Ni is in cm-3. 
 

Nuclei Mode Accumulation mode Coarse mode Aerosol 
Type Dg,1 σ1 N1 Dg,2 σ2 N2 Dg,3 σ3 N3 

Marine 0.010 1.6 340 0.070 2.0 60 0.62 2.7 3.1 

Continental 0.016 1.6 1000 0.068 2.1 800 0.92 2.2 0.72 

Background 0.016 1.7 6400 0.076 2.0 2300 1.02 2.16 3.2 

Urban 0.014 1.8 106000 0.054 2.16 32000 0.86 2.21 5.4 
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Figure Captions 
Figure 1: Parameterization algorithm (lognormal formulation). 

Figure 2: Droplet number concentration as predicted by the modified NS 

parameterization and by the cloud parcel model, using the sectional formulation. Results 

for both theoretical and empirical Dv,ave are presented. The other simulation 

characteristics are given in the text. 

Figure 3: Droplet number concentration as predicted by the modified NS 

parameterization using the sectional and the modal formulations. Cases considered were 

for a single mode lognormal aerosol with Dp,g ranging between 0.05 to 0.75µm, σi ranging 

between 1.1 to 2.5, updraft conditions ranging between  V = 0.1 to 3.0 ms-1 and for 

chemical composition of pure (NH4)2SO4, pure NaCl, and 50% (NH4)2SO4 - 50% 

insoluble. Ambient P and T were set to 800 mbar and 283 K, respectively. The sectional 

formulation used 200 sections for discretizing the lognormal distribution. Results are for 

four values of ac. 

Figure 4: Droplet number concentration as predicted by the NS parameterization and by 

the cloud parcel model for all the aerosol size distributions and updraft velocities of Table 

2. All simulations assume perfect water vapor accommodation (ac = 1.0), P = 800mbar 

and T = 283K.  

Figure 5: Droplet number concentration as predicted by the NS parameterization and by 

the cloud parcel model for cases SM1, SM2 and SM3 of Table 2, and for ac = 1.0, ac = 

0.01, and ac = 0.005. All simulations assume P = 800mbar and T = 283K.  
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Figure 6: Droplet number concentration as predicted by the modified NS 

parameterization and by the cloud parcel model for cases SM3 and SM4 of Table 2, and 

for ac = 0.042. All simulations assume P = 800mbar and T = 283K. 

Figure 7: Droplet number concentration as predicted by the modified NS 

parameterization and by the cloud parcel model for case TM of Table 2, and for ac = 

0.005. All simulations assume P = 800mbar and T = 283K. 
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