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Abstract The atmosphere contains suspended particles of various origins natural or anthropogenic that constitutes the
atmospheric aerosol. The aerosol cloud interaction is a fundamental mechanis m that influences the precipitation process.
To study the impact of marine aerosols, especially those generated in coastal areas, on the dynamics and microphysical
behavior of the clouds, two numerical models were coupled. The first, calculates the coastal marine aerosol spectrum that
could be generated under a given weather condition at the sea surface. The predicted spectrum is then introduced, as initial
aerosol spectra, to a cloud model with a detailed microphysics. The simulations performed have focused on a convective
cloud (mixed phase) using distinct initial aerosols spectra of different origins in order to highlight the potential effect of
marine aerosol naturally produced in surf zone on the dynamics and microphysics of the cloud. The results carried out
indicates an important contribution of marine aerosol in the process of precipitation formation by promoting an early start

of precipitation at lower altitudes, leading to increased amounts of precipitation reaching the ground.
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1. Introduction

The aerosol-cloud interactions represent a fundamental
mechanism influencing rain process. Through the washout
processes, the precipitation plays an important role in the
elimination of atmospheric pollutants whether they are in the
gaseous, liquid or solid state. On the other hand, clouds are
also responsible for the vertical redistribution of gas and
particles all along atmosphere as well as for their transport.
When clouds form, they contain millions of water droplets in
each cubic meter of air. Each of the cloud droplets is formed
through condensation of the water vapor on the aerosol
particles. The cloud model ExMix (External Mixture) has
been developed to study mixed-phase clouds by integrating a
detailed microphysics of the whole process of formation,
growth and precipitation ([1],[2],[4]).

EXMIX is dedicated to the different mechanisms behind
the cloud formation and decay. The microphysics processes
governing the growth of the water droplets inside the cloud
depend on both the initial size spectrum and the chemical
composition of aerosols caught in the updrafts feeding the
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cloud. The model EXMIX takes into account the initial
thermodynamic profile and the aerosol spectrum in terms of
distribution and chemical composition (solubility). This
cloud model is based on a concept to follow every step of the
evolution ofaerosol particles (wetting, formation and growth
of droplets and ice crystals).

The number, the size distribution and the composition of
atmospheric aerosols vary in time and space in response to
their origin, arising froma variety of production sources and
meteorological conditions. The aerosol sources can be of
natural or anthropogenic origin. The coastal area represents a
specific zone for cloud formation since convective processes
which take place over land can be transported towards the
ocean. In this case, aerosok caught in updrafts may have a
mixed origin: sea spray aerosols punctually generated at the
sea surface are added to a continental contribution issued
fromnatural and/or anthropogenic sources[5].

With the soil dust, sea salt aerosol is the largest single
source of aerosol mass injected into the atmosphere. For
example, recent estimates suggest sea spray to be in the
range of 10°to 10* Tg.yr* dry mass[6]. The aerosol mixture
in coastal zones is strongly related to the changes in the wind
direction that could be in turn accompanied by variations in
meteorological parameters.

While statistical, observational and numerical studies
demonstrate a significant effect of marine aerosol particles
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on precipitation amount and spatial distribution (see [7-11]),
special interest is given, in this paper, to the effect of aerosols
produced in coastal area on the formation of convective
clouds and precipitation processes. To this end, three distinct
aerosol formulations were introduced, as initial aerosol
spectrum, to the cloud model EXMIX. The first aerosol
model is for particles of and unpolluted continental origin
based on the work of Sellegriet al.[28]. The second oneis for
marine aerosol spectra developed by Jaenicke et al.[12] and
the last one concern the Mediterranean coastal aerosol model
MEDEX][13] which is dedicated to coastal conditions. To
highlight the importance of the contribution of marine
aerosols spectrum and in particu lar those formed in coastal
area, sensitive simulations were conducted taken, as a
reference case, the well documented summer convective
situation of the July 19, 1981 and varying only the initial
aerosol spectrum. The present results show that in presence
of marine aerosols, some microphysical properties of the
cloud evolution as well as the conditions for triggering
rainfall are affected, and hence, the collected quantities on
the ground. In particular, results indicate that precipitations
are formed earlier, at lower altitudes and induce a larger rain
accumulation at the surface.

2. Design of Numerical Experiments

To study the impact of marine aerosols, especially those
formed in coastal areas, on the dynamics and microphysical
behavior of the clouds, two numerical models were used.
The first is a cloud model with a detailed microphysics. The
second calculates the coastal marine aerosol spectrum that
could be generated at the sea surface under a given weather
condition.

2.1. The Cloud Model EXMIX

The cloud model ExMix (External Mixture) has been
developed to study mixed-phase clouds by integrating a
detailed microphysics of the whole process of formation,
growth and precipitation[2-4]. The model takes into account
the initial thermodynamic profile and the aerosolspectrum in
terms of distribution and chemical composition (solubility).
This cloud model is based on a concept to follow every step
of the evolution of aerosol particles (wetting, formation and
growth of droplets and ice crystals).

To this end, two-three dimensional number density
distribution functions are used: the first one, fya: (M, Map N, X)
deals with wet aerosol particles and water droplets and the
second one, Fice (M, Map N, X) is dedicated to ice crystak. The
parameter m designates the hydrometeor mass, while map
is the mass of the original aerosol particle that served as
cloud condensation nuclei (CCN) or as ice nuclei (IN) and x
describes the chemical composition of the aerosol. The
logarithmic mass grid is equally spaced with 90 bins for the
mass of aerosol particles and 150 bins for the mass of
hydrometeors. The dynamic of the model is based on the
work of Asaiand Kasahara[14]. The convective cloud and its

environment are represented by two concentric cylinders.
The first one constitutes the main body of the cloud and the
area of ascending air flow while the second one the
non-cloudy subsiding environment. As the radius of the
outer cylinder is ten times greater than the inner one, it was
assumed that the strong motion inside the cloud has a small
impact on its environment and as a consequence, the
environmental variables remain unchanged during the
simulation. Only the vertical velocity in the outer cylinder
changes with time and describes the compensating
downdraught. The model is called 1D/, seeing the dynamics
and turbulent exchange between the two cylinders. The air is
represented using nine parameters, i.e., the three components
of air velocity, its density and temperature, pressure, water
vapor quantity and distributions in number of particles. Each
parameter is assumed to be horizontally homogeneous in
each cylinder. The microphysical part of the model includes
the processes governing the drop formation, vapor growth,
collisional growth, evaporation, melting and glaciations. At
the initial time, aerosol particles are considered in
equilibrium with the atmosphere following the Kohler
equation. Droplets and wet aerosol particles can then grow
due to condensation or collision / coalescence processes. The
digital processing of condensation occurs in two steps: First,
calculate the growth speed of the droplet by condensation
according to the equation of Pruppacher and Klett[15]. The
advection is then calculated using the scheme of
Smolarkieviecz[16]. Ice crystals are assumed to be of type
column[3] in cirrus clouds or spherical in the case of mixed
phase clouds[4]. Ice crystals are formed by heterogeneous
nucleation as described by Meyers et al.[17]. Once formed,
Ice crystals grow by vapour deposition and riming following
Pruppacher and Klett formulae[15] and also by collision and
coalescence. The process of the droplets coalescence by
larger drops is also represented by Pruppacher and Klett and
the stochastic equation of collision is solved using the
numerical scheme proposed by Bott[18]. Additional ice
particles can be also produced by secondary ice production
with respect to Cardwell et al.[19] for temperatures between
-8°C and -3°C peaking at -5°C according to Hallet and
Mossop[20].

The model EXMIX was tested for mixed phase clouds[4]
by using as reference case the summer convective cloud
observed at Miles City the July 19, 1981 during the CCOPE
(Campaign Cooperative ~ Convective  Precipitation
Experiment) held in Montana (USA). This day has been
marked by instable weather conditions making possible the
development of small and isolated convective cells. Results
of model simu lations were compared to observed data taking
into consideration the important means deployed to study the
cumulonimbus of July 19, 1981[21]: two weather radar,
three aircraft for in situ measurements (King Air,
Aerocommander and Queen Air) equipped with FSSP, 2D-C
and 2D-P probes and a sailp lane launched in the main updraft
area.

2.2. The Aerosol Model



Geosciences 2013, 3(2): 35-47 37

2.2.1. Typical Variation of the Aerosol Concentrations in
Coastal Areas

Acerosol particles in coastal areas results froma complex
mixing between sea spray aerosols locally generated at the
sea surface by breaking waves and a continental component
issued from natural and/or anthropogenic sources. The
concentrations of sea-spray aerosols are determined by the
balance between production and removal, which is strongly
dependent on the wind speed. Piazzola et al.[13]
demonstrates, using in situ measurements in the
Mediterranean sea, that the concentrations of coarse particles
(> 1 um), which at longer fetch (i.e., the distance over water
for which the wind has blown without any major change in
intensity and direction) are assumed to be dominated by
sea-salt particles ([22],[23]), increase with increasing fetch.
In contrast, the concentrations of sub-micrometer particles
decrease at larger fetch. Thus, this modification in particles
distribution represents an example of the transition from a
continental to a marine aerosol as the air mass is advected
over the sea. Similar observations were made by Van Eijk
and De Leeuw[24] and Vignati et al.[25] in other coastal
locations.

The study of the aerosol size spectrumbehavior at a given
fetch but for different wind speeds shows that the
concentration of coarse particles increases with wind speed.
This is ascribed to the increased production of sea salt
droplets at the surface. In contrast, the concentrations of the
sub-micrometer particles decrease slightly as the wind speed
increases. For such short fetches, the land-originated
particles prevail in the sub-micron range and their
concentrations increase with decreasing wind speeds due to
accumulation caused by slower dispersion as noted in[25]
and in[26]. However, for larger fetches and higher wind
speeds, we can note an increase of the sub-micrometer
particles with wind speed, probably due to the enhancement
of the marine contribution in this size range. Indeed,
although the submicron particles at shorter fetches are
predominantly from continental origin, production of
submicron sea sprays has been observed ([26],[27]).

2.2.2. The MEDEX Aerosol Model

To simulate the impact of a natural production of coastal
aerosols on cloud microphysics behavior, three different
parametric models for the aerosol size spectrum were used
as input of the EXMIX model. The first model is based on
aerosol measurements recorded at Puy de Dome (France)
and is characteristics of continental and unpolluted air
masses[28]. The second aerosol model used for the
simulations is the marine spectrum given by Jaenicke[12],
which is often used for cloud models and the third one is the
model MEDEX, which deals with coastal conditions[13].
The first and the second aerosol size spectrum are described
using a sum of lognormal functions as reported in the
following equation:
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where o;j represents the geometric standard deviations, r; the
geometric mean radius and n;, the number of particles per
cubic centimetre and k the number of the lognormal
components. The values of these parameters depend on the
origin of particles. The values of the spectra of Sellegri[28]
and Jaenicke[12] are listed in Table 1.

Table 1. Initial aerosol spectrum as a sum of log-normal distrig)ut ion
functions where n;, Ri and o; are the total number concentration (cm®), the
geometricmean radius (um) and geometric standard deviation of aerosol for
eachmode i. U isthe wind speed at 10m ahove the ground (m/s) and X isthe

length of the fetch (Km)
Concentratio Radii R;
Spectrum n Ni (am?) (um) Log (oi)
Continental and N;=997 R;=0.001 log(c1)=0.328
unpolluted aerosol N,=842 R,=0.0218 | log(cz2)=0.505
(Sellegri[28]). N,=7.1.10* Rs=6.24 | log(cs)=0.277
S N1=133 R1=0.004 log(c1)=0.66
'vg;g‘nﬁ a‘(jflnz'%‘e N=666 | R:=0133 | log(cs)=021
N3= 3.1 R3: 0.29 log(03)= 04
Costal marine
spectrum A.1/f=5816,69 R1=0.03 C=1241
calculated using A/f=3498 R,=0.24 C,=1357
MEDEX As/f=0,028 Rs=2.0 C3=15508
(U=20m/s, A4/f=0,0005 R4=10.0 C4=10
X=30km)
Costal marine
spectrum A.1/f=5816,69 R1=0.03 C;=1,033
calculated using Ax/f=5905 R,=0.24 Co=11%
MEDEX As/f=0,089 Rs=2.0 Cs=1,184
(U=20m/s, A4/f=0,001 Rs=10.0 Cs=10
X=90km)

To include coastal effects in the aerosol model for the
prediction of aerosol concentrations, Piazzola et al.[13]
proposed the coastal Mediterranean aerosol model (M EDEX)
based on an extensive series of measurements on the island
of Porquerolles (off the French Mediterranean coast, located
at about 5 km from the coastline). The main inputs of the
coastal Mediterranean aerosol model are both the wind speed
and the fetch. The Mediterranean coastal aerosol model is a
modification of the Navy Aerosol Model (NAM) developed
by Gathman[29] and it is formulated analogously to the
model proposed by Piazzola et al.[30] on the basis of an
aerosol data set acquired on the island Inisheer. As in the
model NAM, the particle size distribution dN(r)/dr of the
coastal aerosol model is calculated as the sum of modified
lognormal functions:

%_T:iéexp{—ci(ln(rl )’ | 2

where i gives the number of the lognormal component of
N(r), roi are the mode radii (in um), i.e., rp;=0.03 um, ro,=
0.24 pm, rp3 = 2.0 pm, ros = 10 um. f, Aj and C; represents
respectively the dimensionless humidity growth factor, the
concentration (in cm®pm™) and the width of the i mode.
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Equation (2) is an equivalent of equation (1) and
transformation equations can be used to equate the first
formulae to the second one, see for example[32]. The basic
principles of the coastal aerosol model is that the aerosol
concentration vary differently with the fetch and the wind
speed, ifthe particles are generated fromthe local sea surface
source (seaspray) orare transported from otherplaces (small
anthropogenic or continental aerosols). The coefficients of
the various modes are parameterized not only as a function of
the wind speed but also of the fetch (for the detailed
equations, see also[31]). The fetch dependence of the
coefficients Ap, Az and A, was determined using linear
regression on the concentration versus wind speed for
particles of 0.24 pum, 2 um and 10 pm radius. Having
obtained the parameterization of A,, Az and A4, the four
widths, Cj, were obtained from a multi-variable fit to the
experimentalsize distributions as function of wind speed and
fetch. Subsequently, plots of the regression parameters
(slopes and intercepts of the concentration/wind speed plots)
versus fetch were fitted to an exponential function. This
procedure resulted in mode concentrations as functions of
wind speed and fetch which allows for coastal influence in
all modes; even that sea spray dominates both the coarse
mode and the fourth modes. This parametric model showed
good performances when comparing to aerosol distributions
measured in different Mediterranean sites ([31],[33]).

2.3. The Simulations Conducted

As the cloud model EXMIX was validated for the CCOPE
convective cloud observed in July 19, 1981, the model was
initialized using the vertical sounding of Miles City that
provides thermodynamic parameters such as temperature
and humidity. Concerning the initial aerosol spectrum,
aerosol particles were assumed to be a pure ammonium
sulfate (NH,),SO4 with a density of 1.77 g cm™ and entirely
soluble (e,=1). The effect of chemical composition processed
in the model in terms of solubility has been developed by
Leroy et al[4] showing a reduction in the amount of
precipitation collected at the ground when the solubility of
aerosols considered decreases.

The sensitive studies were made based on the conducted
simu lations. Only, the initial aerosol distribution function is
modified from a simulation to another. The first simulation

was conducted using a continental aerosol spectrum
calculated based on aerosol measurements at Puy de Dome
(France) in a continental and unpolluted air mass. The results
are compared to those of the second simulation conducted
using the marine spectrum given by Jaenicke[12]. This
comparison is made to examine the impacts of introducing
marine aerosol spectrumon both dynamics and precipitation
formation mechanisms. Furthermore, a third simulation was
made using as initial aerosol spectrum the coastal marine
aerosol distribution calculated by the model MEDEX for a
given surface meteorological conditions.

A possible way for coupling the aerosol model MEDEX
and the cloud model EXMIX is to start from the initial
thermodynamic profile of the model EXMIX, the weather
conditions at the surface are deduced in terms of surface
wind, humidity and temperature. These data constitutes the
inputs of the aerosol model MEDEX to calculate the aerosol
spectrum. The MEDEX predicted aerosol spectrum is
then introduced in the EXMIX model as initial aerosol
spectrum.

3. Results and Discussion

3.1. Simulation with Continental Aerosol Spectrum

The first simulation was run using a continental spectrum.
In Figure. 1, the updrafts speed reach a maximum of 19 ms™
established after 10 minutes of integration at an altitude of
4400 m. The updrafts remain strong inside the cloud with
vertical velocities ranged between 12 and 18 ms™. After 30
minutes of integration, an organized subsiding draft settles
between an altitude of 8000 meters and the soil surface with
a maximum exceeding 6m/s located at 4400m near of the
cloud base and also at the vicinity of the ground. From 40
minutes of integration, this subsidence arising from
precipitating particle fall continues in the lower layers as the
rain reaches the ground.

The second area of updrafts that occurs inside the cloud is
induced by a temperature increase (Figure. 1) associated
with a phase change ice/liquid that occurs during the
precipitation stage. The succession of ascending and
subsiding episodes is typical of mixed phase clouds such as
cumulus.
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Figure 1. Time evolution of vertical velocity (m/s) andtemperature (°C)- dashed line (case of initial continental aerosol spectrum)
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Figure 2. Evolution of liquid water content in gm® asa function of height (meters) and time () for initial continental aerosol spectrum. The cloud droplets
(r <40um) are in black and in blue precipitating droplets

The cloud base, represented by the contour of 0.1 is gm® in Figure. 2, is around 3700 mabove mean sea level (MSL) and
the peak (9.7 km) is reached twenty minutes later. Hydrometeors, with a precipitating size, appear 33 minutes after the
formation of the cloud at high altitudes (9200 m). The maximum cloud liquid water content for cloud droplets with sizes
smaller than 40 um is 1.25 gm® and 1.5 gm™ for precipitating water. Since 24 minutes of integration, ice crystals appear
(Figure. 3) in the core of the cloud at 7600 m. After 40 minutes, the cloud above the melting level is even completely
glaciated.
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Figure 4. Timeevolution of vertical velocity (m/s)

3.2. Simulation with Marine Aerosol S pectrum

In the second simulation, the initial continental spectrum
of aerosols was replaced by a broad marine aerosol spectrum
using the model of Jaenicke[12]. As a result, Figure. 4 shows
that the updrafts are more prevalent between 4000 and 8000
meters height with a maximumof 18m/s. The downdrafts in
the cloud are shorter but become stronger near the surface
beyond 40 minutes of integration. As shown in Figure. 5,
precipitating water appears earlier (22 minutes instead of 33

minutes) at lower elevations (5400 instead of 9200 meters).
Rainfall reaches the ground more rapidly (37 minutes instead
of 48 minutes) and the amount of water collected on the
ground is more important with liquid water content up to 2
g/m® (Figure. 5).

3.3. Simulation with MED EX Predicted Aerosol
Spectrum

The coastal aerosols spectrum predicted by the model
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MEDEX depends mainly on the strength of the wind at the  wind speed. As the weather situation in the reference case
sea surface and the size of the sea surface under the (day ofJuly 19, 1981) is a purely convective, the horizontal
influence of this wind (fetch). The submicron particles wind speed measured at the surface is relatively weak (<4
decrease slightly as the wind speed increases while the m/s).

concentration of giant particles (radii> 2um) increases with
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Figure 5. Evolution of liquid water content in gm™ as a function of height (meters) andtime (s) for initial marine aerosol spectrum. The cloud droplets (r
<40um) are in black and in blue precipitating droplets

Consequently, in order to highlight the contribution of the sea-spray through the influence of both the wind speed and the
fetch, the model MEDEX was forced by a value of surface wind of 20 ms™ and fetch of 30 km. The calculated spectrum is
normalized to a relative humidity of 80% in order to compare accurately with various studies related to coastal marine
aerosols.
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The dashed line corresponds tothe results ofthe Figure 5 (case of marine aerosol spectrum)
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Figure 6 (case of marine aerosol spectrum)

In comparison to the first simulations, Figure. 6 shows
clearly that vertical velocities remain significant below 7000
meters height and the maximum values are encountered
during the development phase of the cloud at altitudes
between 3000 and 4000 meters with a value not exceeding
16m/s. The vertical negative velocities are, in cons, less
important within the cloud and the subsidence is no longer
triggered from the top of a cloud as is the case in the first
simu lations. Subsidence is more marked in the lower layers
up to 8 m/s associated with more intense rainfall. The second
updrafts episode is less marked and is limited to altitudes
below 5000m. The precipitating droplets are formed earlier
(14 minutes instead of 22 minutes in simulation 2 and 33
minutes in the simulation 1) and at even lower altitudes
(4000 m instead 0f5400 m in simu lation 2). After 35 minutes
of integration, all precipitating particles falls and the cloud is
justcomposed of small ice particles (radii < 40 pm) as shown
in Figure. 7.

3.4. Discussion

In the first simulation, it was noted that the number of
cloud particles formed in continental air masses is
predominant especially in the growth phase of the cloud
(Figure.11). However, the resulted precipitating liquid water
content is weaker compared to values obtained for the
simu lations using marine aerosols and the difference is more
evident in presence of coastal marine aerosols (Figure 11).
Actually, as already demonstrated[37-38], the number of
droplets forming in continental air masses is quite large, but
these droplets are relatively small, and hence, they do not fall
as precipitation and most of them remain suspended in
clouds and continue growing by diffusion.

In the same context, the updrafts velocities are stronger in
the continental case and cloud droplets reach higher heights

than in the maritime cases. The contribution of the ice
particles in the rain process is more pronounced in the
continental case (Figure.3) since cloud particles reach
heights cold enough to produce ice particles and to activate
the various growth processes of ice crystals and in particular
the secondary ice production detailed by Cardwell et al.[19]
and Hallet and Mossop[20].

Compared to the first and second simulations, the
precipitating particles are more prevalent at altitudes below
6600m instead of 8400m (Figure. 7) in the case of maritime
aerosol spectrum predicted by MEDEX model. Those
particles are formed earlier (since 20 minutes of integration)
at loweraltitudes between 4000mand 6000m (Figure. 11and
Figure. 12) where they reach their peak with a maximumrain
water content greater than 3g.m recorded at an altitude of
5000m. Indeed, all liquid and solid particles larger than
40um falls to reach the ground ten minutes earlier (Figure. 1
and Figure. 11). The produced quantities of water reaching
the soil are more intense and more important (Figure. 7 and
Figure. 13).

Since the first two modes of the spectrum calcu lated by
MEDEX are contaminated by a contribution from
continental aerosols, large concentrations of sub-micro meter
aerosols are predicted in particular for the nucleation and the
accumulation modes (respectively 10* cm® and 10? cm®).
The question in this case is to determine to what extent these
modes are responsible of the large amounts of precipitation
accumulated at the ground. In general, several modelling
studies [4],[34] and satellite imagery[8] have highlighted the
reduction of precipitation at the ground in case of convective
clouds developing in polluted environments. High
concentrations of small atmospheric aerosols are known to
reduce the size of cloud droplets, increase cloud albedo and
suppress precipitation formation. In contrast, cloud
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simulations suggest that even low concentrations of large
soluble aerosols should promote droplets growth and
rainfall.

In order to address this issue and to investigate the
possible effect of the two first modes of the MEDEX
predicted spectrum, a new simulation was performed by
adopting the same strong winds (surface wind speed of 20
nvs) blowing over a wider sea surface (large fetch of 90 km
instead of 30 km) to emphasize the production of large
particles to the detriment of submicron particles.

Consequently, the concentration of aerosol particles of small

1

43

size is reduced by 30% from 9.10° cm™® to 6.10° cm™® while
the production of large particles (> 2um) increases starting
from 8.10% cm® to 2.10° cm®. The results of this simu lation
are consistent with those already obtained while noting a
reinforcement of the vertical negative velocities up to -10
ms™ which are associated with a more intense rainfall
(Figure 8). The liquid water content is higher with values of
more than 2.5 gm® (Figure 9 and Figure 10) and the
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wind speed of 20 m/s and a fetch of 90km). The cloud droplets (r <40um) are in black and in blue precipitating droplets
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Figure 10. Evolution of ice content in gn™ as a function of height (meters) and time (s) forthe simulation with the Medex aerosol spectrum (surface wind
speed of 20 m/s and a fetch of 90km). The ice cloud droplets (r <40um) are in black and in blue precipitating ice particles
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Figure 11. Vertical profiles of the three parameters: vertical velocity in m/s, liquid water content of cloud droplet in gim® and Rain liquid content of
precipitating cloud droplets in g/m® for different phases of the cloud life (time=1200s, 1800s et 2400s). The red continue line and the magenta dashed line for
simulations with Medex aerosol spectrum with surface wind of 20m/s and fetches of repectively 90km and 30km. The blue line corresponds to the marine
spectrum andthe green line for continental aerosol spectrum

A comparison between the results for the two last simulations (Fetch of 30 kmand 90 km) shows that when the cloud has a
chance to move over a wide marine area under the influence of strong winds, more than 9 ms™, which represents the lower
limit for the natural production of the “giant” spume drops (with sizes larger than 10um) by surface tearing process at the
wave crest by the wind, the microphysical and dynamic behaviors of the cloud are affected in manner to promote and to
trigger the precipitation formation. The downdrafts are stronger than 10 ms™ at lower atmospheric layers. Those downdrafts
are linked to more intense precipitation reaching the soil with liquid water content passing from 2gm to 2.5gm™ in Figure.7
and to 3gm® in Figure. 10. The rain accumu lation at the ground is more important and it’s two times greater than the value
obtained for the maritime simulation using aerosol spectrum of Jaenicke (Figure. 13).
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Figure 12. Evolution of the vertical velocity in m/s and the liquid water content of cloud droplet in g/im® at the altitude of 6 Km
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Figure 13. Evolution of the rain accumulation at the ground (mm/m?) for the different simulations

4. Conclusions

In this study, three types of aerosol spectrum of different
origins were used. If the continental spectrum is more
focused on continental fine particles (r <0.1 pm) with major
concentrations around 10° cm?®, the marine spectrum of
Jaenicke[12] contains more large particles (between 0.2um
and 2um) with lower concentrations (about 10> per cm® of
air). The coastal marine spectra suggested by Piazzola et
al.[13] are characterized by the presence of giant particles
(around 10 pm) but with lower concentrations. In this case,
the transition from a continental aerosol spectrum to a
marine aerosol spectrum is synonymous to the introduction
of aerosol particles of large size. The impact of such change

in the initial spectrum of aerosol is much felt in terms of
dynamic and microphysical responses of the cloud.

From the dynamic standpoint, there is a reduction of the
spatial-temporal coverage of the maximum of the updrafts
and a strengthening of the subsidence especially in the lower
levels associated with more intense rainfall. The cloud is
then composed, in the higher altitudes, by non-precipitating
ice crystals.

In a microphysics point of view, there is an early starting
of the process of precipitation (10 minutes earlier) and at
lower altitudes (2600 meters below). Precipitation reaching
the ground is more importantand more intense. Those results
are in concordance with those commonly founded when
comparing results obtained for continental and marine initial
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aerosol spectra using other kind of cloud models[35-36].

Moreover, the simu lations also showed a difference in the
behavior of the cloud microphysics when taking into account
the natural production of coastal marine aerosols through the
coupling (MEDEX-EXMIX). The precipitating cloud
droplets forms at lower altitudes (less than 6000 m) and are
more prevalent in altitudes below 5000m. The liquid water
content is larger and the cloud is composed mainly by small
ice particles after that precipitating droplets falls. Areas of
updrafts were less marked and subsiding flows are stronger
in the lower layers. The amount of water reaching the soil is
more important and is twice higher than those obtained using
an initial marine spectrum (Jaenicke [12]) and four times
higher compared to those associated to a continental
spectrum. Since the first mode of the MEDEX predicted
spectrum is contaminated by coastal aerosols with
continental origin and considering that their concentration
decreases in the presence of strong winds blowing over a
long fetch ([25],[31]), simulations have been performed
again for wider fetches (90 km). The results show similar
microphysical and dynamic behaviors with an increase in
precipitation collected at the ground for increasing lengths of
fetch and also for increasing values of the surface wind
speed.
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