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Abstract —The purpose of the paper was to develop a numerical model to study the 

cycle of aerosol particles in stratocumulus clouds in different air mass types. A detailed 

microphysical scheme was incorporated into an idealized two-dimensional kinematic 

model to investigate the role of the aerosol particles in the formation of the water 

droplets, regeneration of the aerosol particles due to evaporation of the water drops, and 

the washout of the aerosol particles. The calculations were made with different cloud 

condensation nuclei (CCN) size distributions and concentrations typical for maritime, 

rural, and remote continental air mass types, furthermore, with two different updraft 

profiles. The water droplets were formed on soluble ammonium-sulfate aerosol 

particles. The ratio of the number concentration of the soluble and insoluble aerosol 

particles depended on their size. The drops grew by condensation and collision 

coalescence in the updraft core, but they evaporated due to the subsaturation in the 

downdraft region. 

The model clearly simulated the regeneration of the aerosol particles. The majority 

of the water soluble particles were scavenged due to the water drop formation. The 

efficiency of the scavenging of the water insoluble particles depended on the 

concentration of the water soluble aerosol particles. While Brownian effect played an 

important role in capturing these particles, only few of them were washed out due to 

the phoretic- and gravitational forces. Results of the numerical simulation show that 

in the case of the stratocumulus clouds the number concentration of insoluble aerosol 

particles larger than 0.1 µm is hardly modified due to different scavenging 

mechanisms. 
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1. Introduction 

In the 20th century the interest in the effect of the aerosol particles in the clouds 

has been increased. The aerosol particles play important role in the formation of 

the clouds. Their characteristics strongly affect both the optical properties of the 

clouds and precipitation formation. The impact of aerosol particles on the clouds 

is strongly affected by the physical and chemical attributes of the particles, which 

depend on the various air mass types (Hoose et al., 2008; Sassen et al., 1999). 

While the dynamical processes in general define where supersaturated 

environments occur in the atmosphere, the cloud attributes are determined by 

aerosol-cloud interaction (Targino et al., 2007). This interaction includes variety 

of microphysical processes that affect the concentration, size distribution, and 

chemical composition of cloud droplets (Gilliani et al., 1995). Clouds play an 

important role in the redistribution of aerosol particles in the atmosphere. The wet 

scavenging can be separated into two categories. The in-cloud scavenging refers 

to nucleation and interstitial scavenging. Another category is the below-cloud 

scavenging, when the aerosol particles are collected by hydrometeors that fall out 

from the cloud (Feng, 2007). The majority of the water-soluble particles are 

removed by nucleation scavenging (water drops form on the particle). 

Results of numerical simulations about the effect of the size distribution and 

chemical composition on the albedo and the precipitation formation of the 

stratocumulus clouds have been published in numerous papers (Geresdi et al., 

2006; Caro et al., 2004; Geresdi and Rasmussen, 2005; Zhang et al., 2004; Bott, 

2000; Feingold et al., 1996; Ackerman et al., 1995). In our research we have 

focused on the aerosol – cloud interactions that occur in stratocumulus clouds. Not 

only the role of the aerosol particles in the precipitation formation was investigated, 

but also how the water insoluble aerosol particles are washed out. We also studied 

the regeneration of the aerosol particles in the subsaturated regions. 

These processes were investigated in stratocumulus clouds due to their 

relatively simple dynamics. The weak convective updrafts generate shallow, 

horizontally extensive cloud layers due to the overlaying drier and stable air that 

blocks the vertical development of the air mass. Stratocumulus clouds play an 

important role in climate change due to their high albedo, which causes a 

significant negative contribution to the overall radiative forcing. 

In the present paper we discuss our results on the cycle of the aerosol particles 

in stratocumulus clouds under different dynamic and environmental conditions.  

2. Model description 

The microphysical processes that occur in a stratocumulus cloud were simulated 

in a dynamic framework of the idealized two-dimensional kinematic model 

developed by Szumowski et al. (1998) and Morrison and Grabowski (2007) with 
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2D MPDATA routine written by Smolarkiewicz (Smolarkiewicz and Margolin, 

1998). The two-dimensional domain includes both updraft and downdraft 

regions. The updraft and downdraft regions were characterized with two 

different maximum velocities. The horizontal and vertical extensions of the 

domain were 2000 m and 750 m, respectively. The resolution was 20 m in 

horizontal direction and it was 15 m in vertical direction. 

Detailed microphysical scheme was used in the research (see the details in 

Geresdi, 1998; Geresdi and Rasmussen, 2005). The size distribution of water 

drops and wet aerosol (haze) particles were divided into 55 bins. At the left 

side edge of the first bin, the particle mass was 3.048 × 10
–20

 kg with doubling 

the mass in the bin edges (mk + 1 = 2 mk). The size distribution of the dry aerosol 

particles were divided into 36 bins. At the left side edge of the first bin, the 

particle mass was the same in the case of the dry aerosol particles and haze 

particles (wet aerosol particles). While the density of the aerosol particles was 

assumed to be size independent (1600 kg/m
3
), the density of the haze particles 

depended on the molar concentration of the solution. The aerosol particles 

were divided into two categories: water soluble and water insoluble ones. The 

uncertainties about the size dependence of number concentration of water 

soluble ammonium-sulfate particles are large. The field observations show that 

number concentration of the soluble ammonium-sulfate particles comparing 

with the total aerosol concentration is relatively large in size range of 0.1 µm 

to 1 µm (Masahiro et al., 2003; Charlson et al., 1983; Kulmala et al., 1997; 

Mertes et al., 2005; Svenningsson et al., 1997). On the base of these observations 

the ratio of the number concentration of soluble aerosol particles and the total 

aerosol particle concentration was chosen to be 0.5 when the radius of the 

aerosol particles was less than 0.012 μm (in the first 10 bins), and this ratio 

was 0.7 in case of the larger sizes. The purpose of using external mixture was 

to investigate the different scavenging mechanisms. The aerosol particles 

contained water soluble fraction can be washed out mostly by water drop 

formation (nucleation scavenging). The water insoluble aerosol particles can be 

collected by water drops through other different scavenging mechanisms 

(Brownian, phoretic, and gravitational collection). 

In this study the following microphysical processes were taken into 

consideration: (i) drop formation on water soluble aerosol particles, (ii) 

condensational growth/evaporation of water drops, (iii) collision - coalescence 

of water drops, and (iv) aerosol particles collection by water drops due to 

Brownian, phoretics and gravitational motion. Some theoretical studies suggest 

that the turbulence enhances the water drops – aerosol particles collection 

efficiency. However, efficient turbulent collection was found for collector 

drops near 200 µm in combination with particles with diameter of 2– 4 µm 

(Zhang and Vet, 2006). Because in the stratocumulus clouds the drops size 

generaly less than 200 µm, the effect of turbulent collision was not taken into 

account in this study. 
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The water soluble aerosol particles were transferred into the water drop 

category, if the relative humidity was larger then 90%. The transfer of dry 

aerosol particles to wet aerosol particles due to vapor diffusion starts at 

subsaturated condition. In the case of the small water soluble particles 

(< 0.1 m), this process occurred at relative humidity larger than 95%, at larger 

particles size the transfer occurred at 90%. If the mass of the water in a wet 

aerosol particle decreased to be equal to the mass of the aerosol inside, the wet 

aerosol particles were transferred to the dry aerosol particle category. Thirty 

minutes of cloud life time was simulated using 1
 
s time step. 

The diffusional growth of these particles were calculated by using hybrid 

bin method. More details about this method can be found in the papers 

published by Chen and Lamb (1994) and Geresdi and Rasmussen (2005). The 

collision – coalescence processes of water drops were calculated by using two-

moments method. These moments – the concentration ( )kN  and the mixing 

ratio ( )kM inside the kth bin – were approximated by the following linear 

equations: 
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where km and 1km   are the particle mass at the bin boundaries, hereafter m is 

the mass of the particles. The  f and   parameters were calculated by using 

the following equation: 
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where 0  kM  and 1  kM  are the concentration )( kN  and mixing ratio )( kM  in 

the kth bin, respectively. 

To calculate the kinetic collection equation of water drops, the 

Smoluchowski equation was used (Tzivion et al., 1999). The water drop – water 

drop collision efficiencies used in the model are based on the data published by 

Hall (1980). The collision efficiencies for the given sizes of water drops were 

calculated by linear interpolation. The Brownian motion, the phoretic effect, 

and the gravitational collection were taken into consideration when the 

scavenging of the aerosol particles was simulated (Ackerman et al., 1995; 

Gwen et al., 2004; Jian, 2007; Mircea et al., 2000). 
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The Brownian motion affects the collision between hydrometeors and very 

small aerosol particles ( rp< 0.01 µm). The following equation gives the number 

of collected aerosol particles in unit time due to Brownian motion: 

 

 4 ,
p
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where dr  is the radius of the water drop, pn  is the number concentration of the 

aerosol particles, pD  is the diffusion coefficient for the aerosol particles, pf  is a 

correction factor which depends on the Reynolds and Schmidt numbers of the 

aerosol particles (Pruppacher and Klett, 1997). The motion of aerosol particles 

due to temperature gradients near to the drop surface is called thermophoresis. 

Particle motion due to the spatial vapor density gradient is called diffusio-

phoresis. The sum of the thermophoretic and diffusiophoretic forces is known as 

phoretic force. The following equation gives the number of collected aerosol 

particles in unit time due to phoretic forces:  

 

 

 

4
,

1

d p v v th

ath df v v v

a v v s

r n sf L fdN C

dt pL L R T

k T R T D e T



 

  

 
  
    

   
  

 (5) 

 

where ,s T , ak , p , a , and vD  are the supersaturation, temperature, thermal 

conductivity, pressure, density of air, and diffusivity of vapor in the air, 

respectively; vR  is the gas constant for the water vapor, vL  is the evaporation 

heat, se  is the saturation vapor pressure over flat water surface. vf  and thf  

represent the ventilation coefficient and thermophoretic force, respectively 

(Pruppacher and Klett, 1997). C  is the Cunningham-correction, which value 

depends on the Knudsen number. While in the case of evaporating drop the 

motion of the aerosol particles is directed toward the surface of the water drop 

(the right side term in Eq. (5) is larger than zero), in the case of diffusional 

growth the direction of the motion is opposite (the right side term in Eq. (5) is 

less than zero). The effect of the phoretic forces is dominant if the size of the 

aerosol particles is about 0.1 µm (Wang, 2002). The phoretic force results in 

collision between the submicron aerosol particles and the water drops in the 

subsaturated regions where the drops evaporate. This condition is realized in the 

precipitation zone and at the lateral edge of the cloud. 

If the radius of the aerosol particles is larger than 1 μm, the phoretic forces 

hardly affect their motion. They are collected by the water drops due to the 

gravitational collection. The following equation gives the number of aerosol 

particles collected by a water drop in unit time due to gravitational force:  
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where E  is the collection efficiency, dr  and pr  are the radius of the water 

drop and the aerosol particles, respectively. tv  is the terminal velocity of the 

water drop.  

3. Results 

Formation of the water drops and washout of the aerosol particles were 

examined in the case of three different air mass types: maritime, rural, and 

remote continental. Initial size distributions of the aerosol particles (Fig. 1) were 

given by equations published by Jaenicke (1988). These equations are frequently 

used in numerical experiments (e.g., Bott, 2000; Leroy et al., 2006; Caro et al., 

2004; Mircea et al., 2000). 

Fig. 1. Initial size distribution of the water soluble (square symbol) and water insoluble 

(circle symbol) aerosol particles in three different air mass types: (a) maritime, (b) rural, 

and (c) remote continental. 

 

The spatial distribution of the supersaturation gives information about the 

development of the cloud. In addition, the phoretic force depends on the 

subsaturation (see Eq. (5)). The supersaturation is affected by the adiabatic 

rising of the moist air and by the formation and condensational growth of water 

drops (Cohard et al., 1998). The supersaturation rapidly increases above the 

cloud base until it reaches its maximum value. Thereafter it decreases gradually, 

and at about 100 m above the cloud base it becomes near constant. Most of the 

haze particles reach their critical size in the updraft region, near to the cloud 

base where supersaturation is the largest. Fig. 2 shows the simulated vertical 

profile of the supersaturation at 0.5 m/s and 1.2 m/s maximum updraft velocities 

at different aerosol concentrations. 
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Fig. 2. Vertical profile of the supersaturation in case of maritime (I), rural (II), and 

remote continental (III) air masses at t = 10 min (black cycle), t = 20 min (white cycle) 

and t = 30 min (black and white triangle) according to initial supersaturation (solide line) 

at maximum updraft velocity of 0.5 m/s (a) and 1.2 m/s (b).  

 

In case of weaker maximum updraft velocity (wmax = 0.5 m/s), the super-

saturation reached its maximum value at about 300 m above the surface, and 

after a small diminution it became nearly constant with increasing altitude. The 

largest maximum supersaturation value occurred in the case of the maritime air 

mass, because the low CN concentration resulted in lower concentration of 

droplets. Above the cloud top, the saturation suddenly decreased in all 
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simulation times. With increasing time, reduction rate decreased. In the 

downdraft region, the relative humidity decreased at lower altitude. After 

30 minute of simulation time, the rate of the depletion significantly decreased. 

Below the cloud base, the relative humidity slightly increased due to the 

evaporation of falling droplets. 

When the maximum updraft velocity was stronger (wmax = 1.2 m/s) the 

maximum supersaturation occurred at lower altitude at the beginning 

(10th
 
minute) than in the case of weaker maximum updraft. With increasing 

time, the position of the maximum of the supersaturation rose to higher 

altitude. In the downdraft core, the relative humidity depended on the 

adiabatic descend of the air and the evaporation of the water drops. While the 

warming due to adiabatic descend reduces the relative humidity, the 

evaporation of the water drops increases it. The decrease of the relative 

humidity until about the 10th minute of the simulation was the consequence 

of the dry adiabatic descend of the air. The appearance of water drops after 

the 10th minute resulted in increase of the relative humidity everywhere in 

the downdraft. This explains that the relative humidity was lower in the case 

of stronger updraft until the 10th minute of the simulation than in the case of 

weaker updraft. The increase of the relative humidity was the consequence of 

the evaporation of the water drops in the down draft core. While this process 

confined to near to the top of the domain in the case of weaker updraft, 

evaporation of the water drops occurred in an about 400 m deep layer in the 

case of the stronger updraft. (See the layer where the supersaturation is eaqual 

to zero in the right coloumn in Fig. 2b.) The effect of evaporation was the 

largest in the case of remote continental air mass type (IIIrd row in Fig. 2b.). 

This can be explained by the fact, that the total surface area of the water 

drops was the largest in this case. 

Some features of simulation are summarized in Tables 1 and 2. The domain 

integrated number concentration or mixing ratios (M), furthermore, the domain 

and time integrated production terms (P) were calculated by the following 

equation: 
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           (7) 

 

where x  and y  are the horizontal and vertical distances between the grid points, 

respectively, a  is the density of air, t  is the time step, maxn  is the number of time 

steps used during the simulation; jip ,  is the production term calculated at the grid 

point ji,  and jiM ,  is the number concentration or the mixing ratio of the aerosol 

particles. 

Table 1 shows the time and domain integrated production term for the 

condensation of vapor, change of the number concentration, mixing ratio and 
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aerosol mass of the wet aerosol particles due to condensation, and the change of 

the concentration of the water drops due to the collision-coalescence. 

 
Table 1. The following domain integrated production term: change of the mass of wet 

aerosol particles-water drops due to condensation ( cΔM ); transfer of the dry aerosol 

particles to wet aerosol particles due to the increase of the relative humidity. Number 

(column a), mass of water plus aerosol (column b), only aerosol mass (column c); 

decrease of the number of the water drops due to drop-drop collision 

 

 cΔM  

 

N  

(a) 

wM   

(b) 

aM  

(c) 

wN  

 
Updraft 

 (kg m
–1

) (m
–1

) (kg m
–1

) (kg m
–1

) (m
–1

) m/s 

Maritime 1.31 × 10
2
 9.54 × 10

13
 4.80 × 10

–2
 2.40 × 10

–2
 – 4.50 × 10

11
 

0.5 Rural 1.31 × 10
2
 4.43 × 10

14
 5.37 × 10

–2
 2.68 × 10

–2
 – 4.45 × 10

11
 

Remote continental 1.31 × 10
2
 2.02 × 10

15
 6.19 × 10

–2
 3.09 × 10

–2
 –3.81 × 10

11
 

Maritime 2.07 × 10
2
 9.72 × 10

13
 4.80 × 10

–2
 2.40 × 10

– 2
 –1.84 × 10

12
 

1.2 Rural 2.09 × 10
2
 4.62 × 10

14
 5.37 × 10

–2
 2.68 × 10

–2
 –1.42 × 10

12
 

Remote continental 2.11 × 10
2
 2.12 × 10

15
 6.21 × 10

–2
 3.10 × 10

–2
 –1.08 × 10

12
 

 

The increase of the total water content was caused by the condensational 

growth of the wet aerosol particles and water drops. Both the wet aerosol particles 

and water drops evaporated in the subsaturated region. Similarly to the results 

published by Szumowski et al. (1998), our results show that the water drops, that 

remained in the updraft core, permanently grow, and the water drops that fall out 

from the updraft into the outflow, remain small, or completely evaporate. This is 

demonstrated by the joint size distributions of the water drops and of wet aerosol 

particles in Figs. 3 and 4. The mean size of the water drops increases in the updraft 

core and decreases in the downdraft regions. Another important feature of the size 

distributions is that while they were getting narrower in the ascending air due to the 

condensational growth of the water drops and due to the evaporation of the wet 

aerosol particles which did not reach the critical size, they got wider due to the 

evaporation of the water drops in the downdraft. Near to the surface in the 

downdraft region, the size distribution should be similar to that of the initial size 

distribution of the aerosol particles due to the complete evaporation of the water 

drops. The differences can be the consequence of the following reasons: (i) some of 

the water soluble aerosol particles can be captured by the water drops due to different 

scavenging mechanisms; (ii) numerical deficiency. During the calculation, the 

discrete bin width limits the information about the mass of the aerosol particle inside 

of the drops. This uncertainty of the mass of aerosol particles inside the water drops 

caused fluctuations in the number concentration of the regenerated aerosol particles 

at the submicron size in the downdraft core. To avoid this effect, the size 

distribution can be smoothed by calculation of the mean value of the concentration 

in three neighboring bins (nk – 1, nk, nk + 1) (Geresdi and Rasmussen, 2005). 
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Fig. 3. The evolution of size distribution of the water drops in maritime (a), rural (b) and 

remote continental (c) air masses at t = 10 min (black square),  at t = 20 min (white cycle) 

and at t = 30 min (black and white triangle) according to initial size distribution of water 

soluble aerosol particles at 0.5 m/s maximum updraft velocity in the updraft core (x = 500 

m) and in the downdraft core (x = 1500 m). 
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Fig. 4. The evolution of size distribution of the water drops in maritime (a), rural (b) and 

remote continental (c) air masses at t = 10 min (black square), t = 20 min (white cycle) 

and t = 30 min (black and white triangle) according to initial size distribution of water 

soluble aerosol particle at maximum updraft velocity of 1.2 m/s in the updraft core 

(x = 500 m) and in the downdraft core (x = 1500 m). 
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The initial size distribution of the water soluble aerosol particles significantly 

affects the size distribution of the water drops form on them. The concentration 

of the water drops less than 25 μm was the smallest in the case of maritime air 

mass and it was the largest in the case of remote continental one (Fig. 5). 

 

Fig. 5. The evolution of size distribution of the water drops in maritime (a), rural (b), and 

remote continental (c) air masses at maximum updraft velocity of 0.5 and 1.2 m/s. 

 

Due to the small concentration of water soluble aerosol particles less water 

drops formed in the maritime airmass. Hence, more water vapor condensed on 

each of these drops. As a result, the mean mass of drops was larger in the 

maritime airmass than in the rural and remote continental airmasses. This result 

was reported also by Leroy et al. (2006), Reisin et al. (1996), and Rasmussen et 
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al. (2002). As the efficiency of the collision-coalescence of the water drops 

strongly depends on the mean size of the drops, the concentration of the drizzle 

size water drops (r > 25 μm) was the highest in the maritime case. The mixing 

ratio of these drops was ten times larger in the maritime case than in the rural air 

mass case (Fig. 6). The water drops were rising until their terminal velocity was 

equal to the vertical velocity of air and, thereafter, they began to fall down. The 

fall-out of the rain drops began earlier in the maritime air mass due to the larger 

terminal velocity of the rain drops. 

 
 

Fig. 6. Mixing ratio of the rain drops in maritime (a), rural (b), and remote continental (c) 

air mass types at two different maximum updraft velocities by the end of simulation. 

Scale is given in kg/kg. 



160 

 

Table 2 shows the domain and time integrated values of the production 

terms, that give the change of number and mass of the water soluble and water 

insoluble aerosol particles due to Brownian and phoretics effects. 

 

Table 2. Domain and time integrated value of the change of concentration ( sN ) and 

mixing ratio ( sΔM ) of water soluble and insoluble ( isN , isΔM ) aerosol particles due to 

Brownian and phoretic collision with water drops, initial domain integrated concentration 

and mixing ratio of the water soluble and insoluble aerosol particles 

 

 
sN  sΔM  isN  isΔM  Updraft 

 (m
–1

) (kg m
–1

) (m
–1

) (kg m
–1

) m/s 

Maritime –6.09 × 10
8
 –3.65 × 10

–10
 – 6.33 × 10

11
 –5.55 × 10

–6
 

0.5 Rural –1.22 × 10
10

 –3.26 × 10
–9

 –1.36 × 10
13

 –1.40 × 10
–5

 

Remote continental –5.59 × 10
10

 –1.45 × 10
–8

 –1.45 × 10
14

 – 6.69 × 10
–5

 

Maritime – 4.98 × 10
8
 –2.97 × 10

–10
 –1.35 × 10

12
 –7.87 × 10

–6
 

1.2 Rural –9.69 × 10
9
 –2.56 × 10

–9
 –3.03 × 10

13
 –3.27 × 10

–5
 

Remote continental – 4.48 × 10
10

 –1.16 × 10
–8

 –3.03 × 10
14

 –1.43 × 10
– 4

 

 
s0N  s0M  is0N  is0M   

 (m
–1

) (kg m
–1

) (m
–1

) (kg m
–1

)  

Maritime 9.86 × 10
13

 2.40 × 10
–2

 6.60 × 10
13

 8.34 × 10
–3

 

0.5 Rural 4.75 × 10
14

 2.69 × 10
–2

 4.28 × 10
14

 9.52 × 10
–3

 

Remote continental 2.19 × 10
15

 3.11 × 10
–2

 2.11 × 10
15

 1.19 × 10
–2

 

Maritime 9.86 × 10
13

 2.40 × 10
–2

 6.60 × 10
13

 8.34 × 10
–3

 

1.2 Rural 4.75 × 10
14

 2.69 × 10
–2

 4.28 × 10
14

 9.52 × 10
–3

 

Remote continental 2.19 × 10
15

 3.11 × 10
–2

 2.11 × 10
15

 1.19 × 10
–2

 

 

For the depletion rate of aerosol particle due to nucleation scavenging we 

got similar result to that of published by Zhang et al. (2004). They investigated 

aerosol scavenging by low-level, warm stratiform clouds and precipitation using 

a one-dimensional model with detailed cloud microphysics and size resolved 

aerosol particles and hydrometeors. By the end of the simulation, more than 

90% of the water soluble aerosol particles and more than 99% of the mass of the 

water soluble aerosol particles were depleted due to the formation of water drops 

in each case. The rate of condensation increased with the strength of the updraft. 

Negligible fraction of water soluble particles was scavenged due to the 

Brownian and phoretics effects. These results also agree with that of published 

by Zhang et al. (2004). Fig. 7 shows the time integrated change of the 

concentration of the water insoluble aerosol particles in the case of 0.5 m/s and 

1.2  m/s maximum updraft velocities by the 30th minute of the simulation. In 

case of smaller clouds (weaker updraft) the aerosol particles were scavenged just 

inside the clouds. While in case of larger clouds (stronger updraft) the drops 

collected the particles at the edge of clouds and in the downdraft core too. 

Collection was most significant in the upper divergence region. The high 

collection rate in the remote continental and rural airmass was the consequence 

of the larger total surface area of the droplets in a unit volume of the air. 
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Comparing the initial and final size distributions of the aerosol particles, the 

total number of water insoluble aerosol particles decreased by 1% and 2% in the 

case of maritime airmass, 3% and 7% in the case of rural airmass, and 7% and 

14% in the case of remote continental airmass at maximum vertical velocities of 

0.5 m/s and 1.2 m/s, respectively. 

 

 

Fig. 7. Concentration of the water droplets in maritime (a), rural (b), and remote 

continental (c) air mass types at two different maximum updrafts velocities by the end of 

the simulation. Scale is given in 1/mg. 

 

The reduction in mass of the water insoluble aerosol particles was just a few 

tenth percents in each case. It follows from the fact that relatively more small 

particles were collected than large ones. The relative efficiency of scavenging of 
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the aerosol particles less than 0.1 µm means that scavenging of the water 

insoluble particles was mostly governed by the Brownian effect inside the cloud.  

To investigate the efficiency of the scavenging in different regions of the 

domain, the following equation was calculated: 

 

 
0

0

,t
eff

N N
Scav

N


   (8) 

 

where 0N  and tN are the number concentration of the aerosol particles at a 

given grid point at the beginning and the end of the simulation, respectively. 

Figs. 8a and 8b show the efficiency of scavenging in the case of remote 

continental airmass, when the maximum of the updraft velocity was 0.5 m/s and 

1.2 m/s, respectively. 

Fig. 8. Collection efficiency of the Brownian, phoretic, gravitational and dynamical 

processes at maximum updraft velocities of 0.5 m/s (a) and 1.2 m/s (b) in the remote 

continental airmass at three different grid points. 

 

The three grid points represent three different regions of the domain. The 

left side figures in Figs. 8a and 8b represent the updraft region near to the top of 

the cloud. Figures at x = 1000 m represent the cloud region where only 

horizontal flow occurs. The right side figures show the scavenging efficiency in 

the downdraft regions. It is clearly shown that the steepness of the curves is very 

similar at different grid points and at different maximum updraft velocities, as 

well. The difference between Figs. 8a and 8b indicates that it takes longer time 

to reach the steady state in the case of weaker updraft. The aerosol particles less 
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than 0.1 µm were collected most efficiently by Brownian motion. The effect of 

Brownian motion strongly decreased above this particle size (Young, 1974). In 

the size range of 0.1 µm to 1 µm, only less than 1 percent of the particles were 

scavenged due to phoretic forces. The effect of the gravitational force was 

negligible. This force would have changed the concentration of the micron size 

particles considerably if the size of the hydrometeor had reached the value of 

100 –200 µm. 

4. Summary  

The aim of our research was to study the cycle of aerosol particles in 

stratocumulus clouds using a detailed microphysical scheme in the case of 

maritime, rural, and remote continental air mass types and at different dynamic 

conditions. In this study we focused on the following processes: 

4.1. Drop formation and regeneration of aerosol particles 

The model was able to simulate the regeneration of the water soluble aerosol 

particles. Neglecting the effect of numerical deficiency caused by the limits of 

information about the mass of the aerosol particle inside of the drops, the initial 

size distribution of the water soluble aerosol particles and the size distribution of 

the regenerated aerosol agree well.  

The size distribution of the wet aerosol particles was mostly affected by the 

nucleation scavenging. Because the mean drop size was relatively small even in 

the case of maritime airmass, the collision-coalescence of the water drops hardly 

affected the size distribution of the regenerated aerosol particles. 

4.2. Scavenging of water soluble and water insoluble aerosol particles  

The water soluble aerosol particles diminished more than 90% in number and 

more than 99% in mass during the drop formation. Only about 0.1% of the water 

soluble particles were collected due to Brownian and phoretic forces.  

The efficiency of scavenging of water insoluble aerosol particles depended 

on the initial concentration of the water soluble aerosol particles and on the 

intensity of the updraft.  

Depending on the initial concentration of aerosol particles and the intensity 

of the updraft, about from 1 to 14% of the insoluble aerosol particles were 

collected by the different scavenging processes. In the case of more intense 

updraft, the aerosol particles were removed most efficiently in the downdraft 

core. The decrease of the number concentration was most significant in the size 

range of 0.01– 0.1 µm due to the Brownian motion.  

The results of numerical simulation show that phoretic effects hardly affect 

the washout of the aerosol particles in the case of the precipitable stratocumulus. 
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Thus the aerosol particles which do not contain water soluble fraction and their 

size is between 0.1 and 1.0 µm can have a relative long atmospheric retention 

time. Further research about how the other cloud types with more efficient 

precipitation formation can affect the washout these particles is necessary. 
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