L53S®0)3IRML 83G603®335MS I6(M36IR0

535R3J300L

805830, &. 4, Nél, 2010

BULLETIN OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES, vol. 4, no. 1, 2010

Physical Geography

Marine Influence on the Atmospheric Pollution in the Ajara

Coastal Zone

Revaz Solomonidze

Vakhushti Bagrationi Institute of Geography, Thilis

(Presented by Academy Member T. Chelidze)

ABSTRACT. Theinfluence of aer osols of marine and continental origin on the level of atmospheric pollution is
studied for the coastal zone (Ajar aasan example). Theinfluence of variations of the level of atmospheric pollution
on the number of parameter sforming the climate—temper ature, water vapor reslience, r elative humidity and wind
speed has been considered. © 2010 Bull. Georg. Natl. Acad. <ci.
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Current global warming process is caused by de-
struction of sustainable balance of the energetic level of
the sun-atmosphere and the earth surface. One of the
important factors of destruction of conditions of bal-
ance of the energetic level is the trend of increasing
atmospheric pollution. Due to the above-mentioned, at-
mospheric pollution has become one of the main prob-
lems.

As is generaly known, numerous factors are in-
volved in climateforming, among them it isimportant to
know what impact has the sea on atmospheric pollution
and what is the importance of marine aerosol particles
that areinthe atmospherein the process of climate form-
ing.

It has been known that dust particles (atmospheric
aerosols) are permanently present in the atmosphere,
but they were not considered to have any impact on the
atmospheric processes and serious attention was not
paid to them. Today the atmospheric aerosols or atmo-
spheric pallution is one of the most important problems
of mankind. In the references one comes acros quite
different definitions of atmaospheric pollution. The case
is that each of them agrees with the specificity of the
task and such approach is often reasonable.

As our task belongs to the sphere of studying the
impact on the energetics of the atmaospheric processes,
the following definition of atmospheric pollution is ac-
ceptable (it was formed in the middle of the 20th cen-
tury): we can name part of the composition of the atmo-
sphere“atmospheric pollution”, excluding from it nitro-
gen, oxygen, ozone, carbon dioxide and water vapor.

Asfar as we know, the first, more or less argumen-
tative statement was made by the German scientist L.
Rassow [1]. From 1936, for 20 years he had measured
permanently the amount of deposited dust in one of the
industrial regions of Germany and came to the conclu-
sion that during this period atmospheric air pollution
had increased three and more times. Howerever, ascien-
tifically proven idea about the tendency to variability of
atmospheric dust and its anticipated results was stated
later. Its author wasAcademician Th. Davitaia.

According to Davitaia's hypothesis, increase of
anthropogenic pollution of the atmosphere has an im-
portant impact on the process of global climate change
[2]. Besides, increase of atmospheric pollution can cause
both warming and falling of temperature. Namdly, if con-
centration of aerosolsin the atmosphere is below a cer-
tain critical level, it can cause warming, but when the
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concentration of aerosolsin the atmosphere exceeds the
critical level, then a cold snap can occur.

Thus, the atmospheric aerosols are able both to in-
crease the energetic level of the earth and its reduction.
The process of increase is due to the circumstances
that, firstly, the aerosols change the albedo owing to
their deposition on the underlying surface [2], and sec-
ondly - owing to absorption in the atmosphere they can
act as greenhouse gases [3]. As for decreasing, it isdue
to the influence of atmospheric aerosols on the process
of dispersion of radial energy.

Atmospheric aerosols are generated mainly by the
cosmos and the earth itself. Cosmic aerosols are gener-
ated due to burning of cosmic bodies, intruding in the
atmosphere incidentally. As for the earth aerosols, four
main sources of their generation are distinguished [4]:

- ocean and marine surfaces, where 10%-10” air bal-
loons explode per second, due to which numerous small
particles (salts) get to the atmosphere;

- mineral aerosols, which occur from the surface of
the soil devoid of green cover;

- vegetation dust and spores, created by the green
vegetation cover; and

- aerosols of organic origin. They occur in the pro-
cess of decomposition, thus causing the creation of dif-
ferent microorgani sms and numerous Vviruses.

Aerosols, entering the atmosphere from different
sources, overstay there for different periods depending
on their resilience and sizes. Relatively large particles
are sedimented rapidly. Asfor small particles carried off
by circular processes, they can remain in the atmosphere
for a long time. In this regard, a very interesting and
original theory as a kinetic model of atmospheric aero-
sols has been formul ated by G. Rozenberg [5,6]. Accord-
ing to this model, the aerosols, as live organisms, have
birth, development and death processes. It is known
that there are plenty of small particles, so-called Itken
particles, the linear sizes of which are less than 0.05
mkm. Due to their small sizes, these particles have no
influence on the process of transfer of radial energy (i.e.
their optical resilience equalszero). These particleswere
named “aerosol-creating gases’ by Rozenberg. Due to
heat movement several dozens of such particles can
combine, creating a so-called cluster. Sustainability of
clusters is unstable, but in certain conditions they can
maintain sustainability and reach linear sizes approxi-
mately up to 0.1 mkm. In such casesthey become highly
stable and continue to grow up to 1 mkm. Rozenberg
called this process “transitive’. They have great influ-
ence on the process of radial energy transmission at
this time. Further, they continue growing and become
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larger particles, their size reaches several mkm and by
forced processes (liquid, solid precipitation) or sedimen-
tation they leave the atmosphere rapidly. It is notable
that thetime of existence of these particleswithout forc-
ing processes is defined by 8-10° sec (about 9 days) by
Rozenberg.

K. Tavartkiladze tried to test experimentally
Rozenberg’s theory both for background and anthropo-
genic aerosol s(including those of marineorigin) [7]. He
observed the variation of atmospheric aerosols by op-
tical methods after heavy rains in the coastal and high
mountain zones of the territory of Ajara. It turned out
that after rain reduction of the concentration of aerosols
still continued for 2-4 hours, after which the accumula-
tion of background and anthropogenic aerosols started.
The accumulation process for the background aerosols
lasted for 4 days and for anthropogenic ones — 5 days.
Further, rapid reduction of their concentration took place.
The results obtained by Tavartkiladze proved
Rozenberg's idea about the existence of aerosols for
several days.

The influence of atmospheric aerosol particles on
the process of transmission of radial energy has been
studied very well at present. Research results are pre-
sented in the papers of K. Shifrin [8], G Van De Hyulst
[9], V. Zuev [10], D. Deimenjan [11] and others. They
prove that the atmospheric aerosols mainly scatter ra-
dial energy, but in a number of casesit is observed that
they have a weakly expressed feature of selective ab-
sorption [3,12-14]. In generd, aerosols are characterized
by physical features varying in a wide range due to the
relation of scattering and the shapes of aerosols, sizes
of particles, length of radiation wave, index of environ-
ment refraction, etc. For example, the greater the length
of radiation wave increase, the greater the reduction of
scattering. Therefore, aerosols enhance the dispersion
of shortwave solar radiation considerably.

By taking into account spectroscopic data of frac-
tion sample of aerosols, as well as complex observa-
tionsin natural conditions, Rozenberg [13] showed that
atmospheric aerosols have an ability of absorption near
the ultraviolet, visible and infrared areas of the spec-
trum, which is mainly connected with the existence of a
submicron fraction in the atmosphere. This fraction is
mainly created by soot particles caught by the unab-
sorbed components, the modal radius of which is about
0.02-0. 03 mkm.

In Abastumani (a high mountain placefreefromin-
dustrial smoke of anthropogenic aerosols), by research-
ing the optical characteristics of background aerosols,
G Rozenberg, |. Lyubtsov and G Gorchakov [14] showed
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the sdlectivity of aerosol absorption in the ultraviolet
area of the spectrum.

The results of studying the saline aerosol sample
taken from above the Atlantic Ocean [15] are of great
interest. It showed that the existence of dust in the aero-
sols of marine origin cause an increase of absorption,
particularly within theinterval of 0.45-0.56 mkm of wave
length.

As proven in the references, agrosol absorption is
enhanced by an increase of small-dispersed fraction of
atmospheric aerosols, aswell as by mixture of continen-
tal and marine aerosols. Maximum aerosol absorption
takes place in the atmosphere above the division zone
of the land and the sea.

Vertical distribution of aerosolsisalsoimportant. It
isnearly similar for any underlying surface of the earth.
Vertical distribution of aerosol particles in the tropo-
sphere is characterized by an exponentia decrease, but
above the troposphere, the concentration increases, the
capacity of which may reach 4-5 km, being observed
above any point of the earth. Thislayer is called “Junge
layer”.

Having studied the atmospheric aerosols of conti-
nental and marine origin in the coastal zone of Ajara,
some regularities of atmospheric pollution, unknown
before, are presented in the paper and their relation to
some parameters determining theclimate, namely, toland
surface temperature, humidity and wind is shown. The
obtained results gave us an opportunity to assess the
marine influence on the atmospheric pollution in the
coastal zone.

To solve the problem, we used the optical-meteoro-
logical method for experimental identification of thelevel
of atmospheric pollution [16], which is based on the
regularity of transformation of electromagnetic radiation
during its passage through the atmosphere.

The main parameter for assessment of the level of
atmospheric pollution is optical resilience [17]. It is
known that solar radial energy transforms from the up-
per boundary of the atmosphere as far as it reaches the
earth surface, namely, it is reduced due to dispersion
and absorption of radial energy. If we mark theintensity
of energy amount in the upper edge of the atmosphere
by I, and the energy reaching the surface by I, then

l,—|

| is a part of the energy (without measurement),
0

which was transformed during the influence on the at-
mospheric particlesand could not reach the surface. The
mentioned value can be called extinction (weakening)
function, which identifies the part of the radial energy
reduced thoroughly by the atmosphere (it has been stud-
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ied for the Ajara coastal zone and is presented in [18]).
It is accepted [17] that the logarithm of the mentioned
part with the Nepper root and the converse mark is an
optical resilience of the atmospheric aerosols t (extinc-
tion coefficient), which identifies quantitatively the re-
duced value of radial energy. Subordinating to the prin-
ciple of superpogtion, it isasummary function, the com-
ponent parts of which identify the amount of reduced
energy by the so-called ideally clean atmosphere t,
amount of energy reduced by the water vapor t,, ozone
t, carbon dioxide t and the atmospheric aerosols t,
Thus:
t=t +t, +H, +t

As mentioned above, identification of the optical
resilience of atmospheric aerosols in the Ajara coastal
zone was conducted by the optical method worked out
by K. Tavartkiladze [16]. It is easy to understand that
the optical resilience of atmospheric aerosolsis directly
identified by the amount of aerosols in the atmosphere
and their optical features. Hence, it is accepted by the
World Meteorological Organization asa parameter iden-
tifying the level of atmospheric pollution.

Having conducted multiyear identification of the
optical resilience of atmospheric aerosols at the
Vakhushti Bagrationi Ingtitute of Geography in the
coastal and high mountain zones of Ajara, a special 9-
point scale [19] has been created for identification of
the level of atmospheric pollution according to the ob-
tained materials.

Table 1 presents numerical valuesof t,inthe bound-
aries of each range of the mentioned 9-point system and
the names of separate ranges.

Thus, during the years of 2006-2008 in the Ajara
coastal zone 430 complex experiments were conducted,

Table 1

9-point system for assessment of the level of atmospheric

pollution
N | Rengeof aerosols | Name of the level of
optical resilience atmospheric pollution

1 7,<0.50 Idedlly clear
2 0.51< 7<0.08 Very clear
3 0.81<7<0.110 Clear
4 0.111< 7<0.130 Mainly clear
5 0.131< 7<0.150 Normal
6 0.151< 7<0.190 Hardly turbid
7 0.191< 7<0.230 Pretty turbid
8 0.231<7<0.310 Turbid
9 7<0.311 Very turbid
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Fig. 1. Histogram of the level of atmospheric pollution for
the Ajara coastal zone

(1- Ideally clear; 2- Very clear; 3- Clear; 4- Mainly clear;

5- Normal; 6- Slightly turbid; 7- Rather turbid; 8- Turbid)

wherein parallel with the optical resilienceof atmospheric
aerosolsthetemperature, water vapor resilience, relative
humidity, atmospheric pressure, wind direction and wind
speed were measured as well. The general situation of
variation of the level of atmospheric pollution in the
coastal zone according to the mentioned years is pre-
sented in Fig. 1 as a histogram.

On the horizontal axis of the histogram thelevels of
theatmospheric pollution are marked and on the vertical
— the number of cases. As the figure shows, the sky
wasideally clear in the coastal zone during the period of
the experiment. Nearly the same amount was observed
of the very clear, clear and mainly clear atmosphere.
Normal atmosphere was observed only 15 times and as
the figure shows, turbid and very turbid levels of the
atmosphere arerare in the Ajara coastal zone.

If we construct a curve of the resilience of probabil-
ity distribution according to the histogram, it will look
asit isin Fig. 2. The constructed curve identifies the

Sity

Probability den

0.05 0.1 0.15 0.2 0.25
Aerosol transmission density

Fig. 2. Distribution of probability of atmospheric pollution in
the Ajara coastal zone
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probability corresponding to the value of any optical
resilience of atmospheric aerosols.

According to the above-mentioned figure, we can
identify the general situation of atmospheric pollution
for the Ajara coastal zone. In order to study the contri-
bution of aerosols of continental and marine origin in
the process of formation of the atmospheric pollution
and identify the relation among aerosols and some pa-
rameter determining the climate, it is necessary to sepa-
rate the experimental data according to the wind direc-
tions.

If we divide the wind direction into three groups,
namely, case without wind (calm), east wind and west
wind, then in the Ajara coastal zone, where the bound-
ary dividing the sea and the land, stretches mainly from
south to the north, during calm the aerosols of conti-
nental and marine origin will be presented equally.

Undoubtadely, there will be a prevalance of conti-
nental aerosols during the east wind and the prevalance
of marine aerosols during the west wind. Having cre-
ated the three groups, the number of cases was distrib-
uted as follows: calm was observed 31 times, continen-
tal aerosols made up 106 cases and the remaining 293
cases belong to marine aerosols.

For the distinguished groups the correlation coeffi-
cients among the optical resilience of atmospheric aero-
sols, the temperature, water vapor resilience, relative
humidity and wind direction and wind speed were iden-
tified and the obtained values together with the corre-
sponding mean values are presented in Table 2.

As shown in Table 2, the aerosols of marine origin
prevail in the warm period of the year in the coastal
zone. Thisisindicated by the values of mean tempera-
ture and water vapor resilience indicated during east
and west winds.

The Table shows first of al that continental aero-
sols cause less pollution of the atmosphere than marine
aerosols. It was probably to be anticipated, and was
conditioned by the orographical stuation of Ajara (close-
ness of high mountain zone to the coastal zone). In the
coastal zone during east winds relatively clean atmo-
spheric massesaretransferred, which arefree of anthro-
pogenic aerosols. Itisrelatively hard to explain the fact
that in the case of mixed aerosols the atmosphere is
more polluted than in the case of continental or marine
aerosols. Doubtless, its reason for statistical analysisis
relatively small number of cases (31) during the calm.
Theregularity of the mentioned phenomenon should be
revealed by future studies.

Variations of separateparametersdetermining the dli-
mate are of wide range (the mean square errors are indi-
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Table 2.

Mean values and correlation coefficients between the atmospheric pollution and some parameters identifying the climate for
continental and marine aerosols

Climate parameters Mean values Corrélation coefficients (%)
Mixed Continental Marine Mixed Continental Marine

aerosols aerosols aerosols aerosols aerosols aerosols

Optical resifienceof | 4a4 (0,053) | 0.060(0.048) | 0.073(0.054) | 100 100 100

aerosols

Temperature (°C) 15.3(4.4) 12.6 (3.9) 21.1(6.5) 9 29 42

Water vapor resilience 1

(hp) 3.03.3) 9.3(4.0) 19.9(7.1) -15 27 42

Relative humidity (%) 74 (12) 61 (12) 75 (9) -28 -6 -9

Wind direction -- South-East North-West -- -- --

Wind speed (m/sec.) - 4.6 (2.8) 3.1(1.6) - -25 40

cated in the brackets). But this situation should not have
agreat influence on the principle of any regulation, asthe
dispersion is nearly the samefor all parameters and can-
not reach even half of the actual value.

Corrdation rations of the optical resilience of aero-
sols and other parameters determining the climate are
the lowest for mixed aerosols. Particularly notableisthe
circumstance that the relation of pollution and tempera-
ture and water vapor resilience for marine aerosols is
almost twice higher than it isin the case of continental
aerosols. This is a very important conclusion and we
consider that in future it can be widely used in weather
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forecasting, as well as during studies of many other at-
mospheric processes.

It must be also noted that atmospheric pollution is
ininverserelation to the variations of relative humidity.
We consider it is correct, as the increase of relative hu-
midity causes an increase of aerosols in size thus pro-
moting coagulation and tends to reduce concentration.

It must be noted that other conclusions can be made
according to Table 2 as well, but they will have less
statistical reliability, because division of data is desir-
able according to the wind direction to be formed in
more groups. And it requires more number of cases.
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