
Scalable Computing: Practice and Experience

Volume 19, Number 2, pp. 87–96. http://www.scpe.org

DOI 10.12694/scpe.v19i2.1398
ISSN 1895-1767
c⃝ 2018 SCPE

EFFECT OF DUST AEROSOLS IN FORMING THE REGIONAL CLIMATE OF GEORGIA

TEIMURAZ DAVITASHVILI∗, NATO KUTALADZE†, RAMAZ KVATADZE‡, AND GEORGE MIKUCHADZE§

Abstract. The effect of the dust on the climate in the Caucasus region, with a specific focus on Georgia, was investigated with
a Regional Climate Model RegCM interactively coupled with a dust model. For this purpose we have executed sets of 30 years
simulations (1985-2014) with and without dust effects by RegCM4.7 model with 16.7 km resolution over the Caucasus domain
and with 50 km resolution encompassing most of the Sahara, the Middle East, and the Great Caucasus with adjacent regions.
Results of calculations have shown that the dust aerosol is an active player in the climate system of Georgia. Mineral dust aerosol
influences on temperature and aerosol optical depth spatial and temporally inhomogeneous distribution on the territory of Georgia
and generally has been agreed with MODIS satellite data. Results of numerical calculations have shown that dust radiative forcing
inclusion has improved simulated summer temperature. The mean annual temperature increased across the whole territory of
Georgia in simulations when dust direct effect was considered.
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1. Introduction. Dust aerosols in the form of fine particles are scatter and absorb solar and terrestrial
radiation and therefore are affect climate [1]. Besides, lifted up from the soils, rocks, plants, volcanic eruptions
and anthropogenic pollutants into the atmosphere, dust aerosols can reduce evaporation and as a consequence
precipitation processes by reducing the earth surface temperature [2]. Investigations have shown that anthro-
pogenic activities on the average lead to 30 percent of the dust load whereas the storms are the major sources
of mineral loading in the environment [3]. The world’s biggest desert (Sahara and Sahel in Africa, the Gobi,
Kyzylkum, Karakum, Taklamakan in central Asia) storms usually represent the primary sources for the mineral
dust aerosols transfer in the atmosphere, its sediment on the earth surface and spreading across the Europe, Asia
and Africa continents [1,4]. For instance, desert dust is the principal aerosol component over the Mediterranean
basin and they strongly influence the Mediterranean climate [3]. For short or long time periods the dust storms
are significantly affecting the earth’s atmosphere quality, modifying the clouds microphysics, their optical prop-
erties and have a strong influence on both regional and global climate systems. Indeed, dust storms influence
the atmospheric radiation budget, the ground surface albedo, the air quality and consequently the human health
and the entire biota [5-7]. Numerical modeling of the past, present and future climate processes represents a
good means to study the main factors affecting the modern climate change. Several attempts were made to
examine the global or regional climate models ability and to clarify the dynamical and physical mechanisms
responsible for climate change over the particular regions [3-11]. For instance, for the purpose of assessing the
ability of regional climate model to simulate surface solar radiation patterns over Europe the RegCM4.4 model
was used [11]. The results of calculations from 2000 to 2009 and their comparisons against the satellite-based
observations have shown that the model slightly has overestimated surface solar radiation patterns in Europe.

At present, the simulations of dust cycle in the global and regional climatic models continue to be an
important research area. In order to better understand the origin conditions of dust storms and their migration
trends, a worldwide effort has been undertaken by numerous researchers to detect the dust aerosols sources into
the main and accessory regions, based on the meteorological monitoring networks and satellite observations,
in the last decades [12]. As atmospheric aerosols have substantial impacts on the Earth’s climate through
their direct, semi-direct and indirect effects, the inclusion of aerosol processes (evolution during transportation,
deposition, chemical, physical and optical properties) is essential in global and regional climate models. Thus,
the study of the dust aerosols life cycle, migration and dust-climate interaction processes by numerical climate
models with dust modules currently are widely appreciated in numerous studies [13-17]. Currently climatic
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impacts of aerosols at the global scale are relatively well understood. However, a number of uncertainties
still exist in understanding these effects at regional scales [13-15] [16]. It’s known that the finest desert dust
particles at the near-surface wind threshold conditions are lifted up to high altitudes of troposphere and then
are transported thousands of kilometers from the source regions [18]. That is why the effects of the desert dust
on climate can be felt not only locally but also in regions far from the sources [14]. Dust aerosol influences and
responds to climate change mainly due to its extinction in shortwave radiation, that leads to surface cooling,
especially over the arid and semi-arid areas [17].

In order to understand aerosol impacts on climate and environment, a new dust aerosol scheme including
emission, transport, gravitational settling and optical property calculations were implemented and tested by the
Regional Climate Model (RegCM) [14]. The RegCM/Dust model was run from episodic (few days) to seasonal
(climate mode) periods and the model was able to simulate the occurrence of strong dust outbreaks in different
regions and to capture the main dust load areas over the Sahel [14]. The coupled chemistry aerosol regional
climate model RegCM was used to investigate the dust emission size distribution impact on aerosol budget and
its radiative forcing over the Mediterranean region [13]. RegCM-Dust model, with 30 km horizontal resolution,
had been used for estimation of the direct radiative forcing by mineral dust aerosols over the Indian subcontinent
throughout 2009 [19]. The results of calculations have shown that the model was able to capture the seasonality
of dust emissions, they were reasonably well transported and distributed from the major sources across the Indo-
Gangetic Basin to Himalayan foothills and have 700-850 hPa. The simulations’ results of 38 summer monsoon
seasons (1969-2006) has shown reduction of average precipitation over the Sahel region executed by the RegCM
model with and without dust effects over the African continent. Numerical calculations also have shown that
inclusion of dust module into the model has improved the West African monsoon simulation quality [20].

Several attempts were made to examine the RegCM/Dust coupled models’ ability for the particular regions
[21-23]. For example, the RegCM/Dust coupled model was capable to simulating dust seasonal transport
from Sahara towards the South and Central America appropriately [21]. Topography-Modulated dust aerosol
distribution and its effects on the atmospheric heat source over the Tibetan Plateau, East Asian summer
monsoon onset and prediction of precipitation under different terrain settings in East Asia were successfully
studied by RegCM4/Dust coupled model [22]. The results of calculations have shown that the dust greatly
increments in the Taklamakan desert (accompanied with the uplift at the northern Tibetan Plateau) and
greatly suppresses precipitation in East Asia. Seasonal mean air temperature (C◦) and precipitation (mm/day)
for the three periods of 2011-2040, 2041-2070 and 2071-2100, with respect to the control period of 1971-2000
above the Central Asia domain was studied by RegCM4.3 model [23]. The results of calculations have shown
high rate of warming in the warm season with a decrease in precipitation in almost all parts of the domain and
warming trend especially for the northern part of the domain during the cold season [23].

So far, no attempts have been made to study the effect of dust on climate change in the Caucasus region, with
particular attention to the territory of Georgia, by regional climate models including dust module. Although,
there are several publications on this topic [24-27]. The impact of dust deposition on the Caucasus glacial
environment has recently attracted attention of scientists due to the accelerated melting of glaciers in the
Caucasus region [24-26]. Generally, dust deposited on glaciers originates from the products of decay of biogenic
material, locally-produced mineral dust and long-travelled desert dust [25-26]. For example, a significant desert
dust deposition event occurred on Mt. Elbrus (Caucasus Mountains, Russia) on 5th of May 2009, where the
deposited dust later appeared as a brown layer in the snow pack which originated in the foothills of the Djebel
Akhdar in eastern Libya. The dust sources were activated by the intrusion of cold air from the Mediterranean
Sea and Saharan low pressure system and transported to the Caucasus along the eastern Mediterranean coast,
Syria and Turkey [27].

It’s known that the dust aerosols have an indirect effect on the radiation through effecting cloud microphysics
[28]. The most dust aerosols are settled in the atmospheric surface and planetary boundary layers where the
atmosphere-surface exchanges energy and water takes place [29]. The dust particles influence microphysical
and optical properties of the cloud by scattering and absorbing the short and long wave radiation [30]. The
observations have shown that the dust aerosols effect cloud thermodynamic (temperature, relative humidity)
and microphysics [31]. The dust aerosols modify cloud properties, the amount, size of cloud droplets and ice
crystals [32-34]. Mineral dust aerosols are important components of the Earth’s system and have influence on
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the cloud system [28,35] by reflecting solar energy and resulting in surface cooling [36].
The problem of the forthcoming global climate change resulting from natural and growing anthropogenic

factors (economical and technological development, overexploitation of land, water, oil and gas resources) gain a
particular importance for the territory of Georgia because of its location and compound orography. In Georgia
there are 11 types of climate zones from semi-desert to subtropics including mountainous zone of Caucasus
with constant snow and glacier. Climate temperature data for the last 100 years have shown climate cooling
process in the western and climate warming in the eastern Georgia and also permanence in some micro regions
of Georgia. It is necessary to find constantly acting thermal and advective-dynamic sources being responsible for
this change. Especially interesting is the impact of increasing concentration of radiation gases, aerosols and dust
(dust is one of the main pollutants of the territory of Georgia) on the regional climate, as their accumulation in
the lower atmospheric layer plays the role of the scum, which intensifies solar warming of the atmosphere and
considerably decreases long-wave flow directed from the Earth to the outer space.

In this study, the RegCM4.7 model coupled with a dust module is configured with a relatively high horizontal
resolution (16,7 km) and used to simulate dust aerosol distribution and its effects on the climate in the Caucasus
region. This article examines the role of dust (mineral aerosols) in the regional climate of Georgia by comparing
two 30 year simulations executed with and without fully coupled radiatively interactive dust emissions. It was
found that RegCM4.7-BATS and its dust model had simulated well the temporal and spatial distributions of
mineral aerosols over the Georgia.

2. Model description and data. This study is based on the fourth generation regional climate mod-
eling system RegCM4 [37], where the mineral dust particles’ emission, transport and deposition are included
[14]. The RegCM4 is a sigma regional climate model with a dynamical core based on the hydrostatic version
of the PSU/NCAR Mesoscale MM5 Model [38]. The model has been widely used and tested for the study
of regional climatic change and especially for simulations of the effect of dust aerosols in forming the regional
climate [6,14,37]. The coupled dust module includes dust emission, transport (wet and dry removal), grav-
itational settling and optical properties’ calculations. The dust emission scheme completely depends on the
simulated surface wind threshold friction velocity value, boundary layer atmosphere processes and land surface
characteristics (surface roughness and soil moisture) which are provided by the surface biosphere-atmosphere
transfer scheme BATS. We examine the role of mineral dust effect in forming the regional climate of Georgia
by RegCM4/dust model as dust represents the main pollutant for the territory of Georgia [25,39]. During the
last decades, there has been a significant improvement in understanding of the dust sources, its transportation,
properties and in modeling capabilities [39]. In our study the dust particles are divided into four size bins: fine
(0.01-1.0 µm), accumulation (1.0-2.5 µm), coarse (2.5-5 µm), giant (5.0-20.0 µm) and we used four steps in dust
parameterization [39]. The dust transport, deposition and removal processes have been described in detail in
articles [40] [41] and were used in this study.

2.1. Dust Parameters Satellite Measurements. The modeled dust Aerosol Optical Depth (AOD)
data have been examined against the Moderate Resolution Imaging Spectroradiometer’s (MODIS) data with
a 1◦ × 1◦ resolution. There are two MODIS sensors which are observing Earth from polar orbit of NASA’s
Terra (since February 2000) and Aqua (since June 2002) satellites [42-44]. For this reason, some simulations
relating to AOD were executed over 15-year (2000-2014). The retrieved AOD outputs from both Terra and
Aqua satellites were used in our study.

The contours of dust load volume concentration were retrieved from the CALIPSO monthly mean gridded
(2◦ × 5◦) outputs. The CALIPSO products gave us the aerosol extinction coefficient at 532 nm, column aerosol
optical depth and aerosol layer properties in the global grid cells.

2.2. Meteorological data. The results of modeled climate characteristics (among them precipitations)
executed by the RegCM4 model are significantly impacted by the boundary conditions (BCs). In our study
the BCs for the RegCM4 model domain have been created from ERA-Interim the state-of-the-art global atmo-
spheric reanalysis data which were developed by the European Centre for Medium Range Weather Forecasts
[45]. It should be mentioned that observational data have been combined with modeled information from the
previous time step in order to construct the global atmospheric conditions. The results of calculations have
been validated against Climate Research Unit (CRU) data which present the gridded global climate database of
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Fig. 3.1. Location of the study area. Coarse and nested domains.

monthly meteorological measurements from ground-based stations [46]. The surface measurements of tempera-
ture, among of six meteorological variables datasets, were interpolated into a 0.75× 0.75 grid that have covered
the entire land surface of the planet.

3. Experiments design and method. Our investigation was concentrated on modeling the regional
climate change of the territory of Georgia based on the latest version of RegCM4.7 using BATS (Biosphere-
Atmosphere Transfer Scheme) surface code. The study is focused on the impact of locally-produced mineral
dust aerosols and long-travelled desert mineral dust on Georgia’s regional climate change. As mentioned above,
the study over Georgia’s territory, similarly to the whole Caucasus region, has a very fragmented character.
These studies mostly have focused on strong dust events, when dust particles were observed in Abastumani
(Georgia) and in Mt. Elbrus (Russia) [27,47]. The study of regular and long term dust impact on the regional
climate has not been carried out for the territory of Georgia yet.

For simulation the period from 1985 to 2014 with boundary conditions from ECMWF ERA-Interim data
(with 0.75 degree resolution) was selected. Our model has coarse domain with 50 km resolution, (it covers all
of the regions, which mainly take part in the formation of the atmospheric processes over the Caucasus region,
namely: the most of south and east Europe, Ural and Siberian Region, Middle East and Central Asia) and one
nested domain (fully covering Caucasus region) with 16.7 km resolution – see Fig. 3.1.

The impact of dust on the regional climate was evaluated by comparing two numerical experiments in which
the first was executed without dust and the second one was simulated through interactive dust inclusion. In
order to explore the resolution effect each run was downscaled with nested simulation. For the coarse domains
we use time step 100 sec. and for the nested ones - 30 sec. The coarse domains contain 128 grid points in each
of the horizontal directions and 18 vertical levels and the nested domains - 64 and 18 correspondingly.

The same physical schemes were used for Dust and NoDust experiments:
– Holtslag PBL Boundary layer scheme;
– Tiedtke Cumulus convection scheme over the land and the ocean;
– Explicit moisture scheme; In the experiment with Dust only dust tracers - 4 dust bins scheme was activated

and aerosol direct effects on radiation and dynamics of atmosphere were considered.
Simulations of the model without chemistry were performed on GRENA’s (Georgian Research and Ed-
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Fig. 4.1. Observed (seawifs) and simulated AOD of summer season for 2000-2014 period.

ucational Networking Association) cluster (one computing node with 15 cores of Intel Xeon CPU E5-2670
@2.60GHz.) It took approximately 135 hours for the coarse domain and 70 hours for the nested one. For the
simulations with chemistry more powerful computing resource - high performance computing cluster ARIS of
GRNET (Greek Research and Technology Network) was used. The model run was performed on the 60 cores
(it corresponds to the 3 nodes) of Intel Xeon CPU E5-2680 v2 @ 2.80GHz. It took approximately 84 hours
for the coarse and 60 hours for the nested domains. In order to investigate the usage effect of two different
computational resources on model results the same simulations were performed on GRENA and ARIS clusters,
the results of calculations were the same.

4. Results and discussions. On the first stage, simulation with dust was validated. As in South Caucasus
region we have no ground base stratosphere aerosols observations the only source to examine dust concentration
in the air is satellite derived data. The simulated AOD results (aerosol optical depth) were compared to
MODIS (MISR, seawifs) data for the four seasons during the period 2000-2014. From the analyses of MODIS
data value of the AOD is small in winter as this period of year is characterized by heavy snows that prevent
dust accumulation and consequently its values over Caucasus reach only 0.1-0.2 aerosol optical depths observed
at characteristic wavelength of 550 nm. The maximum values of the AOD occur in spring and at the beginning
of summer season (March-June), when dust is uplifted and transported from the Sahara and Middle East across
Mediterranean to the Black Sea’s east coast and reaches the Caucasus regions [27]. Indeed, in spring due to
activation of dust transportation from Libyan and Egyptian deserts, the circulation process values of AOD
increases and it reaches over Caucasus 0.5-0.6 at 550 nm. Also, the observations have shown that the aerosol
episodes are frequent during the dry period too, from June to October [42]. In contrast, AOD is minimal in
winter. From June to October the subtropical Atlantic high (Azores) prevails over the black sea basin, enhances
and causes subsidence. Thus, it results in an extremely stable atmosphere and in absence of rainfall, conditions
that favor the aerosol accumulation in the atmosphere. These variations related to synoptic meteorological
conditions were investigated previously by authors [23,27,42].

The seasonal distribution pattern of simulated AOD’s agrees well with MODIS data. It should be noted
that in spring and summer sessions the simulated dust concentrations and corresponding AOD in the dust
storm generation regions are overestimated, but for the Caucasus region calculated AOD values are very close
to satellite data. For comparison the observed and simulated AOD are presented for summer period on the
Fig. 4.1.

To evaluate the impact of dust on the simulated 2 m temperature all of the 4 runs have been interpolated on
nested domain’s grid and compared to the 0.50-resolution Climatic Research Unit (CRU) surface temperature
(for land only) for annual and seasonal scale. On Fig. 4.2 observed and modeled summer and winter mean
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Fig. 4.2. Summer and winter mean surface temperatures observed (CRU) and simulated (with Dust and NoDust on different
resolutions).

temperature plots are presented. From these plots difference between experiments with Dust (left on the Fig.)
and NoDust is evident, as well as difference between spatial resolutions. It depends on different sub-regions and
is in agreement with CRU data.

To examine the simulation performance across the experiments on different sub-regions of the South Cau-
casus nested domain was divided in 8 sub-regions. These regions mostly cover Georgia’s territory but also
include some other parts, according to the factors of local climate formation. On Fig. 4.3 location and names
of sub-regions are presented, where SCC is Central part of South Caucasus, SWC - Western part of South
Caucasus, SEC - Eastern part of South Caucasus, EP - Eastern plane territory, KP - Kolkhety Down land, AJ
- South mountainous part of Ajara, JP - Javakhety Plato, CP - Central part of Georgia including Likhi range.

The mean annual, as well as summer and winter temperatures bias, standard deviation and correlation
coefficient in comparison with CRU data have been calculated from all of the 4 simulations and mean values
across mentioned 8 sub-regions evaluated (Table 4.1).

According to the Table 4.1, annual negative bias appears in all sub-regions for the NoDust simulation, the
biggest one is in EP sub-region, bias from Nested NoDust run is even bigger for the most of sub-regions. Dust
simulation has evident benefit in reduction of mentioned cold bias, and in the western sub-regions produces
warm bias. Nested Dust run also improves performance. Namely for EP sub-region it continues the reduction
of negative bias and smoothes bias in other regions produced from the course domain.

On the seasonal scale, Dust experiment improves winter mean temperature simulation for all sub-regions,



Effect of Dust Aerosols in Forming the Regional Climate of Georgia 93

Fig. 4.3. The contours represent the terrain elevation (m). The boxes indicate the 8 sub-regions.

and Nested Dust run performance is better. But summer Dust experiment produces relatively large warm bias
for south west sub-regions. The Nested Dust run for summer has better results for some sub-regions than course
run. But for others - mostly central regions Nested Dust run simulation increases warm bias. These results
are obtained after comparison with 0.5o resolution observations gridded dataset. Comparing them with finer
spatial resolution’s observations will be useful to avoid mistakes raised from smoothing local effects.

5. Conclusion. We have investigated the dust’s direct effect and its influence on the Georgia climate.
This is first attempt to study this problem using RegCM model with dust module taking into account the
aerosols radiative forcing in Georgia. In this paper, one climate parameter 2 m temperature was examined
and the difference between Dust and NoDust simulations was found. The mean annual temperature warmed
across the whole territory of Georgia in simulations where dust’s direct effect was considered. The temperature
performance was improved, as it had negative bias in simulation where dust effect wasn’t taken into account.
The finer resolution temperature results on annual scale have been improved more. On seasonal scale nested
run has inhomogeneous results. It differs from sub-region to sub-region and from season to season, and it’s
especially diverse in summer. This result should be verified by means of rigorous comparison with observations
from different sources and resolution. We begin our study from near surface temperature characterization, as it
is a well-known and observed variable, but changes in temperature due to the changes in the radiation budget
and cloud microphysical processes and thermodynamic state considering the effect of the dust and aerosol. To
conclude how our results are relevant for the temperature, it is necessary to examine parameters of the cloud
and radiation and continue this study by evaluating these variables.
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Table 4.1

Mean Annual, Temperatures Bias, Standard Deviation and Correlation Coefficient for 8 sub-regions from 4 simulations.

Dust NoDust

BIAS STDV CORREL BIAS STDV CORREL

SCC 1.91 1.79 0.987 -0.53 1.94 0.984

CG -1.03 1.62 0.988 -2.79 1.66 0.986

SEC 2.00 1.90 0.990 -0.57 1.77 0.988

EP -1.99 1.49 0.990 -3.15 1.47 0.989

JP -0.81 1.57 0.987 -2.61 1.70 0.984

KP 0.57 2.11 0.984 -1.67 2.21 0.981

AJ 0.41 1.79 0.983 -0.99 1.93 0.981

SWC 0.60 1.48 0.987 -1.41 1.54 0.985

Nested Dust Nested NoDust

BIAS STDV CORREL BIAS STDV CORREL

SCC -0.57 1.95 0.984 -2.11 2.00 0.981

CG -0.81 1.72 0.987 -1.99 1.71 0.985

SEC -0.44 2.08 0.987 -1.72 1.89 0.987

EP -1.21 1.61 0.988 -2.15 1.46 0.989

JP -0.73 1.70 0.985 -2.07 1.77 0.983

KP - 1.03 2.16 0.983 -2.43 2.10 0.982

AJ -0.41 1.93 0.980 -1.90 1.93 0.979

SWC -0.52 1.57 0.984 -1.83 1.64 0.982
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