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Previous Studies (1)






Most small size aerosols types such as those of to smoke from burning
biomass, urban and industrial air pollution and desert dust


reduce the size of cloud droplets [Rosenfeld et al., 2001]



i
increase
cloud
l d albedo
lb d [[albrecht,
lb ht 1989
1989; T
Twomey, 1974]



suppress precipitation [Ramanathan et al., 2001]

However, cloud microphysical simulations suggest that the presence
of large soluble aerosols should induce opposite effects on clouds,


increase droplets growth



promote precipitation formation [Feingold et al., 1999]

These models conclude that while drizzle production decreases with
increasing cloud condensation nuclei (CCN) concentration, the
relative impact
p
of ggiant CCN ((GCCN)) increases with increasing
g CCN
concentration [Feingold et al., 1999], implying that the strongest
effects of introducing giant CCN occur when the background
concentration of small nuclei is high, as that in continental clouds
[Yin et al., 2000].
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Previous Studies


Most observations until now showed that continental aerosols largely
suppress cloud droplets’ growth.



“Desert dust suppressing precipitation: A possible desertification feedback
loop”,
p , Rosenfeld et al. [[2001].
]





Previous theoretical models predict that rainfall would be enhanced.



They present observations showing the contrary: the effect of dust on cloud
properties is to inhibit precipitation.



They used satellite and aircraft observations



Clouds forming within desert dust contain small droplets and produce little
precipitation by drop coalescence.



The d
Th
detrimental
t i
t l iimpactt off d
dustt on rainfall
i f ll is
i smaller
ll than
th that
th t caused
d by
b smoke
k
from biomass burning or anthropogenic air pollution, but the large abundance of
desert dust in the atmosphere renders it important.



The reduction of precipitation from clouds affected by desert dust can cause
drier soil, which in turn raises more dust, thus providing a possible feedback loop
to further decrease precipitation.

Natural salt-containing aerosols increase cloud drop sizes and enhance precipitationformingg p
processes on large
g continental scale. This has been recentlyy observed also over
land when sea salt aerosols interact with polluted air from continental origin
[Rosenfeld et al., 2002]
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The Aral Sea in central Asia

From Google


The Aral Sea in central Asia can serve as a natural laboratory for studying the
effects of the salt-dust storms on cloud microphysics and rain production
mechanisms.



The Aral Sea shrank by 40% since the 1960s, exposing salty dried seabed and
i
increasing
i the
th llake
k water
t salinity
li it b
by a ffactor
t off 3 tto 27 g/liter
/lit [Micklin,
[Mi kli 1988].
1988]



The yellow outline of the coastline is from 1980, and the actual 1998 coastline.



The salt content of the dust is 30-40% in summer and close to 90% in winter.



The rainwater salinity in the region increased from 50±20 mg/l in 1960’s
up to 180 mg/l in the mid 1990’s [Razakov and Kosnazarov, 1996]
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The Aral Sea in central Asia












The size distribution and chemical composition of the salt-dust of the Aral Sea
can be inferred from analysis of collected samples of desiccated sea bottom crust
[Singer et al., 2001; Singer et al., 2002].
The soil of the desiccated sea bottom is dominated byy silt (2-50
(
㎛ diameter)) and
fine sand (50-200 ㎛ diameter), with a very low organic carbon content, less
than 10% CaCO3 and between 50 to 65% soluble salts [Singer et al., 2002].
Chlorine and sulfate are the dominant anions of these soluble salts, with 5-10 ㎛
crystallites [Singer et al., 2001].
The size distribution of the dry salt-dust
(by % volume of the dust sample) has a
maximum at 33.8-6
8 6 ㎛,
㎛ depending on
the amount of salt in the soil.
The distribution extends down to 0.05 ㎛
and up to 30 ㎛ in particle diameter.
The PM10 and PM2.5 yield of the samples
are ~70% and ~35%, respectively
g et al., 2002].
[Singer
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NOAA-AVHRR satellite image (The Aral Sea)


NOAA-AVHRR satellite image
g (11
(
May 1998 09:32 UT) showing
clouds forming in salt-dust plumes
off the eastern shores of the Aral
Sea (frames 2 and 3)



Clouds outside the dust storm are
shown in frames 1 and 4.



Clouds with large droplet sizes
appear in red while yellow clouds
have smaller droplet sizes.



The dust is the intense yellow blur.
blur The warm and dark surface background
appears in blue sizes.



The clouds that develop in the salt-dust plumes (areas 2 & 3) appear in dark red
colors, indicating large re (effective radius of cloud droplets).



Undisturbed background clouds are to the north and to the south of the dust
storm areas (Regions 1 & 4). These clouds are more yellow, in comparison,
indicating smaller re.

T-re relationships


Thiss Figure
gu e sshow
ow ssatellite-retrieved
e e e eved
T-re relationships (the four lines
pertain to cloud properties in the four
respectively marked areas)



It is clearly observed that the
undisturbed clouds in the adjacent
regions
g
have similar near-cloud base
temperatures and the same vertical
extent, suggesting that they also have
comparable liquid water content.



The lowest and warmest parts of the clouds that form in the heavy saltdust have smaller re than the clouds in the dust
dust-free
free air,
air suggesting that
the initial number concentration of the cloud drops is larger in the
dust-affected clouds.



However, the re of the dust-affected clouds increases very quickly with
However
cloud depth (i.e., with decreasing T) whereas the re of the dust-free
clouds increases only slightly with cloud depth.
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The effects of long-range transport of salt-dust


The clouds in frames 3,, 4,, and 9-13
formed in the dust, as was verified by 24
to 36 hours back trajectory calculations.



The sub-cloud air flows from the central
and northern shores of the Aral Sea to
areas 3, 4 and 10-11. The clouds in areas
1,2,5-8, 14 and 15 formed in dust-free
air according to the back trajectories.



The clouds in areas 9, 12 and 13 are
partially affected by the dust. The
clouds in these areas have small re near
their base, which increases steeply with
cloud depth (the T- re plots), but not as
steeply as the clouds that feed directly
from the heavily concentrated dust.
dust



Back trajectory simulations for these
clouds show that the air mass originated
in the central eastern shores of the Aral
Sea about 24 hours earlier (yellow lines).
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The effects of long-range transport of salt-dust



The clouds in the areas to the north and to the south of the inferred dust plume
behave as normal continental clouds, with small near-clouds base re and little
increase with cloud height (areas 1,2,5-8,14 and 15)



The corresponding
Th
di b
back
k trajectory
j
calculations
l l i
show
h that
h the
h air
i masses off these
h
clouds did not cross the dust source areas at the eastern shores of the Aral Sea.
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Summary and Conclusions


Thee aerosols
e oso s do not
o lead
e d to
o reduction
educ o in thee ccloud
oud d
droplet
op e radius
d us ass w
wass
previously shown for Saharan dust, and other aerosols but rather
promote their growth.



In the Saharan dust case studies, the ambient aerosol contained only
small amounts of soluble material and most of the aerosols were in the
submicron size range.



In the case of the Aral dust storms,
storms the opposite observed effect is
attributed to the presence of large and highly soluble aerosols.



The case studies presented here are unique as they directly link the
presence of salt containing large dust particles with cloud properties
properties.



They serve as a natural laboratory showing how the addition of giant
and ultra giant CCN to the continental atmosphere can enhance
precipitation formation processes.
precipitation-formation
processes



Furthermore, if the conceptual model is correct, it seems that rather
low concentrations of salt show that recent smaller scale hygroscopic
seeding
di experiments
i
t apparently
tl replicate
li t what
h t nature
t
already
l d does
d
on
its own on a large scale.
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Previous Studies


Together with sea salt
salt, mineral dust is one of the major sources of
natural coarse-mode aerosols in the world [Kouimtzis and Samara,
1995]



Using satellite observations and in situ measurements Rosenfeld et al.
al
[2001] found evidence that desert dust might suppress precipitation.



In contrast, Yin et al. [2002] and Wurzler et al. [2000] used numerical
models
d l to
t show
h th
thatt giant
i t cloud
l d condensation
d
ti nuclei
l i (GCCN) including
i l di
dust coated with soluble material (e.q., sulfate) may actually increase
the amount of precipitation in some clouds because of the effective
growth of the drops by collection.
collection



Yin et al. [2002] used a 2-D model of a mixed phase cloud with detailed
microphysics to show that insoluble mineral dust can become effective
CCN after passing through a convective cloud
cloud. These GCCN have a
positive effect on the amount of rain in continental clouds and an
insignificant effect and maybe a slight negative effect in maritime
clouds.
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Previous Studies




Measurements
e su e e s du
during
g thee ACE-Asia
C
s eexperiment
pe
e [Trochkine
[ oc
e eet al.,., 2003]
003]
showed that the chemical composition of mineral dust aerosols changed
during long-range transport from China to Japan.


During their transport, some of the insoluble dust aerosols were
coated with sea salt and sulfate.



These interactions caused the aerosols to be more soluble and
increased their chance to serve as CCN.
CCN

A study by van den Heever et al. [2005], who used a three-dimensional
model, RAMS, to study the effects of Saharan dust (used as enhanced
CCN GCCN and IN) on Florida storms,
CCN,
storms suggested that


rainfall was enhanced by dust ingestion during the first 2 hours of
the formation of deep convective cells



but it was reduced on the ground at the end of the day. The
decrease of precipitation at the end of the day was due to the
scavenging of the dust particles by the falling precipitation during
th early
the
l stages
t
off the
th storm.
t
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Previous Studies


G v and
Givati
d Rosenfeld
ose e d [2004]
[ 00 ] showed
s owed that thee increase
c e se in aerosol
e oso
concentrations due to air pollution in the urban areas along the eastern
Mediterranean and southern California coastlines results in reduced
rainfall amounts downwind of the pollution centers. They suggested
that this suppression is due to a decrease in coalescence and riming
resulting in a delay of rain formation.



Analyses
y by
y Mahowald and Kiehl [[2003]] showed a relationship
p between
thin cloud properties and mineral dust concentrations over North
Africa and the north Atlantic.



Borys
y et al. [[2003]] found that enhancement in anthropogenic
p g
aerosol
concentrations causes a slowdown in snow particles riming and
therefore lower precipitation rate in cold clouds.



Simulation by Khain and Pokrovsky [2004] enhanced CCN could lead


to increase in latent heat release



to its distribution over a larger vertical extend of the cloud,



and leading to taller clouds.
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Previous Studies


The eastern Mediterranean region is strongly affected by mineral dust
transported from the Sahara desert.


Measurements by Levin and Lindberg [1979] showed that mineral
dust aerosols are almost always present in the atmosphere in this
region.



By using the TOMS data Israelevich et al. [2003] showed that dust
particles are always
p
y p
present,, over the dust source regions
g
in Africa,,
waiting for the winds to carry them to the Mediterranean or to the
Atlantic regions.



Alpert
p and Ganor [[1993]] analyzed
y
the dynamics
y
of a severe dust
storm over the western Mediterranean region and found that it had
a synoptic link with a cold front and heavy rainfall in that ragion.



Di Sarra et al. [2001] showed an example for measurements of
aerosol vertical distribution using LIDAR in the island of
Lampedusa. This study showed large aerosol concentration up to 78 km height
g when the air masses were transported
p
from North
Africa. Aerosol loading was much lower when the air masses were
transported from the European continent.
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Measurements and Instrumentation


On 27-28 Januaryy 2003 a dust storm that originated
g
in western Africa p
passed
over the southeastern corner of the Mediterranean Sea.



A meteorological analysis that was carried out for that period shows that a cold
cyclone passed over the eastern Mediterranean Sea.


The cyclone moved slowly from Crete through Cyprrus toward Iskenderun
bay (Turkey).



This cyclone was accompanied by a cold front that moved eastward toward
the Israeli coastline.



The front was located between Antalya (Turkey) and the northern Sahara
Desert (between Egypt and Libya) and passed over the sea.



The northern part of the Mediterranean Sea was influenced by strong
northwesterly wind with vertical convections and turblence.



In the regions to the south over the sea and over the desert the winds were
southwesterly
th
t l with
ith velocity
l it off 8-10
8 10 m/s.
/ These
Th
llatter
tt winds
i d formed
f
dad
dustt
layer up to an altitude of about 2500 m above mean sea level (msl).



The dust was accompanied by a haze layer and nonprecipitating cumulus
clouds
clouds.



At the region where these two air masses met, deep convection was developed,
as can be seen from the MODIS-Aqua images at 1100 UT on this day
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MODIS-Aqua image of the dust storm


Moderate Resolution Imaging
g g
Spectroradiometer (MODIS)-Aqua image
of the dust storm on 28 January 2003.



The white line represents the track of the
research airplane.



The airplane carried out measurements at
different altitudes along the marked line.



The regions marked as (A),(B), and (C)
represent cloud clusters with different
types of clouds and different amounts of
precipitation as seen by Tropical Rainfall
Measuring Mission (TRMM) radar.



TRMM satellite passed over the region and its radar recorded about 10-20 mm/h in
region
g
A and heavier p
precipitation
p
((30-50 mm/h)) in the cloud clusters marked as B & C.



The clouds in these clusters reached high altitudes with temperatures lower than
-30Ԩ. Large anvil with ice can be seen in cluster B, which is in agreement with the
analysis of the cloud product from MODIS.



PM10 measurements made by the Israeli Ministry of Environment near the ground in
Tel Aviv on 28 January revealed a dust concentration of 657 ㎍/m3 while normally the
PM10 load at the same place is about 50 ㎍/m3.
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Vertical profile of total aerosl concentrations




This Figure
g
show the average
g
vertical profile of the fine (d<1 ㎛)
and coarse (d>1 ㎛) aerosol
concentrations.


Using the data from the optical
instruments



10s running average for
smoothing

The coarse particles concentration
decreased from about 30 cm-3 near
the sea surface to about 1 cm-3 at
an altitude of 2200 m.



The fine particles followed a similar profile up to approximately 2 km but with
much
h hi
higher
h concentrations
t ti
off ~1000
1000 cm-33 near the
th surface
f
((around
d 250 m)) tto
~600 cm-3 at 2000m.



However, above 2000m the fine particle concentration increased again, probably
because of the lack of larger particles on which to aggregate.
aggregate



These results show that the thickness of the dust layer was 2-3 km above msl.
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Vertical profile of aerosol size distribution


Left Figure shows the
vertical profile of the
aerosol size distribution
calculated from the
measurements of the
optical counters (SPP-100
and 200) on 28 January
2003.



The contours represent
the different values of
dN/dlogD.



Three size modes at ~0.2 um, 0.8 and 2 were observed up to about 5000 m.



The fine
Th
fi particle
i l concentration
i at 0.2
0 2 um was ~1000
1000 cm-33 um-11 and
d remained
i d the
h
same up to an altitude of about 1700 m above msl.



High concentrations of coarse particles of ~2 um were found up to 2500 m.



This Figure also shows that particles as large as 5~8 um were found as high as
2000m.
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Aerosl & Cloud droplets size and volume distributions
(a)



Figure (a) and (b) show the averaged aerosol and cloud droplets size
distributions and volume distributions below cloud base (averaged over
30s flight time at 70 m/s) and in cloud (averaged over 10s flight time).



These reveals that the cloud had only a few droplets with sizes
approaching 20 um, not large enough to efficiently grow by the collisioncoalescence process.



The concentration of the fine aerosols fraction (d<1 um) that was
obtained from integrating the size spectra up to 1 um was about 950 cm-3,
which is similar to the measured concentrations at the same altitude
within the dust. In other words, a large fraction of the fine particles did
not nucleate to form droplets.



The coarse particle concentration just below cloud base reached about 25
cm-3, which is similar to the vertical profile. Inside the cloud at a height of
1500 m (T=about 7Ԩ), the concentrations of the droplets reached a
maximum value of 350 cm-3.



Analysis of the volume distribution profile below cloud base reveals high
aerosol loading in the coarse fraction typical for an environment that
contains large mass of mineral dust.



It is important that the convection in the measured clouds was not strong
and only shallow clouds were seen in the measuring site. Most of the
drops were probably nucleated on the large soluble particles, leaving most
of the fine particles inactivated.



This is the reason the droplet concentration was relatively low with
particles mostly smaller than 10 um.

((b))
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Observations



Table shows the fractions by number of occurrence of each group in its own size category. Each
value in the table represents an average from the entire samples in each size and height category.



At low altitudes of up to 1000 m above msl, which corresponds to the height of the cloud bases
that appeared to the north of the main mass of the dust storm, the most prominent aerosol types
were sea salt, minerals and aggregates of mineral dust and sea salt (which were mostly present
in the coarse mode).



The particles above 1000 m were mostly minerals and air pollution particles (sulfate & nitrates).
nitrates)



We can conclude that about one third of the aerosols that entered the cloud were sea salt (both
fine and coarse) and about 36% of the coarse particles were mixtures of mineral dust and sea
salt.



Both of these types of particles could serve as efficient cloud condensation nuclei (CCN).



The analysis shows that many of the aerosols (especially in the coarse mode) were internally
mixed.
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X-ray mapping of an aggregate


X-ray
X
ray mapping of some of the
particles revealed that
elements were dispersed
nonuniformly on them,
meaning that many of the
mixed particles were
aggregates of NaCl with
minerals or aggregates of
minerals with particles from
sources of air pollution.



An example of internal mixing
due to aggregation of clay
mineral (containing Al and Si)
with sea salt is illustrated in
Figure. Left Figure shows an
X-ray mapping of a 5 um
aerosoll particle
ti l collected
ll t d att
500 m above msl.
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Model setup and Initial conditions


Model Objective:
j
To better understand the role of dust aerosols in cloud and
precipitation formation



They simulated cloud development with and without the types of particles that they
measured.



Model: the Tel Aviv University 2-D numerical cloud model (TAU-2D) with detailed
treatment of the cloud microphysics.


The spectral method of moments for calculating the growth of water drops and ice
particles by various processes such as nucleation of water and ice,
ice condensation,
condensation
collection, riming, melting, drop breakup and sedimentation.



The cloud is initiated with a short pulse of temperature and humidity just below
cloud base. The model used with 300 m X 300 m.


The initial temperature and dew point
temperature (humidity) profiles for all the
simulations were selected to represent
average thermo
thermo-dynamic
dynamic conditions of
winter convective clouds in the eastern
Mediterranean region.
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Initial conditions for the different scenarios (Modeling)



In order to study the potential role of dust and sea-salt aerosols on cloud and rain
f
formation,
ti
i l di the
including
th effect
ff t off ice
i nuclei
l i concentrations,
t ti
we used
d eight
i ht diff
differentt
scenarios with different size distributions and dust contribution as initial conditions.



Table 2 summarizes the eight scenarios that were used in the simulations.



The scenarios were characterized on the basis of the fractions of CCN (soluble aerosols)
in the fine and course mode.



Here we regard particles with diameter >0.5 um as coarse-mode particles
corresponding to the SEM-EDS classification that was shown in Table 1.
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Initial aerosol size distributions (modeling)



Figures show that the aerosol size distributions that were used in the eight
scenarios.



The CCN size distributions were not affected by the contribution of dust to ice
production and therefore upper Figure contains only four distributions (the
other four scenarios in which dust aerosols contribute to IN concentrations:
cases 2,4,6 and 8 in Table 2 had the same aerosol size distributions)
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Effects of Giant CCN and Dust on rain production (1)


the amount of rain that fell from
a cloud for each of the eight
scenarios.



The total amount of rain was
calculated assuming that the
cloud has a horizontal thickness
of 1 km.



The amount of rain falling
g from
a maritime (semicontinental)
cloud is much higher than from
a continental cloud (compare the
reference cases (cases 1 & 5 in
Table 2) in Figures (a) & (c).



Comparison between (a) and (b) reveals that the effect on continental clouds of the
GCCN in
i the
th form
f
off dust
d t particles
ti l coated
t d with
ith sea salt
lt b
butt without
ith t th
their
i effects
ff t as
IN (case 3 in Table 2), is to initiate the precipitation earlier and to increase the
amount of rain on the ground by about 37%.



In contrast,, the contribution of these mixed aerosols to the development
p
of the
semicontinental case (case 7 in Table 2) is negligible and the total precipitation on
the ground remains unaltered (compare Figures (c) and (d)).
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Effects of Giant CCN and Dust on rain production (2)



Left Figures also show that, at least under the temperature profiles found in the
Mediterranean region, inclusion of the effects of higher ice crystals production by dust
particles (cases2, 4, 6 & 8 in Table 2) delays the initiation of the rain and leads to a
reduction of about 30% in the total rainfall amount, as compared with the case having
dust and salt as only
y large
g and GCCN ((b and d for the continental and continental
cases respectively).



These results are in agreement with those of Yin et al. [2000].
28

Comparison of the number size distributions (26min)


In order to better understand
the effects of the GCCN and
the enhanced IN on the clouds
it is instructive to first look at
the distribution of the
particles in the reference
cases (cases 1 & 5 in Table 2).



For these two cases Figures
compare the number size
distribution of water drops,
ice crystals and graupel
particles
ti l as a function
f
ti off
height at 26 and 46 min at the
center of the cloud.
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Comparison of the number size distributions (46 min)


At 46 min Figure
g
shows that the
semicontinental cloud is already
precipitating while only very few
raindrops fall out of the
continental cloud.
cloud



The ice crystals in the continental
clouds are located at higher levels
and are found in higher
concentrations.



In contrast, in the semicontinental
cloud the graupel particles are
larger and are spatially
distributed over a larger vertical
extend.



The graupell particles
Th
i l are larger
l
because the riming process is
more efficient in the presence of
larger
g drops
p that are found in the
cleaner environment represented
here by the semicontinental cloud.
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Comparison of the number size distributions


Similar conclusions were also reached byy Borys
y et al. [2003]
[
] for orographic
g p
clouds.



The higher concentrations and slightly larger size of the ice crystals in the
continental cloud stems from the fact that the smaller cloud drops in the
continental cloud are not depleted by riming, resulting in enhanced ice crystal
growth through the Bergeron-Findeisen mechanism and formation of ice
particles by freezing.



Some of the water seen below cloud base (see Figure g & h) originates from
melted graupel particles, as expressed in Figure k by the appearance of smaller
graupel particles below the freezing level.



The enhanced rain amount in the semicontinental cloud that is shown in Figure
9c as compared to Figure 9a is therefore a result of the contributions of both
water drops and graupel particles.



Veryy large
g graupel
g
p p
particles (about 1 cm diameter) appear
pp
after 46 min (Figure
g
k); however, their concentrations are extremely low (about 1 m-3).
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The vertical velocities in the reference (Modeling)


The earlyy rain development
p
in the
semicontinental cloud also affects the
vertical wind.



Left Figure presents the vertical wind
velocities at 46 min in the two cloud
types.



Comparing the vertical wind velocities
in the reference cases (cases 1 & 55, a &
b) shows that at 46 min the downdraft
in the semicontinental cloud is very
strong around the cloud’s center
(maximum of about -5. m/s) extending
from the surface up to about 2.5 km
height.



IIn the
h continental
i
l cloud
l d there
h
iis still
ill
updraft near the center (maximum of
4.5 m/s) extending up to about 5 km,
with much smaller downdrafts ((less
than about -0.5 m/s) between the
heights of 1 to 5 km.
32

Comparison of the hydrometeors size distribution (26min)

33

Comparison of the hydrometeors size distribution (46min)
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Comparison of the hydrometeors size distribution (26min)


This shows that the effects of the combined GCCN and enhanced IN ((case 4 in
Table 2) on the development of the continental cloud and the formation of rain in it.



These figures presents the number distributions of the different hydrometeors at
the center of the cloud as a function of height after 26 and 46 min from the start of
the simulation.



These figures also display the volume distribution from case 4. It becomes clear
that the effect of the GCCN is to enhance the development of the large drops,
leading to enhanced growth by collection and rapid development of the rain on the
ground (l & r).



The graupel particles grow rapidly because of enhanced riming resulting from the
higher collection efficiency of the larger cloud drops (compare h and g and q and p).



It should be pointed out that the growth of graupel particles shown on this figure
when both GCCN and enhanced IN are included, is slower than in the case when
onlyy GCCN are p
present (not shown here). This is because many
y of the droplets
p
that
are the source of riming for the graupel particles’ growth are nucleated to form ice
crystals because of the increase in IN concentrations.



As the graupel particles descend below the freezing level, shedding of drops from
the water layers around the melting
i graupel particles
i
takes place.



The water drops that are thrown off reduce the size of the graupel particles (p&q)
and are added to the raindrops, as can be seen at the lower levels in k and l.
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Comparison of the hydrometeors size distribution (2)


The ice crystal’s
y
concentrations in the cloud increase because of the added dust as
IN (see e & f).



However, most of the ice crystals remain smaller and are found at higher levels
(compare n & m).



The growth of the ice crystals is reduced because of the more effective depletion by
riming of the larger water drops and because of the competition for the available
water vapor by the increased number of ice crystals. Owing to their small size most
of these ice crystals do not precipitate; they remain at the higher levels and are
advected to the side of the cloud to form a wider cloud.



The advection of the ice crystals to the side of the cloud leads to a reduced total
rainfall on the ground.
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Maximum heights and widths of the clouds



The maximum height and horizontal width of the clouds at the time of maximum
rainfall rate were calculated for followings reasons:


Cloud top height and cloud width may have a large impact on the assessment
of the cloud contribution to the radiative balance of the atmosphere.



The use of numerical models provides a way to separate these effects and at
least obtain a qualitative picture of the possible influence of the aerosols on the
morphology of the clouds.
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Distribution of water, ice, and graupel particles mass content

Reference case

affected case



Upper Figures show the spatial distribution of the mixing ratio of water, ice and
graupel at the time of maximum rainfall on the ground.



Left Figures presents contours of the mixing ratios in the reference clouds (cases 1
& 5 in Table 2).


It shows that for the temperature profiles used in this study, increases in CCN
from about 300 cm-3, corresponding to clean maritime (or semicontinental)
clouds to about 900 cm-3 corresponding to more polluted continental clouds
lead to increases of about 900 m in cloud height.
height



Although the total mass of ice at the upper portions of the continental cloud is
higher than in the semicontinental case, the width of the two clouds in similar.
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Distribution of water, ice, and graupel particles mass content

Reference case

affected case



A comparison of the changes in height and width of the clouds affected by GCCN and
enhanced IN reveals that their effects on the continental clouds are stronger than on the
maritime on.



Table 3 and right Figures show that the width of the affected continental cloud increases
by 600 m, whereas the width of the semicontinental cloud is not affected.



The height of the continental cloud changes very little.



This slight decrease could be a result of the heavier mass loading due to the larger mass
of graupel and larger mass of the ice crystals.



The higher ice mass at the upper reaches of both case 1 and 4 suggests that in the
presence of wind shear, the horizontal spread of the more polluted continental cloud will
be larger, forming a larger anvil.
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Distribution of water, ice, and graupel particles mass content


Considering this effect in a cloud field as viewed from satellites,
satellites it would mean a
higher cloud fraction with stronger effects on the radiation field.



We can see the effect of the GCCN on the spread of rainfall on the ground.


the rain is mainly
y fallingg around the center of the updraft.
p



In the continental clouds the drops are smaller and the only hydrometeors that
manage to grow to large sizes are those that are very close to the updrafts.



Smaller hydrometeors are pushed sideways and many of them never manage to
fall down as rain. this leads to a more narrow precipitation region.



In the semicontinental clouds the hydrometeors are larger and even those that
are advected sideways are large enough to fall as rain.



This results in a wider area of precipitation.



These differences are seen in the size of the neck that appears in Figures.



Under the same meteorological conditions, the maritime clouds will initiate rain
earlier,
li produce
d
more rain,
i and
d spread
d it over a larger
l
area than
th the
th continental
ti
t l
clouds.



The results also demonstrate that the late start and the shorter duration of rain from
the continental clouds implies
p
a lower rain efficiency,
y, a larger
g fraction of water that
still remains in the atmosphere after the rain, a longer-lived clouds and an efficient
redistribution of water vapor in the troposphere from the lower to the upper levels.
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Summary and Conclusions


This p
paper
p describes the chemical and p
physical
y
characteristics of aerosols
measured during a dust storm that passed over the eastern Mediterranean
region on 28 January 2003.



It also uses these findings in order to investigate the possible role that mineral
dust particles coated with sea salt could have in modifying the development of
clouds and precipitation.



The measured vertical profile of aerosol properties showed that large
concentrations of coarse particles (>1 um) were present up to an altitude of 2.5
25
km above msl.



The chemical analyses of individual particles revealed that a large fraction of
the particles were composed of internal mixtures of mineral dust and sea salt
(~35% in the coarse mode).



The presence of soluble material such as sulfate over the Mediterranean and
over China or sea salt on dust p
particles enhances CCN concentration and
affects the production of rain.
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Summary and Conclusions (Modeling)


The simulation results show that rain falling
g from the more maritime clouds started
earlier, produced larger amount, and covered a wider area than that from the
continental clouds.



On the other hand, the lifetime of the continental clouds, having higher
concentrations of droplets
droplets, was longer than the more maritime clouds
clouds. Continental
clouds also grew to higher levels than maritime clouds.



Our results also show that ignoring the ice nucleating (IN) ability of the mineral
dust,, but allowing
g the soluble component
p
to act as efficient GCCN,, enhances the
growth of drops and graupel particles in continental clouds by collection and riming,
respectively.



In these simulations, the rain amounts in the continental clouds increased by as
much
h as 37% compared
d tto th
those without
ith t th
the coarse-mode
d CCN
CCN. On
O the
th other
th h
hand,
d
if the properties of dust particles as efficient IN are also included, the rain amount is
reduced.



It is also shown that introducing
g similar p
particles into the more maritime clouds
does not produce any significant changes in the cloud development and in the rain
amount on the ground.



GCCN together with enhanced IN affect the horizontal dimensions of the
continental
ti
t l clouds
l d by
b increasing
i
i it by
b as much
h as 9% in
i our simulation.
i l ti



On the other hand, the same combination of particles slightly reduces the height of
the continental clouds and has little effect on the maritime clouds.
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Class Discussion Topics


By using satellite data Rudich et al.
al [2002] serve as a natural laboratory
showing how the addition of giant and ultra giant CCN to the continental
atmosphere can enhance precipitation-formation processes.



Byy usingg satellite and airplane
p
data Levin et al. [[2005]]





Large particles were present up to an altitude of 2.5 km above msl.



A large fraction of the particles were composed of internal mixtures of
mineral dust and sea salt).
)



The presence of soluble material such as sulfate or sea salt on dust
particles enhances CCN concentration and affect the production of rain.

Byy usingg 2-D model,,


The rain amounts in the continental clouds increased by as much as 37%
compared to those without the coarse-mode CCN.



If the properties of dust particles as efficient IN are also included, decrease



The more maritime clouds does not produce any significant changes in the
cloud development and in the rain amount on the ground.



GCCN with enhanced IN affect the horizontal dimensions of the
continental clouds by increasing it, and reduce the height. But on the
maritime clouds has little effect.
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Thank you!!
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