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Development of Strong Motion Network in Georgia

Nino K. Kvavadze, Konstantine D. Kvavadze, Nino S. Tsereteli,
Alexandre B. Gventsadze, Zurab R. Gogoladze

M. Nodia Institute of Geophysics of I. Javakhishvili Thilisi State University
ABSTRACT

In frame of Shota Rustaveli National Science Foundation project “Accelerometer and Very Low Frequency
electromagnetic waves receivers network implementation in Georgia: basis for specifying seismic hazard”
project, 6 strong motion recorders were installed on territory of Georgia. This is the beginning of restoration
of old accelerometric network, which stopped working in 2006. We are studying soil properties for each
station, using active and passive methods and ground resonance frequencies, with HVSR method.
Accelerometric database is being created.

Key Words: seismic hazard, accelerometric network.

Introduction

The South Caucasus, particularly Georgia is highly vulnerable to various natural hazards, the most
dangerous and devastating of which is seismicity [1]. Observed seismicity in Georgia is characterized as
moderate. Maximum observed magnitude of earthquakes is Racha earthquake of 1991, Ms = 7. The
moderate and strong earthquake reflect regional tectonics that is largely determined by position of Caucasus
between still converging Eurasian and Africa-Arabian tectonic plates. Risk resulting from seismic hazard is
closely related to sustainable development of the country. Assessment of seismic hazard is vital for the
region. Probabilistic assessment of seismic hazard involves calculation of expected value of ground shaking
for a specified probability of exceedance within a specified time period (e.g., peak ground acceleration that
has a 10-perecent probability of being exceeded within the next 50 years). So, during the study of seismic
hazard, it is important to have accurate earthquake information, which includes: earthquake epicentre
location, depth, time and magnitude for seismic sources and good strong motion recordings for building new
or selecting existing ground motion prediction equation (GMPE). GMPEs provide means of predicting
ground shaking at any location based on earthquake magnitude, fault mechanism, source to site distance, etc.
The territory of Georgia includes up to 40 broadband seismometer stations, which can be used for earthquake
parameters and source physics study, but using their data by derivative velocity for seismic hazard
assessment will introduce additional error. seismometer measures the velocity of the ground during
earthquake shaking. Most velocity sensors are high precision, sensitive instruments designed to record
motions from distant earthquakes rather than the strong shaking that occurs near earthquakes.
Accelerometers are much less sensitive than seismometers, but have a much greater range, detecting +2g or
more of ground acceleration (things start flying off the ground at 1g, when gravity is overcome). By
comparison a seismometer will clip at full scale if you tap it too hard with your finger
(http://www.src.com.au/strong-motion-accelerographs/).

Strong Motion Network for territory Georgia

Digital accelerograph network in the Caucasus area was operated by National Survey for Seismic
Protection of the Republic of Armenia, the Georgian Academy of Sciences and the Swiss Seismological
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Service granted by the Swiss Disaster Relief. The initial network, which started operation in 1990 was
gradually extending. The network consisted of 12 digital free-field stations, 16 analog strong-motion
stations, 6 digital strong-motion instruments for aftershock studies and 2 structural monitoring related arrays.
This network operated till 2006, so its data is limited. During EMME (Earthquake Model for Middle East
Region) project (2010-2013), strong motion data from this network was analyzed and out of about 450
recording only 88 were used, because most earthquakes were of small magnitude or recording quality was
too low [2].

Taking all these into consideration, creating a new strong motion network that covered the whole
territory of Georgia was vital. (work presented here was done in the frame of Shota Rustaveli National
Science Foundation project “Accelerometer and Very Low Frequency electromagnetic waves receivers
network implementation in Georgia: basis for specifying seismic hazard”), 6 strong motion instrumentations
have already been installed and more are planned next few years. The locations of stations have been chosen
with several priorities. Security of the instrumentation being the first. The network was planned to be evenly
distributed in the area. The locations and coordinates of installed and planned stations are shown on Fig 1.
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Fig. 1. Network map, red circles — installed, green — planned.

The local sight effects play important role in earthquake recordings. Different sight conditions can give
amplification factors in different frequency ranges. Site characterization is necessary for strong motion. For
large networks in Japan boreholes of 30 meters are made to study soil properties in detail. But such studies
are costly, so for our network we studied shear-wave propagation velocity average for 30 meters (Vsso) using
seismic profiles. Horizontal to vertical spectral ratios (HVSR) of ambient seismic noise was used to estimate
the thickness of sediment over bedrock, based on empirically-derived, power-curve relationships between
sediment thickness and primary resonant frequency of shear-waves [3,4].

For this purpose, Seistronix RAS-24 and Tromino 3G are used. For resonance frequency Horizontal and
Vertical Spectral Ratio (HVSR) method was used.

All stations have Kinemetrics Basalt 4X data recorders, with 3+1 channels, 24-bit Delta Sigma converter
per channel, selectable sample rates and different supported file formats. An external GPS antenna is used
for timing, with accuracy <1 microsecond. Internal Linux system and +1 channel gives user flexibility to use
different types of external devices for communication and complex studies.

Tri-axial EpiSensor ES-T is used for ground motion detection. With Dynamic range: 155 dB+;
Bandwidth: DC to 200 Hz; selectable full-scale range at: + 0.25¢g, £ 0.5g, + 1g, £ 2g or £ 4g; and extreme
operating temperatures: -20° to 70°C.

In order to protect instrumentation from external influences and because of low budget old metal safes
were used. To protect instrumentation from abrupt changes in temperature heat insulators were necessary.
This provided us with sufficient safety from both weather conditions and theft. Reinforced concrete
basement was designed for sensor, the depth of which was chosen considering local weather and soil
freezing depths for noise reduction. Fig. 2 shows general block scheme for each station.
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Fig. 2. Block diagram of stations

As none of the station except, Tabakhmela have AC power, solar panels were necessary. Wattage of
solar panels were chosen taking weather conditions into consideration. Step down voltage converter with
high efficiency can operate up to 80 Volt and give output of Maximum 10 A. 3G/SDMA modem is used for
internet connection and Raspberry Pi with VPN technology for data transfer and remote access. Data is
collected and stored on server using SSH protocol. Server is located at Tabakhmela, as it is the only location
that has AC power and wired internet access.

Data processing of Georgian strong-motion database:

For data analysis different software is used: SMA (Strong Motion Analyst) and USDP
(Utility Software for Data Processing). Main steps in data processing for both software are following:

1. Mean removal: Remove the entire mean for accelerograms without a pre-event buffer or Use the pre-
event mean for removing it from the accelerogram whenever pre-event buffer is available

2. Baseline correction using the procedure proposed in [5] (procedure that opts to minimize residual
displacements) for accelerograms with pre-event segments.

3. Filtering - Acausal

The major difference in causal and acausal filtering are the phase changes in the filtered time series.
Causal filters result in phase distortion in the processed data whereas acausal filter does not introduce any
phase change (phaseless) to the filtered data. The acausal, phaseless filtering is simply achieved in the time
domain by passing the filter response along the record from start to finish and then reversing the order and
passing it from the end of the record to the beginning. Acausal filtering requires leading and trailing zeros at
the beginning and end of the aceelerogram, respectively to accommodate filter transients; acausal filtering
leads to more stable processed data both in terms of time series and spectral calculations [6].

We have chosen Acausal filter. We use the default roll-off slope, that is 8 in USDP. The low and high-
cut filter were determined through the guidance of f2 and 1/f2 gradients that can be moved along the FAS plot
by clicking on the relevant button. In the figure 38 is represented the pick the limited point in low —
frequency.

As we know high frequency decay at rates 1/ f2, that means spectral amplitudes decrease with increasing
frequency. But at some points noise produces an increase in spectral amplitudes. This point is limited point
for high frequency

For data analysis different software is used: SMA (Strong Motion Analyst) and USDP
(Utility Software for Data Processing) example of the earthquake recording and its processing is given
below. data shown below is a recording of earthquake near Dedophlistskaro station, on 07 June, 2017
18:25:41, at coordinates: 41.4056/45.7956, which is about 27 Km from station. The magnitude was M =5.
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Figs 3 and 4 show raw data from all three channels, and pre-processed data for Z direction, analysis in this
case was done using SMA software.

Station ID: KMI  6/7/2017 (158) 18:25:27.000

Station ID: ALTUS S/N 86 Channel 3: EW 06/07/2017 18:25:27 (GMT)
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Fig. 3 and 4 — SMA raw data for all three channels and pre-processed data for Z channel.

Data processing by USDP software showing all the steps is shown below on Figs 5- 12.
step 1.

Fig. 5 - Uncorrected records of maximum Fig. 6 - The mean of entire pre-events is 36 sec
horizontal components of earthquake (07.06.2017)

Fig. 7. Velocity time series Fig. 8. Displacement time series



In practice the low-cut filtering is used to reduce the long period noise rather than baseline corrections
with filtering. Totally there is not significant differences in results obtained by filtering and baseline
corrections with filtering. We skipped baseline correction and used only filters.

o0 = ES = 0

m = = m ™

Fig. 10. Corrected records of acceleration time Fig. 11. Corrected records Velocity time series
series

Fig. 12. Corrected records displacement time
series



Conclusions

Because Georgia is located in seismically active region, accurate assessment of probabilistic seismic
hazard and risk are extremely important. In the past seismic hazard study has shown that for Georgia there is
no sufficient strong motion data. Taking this into consideration renewal of old strong motion network has
begun. Today 6 stations are installed and operate. Two additional locations have already been chosen for
more stations and are planned to be installed next year.

Finally, country-based metadata will be criated. In a reliable metadata, information must be same for
same for each event: date and time, magnitude, epicenter coordinates, depth, focal mechanism; and each
station must have its data on: initial waveform, processed waveform, description of processing procedure,
PGA (Peak Ground Acceleration) and SA (Spectral Acceleration) value, site information, source to site
distances.
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PazButHe ceTu CUIBLHBIX ABH:KeHUH B ['py3un

H.K. KBaBanze, K.JI. KBaBanze, H.C. lleperenu, A.b. I'Benuanse, 3.P.I'oroaanse

Pe3rome

B pamkax npoekra Hanmnonansnoro Hayunoro ¢onna Lllora PycraBenn «BHenpeHue ceTn akcenepoMeTpoB
U HU3KOYaCTOTHBIX AJIEKTPOMAarHUTHBIX BOJH B ['py3uu: OCHOBa Uil OINpPEHCIICHUS CEHCMUYECKOU
ONIACHOCTH», 6 aKCceJIepOMEeTPOB ObUIM YCTaHOBJICHBI Ha TEPPUTOPHUH I 'py3uu. ITO HaYaIO BOCCTAHOBIICHUS
CTapoil aKcelepoOMETPUIECKON ceTH, KoTopas mepectaia padorath B 2006 romy. Mel n3y4daem cBOMCTBa
MOYBBI AJIS1 KaXKAOH CTAaHLMH C UCIIOIb30BAHUEM AKTHUBHBIX U MACCHBHBIX METOJOB M PE30HAHCHBIX YacTOT
rpyHTa ¢ ucrnonp3oBanreM Meroaa HVSR. Coznaercs akcenepomerpuueckas 6a3a JaHHBIX.
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Variation of Geophysical Parameters During Preparation of Seismic
Events
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ABSTRACT

The article contain information about several hydrodynamic and geomagnetic anomalies were observed
during March 2017 - December 2017 on the multiparametric monitoring network of M. Nodia institute of
Geophysics. Data were analyzed by the special program which gives possibility to exclude the influence of
geological factors by the common value of tidal variations. Was analyzed reaction of parameters to the
earthquake preparation process.

Key Words:. hydrodynamic and geomagnetic anomalies, seismic event precursors.
Introduction

Georgia is very vulnerable to various natural disasters, including earthquakes [1]. Significant number
of works on the registration of earthquakes and the detection of their possible precursors is here carried out
(electromagnetic and acquisition emissions, atmospheric electric parameter, soil radon, ULF electromagnetic
variations, etc.) [2-10]. Multiparametric data (water level, atmosphere pressure, temperature, geomagnetic
field etc.) were recorded with a minute frequency, in the deep boreholes located on the territory of Georgia.
Observations were carried out using the special equipment providing measurement of deformation up to 108
degrees [11-12]. In order to exclude the influence of geological factors, the data from various stations were
rated against the common value of tidal variations [13-14]. Variation and reaction of parameters to the
earthquake preparation process [15-19] were analyzed.

Data analysis

Therefore, were analyzing the value of stress field by hydrodynamical parameters [20-21] and
geomagnetic field variations during preparation of several earthquake processes on the territory of Caucasus
were calculated and analyzed:

Earthquake in Tsalka area -24.03.2017 Mag-3.7

The earthquake of 24 March 2017 (Mag- 3.7, Tsalka), anomalies was observed on the Marneuli
borehole, as well as at Dusheti Geomagnetic Observatory and Oni magnetic station.
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Fig.1 Stress map on the moment of 24 March 2017 earthquake, Mag-3.7.

Anomaly was revealed on Marneuli station before 24 March 2017 earthquake, 4 days earlier. At the
same time water level falling can be seen on the graph (Fig.2). Earthquake happened in 68 km far from the
station.
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Fig.2. a - Water level, atmospheric pressure and tidal variations at the Marneuli borehole. Vertical line marks
an earthquake. On abscis axis time is in hours. b- Speed factor of variations water level and earth tidal and
the difference between them.

At the Oni station, like the one at Dusheti Geomagnetic Observatory, anomaly was observed 3 day
earlier before event.
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Fig.3. a-Variation of x,y,z components of the magnetic field at the Oni Station. b- Variation of the module
value.
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Fig.4. a-Variation of x,y,z components of the magnetic field at the Dusheti Geomagnetic Observatory. b-
Variation of the module value.

Earthquake in Kvareli area-15.04.2017, Mag-3.6.

Before the earthquake of 15 April 2017 (Mag- 3.6, Kvareli), anomalies were observed on the
Nagalagevi, Gori, Marneuli stations, as well as at Dusheti Geomagnetic Observatory.

“ [Jos
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Fig.5 Stress map on the moment of 15 April 2017 earthquake, Mag-3.6.

Anomaly was observed in Nagalagevi borehole 1 day earlier before event of 15 April 2017. The
Earthquake occurred in 210 km far from a station.
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Fig.6. a - Water level, atmospheric pressure and tidal variations at the Nagalagevi borehole. Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth
tidal and the difference between them.
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As wall as Nagalagev's station, at the Gori borehole anomaly of behavior of water level is revealed 1
days earlier before earthquake, 145 km from station.

Gor: Lal=41.8673 Long=41.95363 COLNTWBCT e e

s05[ o= MagnindelgDatance ! =Ty
i
i
: f<- Energy
: 053501
“3
.
wf !
i o . L | 1 I I
' : 5 ; ; 7
. / \ | 20017 woun? wour? 180017 180417 niourT
Vs \ ~ fww ““w", ~. N Ancraly 355 min_— A —
W/ " \ PR\ N /T~
1/ ~ \ r N M |/ o) /A
;}7‘ \\_ ‘M\\ g ) "’/w Ny {/""\W 3 T T T T
F |
| ¥ - f/"’y/ W J Sk
'
| ‘ﬁm\ WN\/
)
' i
41 ; T 2+
i
: . \ w
H 20417 P G 150817 e o
w0 e e wour

Fig.7. a - Water level, atmospheric pressure and tidal variations at the Gori borehole. Vertical line marks an
earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal and the
difference between them.
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Fig.8. a-Water level, atmospheric pressure and tidal variations at the Marneuli borehole. Vertical line marks

an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal and
the difference between them.
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At Marneuli station anomaly behavior was 1 day earlier before the earthquake. Earthquake epicenter
was located in 107 km far from the station.
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Fig.9. a-Variation of x,y,z components of the magnetic field at the Dusheti Geomagnetic Observatory. b-
Variation of the module value.
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Anomaly was observed at Dusheti Geomagnetic Observatory, 2 days earlier before the earthquake 15
April. The anomaly continued for 1 day. The earthquake occurred in 80 km far from the Dusheti.

Earthquake in Dmanisi area-09_05 2017, Mag-3.6.

The earthquake of 09 May 2017 (Mag- 3.6, Tsalka), anomalies was observed at the Kobuleti,
Nagalagevi, Oni, Gori and Marneuli boreholes.

Moge1

Fig.10 Stress map on the moment of 09 May 2017 earthquake, Mag-3,6.
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Fig.11. a - Water level, atmospheric pressure and tidal variations at the Kobuleti borehole. Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth
tidal and the difference between them.

In Kobuleti, which is 193 km away from the epicenter, we observed an anomaly that continued for 7
days.
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Fig.12. a - Water level, atmospheric pressure and tidal variations at the Nagalagevi borehole. Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth
tidal and the difference between them.
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At Nagalagevi station anomaly was observed 2 days before of the earthquake. The duration of the
anomalous period is fixed on figure. Naqgalagevi station is 58 km far away from the epicenter.

a b

Fig.13. a - Water level, atmospheric pressure and tidal variations at the Oni borehole. Vertical line marks an
earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal and the
difference between them.
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Fig.14. a - Water level, atmospheric pressure and tidal variations at the Gori borehole. Vertical line marks an
earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal and the
difference between them.

Increasing of water level at the Gori and Oni station can be seen on the graph (Fig.13 Fig.14).
Anomaly can be seen before 5 days earlier of earthquake and continued after the event.
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Fig.15. a - Water level, atmospheric pressure and tidal variations at the Marneuli borehole. Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth
tidal and the difference between them.

At Marneuli borehole, which is 67 km away from the epicenter, the anomaly was observed 2 days
prior to the earthquake. The duration of the anomalous period is shown on figure

Earthquake in Dedofliswyaro area-17_07_2017, Mag-4.1.

The earthquake of 17 July 2017 (Mag- 4.1, Dedoflitskaro), anomalies was observed on the Nagalagevi
borehole, as well as at Dusheti Geomagnetic Observatory and Oni station.
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Fig.17. a - Water level, atmospheric pressure and tidal variations at the Nagalagevi borehole. Vertical line
marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth
tidal and the difference between them.
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Anomaly can be seen at Nagalagevi station, before earthquake. The Epicenter of the 17 July
earthquake occurred 232 km away from Nagalaqevi station. It is noteworthy that the earthquake of 20 July
2017 (Mag- 4,5 Azerbaijan) happened after this anomaly.
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Fig.18. a-Variation of x,y,z components of the magnetic field at the Dusheti Geomagnetic Observatory. b-
Variation of the module value.
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Fig.19. a-Variation of x,y,z components of the magnetic field at the Oni Station. b- Variation of the module
value.

About three days of anomalies are observed in the variations of magnetic field’s components and its
modules at Dusheti Geomagnetic Observatory and Oni station.

Earthquake in Tkvarcheli area-14_09 2017, Mag-3.4.

The earthquake of 14 September 2017 (Mag- 3.4, Tkvarcheli), anomalies was observed on the
Nagalagevi and Gori boreholes, as well as at Dusheti Geomagnetic Observatory.
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Fig.20 Stress map on the moment of 14 September 2017 earthquake, Mag-3,4.
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a

Fig.21. a - Water level, atmospheric pressure and tidal variations at the Nagalagevi borehole. Vertical line

marks an earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth
tidal and the difference between them.

As we can see the graph, the anomaly at Nagalagevi borehole is observed 6 days prior to the 14

September earthquake.
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Fig.22. a - Water level, atmospheric pressure and tidal variations at the Gori borehole. Vertical line marks an
earthquake. On abscise axis time is in hours. b- Speed factor of variations water level and earth tidal and the
difference between them.

At Gori station the anomaly was observed a week prior to the earthquake. Gori borehole is located

254 km away from the epicenter.
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Fig.23. a-Variation of x,y,z components of the magnetic field at the Dusheti Geomagnetic Observatory.

b- Variation of the module value.
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A 2-day anomaly that is observed before 14 September 2017 earthquake is shown on the Dusheti
magnetic data plot.

Conclusions

Variations in hydrodynamic and geomagnetic parameters are caused by the earth stress. During normal
period it change according tidal variation and has “background” value. Before seismic event character of
variation changed above “background” value, as indicator of tectonic activity. During the observed time
period were fixed earthquakes with Magnitude 3-5, between 200-500 km from the station, occurred on the
territory of Caucasus. Character of “anomalies” depended on energy of earthquakes. Period of “anomalies”
varied between 2-5 days.
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Bapuauuu reopusnyeckux napamMeTrpoB B EPUO NOATOTOBKH
3eMJIeTPSACEHU I

I''A. Meaukanse, T. /I:x. zkuminenanse, I'.H. Koo03eB, A. III. YankBeTaase

Pe3rome

Crathsi coiepKuT HHGOPMAIUIO O THIPOAMHAMUYCCKIX U TEOMAarHUTHBIX aHOMAJIUSX B MIEPHUOJ] C MapTa 1o
nexadppb 2017 roja mo JaHHBIM HAOIIOJCHUH MYJIbTHIIAPAMETPUICCKOM MOHUTOPHHIOBOHM cetn MHcTuTyTa
reodpuszukn uM. M. Homua. J[aHHBIe TTpOaHATU3UPOBAHEI ¢ IIOMOINBIO CHEITHATBHON MporpamMMbl. C IIETbI0
WCKITIOYCHHS BJIMSHUS T'€OJOTHYECKUX (DaKTOPOB, NaHHBIC C PA3IUYHBIX CTAaHIMNA OBLTH OTKAITMOPOBAHBI C
MOMOIIbIO 3HAYCHUN NPUWIMBHBIX Bapuanuii. OCYIIECTBICH aHAIM3 Bapualldid U peakIMu MapameTpa Ha
MIPOIIECC TTOATOTOBKY 3€MJIETPSICEHHUS.
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ABSTRACT

Modelling of fluids vertical convection in nature by means of our original bubble-boiling method (BBM)
allowed us to investigate behavior of the thermodynamic parameters of solutions during the whole process of
heating (result of joint action of the processes of temperature conductivity, thermals and vapour bubbles
mixing convective motion). There were obtained the universal dependence between the of bubble-boiling
temperature and density of the solutions and existence of linear lows between points of discontinuities: Tqc,
tdc, Sdc, and pac which we can write, for q = const., as: (dT/ dp)ac = const., (dp/ dt)ac = const., and (dS/ dT)qc =
const. This method allowed us to show experimentally a similarity between the temperature-time (T, t)-
diagrams of some matters water solutions and Tammann’s glassy state-diagrams. We try to find accordance
between well-known Euler’s theorem on right polyhedrons and Gibbs thermodynamic rule about
heterogeneous systems. Perhaps, using Gibbs-Tammann method for description of multicomponent system (n
=4, 5, ...), may obtain tetrahedron, octahedron and others. Then, for precise establishment of the moments
of the liquids the micro- and macro-scale bubble-boiling regimes beginning, we analyzed our experimental
(T, t)-, (dT/dt, T)-, and (d?® T/dt?>, T)-curves, which showed the existence of the acute maximums near
temperatures T = 40 °C and T = 80 °C, respectively. Naturally, the same picture shows the temperature
dependence of following even derivative of T with respect to t. Thus, this method of processing of T(t)-
experimental data allowed us to avoid use of complex high-speed filming technique. Obtained analogy
between thermodynamic diagrams of the glassy state of matter and the bubble boiling of liquids is caused by
the fluidity of the glass as liquid (that is, “glass is liquid” (Tammann); undoubtedly, this is the best example
of the phenomenon supporting well-known Frenkel’s kinetic theory of liquids). More over one can assume
thar the idea of the kinetiC theory was “prompted” to Frenkel by Tammann’s glassy state, as probably form
of Gibbs rule was “prompted” to him by Euler theorem about polyhedrons.

Key words: thermodynamic state, homogeneous, heterogeneous, spherulite, glassy state, bubble-boiling
method, Gibbs’ rule, Tammann’s diagrams, Euler’s theorem, polyhedrons.

1. Introduction

Some years ago the authors suggested new fluids bubble boiling method for modeling (BBM) of vertical
convection processes having place in the geospheres. Then they were developed in our recent articles for
artificial solutions and analyzed by means of T (t), AS (T), and T (p) experimental curves for definition of
admixture of the mass content density of solutions or natural waters. There were obtained optimal values of
the liquid volume, the heating intensity, and temperature measurement frequency. BBM-method allows us
for short time to determine main thermodynamic parameters, to avoid the technical difficulties of
preparation, and carry out measuring, especially near the points of the second kind of discontinuity in the
temperature interval 40 °C — 80 °C between the micro- and macro-bubble boiling regimes[7-12].For more
precise determination of the second kind of discontinuity of the temperature of heating liquids in time except
of time dependence of the classical entropy (dS = dQ/T °K, t) there were constructed time dependence of
pseudo-entropy (dX = dQ’/T °C, t),where instead of Kelvin’s degree °Kof temperature was used Celsius, °C,
one. By this way it was discover the point of discontinuity at T near 40 °C which was not seen in case of the
curve (dS = dQ/T °K, t). Therefore then it was recommended to use pseudo-entropy (d = dQ’/T °C, t) at
(40°C <T< 50°C).Below it is considered: (a) similarity between experimental (T, t)-curves of any matter
water solutions and according diagrams of the matter glassy state; (b) the peculiarities of mentioned (T, t)-
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curves at the points of discontinuities (40 °C and 80 °C) by means of applying the calculus method to the
points of contrary flexure (liquid micro- and macroscale bubble-boiling regimes beginning, respectively) on
the curves (dT/dt, T).It is also discussed accordance between well-known Euler’s theorem about
polyhedrons, Gibbs thermodynamic low and Tammann-Frenkel view on the similarity of solid and liquid
bodies structure.

2. Thermodynamics of Gibbs-Tammann and Euler’s polyhedron [1-3, 6]
2.1. Geometrical formalism of thermodynamics

As necessary, the classic sciences consider ideal model of their objects of investigation:
themathematics — right geometric figures, mineralogy— crystalpolyhedron, physics and chemistry — ideal
gases and liquids, geophysics— crystals, which play paramount role, in particular, on close examination of
pieces of volcanic glass and the Earth’s interior generally. Therefore, study of a thermodynamics of the
matter phase transformation in nature and in a laboratory usually is provided on the basis of correlation
between a form of crystal and its configuration energy. In this connection it is interesting to pay attention to
the well-known expressions — thermodynamic rule of Gibbs [1], and geometric formula of Euler [6].

On the one hand, when a chemical homogeneous substance is appeared in two or three aggregate states
simultaneously under invariable pressure and temperature, then they are in equilibrium with each other and
submitted to the following Gibbs rule of phases:

F=N+2-R, (1

Where F is a degree of freedom, N is a number of matters, and R is a number of phases.
On the other hand, Euler’s formula for relation between the geometric characteristics of a
polyhedronis following:
F=E+2-V, (2

where F is a number of faces, E is a number of edges, and V is a number of vertexes.

In formal comparison of these expressions it is arisen an instant a neo us impression that they are similar not
only outwardly. They also reflect dependence between them: between thermodynamic parameters of the
system and its inner structure, exactly — crystal structure or in case of Euler’s geometric formula —the
polyhedron. Both of them characterize the stable state of the systems.

As is well known, a “transition of non-isotropic state into other one is impossible, as a transition of
isotropic state into non-isotropic one is impossible”. In view of this property of crystals, | think that it is
possible to find among of many-component systems corresponding sample one. Analysis shoes that such
object is the four-component (n = 4) system. For n<3Tammann uses plane geometry, for n > 4 his
thermodynamic diagram is projected in space geometry, in particular, in the form of tetrahedron (n = 4).
More detail this question will be discuss below.

2.2. The stable and unstable stations of melting and bubble boiling thermodynamic systems
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Fig. 1. Temperature-time (T, t)-diagrams of heating and cooling of some matters:(a), (b) —Tammann's
qualitative curves are (T, t)-diagrams of according processes [3]; (c)— (T, t)-experimental curves of saturated
solution for any matters (using [11,12]).
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Analyze of Fig. 1 shows that at the points of phase-transformations crystal-liquid and vise-versa
(Fig. 1a, b) the angle of refraction is larger than at the change of micro- and macro-bubble boiling at heating
and cooling (Fig. 1c), respectively. It is necessary to note, that the brunch of the cooling curve in Fig. 1c, is
the dashed curve in Fig. 2b. Full time of cooling is 184 min (not 40 min as in the diagram of Fig. 1c), then
real curve in the last case would have view as the cooling curves in diagrams of Fig. 1a, b, respectively.
Above mentioned similarity of the diagrams allow us to speak about the short-range ordering considered
thermodynamic systems. This moment is confirmed by investigations [2] according which “molecules are
more active in a glass than in a crystal: in crystal lattice molecules are more ordered, and in a glass they are
settled down chaotically.” Thus, in that case the glass is supersaturated liquid. It is interesting other citation:
three isotropic states: gaseous, liquid and solid (glassy) can transform from one state into another one
without division on two phases (persistently). Quite otherwise the things are in case of crystal — non isotropic
phase — generation from a vapour, liquid or glass [2]. That is, above mentioned likeness of diagrams allows
us to speak about of short-range order in the considered substances. From the point of view both of physics
and mathematics, the order-disorder phenomena and superlattice alloys demand special consideration, firstly
proofed by Tammann experimentally which further were developed in [13-17] and others.
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Fig. 2. The hysteresis curves of: (a) — pure water (p = 1 g/cm®) and (b) — sugar
solution in a water (p = 1.47 g/cm®) when the intensity of heating g = 2W/cm?;
the solid lines correspond to the heating process of liquids (time scale is below),
and dashed lines — to the cooling of them (time scale — above). Time of cooling
of pure water was equal to 136 min, in case of the sugar solution — 184 min.

Fig. 2 shows the results of detail measuring during heating from initial temperature To= 20 °C to the
intensive bubble boiling temperature T3 = 100°C and then reverse motion of both curves (H-0 and C12H2,011
solution of maximal density, p= 1.47g-cm=). There are two points of crossing curves at temperature Ts =
100°C and lower at T>= 62°C. In case of clear water, H,O, time of heating from 20°C to 100°C equals to 45
min; coordinates of the second kind discontinuity are following T1(80°C, 25 min); coordinates of point of
boiling areT3(100°C, 45 min). In case of sugar, C12H2>011, time of heating from 20°C to 100°C equals to 40
min; coordinates of the second kind discontinuity are following T (40°C, 5 min); coordinates of point of
boiling are — T3 (100°C, 40 min).

Unlike the water solution of NaCl (with maximal density p = 1.2 g cm™, and temperature of boiling
Ts = 108°C), in case of sugar water solution (C12P22011), a rise of boiling temperature doesn’t occur, and its
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boiling temperature was equal toTs = 100°C. In case of sugar water solution of maximal density (p = 1.47
g-cm®), the hysteresis square between solid line an dashed one, directed in the opposite direction (of low
cooling process of the solution from the point of boiling T3 =100°C) before their crossing with each other
equals to, respectively: (a) for clear water (p = 1.0 g-cm?) the hysteresis squareADn(H20)= 3.5 sq. un.
coordinates of this point are following: Tn = 62°C, and corresponding time of cooling, th= 28 min; for sugar
solution of maximal density p = 1.47 g-cm3, ADn(C12P22011) = 2 un. sq.; coordinates of this point are
following: Tw= 68°C, and corresponding time of cooling, t»= 23 min; ratio between hysteresis squares of
sugar and clear water equals to= 4:7. Time of cooling of pure water was equal to 136 min =2 h 16
min, and in case of the sugar water solution was equal to 184 min = 3 h 04 min. (Fig. 2).

Fig. 3 represents results of the experimental investigation of temperature change in time of saturation
solution of any organic or nonorganic matters in a beaker of water (as usually, in our early experiments [7-
12]). Analysis of the (dT/dt, t)-curveoftheliquidtemperaturegrowthrateshowsthepointsofdiscontinuities
(tangent dashed lines: 1, 2, 3, 4, 5) and the point of inflection between points 3 and 4 atT = 40 °C (on the
T(t)-curve showed to the right of arrow). As this was to be expected, there the curve of (d? T/dt? t) has
extremum at the point between the micro- and macro-scale bubble boiling regimes of liquids [11, 12]. The
availability of the point of inflection (Tw) was shown by Tammann [2] for dependence of the second order
differential of the glasses physical properties on the temperature curves. The point Ty is in the temperature
interval of softening of the glass (Tr, Tg),where Ts is the temperature of the glass transformation into liquid
under slow heating; Ty is the temperature at which the body is become fragile under cooling, but not at once

2.

dr, °’c
dt min

Fig.3. (dT/dt, t)-curve shows the rate of liquid temperature growth against the time,
T (the curve joins points: @); and (T, t)-curve shows the liquid temperature against
the time, t (the curve joins points: x).

For making more precise of the moments of the liquids bubble-boiling micro- and macro-scale

regimes appearances, respectively at T = 40 °C and T = 80 °C, we also constructed the curve (d*T/dt?, T)
(Fig. 4.). Here we see as both points of contrary flexure at the values of temperature T = 40 °C and T = 80 °C

25



(the curve (dT/dt, T)) are illustrated by means of two acute maximums (1) of the curve (d?T/dt?, T)). As this
was to be expected, the availability of these maximums near 40 °C and T = 80 °C was not accident.

i
=
o

1%

&l
&

o
n

0.4

0.3+

0.2 4

0.1+

0.0

Fig. 4. (dT/dt, T)-curve shows the rate of the liquid temperature growth against the
temperature, T, (the curve joins points: e); and (d?T/dt?, T)-curve shows the liquid
temperature growth acceleration against the temperature (the curve joins points: x).

As it is seen, the experimental curves of Fig. 3 and Fig. 4 are in a good accordance with each other
and with Fig. 1a, b give additional new information about similarity of considered here heating and bubble-
boiling process of liquids and peculiarities of glassy state-crystallization processes (Fig. 1¢) [2, 3].

3. Analysis and discussion.

3.1. Analyze of Fig. 1 shows that at mathe points of phase-transformations crystal-liquid and vise-
versa (Fig. 1a, b) the angle of refraction is larger than at the change of micro- and macro-bubble boiling at
heating and cooling (Fig. 1c), respectively. Difference between (T, t)-crystal heating-cooling diagrams (Fig.
1a, b) and according curves of any matter saturated solution (Fig. 1c) takes place as crystal’s heat conduction
is larger than the liquid’s one. Though the results of different processes are discussed here (process of glass
formation on the one hand and the bubble boiling on the other hand), it would be interesting to compare the
spherulites and the vapour bubbles concentration with micro- and macro-scale spectrums of water
pulverization and with air bubbles formation in the liquid phase during freezing of the super-cooled water (or
ice melting) in front of the moving front of the solid phase.
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According results are represented below in Fig. 4. For making more precise of the moments of the
liquids bubble-boiling micro- and macro-scale regimes appearances it was used (d?T/dt?, T)-function, which
(and every even derivative of T with respect to t) has an acute maximum. For example, the curve (d*T/dt?,
T) is narrower and lower than the curve of (d?T/dt?, T): near 40 °Capproximately ten times and near80 °C
twenty times, respectively. Therefore, one may conclude that precise measuring of temperature T(t) is
enough for exact definition of the bubble-boiling micro- and macro-scale regimes beginnings moments
(without of high-speed filming technique).

As we see, the experimental curves of Fig. 3 and Fig. 4 are in a good accordance with each other and
with Fig. 1a, b) [2, 3]. They give new additional information about similarity of considered here heating and
bubble-boiling process of liquids and peculiarities of glassy state-crystallization processes (Fig. 1c).
Obtained analogy between thermodynamic diagrams of the glassy state of matter and the bubble boiling of
liquids is caused by the fluidity of the glass as liquid (“glass is liquid” (Tammann); undoubtedly, this is the
best example of the phenomenon supporting well-known Frenkel’s kinetic theory of liquids).More over one
can assume that the idea of the kinetic theory was “prompted” to Frenkel by Tammann’s glassy state, as
probably form of Gibbs rule was “prompted” to him by Euler theorem about polyhedrons.

4. Conclusion

Modelling of fluids vertical convection in nature by means of our bubble-boiling method allowed us
experimentally to investigate the thermodynamic parameters of solutions and their behavior during the whole
process of heating. For more definition of the point of temperature discontinuity (Tqc) was introduced
pseudo-entropy function (X = Q/t°C), where temperature was measured in Celsius degrees. It is suggested to
use pseudo-entropy parameter, X, in above mentioned cases. Then it was shown experimentally the likeness
between the temperature-time (T, t)-diagrams of any matters water solutions and according crystal’s glassy
state ones. We try also to find accordance between well-known Euler geometry and Gibbs thermodynamic
equations. As a transition of non-isotropic state into other one is impossible, as a transition of isotropic state
into non-isotropic one is impossible. In view of this property of crystals, | think that it is possible to find
among of many-component systems the corresponding sample. Analysis shows that such object is the four-
component system, which will give us to use Tammann’s thermodynamic tetrahedron for example. For
making more precise of the moments of the liquids bubble-boiling micro- and macro-scale regimes
appearances, respectively at T = 40 °C and T = °C, we also constructed the graph (d?T/dt?, T) in Fig. 4.
Here we see as the points of contrary flexure at the value of temperature T =40 °C and T = 80 °C (the curve
(dT/dt, T)) are illustrated by means of the presence of two acute maximums on the curve (dT/dt?, T). As
this was to be expected, the availability of these maximums near temperature 40 °C and 80 °C was not
accident. It is interesting also to note that according maximums on the curve (d*T/dt*, T) are narrower and
lower than maximums of the curve (d?T/dt?, T). We can conclude that an accurate measuring, for example, of
the temperature, T(t), is quite enough for exact definition of the micro- and macro-scale bubble-boiling
regimes beginning moments without using, for example, of high-speed filming technique. Analogy between
thermodynamic diagrams both of the glassy state of minerals and the bubble boiling of liquids is caused by
the fluidity of the glass as liquid, that is, “glass is liquid” (Tammann); this is the best example of the
phenomenon supporting Frenkel’s Kinetic theory of liquids). Obtained results quite naturally are in the
channel of Euler-Gibbs-Tammann-Frenkelclassic works.

APPENDIX

The points of the second kind discontinuities (dc)on the experimental (T, t)-curves

Here it is represented the original universal experimental curve (Tqc, pdac) Obtained by us for water solutions
of NaCl, Ci2H2,011and other matters (Fig. 5). The extremums of the curve (d?T/dt?, T) on Fig. 4 accordance
to these points (Tqc).
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Fig. 5. The universal experimental curve of dependence of the temperature,
T, of the second kind of discontinuity in time, to the concentration, p, of any
matter water solution. (0) p = 1. 0 g/cm?, (1) p = 1. 04 g/cm3(2) p = 1.08 g/cm?®,
(3) p=1. 13 g/lcm?, (4)p = 1. 18 g/cm3,(5) p = 1.23 g/cm?,(6) p = 1.29 g/cm?,
(7) p=1.35g/cm?, (8) p = 1.41 g/lcm3, (9) p = 1.47 g/cm?.The intensity of
heating of solution q = 47 J/s

Fig. 6 shows the original universal experimental curve (tu, pdc)-time-density dependence obtained by
us both for the water solutions represented on Fig. 5 (e) and the natural waters of Georgia by means of the
bubble-boiling points (x).
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Fig. 6. The universal experimental curve of dependence of the temperature,

T, of the second kind of discontinuity in time, to the concentration, p, of any
matter water solution. The dark circle points (e) correspond to above mentioned
artificial solutions with densities: (0) p = 1. 0 g/cm?, (1) pp = 1. 04 g/cm?®,

(2) p=1.08 g/lcm?,(3) p = 1. 13 g/cm?, (4) p = 1. 18 g/cm?,(5) p = 1.23 g/cm?,

(6) p=1.27 and 1.29 g/cm?, (7) p = 1.35 g/cm?, (8) p = 1.41 g/cm?, (9) p = 1.47 g/cm?.
The points (x)correspond to natural waters of Georgia with densities: (0) p =
1.0 g/cmd(t. Tsalka), (1) p = 1. 02 g/lcm®(Black Sea, near t. Anaklia), (2) p = 1.07
g/cm3(sulfuric waters of Lisi Lake),(3) p= 1. 08 g/cm? (sulfuric waters of the old
Thilisi bathe house). (4) The intensity of heating of solution q = 47 J/s.
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The curves of Fig. 5 and Fig. 6 having similar behavior show high influence of the density of the
solution on the beginning of its bubble-boiling regime during the process of heating. Therefore, between Tgc
and tqc exists linear low (result of joint action of the processes of temperature conductivity, thermals and
vapour bubbles mixing convective motion). Therefore, for q = const. we can write that (dT/ dp)ac = const.,
(dp/ dt)¢c = const., and (dS/ dT)q = const.
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093M0653030L3939E M0N0 BMMHI>oBdo:LoMbOLBdMIGHMZB0
7000l s 30bolgdMo Aamdsmgmdol 3mbEgdu@do

5. 339w9losbo
%aPody

39mbxgemdo  8080bstg  39ME035M03Mmb3gd3o0l  IMEYEoMgdolomzol  0blEoEwEoL
0903MB5MMISFIOOL d5BSBY 09309390 04bs Lombol d9dEMm3zs60 MOl FgmmEo(da),
OMIgdog  G9LodErgdemds  dmy33ds  99339LFogams  09MIm0bsdoznemo  LobBgdgdol
(069060300 ygdol, Fywolb bgumgbm®o blbsMgdol) 3s653gEHEMmO0L  YmRBsd3I3s  FIOBIMBOL
36mEgldo  09M303M0-0030m s -8530Mm-0MIB™M3560  M19700900L  Fo3wom  0bGgblome
©0sdE) 0yzs60oLsL. 53RN ©d osbowobad e odbs(T, t)-, (dT/dt, T)- s (d? T/dt?, T)-
99b3960896G Mo IMHMId0, Losz T Lobxol GH9gd3gMsdwMss, t-EMM (d90Mmm35HgdM MY
13L93M-g6GOM300L X = Q/T, Losg 3950003mdol bsHgol, 0gMHdozgdol gx0ddo FH9gddgMsdwms
0BMIg0MO3gLoMLOL M MLgddo, °C).0030Mm-s-0530Mm-01dBHM35b0  ©9700930L  bBMLEGO
3m3963d0L  EIBOLIMZOL sgadmew odbs (dT/dt, T)- o (d? T/dt3, T)-86v9gdo. 56s¢oHds
230B396s (T, 1)-96m@9d%9 (Bgx969doblbsmold0 °C @slbvmgms Fymol 80 °Clg®Eowqddo)
5300 3Jmbs IgmMg 3356M0L [94393oL. gb 2o6MgdmMgds Mgl 0BYBL HoIbOMOL FgMEowgdol Loboo
(dT/dt, T)-86v909d%g, bowem (d* T/dt3, T)- 86mgdb) —m60833900600 i3l Lsboo
(99b&H®93MBgd0  5©00b0d6s  saGgmgg (d* T/dt!, T)-80m@Bg).0000  LodM®WMM®  ©IGHIOGLS
990 0535H90wo 3933560 Mool Igmm©ol LOBMBEY s M30MGILMDS FOMISEI35©
M BJoOMlbmE 306Mmyegd0L Fgdbozol godmygbgdsliomsh dgsMgdom. Bsbgz969d0s saMgmay
fgeol  blbodgdobomgol o dowgdmero (T, 1)-06909d0LALYEgLYdS  FHeddsbBol  bogmogMgdol
90boligdMH0 IEAMI>MYIMOOL EOsAM5TJIMB. MoEWgHOLIM35wfobboggdols Mgmemgdols s K} 0ddLOL
0903065303900  {gbol  dmMHob dbgoglgdol  godm  (Mog MO0 @S dobss®lom
06393600090 Mmos  36gdm03 vy bgermgbm®  3HoLEGHWd0)RedMmmgdos  JmBsDMYd,
03653500 3033mbgb6E 0560 LobGgdobsmzols X 00dL-353d5660L 99000l
09939M0000d9L5dg0g0smMIMIMEOBIF0ZMNM0  O0sRMHTJOOL  4oTMbbgs  AMegz5¢Hobboggdol
(GHIGH®IOO0L, 3990L, M3GHIJOMOL, ... bsbom. s©bsb0db5305, GMI 50 aBom Mm3z0m F5335660s
mmb3md3mbgbGHosbo  LoLEYIoLsM3olL  B0OVMEIBHOSYVEO0.s  dMEML, by  00g3sL,
HMI3O0LEAEHgdoLA06oLYdMO dYMIsMgMdOL s Lombol dMIBHMRBBO VOO OSYMSTYOL
ool Bgdmo  s0bodbeo  AbgogLgds 96wy F9dmbggzomo s  s0blbgds  mG039
LoLEB9oLAOOOMSO 3oboliosm9gdgwom3z0Lgdom - ©0bg0sMd0m(“d0bo Loombgo®
((®5005660).9595b50539, Lobol  8MIBHM3560 MPVOEL  TJNMEOL  EOsYMTYd0  F53Ts6boL
QQ053M5990m5b  9MMdX0Md5d0  dM(YobzogEgMobbdgds  BMYb3geols Lombol  30bgEHozMMo
09MOH00L  JoM0MSIO0GHIM0MAL “dgsmo Lbgmeol s Lombol LEHOWIGHMOMEo  Abs3LgdOL”
d9L5b90.99303, 09330005 3035M9MEM®M, OMI  BMY63gwblombol  30693H03M9M0  MYMGOOL
0095“M35MbBsbo“ 5935660l IOMTsd 3OOLEBHIOL FobolgdMO FMTsMgMdOL Tglobgd, HMAMEM3
d9L5dEMS  MOEIGMOL BMOIMST IMSZ35eHobbagol globgd MbBgdogE JOHMAZ5M0 “bo@Gol”
Mo 99olierms x0ddLOL BMOINOLIM30L JoToMSE-9HMY35MM35b0 Bogm0gMgdol B3sBgdOL
mbsbHmOHMdOL Tglobgd.
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I'eomerpuyeckunit GpopmMaau3mM TePMOAUHAMMKH: B KOHTEKCTE
MY3bIPbKOBOI0 KUIIEHHUS *KUIKOCTH U CTEKJI000Pa3HOr0 COCTOSIHUS
BelecTBA

A.N. I'Bestecnann
Pe3rome

MogenupoBaHue BepTHKAaJbHONH KOHBEKUMH B €CTECTBEHHBIX YCIOBHSAX OpPUTHHAIBHBIM METOJOM
ny3bippkoBoro kunenus: (I[1I[IM) skuakoct, pa3paboTaHHBIM aBTOPOM, IMO3BOJMIIO 3KCIEPHUMEHTAIBHO
HCCIIEI0BATh IIOBEJCHHE TEPMOIAMHAMHUYECKONW CHCTEMbl (00pa3LoB MPHUPOIAHBIX BOX U HCKYCCTBEHHBIX
BOJIHBIX PAacTBOPOB) B TEUEHHE MpoOLlecca MX HAarpeBa N0 MHTEHCUBHOI'O KPYITHOIMY3BIPHKOBOI'O KHWIICHUSI.
Jiasi  TOYHOrO  YCTaHOBJIEHMST MOMEHTOB HACTYIUICHHS  MHKPO-HUMaKpO-MacIiTabHOrO  PEXHUMOB
MY3bIPEKOBOIO KHUIIEHUS! KUAKOCTH OBUTM MOCTPOCHBI M MPOAHAIN3UPOBAHBI IKCIIEPUMEHTAIbHbBIE KPUBBIC
3aBucumocrteit: (T, t) — Temneparypa-Bpems, (dT/dt, T) — ckopocTs HapacTaHHATEMIICpaTypbi- TEMIIEpaTypa,
(d?T/dt?, T) - yckopeHMe HapacTaHHs TeMIEpaTyphl-TeMIeparypa. I10CTpoeHHe JBYX MOCIEIHUX KPHBBIX
ObLIO 00YCTIOBIIEHO HATMYHEM Pa3pbIBOB HeMpephIBHOCTH BTOporo pofa B (T, t)- kpuBbIX (06€3 mpuBIedeHUS
sutponuu (S) U BBeAEHHON Hamu “riceBaodHTpornuu” (X), riae Temneparypa 6panack B °C). Jlas To4HOrO
YCTAHOBJICHHSI MOMEHTOB HACTYIUIEHHS] MHUKPO- MMAaKpO-MacCIITaOHOTO PEKUMOB IY3bIPHKOBOIO KHIICHUS
JKUJKOCTU OBUIM TOCTPOEHBI KpHMBBIE 3aBUCHMMOCTH ckopoctu (dT/dt, T) m yckopenms (d?T/dt?, T)
HapacTaHus TeMmrepaTypsl oT Temneparypsl, T. B pesynsrare npu 40 °C u 80 °C Touku nepernba xpusoii
(dT/dt, T) mposiBUIKCH, KaK W CIIEAOBAIO OKHAaTh, B BUJE SIPKO BBIPAKEHHBIX MaKCHMYMOB Ha KPHUBOM
(d?T/dt?, T). Makcumymer x expusbix (d*T/dt*, T) Belpaxkens! 3HaunTensHO caabee). Takum oOpasoM, s
TOYHOTO YCTaHOBJICHHSI MOMEHTOB Haualla MHUKPO-MMaKpPO-MacIITAOHOTO PEKUMOB MY3bIPHKOBOTO KUIICHUS
XKHUJKOCTH BIIOJHE JOCTATOYHO BHUMATENBHO (PMKCHPOBATH BO BPEMEHH POCT TEMIIEPaTyphl HCCIelyeMOn
XKHUIKOCTH, He Ipuberas K MOMOIIM TPYNOEMKOH CKOpPOCTHOM KHHOCBHEMKHU. [lokasaHo momoOue mexmy
nocTpoeHHbIMU guarpammamu (T, t) [Uis JKHUIKUX pacTBOPOB M COOTBETCTBYIOIIMMH JHArpaMMaMH
CTEKJIOOOPAa3HOTO COCTOSIHUSL BemlecTBa Tammana. JlenaeTcs NONBITKA YCTaHOBHUTH CBSI3b  MEXKIY
reoMeTpuyeckoil ¢Gopmynoil Ditepa n TepMomuHaMuuecko Qopmynoi ['m66ca. TammanH npumén K
TETpadipy, paccMaTpuBas  YeThIPpEXKOMIIOHEHTHyro cuctemy (0 = 4). Tlo-Bumumomy, s
MHOTOKOMITOHEHTBIX cucteMm (N = 4, 5 , ..) METOIOM, YCIOBHO Ha3bIBas €ro mMertojgoMm Oiinepa-I' nbbca-
Tammana MoxHO Oyner HOpuUATH K KyOy, OKTa’Apy M IIp. MHOTOIPaHHHKaM, COOTBETCTBEHHO (Tema
cieaytomieii  paborel). 3aMedyeHHas ~— aHAJNOTHs  MEXIY  TEPMOAMHAMHYECKHMH  JTHarpaMMaMmH
CTEKJIOOOPAa3HOTO COCTOSHUS KPHUCTAJUIOB M IMY3bIPHKOBOI'O KHIIEHHS >KUAKOCTEH OOyCIIOBJIEHAa TEM, 4YTO
CTEKJIO TaKXe TeKy4e, KaK M JKHUIKOCTh, T.e. “CTEKIO ecTh *uakocTh” (TammanH) (mpumep, sSpKO
MOATBEPXKIAMONIMNA KUHETHUSCKYIO TEOpHI0 JkuakoctH @Dpenkens). MoXHO mpeamnonaratb, 4To Hes
KHHETUYECKOH TEOpHUH JKUAKOCTH Oblia “mojcka3aHa” DpeHKenro TaMMaHOBCKHM CTEKIOOOpPa3HBIM
COCTOSIHMEM KpHCTalljia, Kak BO3MOKHO 3iJIepOBCKasi popMyJia O MHOTOIPAaHHHUKAX ITOCIYXHJIa CBOETO poja
“Hatypol” sl TepMoJuHaMHUuYeckoi ¢opmynsl ['mOOca O paBHOBECHOM COCTOSHUM (a3 XHMHYECKU-
OJHOPOIHOTO BEILECTBA.
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ABSTRACT

The MODIS Surface reflectance Daily L2G Global 250m, 500 and 1km data were used for analysis of
vegetation cover of Georgia. NDVI and EVI daily values were calculated on the basis for 2008-2016 period.
Mean decadal and monthly maps of NDVI and EVI were compiled with an object of future analysis of
vegetation change dynamics.

Keywords: MODIS Surface reflectance, vegetation cover

Introduction

Vegetation indices are widely applied to monitor terrestrial landscapes via satellite sensors. These
parameters proved to be highly successful in assessing of vegetation condition, foliage, cover, processes like
primary productivity, evapotranspiration. [1-3]. Vegetation indices may be easily cross-calibrated, across
different sensor systems, providing continuity of long-term monitoring of climate related land processes. The
global records of Normalized Differential Vegetation Index NDVI, derifed from NOAA Advanced Very
High Resolution Radiometer (AVHRR) data cover period since 1981. The Moderate Resolution Imaging
Spectrometer (MODIS) on the Terra satellite provides nearly daily coverage of Earth surface since 2001 with
250 m pixel resolution and are cross-calibrated with AVHRR data. This data made great contribution in
global climate, ecosystem, and agricultural studies [3].

Calculation of vegetation indices
The most used vegetation index, NDVI, is calculated as:
NDVI = (NIR — Red)/ (NIR — Red)

where NIR are Red are reflectance values of Red and Near Infrared light detected at sensors. As a ratio,
NDVI has the advantage to minimize band-correlated noise, influence attributed to cloud shadows, sun and
view angles, topography, atmospheric attenuation. Rationing also reduces, to a certain extent, instrument and
calibration related errors. Main disadvantage is related with asymptotic behavior, which lead to
insensitivities to vegetation variations in certain conditions. The Enhanced Vegetation Index (EVI) is
determined as:

EVI =G (NIR — Red)/ (NIR+C;Red — C;Blue + L)

where NIR, Red and Blue are atmpsheric corrected surface reflections, L is the canopy background
adjustment for nonlinear differential NIR and Red radiant transfer through canopy, C; and C are coefficients
of aerosol resistance term, G is a gain, scalling factor. For Modis EVI algorithm adopted values of
coefficientsare L=1,C1=6,C2=7.5and G = 2.5 [4]

EVI gives errors over the bright objects, clouds, snow and ice due to saturation of blue band. To
address this issue, standard EVI was replaced with modified 2-band EV1, calculated as:
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EVI = 2.5 (NIR — Red)/ (NIR+2.4 Red + L);

In the present work The MODIS Surface reflectance Daily L2G Global 250m, 500 (MOD09GQ) and
1km (MODO09GA) data were applied for analysis of vegetation cover of Georgia. MOD09GQ product
provides MODIS band 1,2 daily surface reflectance at 250 m resolution. MODO09GQ product ought to be
used in conjunction with MODO9GA, where important quality information is stored. MODO9GA provides
MODIS sensor band 1-7 daily surface reflectance at 500 m resolution and 1 km observation and geolocation
statistics [5]. MODO9GA also contains cloud information, necessary for NDVI and EVI cloud masking
procedures.

Fig. 1 presents samples of EVI and NDVI indices of 3 decades and monthly NDVI, EVI for May
2016. Calculation of decadal EVI and NDVI gives possibility to compose monthly mean values of vegetation
indices both for any particular year and for whole 2008-2016 period. Fig. 2 and 3 present EVI and NDVI
mean values for 2008-2016 period. Fig. 4 shows samples of EVI NDVI color legends.

In the nearest future vegetation analysis of 2000-2007 is planned. It gives us possibility to cover
whole MODIS dataset from 2000 till present days. As it was mentioned earlier, there is about 35 year NDVI
global dataset from NOAA-AVHRR and in conjugation with MODIS data it provides a long term data
record for use in operational monitoring studies, vegetation cover changes analysis and etc.

EVI, | decadem of May, 2016 NDVI, | decade of May, 2016

NDVI, Il decade of May, 2016

: B ol ¢ , v, %\
EVI, 1l decade of May, 2016 NDVI, 11l decade of May, 2016
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Fig. 1. EVI and NDVI maps for May, 2016

October November December

Fig.2. Monthly mean EVI for 2008-2016 period.
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October November December

Fig. 3. Monthly mean EVI for 2008-2016 period.
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b. NDVI Color Legend

Fig 4. Color legends of EVI and NDVI
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N3yyeHnune pacTuTeJIbHOT0 MOKPoBa I'py3un ¢ moMouI0 JaHHBIX
cencopa MODIS

I'.A. Teaypu, T.[A. xkunxxoaus, K./lx. Kopunse

Pe3rome

Jlyis aHanM3a pPacTHTENBHOIO MOKpPoBa [py3uu OBLIM HCIOJIB30BaHBI JaHHBIC OTPaKaeMOM CHOCOOHOCTH
3eMHO# moBepxHocTH ceHcopa MODIS ¢ npocrpancTBeHHbIM pasperienuem 250 M, 500 m u 1000 m. bpuin
OTIpe/IeTICHbl eXeIHEBHbIC 3HaueHus1 BereTannoHHbIX uHAekcoB NDVI u EVI mns mepuona 2008-2016 rr.
Ha nx ocHOBe OBIITN COCTaBJIEHBI CpeaHENEKAIHbIE U cpeaHeMecssdHble KapTel pactpeaeneHust NDVI u EVI
MHJCKCOB Il TeppuTOopuu ['py3un, 4To B OyaylIeM JacT BO3MOXKHOCTb M3Y4YCHHs AMHAMUKH HU3MCHCHHS
PaCTUTEILHOIO TIOKPOBA.
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ABSTRACT

Kinetics of dust propagation in Kakheti region is numerically studied. It is determined that in 100 m layer of
atmosphere the process of turbulent diffusion take precedence in the process of dust propagation. From 100
m to 1 km the processes of diffusive and advective transfers are identical, while above 1 km the preference is
given to advective transfer. Maximum values of dust concentration are obtained in 100 m surface air layer.
Spatial dust distribution region increases and concentration decreases along with height increase. Urban
influence zone is determined.

Key words: Atmospheric air pollution, urban dust propagation, numerical simulation.

Introduction

Studies of environmental pollution have important role for solution of ecological problems and
implementation of practical environmental protection measures. One of the basic directions of studies is
creation of mathematical models of substance propagation in continuous medium and their numerical
integration. Semiempirical theory is noteworhty from this viewpoint [1,2]. On the basis of this theory were
processed guideline documents [3], which are widely used in post-Soviet space when assessing the level of
air local pollution by enterprises.

In the works [4-8] non-stationary three-dimensional models of transfer-diffusion of substances in the
atmosphere and methods of their numerical integration are elaborated. Models describe the processes of
propagation, dynamics and kinetics of small admixtures and solid aerosols in the atmosphere.

Elaborated numerical methods became widely used for solution of many practical ecological
problems. Among them should be noted the study of atmospheric pollution by aerosols’ propagation as a
result of forest fires [9, 10] by harmful agents and solid aerosols [11-13] released from enterprises located in
regions with complex terrain [14-17], urban territories [18] with the use of numerical simulation and method
of experimental observations.

There are ecological problems in separate regions of Georgia, too. From this viewpoint Kakheti should
be noted. Kakheti is near-border region with complex terrain and 11,3 sg. km area located in the eastern part
of Georgia. It is the main agricultural region of Georgia and is known for production of many export
products, including high-quality brand wines. Kakheti region borders basic industrial centers of Georgia —
Thilisi, Rustavi, Marneuli etc. Propagation of agents discharged in the atmospheric air in settlements and
along highways causes pollution of neighbour territories and has an impact on population health and quality
of manufactured production.
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There are no routine observations over atmospheric pollution at the territory Kakheti. No numerical or
online models of research purposes that would enable us to determine expected concentrations of dust and
other air polluting agents in the atmosphere are elaborated for Kakheti territory.

In the presented work numerical model of dust propagation at Kakheti territory is elaborated using
regional model of atmospheric process studies in Caucasis region [19], methods of meteorological field
parametrization in surface layer of atmosphere [20] and equations of transfer-diffusion of small admixtures
in continuous medium. Peculiarities of dust propagation at Kakheti territory for four basic meteorological
situations typical for this region are studied.

Formulation of the Problem

The area 236x180 km? of size is considered, in the centre of which Kakheti is placed, while to the
west, north and north-west are located the Main Caucasus and Small Caucasus mountain chains, while to the
south-east are placed Shirvan steppes. Orography height varies from 70 m to 3 km.

The relief is very complicated here. That is why for proper description of atmospheric processes is
convenient to use the relief succeeding coordinate system {=(z—38)/h, where z is vertical orthogonal

coordinate, &=23,(X,Y), 50 - altitude of relief; h = H - & ; H(t,X,Y) - tropopause height; t is a time; x

and y — orthogonal coordinate axes directed to the east and north.

Equation for dust atmospheric propagation in the taken coordinate system will be written in following
form

oCc o9C o9C _ w,, dC 9’C 9°C) 1 o acC

— +tU—F+V—+(W-—)—=u + += v

ot  adx  dy h'o¢ ox* ay’) h*a¢ ac¢
where C is dust concentration in atmosphere u, v, w and w are the components of wind velocity along x, y, z
and C axes; ; Wo - rate of dust particle sedimentation determined according to Stoke’s formula; p and v —
kinematic coefficients of horizontal and vertical turbulence; values of wind velocity and turbulence factor in
surface layer of atmosphere and in free atmosphere are defined by means of regional models [19, 20].

The distributions of the anthropogenic dust emitted in the atmosphere from Thilisi and Rustavi cities
and 19 little towns of Kakheti and 3 towns of Azerbaijan are numerically modeled. The data of National
Environment Agency [21] are taken as the initial and boundary values of the monthly average concentrations
at the height of 2 m in atmosphere at the territories of Thilisi and Rustavi, while for territories of other cities,
where observations over dust pollution were not conducted, concentration values are calculated according to
given methodology [22]. The initial concentration of dust at the points of the network that don’t belong to
cities is considered equal to zero. The diameter of dust particle is assumed to be equal to 10 pm.

Numerical integration of equation (1) with the use of corresponding initial and boundary conditions is
executed using Crank-Nicolson method and using the splitting method and monotonous scheme [4]. The
rectangular numerical grid with 118x 90x 31 points and the horizontal step equal to 2 km and the vertical
step equal to 1/31 were used. In surface layer 17 vertical grid points with grid steps from 2 to 15 m are taken.
Time step is 10 sec. The numerical integration is continued more than 3 days.

)

Results of modeling

Spatial distribution of dust concentrations in June during background eastern wind, when t = 14 hours,
obtained by calculations, is shown on Fig. 1. Values are calculated in units of daily maximum allowable
concentration (MAC = 0.015 mg/m?®) of dust.

As is seen from the Figure 1, dust concentrations at a height of 2 and 10 m are maximal at the territory
of cities and in their direct vicinity (Fig. 1, a, b). In horizontal direction the dust is propagated only at small
distances. In particular, at 2-4 km distance from point of pollution the value of concentration is roughly 10
times, while at 20-30 km distance — 102-10° times less than concentrations at the territories of cities. Such
distribution is caused by smallness of horizontal turbulent and advective transfer and shows us the limits of
urban exposure from the viewpoint of surface air pollution. Influence area is different for different directions
and is depended on orography. Horizontal dust transfer mainly occurs along the gorges, both in case of
Thilisi, Rustavi and other cities.
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Fig. 1. Distribution of isolines of dust concentration C in MAC at a height of z = 2, 10, 100, 600 m from
earth surface during background eastern winds, when t = 14 hours.

Processes of vertical, horizontal turbulent diffusions, advective and convective transfers become
intensive in the area at a height of 10-600 m from earth surface. As a result the dust propagates at large
territory, mostly in western direction.

Along with height increase takes place decrease in maximum concentrations (Fig. 1 ¢, d). When z =
100 m, two zones of maximum concentration are formed: one (2-4 MACS) in the vicinity of Thilisi and
Rustavi and second (1-0.1 MAC) in the neighborhood of Alazani River.

Orography influence on dust pollution form is gradually reduced and at a height above 600 m the form
of dust pollution zone is predominantly determined by wind direction and velocity.

Calculations showed that in case of background western wind the kinematics of propagation of
received dust pollution is qualitatively similar to the described above. Basic difference is the form of dust
pollution cloud (Fig. 2). Dust pollution zone formed in 1 km layer of atmosphere is a single cloud, which has
a trail oriented in background wind direction in atmospheric zone 100 m in thickness. Zone with maximum
concentration is formed above Thilisi and Rustavi. The dust cloud takes a single ellipse-like form for z > 100
m.

c t=14h;z=100 m.

=mav
10 20 30 40 50 60 70 80 90 100 110

10 20 30 40 50 60 70 80 90 100 110

t=14h;z=10m. t=14h;z=600 m.

10 20 30 40 50 60 70 80 90 100 110

10 20 30 40 50 60 70 80 90 100 110

Fig. 2. Distribution of isolines of dust concentration C in MAC at a height of z = 2, 10, 100, 600 m from
earth surface during background western winds, when t = 14 hours.
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Fig. 3. Distribution of isolines of dust concentration C in MAC at a height of z = 2, 10, 100, 600 m from
earth surface during background northern winds, when t = 14 hours.

a) t=0;z=2m. c) t=0;z=100 m.
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Fig. 4. Distribution of isolines of dust concentration C in MAC at a height of z = 2, 10, 100, 600 m from
earth surface during background southern winds, when t = 14 hours.

In case of background northern winds (Fig. 3) three dust pollution zones are formed in air layer 2-100
m in thickness. One of them is Thilisi, Rustavi, Marneuli, Gardabani and Bolnisi, second is the zone of
Azerbaijan cities and third is the zone of Shida Kakheti cities (Fig. 3, a, b). In first and second zones
advective transfer of dust occurs in north-eastern direction, while in the third zone — in south-western
direction. Maximum dust pollution takes place in the neighborhood of Thilisi and Rustavi. Away from the
cities the level of dust pollution rapidly decreases and at a distance of 20-30 km concentration value is within
0,001- 0,056MAC. Dominance of advective transfer over diffusive transfer is characteristic for the third zone.
As a result we have dust propagation at the most part of territory of Kakheti. At heights of z > 100 m the role
of turbulent diffusion becomes prevalent and we receive a single dust cloud formed above the central part of
region.

During background southern winds, local circulation system of air current originated by orography
creates complicated picture of dust propagation (Fig. 4). Back flow formed in Mtkvari River valley and in
Jeiran field causes dust propagation in southern direction in 1 km boundary layer of atmosphere. Afterwards
the wind changes its direction and dust transfer occurs in north-eastern direction. Increased air turbulization
related to rapid change of velocity causes dust propagation throughout whole territory of Kakheti.
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In the described numerical experiment, dust pollution zones of upper part of boundary layer of
atmosphere (z >1000m) are represented by single cloud in the form of elongated ellipse formed under
influence of orography and directed along local wind. Maximum concentration in dust cloud is getting
smaller along with increase in height from 0,01 to 0,001 MAC, when z =1 and z = 3 km, respectively.

Numerical experiment is conducted for various meteorological situations. Calculations were made for
stationary and non-stationary sources. Analysis of calculation results enables us to study features of
background pollution of territory of Kakheti

Discussion

Dust propagation at the territory of Kakheti in case of four basic meteorological situation and non-
stationary pollution sources is studied in the Caucasus with the use of regional model of atmospheric process
development and non-stationary three-dimensional equation of transfer-diffusion of passive admixtures.
Through modeling are obtained dust concentration pictures, which qualitatively coincide with dust
distribution based on physical arguments.

It is shown that in 10 m zone of surface layer of atmosphere the dust propagation is determined by
horizontal and vertical turbulence. At a height of 100 m the processes of advective transfer make significant
contribution along with turbulence into dust propagation, while in upper part of boundary layer of
atmosphere the dominant role is attached to advective transfer of dust.

The complex terrain, displacement of the sources of urban pollution and the wind fields, formed by
interaction of background wind and orography, promotes dust existence in the central part of the region
between two main ridges — the Main Caucasus and Small Caucasus Mountains.

By means of obtained results one can determine the following values of background concentration:
0,05MAC can be taken as background concentration for 20-30 km region adjacent to Thilisi and Rustavi,
while for other cities — 0,01 MAC.

In this model the fields of velocities and vertical turbulence in the surface layer of atmosphere are
described for uniform relief. That’s why is expedient to further develop a model through use of different
parametrization methods of surface sub-layer of atmosphere.

There are no ongoing natural observations over air pollution at the territory of Kakheti, and therefore
is impossible to determine quantitative accuracy of obtained results. Aiming the determination of modeling
accuracy it is planned to carry out experimental measurements and compare them with modeling results.
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YuciaeHHoe uccIeJOBAHUE PACIIPOCTPAHECHUS NBLIN HAJI CJIOKHBIM
peabedom I'py3uu

A. A. Cypmaga, JI.B. I'Bepauurenu, H. I'. I'nraypu, JI. H. UHukupseau

Pe3rome

UuncneHHO HCclenoBaHa KUHETHKA paclpocTpaHeHus mbuin B KaxeTckom perumone. YCTaHOBJIEHO, YTO
OCHOBHBIM MEXaHH3MOM paclpOCTPaHEHUs MBUTH B IPU3EMHOM ciioe aTMocdeps! TonmmHoi 100 M sBnsiercs
mporiecc TypOynenTHor muddysuu. B cmoe 100 m - 1km TypOynentHas muddy3us U ropu3OHTaIHHAs
aJBEKUUsl HMMEIOT OJIMHAKOBBIC 3HAYEHMS, a BbIIE 1 KM - mpeoOiagaer mpoLecc I'OpU30HTAIBHON
anBekuuu. [lokazano, 4To MBUTE, MOCTYyMalONIas B aTMOC(Epy U3 TOPOAOB, B OCHOBHOM KOHIIGHTPUPOBaHA B
mpmemMHoM 100 M crmoe atmocdeprr. C yaaneHHEM OT TOBEPXHOCTH 3E€MJIA YBEIHMYMBAETCS OOIACTh
pacmnpocTpaHeHus] MbUTM M yMeHbIaeTcst €€ KoHmeHTpauus. OnpeaeiceHsl 30HBI BIMSHUS TOPOAOB B
3arpsAA3HEHUU OKPYIKAIOIIEH TEPPUTOPHIA.
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ABSTRACT

The results of the comparative analysis of distribution on the territory of Kakheti of the number days with the
hail per year according to the data of Hydrometeorological Department (8 stations - Akhmeta, Gurjaani,
Dedoplistskaro, Telavi, Lagodekhi, Sagarejo, Signagi, Kvareli; the registration of all days with the hail) and
the State Insurance Service of Georgia (123 locations, the registration of the days with hail fall, which led to
the damage of agricultural crops) are represented. Period of the study: 1982, 1984-1989 for State Insurance
Service data and 49-94 year(including 2016) for data of Hydrometeorological Department of Georgia. In
particular it is obtained that for the points Akhmeta, Gurjaani, Sagarejo, Signagi and Kvareli on the
meteorological stations the larger number of days with the hail was recorded, than by the State Insurance
Service in the same territories. For the points Dedoplistskaro, Telavi and Lagodekhi this difference is
insignificant. The detailed analysis of distribution on the territory of Kakheti of the number of days with hail
according to the data of both indicated organizations also is carried out.

Key Words:. Hail climatology, statistical analysis.
Introduction

Georgia is small mountain country with 15 climatic zones, on which territory from time to time proceed
geophysical catastrophes of different types (earthquakes, landslides, mudflows, avalanches, mountain
collapses, strong wind, rain, snow, hail, fogs, thunder-storms, extreme air temperatures, droughts, floods, sea
storms, etc.) [1-5]. With the this on the changeability of repetition and intensity of the majority of the types of
dangerous hydrometeorological phenomena (Including hail processes) essential influence render the processes
of urbanization [1,6,7], climate change [8-11], aerosol and gas pollution of the atmosphere [6,7,12-15].

Concerning hail damages, Georgia is one of the hail-dangerous countries of world [1,3,16-19].
Therefore, to the problem of hail in this country are dedicated numerous works, that covers the wide spectrum
of studies, beginning from the hail climatology [20-30] and long-term variations of hail processes [31-38],
ending with the methods and the results of action on the hail processes [39-42].

Material and methods

The data about the number of days with hail per year of the Hydrometeorological Department of Georgia
(8 stations - Akhmeta, Gurjaani, Dedoplistskaro, Telavi, Lagodekhi, Sagarejo, Signagi, Kvareli; the
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registration of all days with the hail) and State Insurance Service of Georgia (123 locations, the registration of
the days with hail fall, which led to the damage of agricultural crops) are used. Period of the study: 1982, 1984-
1989 for State Insurance Service (below — SIS) data and 1982, 1984-1989, 49-94 year for data of
Hydrometeorological Department of Georgia (below — HD).

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [43]. The following designations will be used below: Min — minimal values, Max - maximal values,
Range - variational scope, St Dev - standard deviation, o — standard error, R - coefficient of linear correlation,
R2— coefficient of determination, o - the level of significance.

Results and discussion
Results in the Table 1 and Figures 1-11 are presented.

Table 1
The statistical characteristics of number of days with hail per year in Kakheti

Kakheti | Akhmeta | Gurjaani | Dedoplistskaro | Telavi | Lagodekhi | Sagarejo | Signagi | Kvareli
. Municipality - 1982, 1984-1989, Data of State Insurance Service of Georgia

Mean 0.64 0.55 0.83 0.52 1.07 0.34 0.46 0.43 0.57
Min 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Max 2.57 1.14 1.43 1.00 2.57 1.29 0.86 0.86 1.00
St Dev 0.45 0.34 0.39 0.25 0.65 0.30 0.20 0.20 0.26
Om 0.04 0.10 0.09 0.07 0.15 0.08 0.05 0.06 0.08
Count 123 12 21 14 21 15 16 13 11

Kakheti | Akhmeta | Gurjaani | Dedoplistskaro | Telavi | Lagodekhi | Sagarejo | Signagi | Kvareli
Il. Data of Meteorological Station - 1982, 1984-1989

Mean | 1.30 157 2.29 0.71 1.29 0.29 1.29 143 | 157
Min | 029 0 0 0 0 0 0 0 0
Max | 2.29 4 5 2 4 1 3 3 3
StDev | 0.60 127 1.70 0.76 138 0.49 111 098 | 0098
om 0.23 0.52 0.70 0.31 0.56 0.20 0.45 040 | 040
Count 8 7 7 7 7 7 7 7 7
a,
Differ. | 0.005 | 0.05 0.05 Not Not Not 005 | 0015 | 0015
(110 sign sign sign
1. Data of Meteorological Station - All Years
Mean | 1.78 1.66 214 131 217 114 2.03 213 | 164
Min | 1.14 0 0 0 0 0 0 0 0
Max | 2.17 8 7 4 7 5 5 6 8
StDev | 0.40 137 1.61 0.96 1.49 1.28 132 144 | 136
om 0.15 0.15 0.17 0.14 0.16 0.15 0.14 018 | 0.16
Count 8 83 86 49 83 77 94 64 76
a,
Differ. | 0.05 Not Not 0.05 0.07 0.005 0.07 0.07 Not
- sign sign sign

In the Table 1 the statistical characteristics of number of days with hail per year in Kakheti according
to the data of Hydrometeorological Department of Georgia and State Insurance Service are presented. In the
figures 1-4 distribution on the territory of Kakheti of the average number of days with hail per year are
presented: for 123 locations (Fig. 1, Data of SIS), average for 8 municipalities (Fig. 2, Data of SIS), average
for 8 meteorological stations of the municipal centers of Kakheti (Fig. 3 - 1982, 1984-1989; Fig 4 — all years,
Data of HD).

As follows from Fig. 1 and Table 1 the number of days with hail per year in 123 locations of Kakheti
according to the data of SIS changes from 0.14 to 2.57 with average value — 0.64. The maximum repeatability
of the number of days with hail per year falls on the range 0.14 - 0.5 (47.2%), the minimum - on the range
>2.0-2.6 (1.6%), (Fig. 2).
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Fig. 1. The average number of days with hail per year in 123 locations of Kakheti in 1982, 1984-1989 (Data

of SIS).
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Fig. 2. Repetition of the average number of days with the hail in the separate locality of Kakheti
(Data of SIS).
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Fig. 2. The average number of days with hail per year (right) and 99% the upper and lower levels of
confidence interval on the territories of 8 municipalities of Kakheti in 1982, 1984-1989 (Data of SIS).

According to the data of SIS (Table 1, Fig.2) the maximum average value of number of days with hail
per year on the territory of Telavi municipality is observed - 0.70 < 1.07 < 1.45, the minimum - on the territory
of Lagodekhi municipality - 0.14 < 0.34 <0.55. For other municipalities the average value of number of days
with hail per year are: Signagi - 0.28 < 0.43 <0.58, Sagarejo - 0.32 <0.46< 0.59, Dedoplistskaro - 0.34 <0.52
<0.70, Akhmeta - 0.24 <0.55 <0.81, Kvareli - 0.36 <0.57<0.79, Gurjaani - 0.61 <0.83 <1.05 (Table 1, Fig.2).

The number of days with hail per year at 8 meteorological stations of the municipal centers of Kakheti
in 1982, 1984-1989 (Data of HD) changes from 0.29 to 2.29 with average value — 1.30. The maximum average
value of number of days with hail per year on the Gurjaani meteorologycal station is observed - 0.49 < 2.29
<4.08, the minimum - on the meteorologycal station of Lagodekhi - 0.00 <0.29 <0.80. For other meteorological
stations the average value of number of days with hail per year are: Dedoplistskaro - 0.00 <0.71 <1.51, Telavi
and Sagarejo - 0.00 < 1.29<2.74 and 0.11 <1.29 <2.46 respectively, Signagi - 0.40 < 1.43< 2.46, Akhmeta and
Kvareli - 0.23 <1.57 <2.91 and 0.54 < 1.57 < 2.60 respectively (Table 1, Fig.3).
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Fig. 3. The average number of days with hail per year (right) and 99% upper and lower levels of confidence
interval at 8 meteorological stations of the municipal centers of Kakheti in 1982, 1984-1989 (Data of HD).

As follows from Table 1 and Fig.4 the number of days with hail per year at 8 meteorological stations
of the municipal centers of Kakheti according to all observation data of HD changes from 1.14 to 2.17 with
average value — 1.78. The maximum average value of number of days with hail per year on the meteorologycal
station of Telavi is observed - 1.74 <2.17 <2 .59, the minimum - on the meteorologycal station of Lagodekhi
-0.76 < 1.14 < 1.52. For other meteorological stations the average value of number of days with hail per year
are: Dedoplistskaro - 0.95 < 1.31 < 1.66, Kvareli -1.24 <1.64 < 2.05, Akhmeta - 1.27 < 1.66 <2.05, Sagarejo
- 1.68 <2.03 <2.38, Signagi - 1.66 <2.13 <2.59, Gurjaani - 1.69 < 2.14 < 2.59.

The comparison of the average number of days with the hail per year according to the data of SIS and
HD into 1982, 1984-1989 shows the following. As a whole, for the territory of Kakheti the number of days
with the hail per year according to the data of HD is higher than according to the data of SIS. On the
meteorological stations Akhmeta, Gurjaani, Sagarejo, Signagi and Kvareli the larger number of days with the
hail, than by the State Insurance Service on the average on the territories of the same municipalities was
recorded. At the meteorological stations Dedoplistskaro, Telavi and Lagodekhi and the territories of similar
municipalities on the average the identical number bottom with the hail was recorded (Table 1).

The comparison of the average number of days with the hail per year according to the data of SIS into
1982, 1984-1989 and HD on all years of observations shows that on all meteorological stations the larger
number of days with the hail, than on the average on the territories of the corresponding municipalities was
recorded (Table 1).

48



[ \__/"\ S—
Ny
Tusheti
Reserve Territories

( °":a'°? Kakheti
/ 2 /"“J

" (\

127
ﬁ Akhmeta

\
v

05

ZOS

2 5
517 |uI|
'\Gremlo
Ikalto : “

— ‘\\ 1.24 O of Kvlrnli 1.14
Telavn arell
v Tsinandali

\ - — 0. 76
"y City-fortress | / VellSlSlkhe\ f Lagodekhl

Ujarma N\ i
\ O 238 \\Gurj umiL

Sagarejo

2 Al

2.03 ) )
' ( |16/ Sighnaghi

164 152

1.68 .\‘\__, 2.59 [ Bodbe convent
Udabno £ J o Tles™  Knisa N
Dlvld emu 213 \'“°"°"‘\'y s,
Covppiox / " 1.31 o\_ J ”\\
06 Dedoplistskaro
\ e

Fig. 4. The average number of days with hail per year (right) and 99% upper and lower levels of confidence
interval at 8 meteorological stations of the municipal centers of Kakheti for all years of observation (Data of
HD).

The comparison of the average number of days with the hail per year according to the data of HD into
1982, 1984-1989 and for all years of observations shows that on the average for the territory of Kakheti and
meteorological stations Dedoplistskaro, Telavi, Lagodekhi, Sagarejo and Signagi the number of days with the
hail, averaged in all years, are higher than averaged in 7 years. For the meteorological stations Akhmeta,
Gurjaani and Kvareli this difference is insignificant (Table 1).

In the Fig. 5 data about correlation between number of days with hail per year on the meteorological
stations and their average value in 8 municipalities of Kakheti in 1982, 1984-1989 is presented. Correlation
between the indicated parameters is moderate (R = 0.48, a = 0.23).

In the Fig. 6 data about correlation between number of days with hail per year on the meteorological
stations (all data of HD) and their average value in 8 municipalities of Kakheti in 1982, 1984-1989 according
of data of SIS is presented. Correlation between the indicated parameters is noticeable (R = 0.57, a = 0.15).

Correlation between number of days with hail per year on the meteorological stations in Kakheti
according to all data and data of 1982, 1984-1989 of HD (Fig. 7) is strong (R = 0.74, a.= 0.025).

As a whole the linear correlation between number of days with hail per year and altitude in Kakheti
for 123 locations is significant, but is very weak (R = 0.14, a.= 0.1). A certain tendency of an increase in the
number of days with the hail with an increase in altitude of locality is noticeable (Fig. 8).
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However, with the averaging of data of 123 locations for different altitude ranges the clearer picture
of the dependence of the number of days with the hail from the height of locality is observed (Fig. 9). As
follows from Fig. 9 dependence between the averaged values of the number of days with the hail per year and
the height of locality is very strong and has the form of the third power polynomial (R? = 0.996, o. = 0.001).
Approximately to the height of 550 m above sea level an increase in the number of days with the hail bringing
damage to agricultural crops is observed, then - decrease.

From Fig. 10 follows, that correlation between number of days with hail per year on the
meteorologycal stations and altitude in Kakheti according to data of HD is very weak (R = 0.14 and 0.22, a is
insignificant).

Concerning the correlation between number of days with hail per year and mean altitude of hail-
damaged area of 8 municipalities in Kakheti in 1982, 1984-1989 according to data of SIS (Fig. 11), that here
dependence is noticeable (R? = 0.3585, o. = 0.12). As in the preceding case (Fig. 9), in this case the dependence
of the number of days with the hail from the height of locality also takes the form of the third power polynomial
(Fig. 11).
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Averaging is carried out in a range of heights: 210-280 m — 15 points, 312-400 m — 14 points, 405-500 m -25
points, 501-591 m — 23 points,605-698 m - 19 points, 711-774 m — 15 points, 787 — 987 m — 12 points,
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Conclusion

According to the data of State Insurance Service of Georgia (SIS) for 123 locations of the territory
Kakheti, in comparison with the data of the Hydrometeorological Department of Georgia (HD) for the 8
meteorological stations, the understated number of days with the hail per year was recorded (approximately
two times less in comparison with data for 1982, 1984-1989 and almost three times less in the comparison
with data for all years of observations at the meteorological stations - from 49 to 94 years).

The linear correlation between the average number of days with hail per year in 8 municipalities of
Kakheti (1982, 1984-1989, data of SIS) and on the corresponding meteorological stations of municipalities
centers of Kakheti (data of HD) are moderate (1982, 1984-1989, data of SIS and HD) and noticeable (1982,
1984-1989 data of SIS and all data of HD).

In the range of heights from 410 to 802 m the average number of days with the hail per year according
to the data of 8 meteorological stations does not depend on height. The vertical distribution of averaged
number of days with the hail per year according to the data of 123 locations of Kakheti (data of SIS, the range
of mean altitudes from 254 to 821 m) takes the form of the third power polynomial.
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CpaBHUTEJBbHBIN AHAJIU3 pacnpeaeJeHnuss KOJIM4eCTBA JTHEH ¢ rpajgoM
B roJ Ha TeppuTopuu KaxeTuun no 1aHHbIM MeTEOPOJIOTrHYECKUX
CTAHUUN M CJIYKOBI TOCYIAPCTBEHHOI0 cTpaxoBaHus ['py3un

A.I'. AmupanamBuiu, T.I'. bauanse, H.K. [zkampumsBuim,

[T.B. Xyponze
M.I'. IInnna, X.3. TaBugamsuin

Pe3rome

[IpencraBnensl pe3ynbTaThl CPABHUTENBHOTO aHAK3a pacnpeaeneHus Ha Teppuropun Kaxetun uncna nuei
C TpaaoM MO JAaHHBIM THIPOMETEOpOJIOrHYecKoro nemapramenta (8 cranuuii - Axwmera, ['ypmxaanu,
Henomnucikapo, Tenasu, Jlarogexu, Carapemxo, Curnaru, Ksapenu; perucrpanus Bcex AHEH ¢ TpajoM) U
CITy’)KOBI TOCyJIapCTBEHHOro crpaxoBaHusi [py3um (123 myHKTa, peructpamnusi JHEH ¢ TPajoOUTHSIMH,
MIPUBEIIINX K TIOBPEXKCHHUIO CEIbCKOXO3AUCTBEHHBIX KyNnbTyp). llepron uccnenosanus: 1982, 1984-1989
rojel o naHHbIM CorykObI TOCyIapcTBeHHOTO cTpaxoBaHus u 49-94 rona (Bkmoyas 2016 rox) Mo TaHHBIM
I'mopomereoponornueckoro nenapraMmedta ['py3un. B wacTHOCTH moydeHO, 4TO AJsl IMYHKTOB AXMeTa,
I'ypmxaanu, Carapemxo, Curnaru u Ksapenu Ha METEOPOJIOTHYECKUX CTAHIMAX PErHCTPUPOBAIIOCH OOJIbIIEE
YHCII0 THEH ¢ TpajioM, YeM CIIy>KOOH TOCyIapCTBEHHOTO CTPaXOBaHMSI Ha TEX JK€ TePPUTOPHUsX. JlJIsl MyHKTOB
Henonnucukapo, TenaBu u Jlaromexu 3ta pa3Huila He3HauuMmad. [IpoBeaeH Takxke JeTajJbHbIA aHAINU3
pacrnpeneneHus Ha Tepputopru KaxeTun 4ncia JHEH ¢ TpajioM MO JaHHBIM 00erX YKa3aHHBIX OpraHu3allHi.
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ABSTRACT

Results of the analysis of the data about height of zero isotherm in the atmosphere above the territory of Kakheti
(Telavi) from April through October 2012-2016 are presented. At present in Georgia the aerological sounding of
the atmosphere is not conducted. Therefore, in the work the resources of the worldwide network aerological
observation http://ready.arl.noaa.gov/READYcmet.php are used, according to which data the extrapolation of the
vertical distribution of meteorological elements for any location of world is possible. In particular, the repetition
of height of zero isotherm according to daily data for 04, 10, 16 and 22 hours on the Thilisi time for each month
is studied; it is obtained that monthly average values of the zero isotherm change from 2603 m during April to
4439 m during August, and ten-day average - from 2415 m in the first decade of April to 4615 m in the second
decade of August.

Key Words.. aerological sounding of the atmosphere, freezing level.

Introduction

The thickness of the supercooled part of the convective clouds is one of the most important conditions for
formation and development of hail processes in them. Besides this, the data about the levels of negative
temperatures in the clouds are necessary for the meteorological forecast of showers, thunderstorms and hail,
determination of different characteristics of convective clouds from the data of radar measurements, optimum
zones of sowing in them by the ice-forming reagent with the operations on the active actions for the purpose of
the interruption of hail, the regulation of precipitations, etc. [1-4].

In the past century in the Soviet period of time the aerological sounding of the atmosphere in Thilisi,
Sukhumi, Batumi [5-7], and in the years of the work of anti-hail service in Kakheti in the village of Ruispiri of the
Telavi municipality was carried out [8-11]. The aerological sounding of the atmosphere is not conducted after
1991 in Georgia.

At present, in connection with the restoration of anti-hail works in Kakheti [12-15], arose the need of
obtaining the operational information about the vertical distribution of the meteorological parameters in this region
of the Georgia, which was necessary both for conducting active actions to the hail-dangerous and hail clouds [4,15]
and for operational provisions of contemporary radar on recording of the parameters of hail clouds (probability of
hailstorm, the size of hail, etc.) [16-21]. For obtaining this information the resources of service of the worldwide
network of the aerological observations of http://ready.arl.noaa.gov/READY cmet.php are used, according to data
of which is possible the extrapolation of the vertical distribution of meteorological elements for by any point of
world.

It should be noted that the indicated resource has 10-years data file. Therefore, besides the use of
operational information, is a possibility of studying the influence of climate variation in Georgia [22-25] on a
variation in the vertical profiles of a meteorological element in free-air conditions at present. Similar works in
Georgia are begun in 2015 year [26,27]. Let us note also, that the operational and averaged long-term data about

57


http://ready.arl.noaa.gov/READYcmet.php

the level of the zero isotherm, it is planned to use for evaluating the sizes of hail stones on the earth's surface taking
into account their sizes in the clouds according to the data of radar measurements and the height of locality with
the use of known methodology [1-3, 28-31]. This will make it possible to build the detailed operational and model
maps of the distribution of potential damage from the hail of agricultural crops, to conduct the estimation of the
physical effectiveness of action on the hail processes, to improve the procedure of anti-hail works and so forth
[4,32].

This work is the continuation of the studies [26,27,33] initiated. Below some results of the analysis of the
statistical structure of height of zero isotherm in the atmosphere above the territory of Kakheti from April through
October 2012-2016 are represented. The selection of the indicated season of year is caused by the need of using
the results of a study in the work of anti-hail service in Kakheti.

Material and methods

For investigating the thermal regime in the free atmosphere above the territory of Kakheti as in [26,27,33]
the resources of http://ready.arl.noaa.gov/READYcmet.php were used.

Height of zero isotherm H(0°C) was determined from the formula:
H(0°C)=(T1 H2-T2'H1)/(T1-T2)

where, T1 and T2 are the temperature of air at the levels H1 and H2 respectively. With this T1 must be > 0°C,
and T2 <0°C.

In the work the statistical analysis of hourly (04, 10, 16 and 22 hours on the Thilisi time) heights of zero
isotherm from April through October 2012-2016 is carried out. The total quantity of data composes 4280. As the
informational unit the values of height of zero isotherm, average in the twenty-four hours are used, averaged in
five years.

The analysis of data with the use of the standard statistical analysis methods is carried out [34]. The following
designations will be used below: Min — minimal values, Max - maximal values, Range - variational scope, St Dev
- standard deviation, om — standard error, Cv (%) - coefficient of variation, 95%(+/-) - 95% of confidence interval.

The statistical data about the decade average and monthly average values of the height of zero isotherm
above the investigated region are represented below.

Results and discussion

Results in Fig. 1-2 and Table 1-4 are represented.

Fig. 1 presents the data about the repetition of heights of zero isotherm for the separate months of the
season of anti-hail works. As follows from this figure the greatest repetition of the hour values of the level of the
zero isotherm it falls to the following altitude ranges - April: >2.6-3.0 km (26.3 % of the cases), May: >3.0-3.4
km (33.7 % of the cases), June: >3.8-4.2 km (38.3 % of the cases), July: >4.2-4.6 km (38.1 % of the cases),
August: >4.6-5.0 km (38.5 % of the cases), September: >3.8-4.2 km (33.3 % of the cases), October: >2.6-3.0 km
(18.1 % of the cases).

Tables 1-4 statistical characteristics of the average monthly and decade (ten-day) average values of heights
of zero isotherm (m) above the territory of Kakheti from April through October depict.

April (Table 1). Average monthly value of H(0°C) = 2603 m, the range of change: 1902 - 3215 m.

1 ten-day periods. Average monthly value of H(0°C) = 2415 m, the range of change: 1902 - 2989 m.
2 ten-day periods. Average monthly value of H(0°C) = 2627 m, the range of change: 2487 - 2893 m.
3 ten-day periods. Average monthly value of H(0°C) = 2767 m, the range of change: 2251 - 3215 m.
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Fig. 1. Repetition of height of zero isotherm (km) above the territory of Kakheti in April- October of 2012-2016
according to the data for 04, 10, 16 and 22 hours on the Thilisi time.

Table 1

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)
above the territory of Kakheti during April and May

Month April May
Parameter | Month 1 Decade | 2 Decade | 3 Decade | Month 1 Decade | 2 Decade | 3 Decade
Mean 2603 2415 2627 2767 3340 3260 3205 3534
Min 1902 1902 2487 2251 2976 2976 3018 3110
Max 3215 2989 2893 3215 3762 3555 3351 3762
Range 1313 1086 407 964 786 579 333 651
Median 2608 2344 2573 2812 3313 3219 3249 3570
St Dev 347 409 131 366 220 200 130 167
Gm 64 136 44 122 40 67 43 53
Cv (%) 13.3 16.9 5.0 13.2 6.6 6.1 4.0 4.7
95%(+/-) 126 267 86 239 79 131 85 103

May (Table 1). Average monthly value of H(0°C) = 3340 m, the range of change: 2976 — 3762 m.

1 ten-day periods. Average monthly value of H(0°C) = 3260 m, the range of change: 2976 — 3555 m.
2 ten-day periods. Average monthly value of H(0°C) = 3205 m, the range of change: 3018 — 3351 m.
3 ten-day periods. Average monthly value of H(0°C) = 3534 m, the range of change: 3110 — 3762 m.
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Table 2

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)
above the territory of Kakheti during June and July

Month June July
Parameter Month 1 Decade | 2 Decade | 3 Decade Month 1 Decade | 2 Decade | 3 Decade
Mean 3978 3763 3990 4181 4432 4330 4524 4442
Min 3642 3642 3736 4020 4231 4248 4331 4231
Max 4294 3878 4294 4290 4658 4408 4658 4614
Range 652 237 558 271 427 160 327 383
Median 3985 3767 3985 4192 4397 4323 4553 4431
St Dev 212 75 183 91 133 51 129 128
Om 39 25 61 30 24 17 43 41
Cv (%) 5.3 2.0 4.6 2.2 3.0 1.2 2.9 2.9
95%(+/-) 77 49 120 60 48 34 85 80

June (Table 2). Average monthly value of H(0°C) = 3978 m, the range of change: 3642 — 4294 m.

1 ten-day periods.
2 ten-day periods.
3 ten-day periods.

July (Table 2). Average monthly value of H(0°C) = 4432 m, the range of change: 4231 - 4658 m.

1 ten-day periods.
2 ten-day periods.

Average monthly value of H(0°C) = 3763 m, the range of change: 3642 - 3878 m.
Average monthly value of H(0°C) = 3990 m, the range of change: 3736 - 4294 m.
Average monthly value of H(0°C) = 4181 m, the range of change: 4020 — 4290 m.

Average monthly value of H(0°C) = 4330 m, the range of change: 4248 — 4408 m.
Average monthly value of H(0°C) = 4524 m, the range of change: 4331 — 4658 m.

3 ten-day periods. Average monthly value of H(0°C) = 4442 m, the range of change: 4231 - 4614 m.

Table 3

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)

above the territory of Kakheti during August and September

Month August September
Parameter Month 1 Decade | 2 Decade | 3 Decade Month 1 Decade | 2 Decade | 3 Decade
Mean 4439 4505 4615 4220 3721 3764 3946 3452
Min 3974 4385 4477 3974 3103 3591 3756 3103
Max 4763 4574 4763 4456 4100 3984 4100 4008
Range 788 189 286 482 997 392 344 904
Median 4494 4526 4616 4174 3818 3817 3929 3362
St Dev 209 62 98 176 282 142 116 291
Om 38 21 33 56 52 47 39 97
Cv (%) 47 1.4 2.1 4.2 7.6 3.8 2.9 8.4
95%(+/-) 75 41 64 109 103 93 76 190

August (Table 3). Average monthly value of H(0°C) = 4439 m, the range of change: 3974 - 4763 m.

Average monthly value of H(0°C) = 4505 m, the range of change: 4385 - 4574 m.
Average monthly value of H(0°C) = 4615 m, the range of change: 4477 - 4763 m.
Average monthly value of H(0°C) = 4220 m, the range of change: 3974 - 4456 m.

1 ten-day periods.
2 ten-day periods.
3 ten-day periods.

September (Table 3). Average monthly value of H(0°C) = 3721 m, the range of change: 3103 - 4100 m.

1 ten-day periods.
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2 ten-day periods. Average monthly value of H(0°C) = 3946 m, the range of change: 3756 — 4100 m.
3 ten-day periods. Average monthly value of H(0°C) = 3452 m, the range of change: 3103 — 4008 m.

Table 4

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)
above the territory of Kakheti during October

Month October
Parameter Month 1 Decade 2 Decade 3 Decade
Mean 2842 3133 2905 2520
Min 2145 2629 2145 2165
Max 3777 3777 3466 3054
Range 1632 1148 1321 889
Median 2870 3045 2924 2459
St Dev 432 377 413 276
Om 79 126 138 87
Cv (%) 15.2 12.0 14.2 10.9
95%(+/-) 155 246 270 171

October (Table 4). Average monthly value of H(0°C) = 2842 m, the range of change: 2145 - 3777 m.

1 ten-day periods. Average monthly value of H(0°C) = 3133 m, the range of change: 2629 - 3777 m.
2 ten-day periods. Average monthly value of H(0°C) = 2905 m, the range of change: 2145 - 3466 m.
3 ten-day periods. Average monthly value of H(0°C) = 2520 m, the range of change: 2165 — 3054 m.

The greatest average monthly value of H(0°C) during August (4439 m) is observed, smallest - during April
(2603 m). Average value of H(0°C) from April through October equal to 3622 m. Greatest decade average value
of H(0°C) to the second ten-day period of August (4615 m) is observed, smallest - in the first ten-day period of
April (2415 m). The greatest intra-monthly amplitude of values of H(0°C) during October (1632 m) is observed,
smallest - during July (427 m). The greatest intra-decade amplitude of values of H(0°C) in the second decade of
October (1321 m) is observed, smallest - in the first decade of July (160 m).
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Fig. 2. The time dependence of the decade average values of the level of the zero isotherm above the territory of
Kakheti from April through October
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As follows from Fig. 2 the time dependence of decade average values of H(0°C) above the territory of
Kakheti from April through October it takes the form of the third power polynomial.

Conclusion

In the near future it is provided the continuation of the initiated studies on the study of the influence of
climate change in Eastern Georgia [22-25] to the contemporary variations of height of zero isotherm in the
atmosphere (preliminary results into [26,27] are obtained), and also the study of the statistical structure of values
of H(0°C) in the days with the hail processes at present and its comparison with the analogous works, in the past
century carried out [9].
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CpeanemecsiuHble U IeKATHbIC 3HAYEHUS YPOBHS HYJI€BOM U30TEPMbI B
atmocdepe Hax Tepputopueit Kaxeruu (I'py3ust) ¢ anpesisi no okTa0dpb
MeCHbI

H. K. J:xampuiuBuiu

Pe3rome

[IpuBoasATCS pe3ybTaThl aHATN3a JAHHBIX O BRICOTE HYJICBOW U30TEpMbI B atMocdepe Haja TeppuTopucii Kaxeruu
¢ ampensi mo okTsa0pe Mecanbl 2012-2016 rr. B Hactosmiee Bpemsi B I'py3un a3pojorudeckoe 30HAMPOBAHUE
atMoctepsl He mpoBoautcs. [losTomy B paboTe MCHOIB30BaHBI PECYPCHl MHUPOBOW CETH adpOJIOTHUYECKHX
HaOmonenuii http://ready.arl.noaa.gov/READYcmet.php, 1o maHHBIM KOTOPOW BO3MOXKHA 3KCTPATIOJISIIHS
BEPTUKAILHOTO PAaCIpEACIICHNs METECOPOJIOTHYECKUX 3JIEMEHTOB Ui JIF000M Toukoi Mwupa. B wactHOCTH,
M3y4yeHa MOBTOPSIEMOCTh BBICOTHI HYJEBOM M30TEPMBI IO €XEAHEBHBIM JaHHBIM 3a 04, 10, 16 u 22 yac. no
TowmucckoMy BpeMEHH I KaXI0TO MECAIa; IMOJIyYeHO, YTO CpeJHEMECSYHbIC 3HAUEHUI HYJIEBON M30TEPMBI
Menstorces oT 2603 M B anpene 10 4439 M B aBrycTe, a cpenHeiekaaHbie — oT 2415 M B nepBoii aekaje anpes
10 4615 M BO BTOpOII IeKaie aBrycra.
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ABSTRACT

The detailed statistical analysis of daily data for 04,10, 16 and 22 hours on the Thilisi time about the height of
isotherm -6°C in the atmosphere above the territory of Kakheti (Telavi) from April through October 2012-2016 is
represented, information about which is necessary while planning and performing of work on the weather
modification. In the work the resources of the worldwide network aerological observation
http://ready.arl.noaa.gov/READYcmet.php are used, according to which data the extrapolation of the vertical
distribution of meteorological elements for any location of world is possible.

Key Words:. aerological sounding of atmosphere, weather modification.

Introduction

The Kakheti region of Georgia is one of the hail-dangerous regions of world [1-3], in connection with this
in the period from 1967 through 1989 here was conducted production work on the fight with the hail [1-4]. In
parallel were conducted scientific studies of weather modification (regulation of the thunderstorm activity of
clouds, the gain of precipitation, etc. [2,5]. In 2015 year of work on modification the weathers (first of all - fight
with the hail) in this region of the Georgia were restored [6,7].

In connection with this arose the need of obtaining the operational information about the vertical
distribution in free atmosphere above the territory of Kakheti of the meteorological parameters (including of the
air temperature). Since in Georgia the aerological sounding of the atmosphere was conducted only up to 1991 [8-
11], for obtaining this information were used the recource of service of the worldwide network of the aerological
observations of http://ready.arl.noaa.gov/READY cmet.php, according to data of which the extrapolation of the
vertical distribution of meteorological elements for by any point of world was possible .

In recent years with the use of these data is begun the work on the analysis of the vertical distribution of
the air temperature in free atmosphere above the territory of Kakheti, the study of variations in height of zero
isotherm [12-14]. Special importance have the operational and averaged data about the height of the isotherm -
6°C, information about which is extremely important while planning and performing of work on the weater
modification, the selection of places for the arrangement of the points of action on the clouds, the determination
of the necessary quantity of anti-hail rockets into season, etc. [15-21].

The results of the statistical analysis of data for 04, 10, 16 and 22 hours on the Thilisi time about the height
of isotherm -6°C in the atmosphere above the territory of Kakheti (Telavi) from April through October 2012-2016
are represented below.

Material and methods

For investigating the thermal regime in the free atmosphere above the territory of Kakheti as in [12-14] the
resources of http://ready.arl.noaa.gov/READYcmet.php were used.

65


mailto:xatiatavidashvili@gmail.com
http://ready.arl.noaa.gov/READYcmet.php
http://ready.arl.noaa.gov/READYcmet.php
http://ready.arl.noaa.gov/READYcmet.php

Height of isotherm (H-6°C) was determined from the formula:
(H-6°C)=(T1'H2-T2'H1)/(T1-T2)

where, T1 and T2 are the temperature of air at the levels H1 and H2 respectively. With this T1 must be > -6°C,
and T2 <-6°C.

Work gives the statistical data about the hourly, daily and monthly average values of the height of
the isotherm -6°C for the season of anti-hail works (April- October), information about which is
extremely important while planning and performing of work on the weather modification. The total
quantity of data composes 4280.

Analysis of data with the use of the standard statistical analysis methods is carried out [22]. The following
designations will be used below: Min — minimal values, Max - maximal values, Range - variational scope, St Dev
- standard deviation, om — standard error, Cv (%) - coefficient of variation, 95%(+/-) - 95% of confidence interval,

height of isotherm -6°C - H(-6°C).

Results and discussion

The results of work in tables 1-8 are represented.
Table 1

Statistical characteristics of values of H(-6°C) above the territory of Kakheti in April- October
2012-2016 (meter)

Parameter April May Jun July August September October

Mean 3602 4285 4896 5393 5355 4686 3978
Min 1648 1854 3679 4095 3381 1572 1666
Max 4775 5737 5843 6363 6149 5778 5262
Range 3127 3883 2163 2268 2769 4205 3597
St Dev 589 483 380 360 428 650 632
Om 24 19 16 14 17 27 25

Cv (%) 16 11 8 7 8 14 16
Count 600 620 600 620 620 600 620
95%(+/-) 47 38 30 28 34 52 50

As follows from Table 1, the average values of H (-6 ° C) vary from 3602 m (range: 1648 - 4775 m) in

April to 5393 m (range: 4095 - 6363 m) in July.
Table 2

Repetition of the heights of isotherm -6°C above the territory of Kakheti in April- October 2012-2016 according
to the data for 04, 10, 16 and 22 hours on the Thilisi time (km)

>1.4- | >1.8- | >2.2- | >2.6- | >3.0- | >3.4- | >3.8- | >4.2- >4.6- | >5.0- | >5.4- | >5.8- >6.2-

Month | 1.8 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 54 5.8 6.2 6.6

4 0.7 1.2 48 | 10.0 | 148 | 25.2 29.8 11.5 2.0

5 0.5 0.6 0.6 2.4 5.8 26.3 42.7 17.7 1.5 1.8

6 0.5 2.5 22.3 315 34.7 8.3 0.2

4 0.6 1.6 7.7 44.0 | 32.6 12.7 0.6

8 15 1.9 2.1 8.5 315 | 455 9.0

9 0.8 0.7 0.2 0.3 1.7 5.2 9.5 14.2 335 26.8 7.2

10 0.3 1.0 0.6 45 | 113 | 205 21.8 23.9 13.7 2.4
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Table 2 presents data on the repeatability of the height of isotherm -6 °C for individual months of the anti-
hail season. As follows from this table, the highest repeatability of values of H (-6 °C) falls on the following
altitude ranges: April: > 3.8-4.2 km (29.8% of cases), May: > 4.2-4.6 km (42.7% of cases), June: > 4.6-5.0 km
(31.5% of cases), July: > 5.0-5.4 km (44.0% of cases), in August: > 5.4-5.8 km (45.5% of cases), September: >
4.6-5.0 km (33.5% of cases), October: > 4.2-4.6 km (23.9% of cases).

Tables 3 - 6 show the results of a statistical analysis of the characteristics of height of isotherm -6 ° C in

separate observation periods (04, 10, 16 and 22 hours in Thilisi time) for individual months from April to October.

Table 3

Statistical characteristics of values of H(-6°C) above territory of Kakheti in April- May within the various
periods of observations (meter)

Month April May
Hour 04 10 16 22 04-22 04 10 16 22 04-22
Mean 3550 3546 3662 3650 3602 4250 4260 4297 4333 4285
Min 1648 1691 2253 1886 1999 2395 2817 1854 2625 2548
Max 4742 4753 4768 4775 4690 5665 5670 5695 5737 5674
Range 3094 3062 2515 2889 2691 3270 2854 3842 3111 3125
St Dev 607 630 561 551 569 509 448 524 446 445
Om 50 52 46 45 47 41 36 42 36 36
Cv (%) 17 18 15 15 16 12 11 12 10 10
Count 150 150 150 150 150 155 155 155 155 155
95%(+/-) 97 101 90 89 91 80 71 83 70 70

In April (Table 3), the average value of the height of isotherm -6 °C varies from 3546 m to 10 h. up to
3662 m at 16 h., the minimum value of values of H (-6 °C) varies from 1648 m to 04 h. up to 2253 m at 16 h., the
maximum - from 4,742 m at 04 h. up to 4775 m at 22 h.

In May (Table 3), the average value of the height of isotherm -6 °C varies from 4250 m to 04 h. up to 4333
m at 22 h., the minimum value of H (-6 °C) varies from 1854 m at 16 h. up to 2817 m at 10 h., the maximum -
from 5665 m at 04 h. up to 5737 m at 22 h.

Table 4

Statistical characteristics of values of H(-6°C) above territory of Kakheti in June - July within the various
periods of observations (meter)

Month June July
Hour 04 10 16 22 04-22 04 10 16 22 04-22
Mean 4841 4858 4945 4941 4896 5347 5350 5442 5434 5393
Min 3679 3697 3990 4121 3967 4160 4095 4212 4128 4188

Max 5689 5732 5843 5778 5737 6306 6335 6363 6258 6291
Range 2009 2035 1852 1658 1770 2146 2240 2151 2129 2103

StDev | 379 380 372 383 365 356 364 361 350 342
Om 31 31 31 31 30 29 29 29 28 28
Cv (%) 8 8 8 8 7 7 7 7 6 6
Count 150 150 150 150 150 155 155 155 155 155
95%(+/-) | 61 61 60 61 59 56 58 57 55 54
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In June (Table 4), the average value of the height of isotherm -6°C varies from 4841 m at 04 h. up to 4945
m at 16 h., the minimum value of H (-6°C) varies from 3679 m at 04 h. up to 4121 m at 22 h., the maximum -
from 5689 m to 04 h. to 5843 m at 16 h.

In July (Table 4), the average value of the height of isotherm -6°C varies from 5347 m to 04 h. up to 5442
m at 16 h., the minimum value of H (-6°C) varies from 4095 m at 10 h. up to 4212 m at 16 h., the maximum -
from 6258 m at 22 h. up to 6363 m at 16 h.

Table 5

Statistical characteristics of values of H(-6°C) above territory of Kakheti in August - September within the
various periods of observations (meter)

Month August September
Hour 04 10 16 22 04-22 04 10 16 22 04-22
Mean 5323 5322 5383 5391 5355 4664 4665 4711 4703 4686
Min 3543 3381 3496 3555 3494 1675 1572 1751 1761 1690
Max 6064 6124 6149 6047 6073 5662 5778 5670 5636 5679
Range 2521 2743 2654 2491 2579 3988 4205 3919 3875 3989
St Dev 409 430 447 424 417 652 659 645 649 643
Om 33 35 36 34 34 53 54 53 53 53
Cv (%) 8 8 8 8 8 14 14 14 14 14
Count 155 155 155 155 155 150 150 150 150 150
95%(+/-) 65 68 71 67 66 105 106 104 104 103

In August (Table 5), the average value of the height of isotherm -6°C varies from 5322 m to 10 h. up to
5391 m at 22 h., the minimum value of H (-6°C) varies from 3381 m at 10 h. up to 3555 m at 22 h., the maximum
- from 6047 mto 22 h. up to 6149 m at 16 h.

In September (Table 5), the average value of the height of isotherm -6°C varies from 4664 m at 04 h. up
to 4711 m at 16 h., the minimum value of H (-6°C) varies from 1572 mto 10 h. up to 1761 m at 22 h., the maximum
- from 5636 mto 22 h. up to 5778 m at 10 h.

Table 6

Statistical characteristics of values of H(-6°C) above territory of Kakheti in October within the various periods
of observations (meter)

Month October
Hour 04 10 16 22 04-22
Mean 3969 3949 4013 3981 3978
Min 1666 1687 1831 1877 1778
Max 5199 5249 5262 5252 5241
Range 3533 3562 3431 3375 3462
St Dev 613 659 629 628 613
Om 49 53 51 51 49
Cv (%) 15 17 16 16 15
959%(+/-) 97 104 99 99 97

In October (Table 6), the average value of the height of isotherm -6°C varies from 3494 m at 10 h. up to
4013 m at 16 h., the minimum value of H (-6°C) varies from 1666 m to 04 h. up to 1877 m at 22 h., the maximum
- from 5199 m at 04 h. up to 5262 m at 16 h.
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Table 7

Statistical characteristics of the daily amplitude of values of H(-6°C) above the territory of Kakheti in April-
October 2012-2016 according to the data for 04, 10, 16 and 22 hours on the Thilisi time (meter)

ITapameTp April May June July August September October
Mean 312 275 215 235 192 226 318
Min 58 28 22 38 23 48 35
Max 1424 2539 1293 1019 1264 996 1324
Range 1366 2511 1271 981 1241 948 1288
St Dev 247 355 169 166 167 162 243
Om 20 29 14 13 13 13 20
Cv (%) 79 129 79 71 87 72 76
Count 150 155 150 155 155 150 155
95%(+/-) 40 56 27 26 26 26 38

As follows from Table 7, the average value of the daily amplitude of the values of H (-6°C) is: in April -

312 m (range: 58 - 1424 m), in May - 275 m (range: 28-2539 m), in June - 215 m (range: 22 - 1293 m), in July
235 m (range: 38 - 1019 m), in August - 192 m (range: 23 - 1264 m), in September - 226 m (range: 48 - 996 m),
in October - 318 m (range: 35 - 1324 m).

Table 8

Repetition of the daily amplitude of values of H(-6°C) above the territory of Kakheti in April- October 2012-
2016 according to the data for 04, 10, 16 and 22 hours on the Thilisi time

Meter 0-100 >100-200 >200-300 >300-400 >400-500 >500-600 >600-700
H(-6 °C), % 18.0 36.0 19.1 11.9 4.9 3.9 2.1

Meter >700-800 | >800-900 | >900-1000 | >1000-1200 | >1200-1500 | >1500-2000 | >2000-2500
H(-6 °C), % 14 0.56 0.75 0.47 0.65 0.19 0.19

Table 8 presents data on the frequency of the daily amplitude of the height of isotherm -6°C above the
territory of Kakheti in April-October, according to all observational data. From this table it follows that the greatest
repeatability of the daily amplitude of the height of the isotherm -6°C falls within the range >100-200 m (36.0%
of cases). On a range of 0-400 m there are 85.0% of cases of observation. On a range > 1500-2500 m - 0.38% of
cases of observations. Significant fluctuations in the daily amplitude of the height of the isotherm -6°C during the
intrusion of atmospheric fronts are usually observed.

Conclusion

With the operational work on averting of hail damages it is expedient to use at least six hours observational
data of the vertical distribution of the temperature of air in the troposphere in order not to miss the sharp of the
oscillation of values of H(-6°C).

During the statistical processing of the large massif of the data about the values of H(-6°C) for the purpose
of the establishment of general laws governing their intra-annual changeability, average monthly profiles of the
temperature of air, etc. is sufficiently the presence of given in two periods observations (for example, into 04 and
16 hours).
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5G0mbBgOHMPo -6°C 0BMmgMHIoL LoFsweols LosmMMdM0Z0
3603369amd900L BGs@EoLEGH03MMOo 5B3eroBo 35bgmols GgModmMosby
(LogoM39eM) 336H0E0E6 MJEHmMTdOOL Bsmgeom

5.00530005830¢00
®ondy

65360030 FoIMygboer0s, 35690l BHIMOEMM0sBY (109E930), 5EFMLGBIHMAT0 -6°C-0560 0BMmMgOIoL
Lol YM39WPOIMOO0 IGO0 LEASIGOLEGH0ZNMO BB,  ©93306039d5ms 4 35EOLEMZOL
(04, 10, 16 ©s> 22 Lo, MBOOLOL EOMOM), 936M0W0EID MJBHMIdOOL Bsmgzgwom, 2012-2016 .
9399990 06gm®To30s  9ME0wgdgwos  530bol  IMOg03sEoolmzol  LoFoMmm  sdmTdomgdols
Qoboygado. 2012-2016 fergdol dmbsgdgdo 3s9mygbgdwyaros AbMBEIOM S9MMEMYOMGOO (396GHMOL
05P00sb htts://ready.arl.noaa.gov/READYcmet.php, s®bgdoeo 396@®ol dmbszgdgdom dgladargdgeos
39G9MOMWMy0MH0 9egdgb@Hgool 39MGH035w M0 3sbsfowgdol 9uBMsdmmsEos AbmBwomlb yzgus
090G0olmz0b.

CraTucTHYECKHE XaPAKTEPUCTHKH YaCOBBIX 3HAYEHH i BHICOTHI
uzorepmal -6 ° C B atmocdepe Haa tepputopueii Kaxeruu (I'py3us) ¢
anpeJs 0 OKTAOPb MeCHALbI

X. 3. TaBugamBuiIn

Pe3rome

[IpencrarieH neTanbHBIN CTATUCTUYCCKHI aHATIN3 €KETHEBHBIX JaHHBIX 3a 04, 10, 16 u 22 yac. o TOumucckomy
BpeMeHH 0 BeicoTe u3oTepMbl -6°C B armochepe Han teppuropueit Kaxerun (TenaBu) ¢ ampens mo okTsAOpb
Mmecsipl 2012-2016 rr., uadopMalius 0 KOTOpOH HeoOXoauMma MpH IUIAHUPOBAHMK U MPOBEJACHUM PadoT 1o
Moauukanuu moroasl. B paboTe MCHONB30BaHBI PeCcypchl MHUPOBOM CETH a’pOJIOTMYECKUX HAOIIOICHUMA
http://ready.arl.noaa.gov/READYcmet.php, 1o maHHBIM KOTOPO#l BO3MOXKHA JKCTPAIOJISIMS BEPTHKAIBHOTO
pacrpeneneHus METEOPOIOTHISCKIX AIIEMEHTOB s Tt000# Toukoit Mupa.
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ABSTRACT

A series of powder ice-forming reagents based on the principle of Levilites was synthesized by gas-phase
solvate-stimulated adsorption modification (GSSAM) of highly disperse nanoscale silica with silver iodide
and phloroglucinol. Lab studies of the prepared materials showed that ice-forming activity per mass unit of
Agl and phloroglucinol deposited onto a surface of silica nanoparticles according to the GSSAM technology
corresponds to the values of native preparations. In this case, the best sample containing Agl is superior in
the efficiency to known AD-1 reagent.

Keywords: Ice-forming reagents, principle of Levilites, nanosilica, adsorption modification.

Introduction

Active influence on clouds and fogs carried out in order to (i) cause precipitation from the clouds;
(i) dispersal of fogs over the runway of airports; and (iii) suppress hail [1, 2].

The main way to influence clouds containing supercooled water droplets is to create ice crystals in
them, which help accelerate the process of precipitation formation. Crystallizing and hygroscopic reagents,
as well as coolants, are used for seeding clouds [3-7].

The physical basis for the use of crystallizing reagents is the ability of their aerosols to create ice
crystals in supercooled clouds. Aerosols of many inorganic and organic substances possess this property, but
aerosols of silver (Agl) and lead (Pbly) iodides have the most effective crystallizing ability [8].

In practice, the problem of using ice-forming reagents is largely reduced to the issue of obtaining
aerosols with the required structural parameters by using different dispersion methods.

For the dispersion of Agl, the following methods are mainly used: 1) explosions of Agl containing
composition in pyrotechnic flares in rockets, 2) burning Agl containing solutions in a generator of particles
attached to an airplane.

In the first case, the pyrotechnic compositions containing the active reagent (Agl) and iodination
components (KI, NHal, NH4103, C;O2Hsl) are used to contribute increasing ice-forming efficiency of the
composites. Typically, pyrotechnic compositions based on silver iodide and perchlorate or ammonium nitrate
at Agl content of 2 to 40% are used. The formation of the ice-forming aerosol occurs due to high-
temperature (from 700 to 1400 °C) sublimation of Agl, followed by the condensation of Ag and | ions on
particles consisting of products of burning pyrotechnic composition. Therefore, such an aerosol is often
called “thermocondensation aerosol”.
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The second method to prepare a thermocondensation aerosol is burning acetone solution of Agl. This
method is used for aircraft seeding of layered clouds. To improve the solubility of silver iodide and to
increase its ice-forming activity, iodides of ammonium and other elements are added to the solution.

The effectiveness of the crystallizing reagents is characterized by several parameters, the most
important of which is the yield of active ice-forming nuclei per gram of composition. The yield of ice-
forming nuclei using a thermocondensation aerosol depends on many factors: the Agl content, the activating
components and their physicochemical properties; design features of the aerosol generator; dispersion
conditions of the reagent, air humidity; speed of blowing of the generator, etc. [3].

These factors determine the dispersity of the formed aerosol that affect the structure and ice-forming
activity. The increase in dispersity leads to an increase in the number of particles per mass unit of the
reagent, but too small particles show ice-forming activity only at very low temperature. The formation of
large particles leads to the production of an aerosol that is active in the required temperature range (from -5
to -10 °C), but the yield decreases per gram of composition. Therefore, the composition of the crystallizing
reagents is specially selected that the formation of an ice-forming aerosol with core-shell particles composed
of a core with the combustion products on a surface of which there are fragments of Agl. This ensures the
production of sufficiently large particles with a minimum consumption of Agl contained on their surface.

The mentioned above methods for the dispersion of silver iodide are sufficiently effective, but they
have a number of technological flaws, in particular, it needs to use dangerous combustible and explosive
substances. The shortcomings of the pyrotechnic composition also include the high laboriousness of
manufacturing charges and low energy characteristics. Anti-hail rockets containing pyrotechnic compounds
have a small payload mass factor due to the lack of unitarity of loading, low efficiency and range.

An alternative to the use of pyrotechnic flares and burning of solutions can be the Agl dispersion
method based on the principle of Levilites. It consists in spreading a thin layer of active substance at a
surface of particles of a cheap inert highly disperse carrier. It is believed that the use of a highly disperse
carrier can significantly increase the yield of ice-forming particles per mass unit of the active substance [9].

In the 80s of the last century, an amorphous, nonporous, highly disperse nanoscale silica (nanosilica)
was used as an inert carrier [10]. One gram of such nanosilica with a specific surface area of 300 m?/g and a
bulk density of 50-60 g/dm?® contains approximately 108 primary particles with a diameter of 9-10 nm. On
the surface of the nanoparticles there are free silanol groups =Si—OH, which are the main adsorption sites (in
an amount of ~0.8 mmol/g) and sorbed water molecules (0.8-1.5 mmol/g or 1.5-2 wt.%) [11]. Due to the
high adsorption potential, nanoparticles form such secondary structures as aggregates (50-1000 nm) and
agglomerates (1-20 um), which can disintegrate easily under external action (Fig. 1).
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Fig.1. Scheme and microphotographs of nanosilica.
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By adsorption modification with the use of vacuum technology, various inorganic and organic
substances with ice-forming activity were grafted onto the surface of the nanoparticles. Surface clusters were
formed both with pure Agl and additives of other iodides such as ammonium, potassium and calcium [12-
14]. As an organic substance, phloroglucinol (1,3,5-trioxibenzene) was used. Two types of structures were
created on the surface of nanoparticles: (I) a monomolecular adsorption layer, and (1) phloroglucinol
molecules chemically bonded to the surface.

Studies of the ice-forming properties of the prepared reagents were carried out in a laboratory at
UKrNIGMI. It was found that the yield of active particles depends on the nature and content of substances
possessing ice-forming activity. For synthesized samples, it was varied from 10® g in the case of surface
clusters with pure Agl to 10t g for a monolayer of phloroglucinol. By combination of content of precious
metals, synthesis conditions, availability of raw materials, etc., reagents with additives of iodides of other
metals could be considered as promising compositions. However, the combination of pulverized highly
disperse silica and vacuum technology has made it impossible to convert such a laboratory method for
preparation of a new type of crystallizing reagents into a real industrial technology.

Materials and methods

In recent years at the Chuiko Institute of Surface Chemistry of NAS of Ukraine in collaboration with
colleagues from other countries, a method has developed for gas-phase solvate-stimulated adsorption
modification (GSSAM) of nanosilica with inorganic salts and non-volatile organic compounds that is
realized under normal conditions (room temperature and atmospheric pressure) [11, 15-17]. The use of the
GSSAM method allows us to form submonolayer, monolayer or multilayer coatings on a surface of silica
nanoparticles, as well as individual clusters with any nonvolatile organic compounds or inorganic salts (Fig.
2).

a) monolayer coating b) clusters
Fig. 2. Scheme of possible distribution of molecules at a surface of a silica nanoparticle.

The described synthetic capabilities of the GSSAM method allow us substantial simplification of the
formation of a layer or clusters of ice-forming substances on a surface of nanoparticles. As a result, on the
basis of the GSSAM method, the laboratory and then pilot technology for preparation of powdered ice-
forming reagents based on nanosilica was created in at CISC.

Using a variety of GSSAM technologies including in situ reactions, samples based on nanosilica
containing pure Agl and Agl with additions of other iodides, as well as samples containing phloroglucinol in
the amount of 1 and 3 layers (Tables 1 and 2) were preparated.
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Table 1

Samples of crystallizing reagents based on nanoscale silica with low bulk density

. . Ice crystals yield
Sample | Synthesis Composition Bulk density, oer 1 g of powder
number number g/l o0

-12.0 55108
-10.0 4.46 « 108
-9.0 412108
o - -8.0 1.5310%
1 M-333 | Agl (= 10%), nanosilica 80 55 21+ 102
-5.0 6.0 * 102
-4.0 1.08 » 10*
-3.0 9.66 * 10**
-10.0 2.12+10%
-6.5 4.3 « 10*
-5.5 4.02 + 102
2 M-335 | Agl (= 10%), nanosilica 207 -5.5 3.9« 10
-5.0 1.8 » 10%2
-4.5 4.84 « 10

-2.4 <10°
-12.0 7.82 « 101
-10.0 5.94 « 102
-10.0 4.98 « 1013
o - -6.0 3.6 + 10*
3 M-336 | Agl (= 10%), nanosilica 91 T 33108
-5.0 2.5+10%
-4.5 1.23 « 102
-3.6 3.74 « 101
-11.0 223108
phloroglucinol -10.0 2.01+10%
4 M-332 (= 9%), nanosilica 61 -6.0 2.81+ 10"
-5.0 1.80 « 10%*
. -11.0 3.47 + 10%
5 M-334 | Phloroglucinol 110 110.0 338+ 10

(= 23%), nanosilica
-5.0 1.67 « 101
Table 2

Samples of crystallizing reagents based on nanoscale silica with high bulk density

Composition Bulk density,
Synthesis number Active substance content, % g/l Note
LN-211 Adgl 10 377
LN-212 Adgl 10 413
LN-213 Phloroglucinol 9 267 Monolayer
LN-214 Phloroglucinol 23 279 3 layers
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Results and discussion

Studies of the ice-forming activity of the prepared reagents were carried out at CAO under the
standard "Laboratory Method for Evaluating the Efficiency of Ice-Forming Reagents and Pyrotechnic
Compositions in Laboratory Conditions" [18].

The yield of active particles per gram of preparation in a laboratory cloud chamber at temperatures
of supercooled fog from -3 °C to -12 °C, the moisture absorption capacity of the preparations, the size
distribution and shape of the resulting particles were determined during testing.

The aerosol was obtained by spraying 10-20 mg of the reagent powder from a small glass using a
syringe, followed by injection (insufflation) of the sample into a separate 800-liter aerosol chamber. After
mixing and leveling the concentration with a fan, a sample of the obtained aerosol in optimum volume (from
20 to 150 cm?® at different fog temperatures) was introduced into a supercooled fog into a cloud chamber
(300 liters volume). The formed ice crystals were registered by the replica method.

Table 3 [19,20] gives generalized data on the yield of active particles for the investigated Agl-
containing crystallizing reagents and pure silver iodide obtained using a two-stage CAO generator. For
comparison, the average yields of active particles for the currently used pyrotechnic composition AD-1
containing 8% Agl are shown.

As can be seen from Table 3, the yield of active particles for reagents based on nanoscale silica is
higher than that for pyrocomposition AD-1 with the advantage of nanoscale preparations being particularly
high at a limit temperature of -3 °C.

Table 3

Temperature dependences of the yield of active particles on preparations based on silver iodide and pure Agl

Temperature, °C Agl — Pyro_t e_chnic
’ Pure substance On nanosilica surface composition AD-1
-12 (5=7)-10% (5+40)-10% (1:2)-10%
-10 (2+4)-10% (2+40)-10%3 1083
-8 (2+3)-1013 (2+20)-10%3 (5+7)-1012
-6 (2+4)-10% (440)-10%2 (2+4)-10%
-5 5-101" (2+7)-10* 102
-4 limit of action (2+20)-10" (5+7)-101
-3 — 1011+10"2 (3+6)-10%

Table 4 shows the temperature dependences of the yield of active particles for the most effective
samples M-333 and LN-212 studied. For comparison, the efficiency values for the pyrotechnic composition
of AD-1 tested at CAO in 2013 are given. At the temperature of supercooled fog of -10 °C, the yield of
active particles for the most effective preparation LN-212 was 4-10** per 1 g of composition, and at
temperature of -3 +-5°C it was (1+8)-10*2.

Table 4

Comparison of the temperature dependences of the yield of active particles for the most effective
preparations with Agl

Temperature, °C M-333 LN-212 AD-1
-12 5.50-10% 5.0-10% 1.27-10%®
-10 4.60-10% 5.0-10% 1.23-108
-8 1.53-10%® 3.50-10* 7.84-10%2
-6 8.0-10* 4.40-10% 2.84-10%
-5 6.0-10*2 8.0-10* 1.0-10*2
-4 1.08-10*2 2.80-10* 3.52-10%
-3 9.66-10 ~10%? 6.0-10%
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The tests showed that the ice-forming activity per mass unit of the Agl substance and phloroglucinol
deposited on the surface of silica nanoparticles according to the GSSAM technology corresponds to the
values of native preparations. In this case, the best sample containing Agl (Fig. 3) is superior in efficiency to
the known AD-1 reagent.

Fig. 3. Photo of Agl/nanosilica powdery reagent (LN-212).

Conclusions

The results of the research have proved that the use of nanoscale highly disperse silica carrier and
GSSAM technology of its modification with active ice-forming substances allows obtaining effective
powder reagents for weather modification based on the principle of Levilites.

Such powder highly disperse nanoscale reagents have a number of advantages over the currently
used pyrotechnic flares and burning of solutions:

- GSSAM technology allows creating a uniform layered coating or clusters on a surface of silica
nanoparticles with practically any ice-forming substances such as organic, e.g., phloroglucinol, 1,5-
dioxinaphthalene, copper acetylacetonate, and inorganic salts, e.g., metal iodides and chlorides and
ammonium. Choosing the nature of the active substance, one could create both crystallizing and hygroscopic
reagents.

- It is technically possible to combine several different active substances of different nature in an ice-
forming preparation. This circumstance opens the possibility to create new reagents optimized by various
parameters such as efficiency, price, availability of components, environmental friendliness, etc.

- When pyrotechnic flares and burning of solutions are used, the formation of highly disperse
particles (nuclei of ice formation) takes place when a reagent is introduced into the zone of action. As noted,
several factors influence this process that is difficult to predict. In our case, the reagent already contains the
ice nuclei formed during the synthesis process. Their number and parameters, if necessary, can be estimated
in advance.

- The process of introducing the reagent into the impact zone is greatly simplified. For this purpose it
is sufficient to spray powder agent due to the air flow.
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B56mBmIols 39705000l Mmool BLogwydzgebg ITBIIdIMEO
4obmefo@3mdgdbgero g3bgboeoligdwydmo (953963 gd0l mm30Lgd9d0
5 3065 9LMd9d0

9. 3mOMbobo, . bemlisBo, 3. 479b3M, 9. Lealsbogzmas,
0. 690560, 8. bo®3slo

®9ondy

8505OoL3gHLMWOo  BBMBMAOL  Fogdsol  mgbool (SiO2 (IV)) 396HaEberol 0omEoom s
BEMOMY)306000 50OHBIHYOHO bLmE35EGHM-bEH0FMNWOMHYOMWO SELMOD30vIEO IMPOGBO(30MYIOL
(5bLs3) qboo  0dbs  LobEHIboMmIGPdMo  930WoEJIOL  3MHObE03BY  WBIZ69dMO  BOYO
g4obmefo®dmadjdbgero 95296@9%0 abzbowol  Lsboo. 900900 95396&gd0b
@odMMSGMOWMds 3300939005 43983965, MM (5LLLT)  B9dbmEEMAO0m  FosErEOLZYOLO
656mBMAol 3550500L Mmglool BYEI30MHBY oEbowo Agl s BurmMOmaw 3060l Bogmogmgdol
4069 fo®dmdgabgwro 9dGHowmemmds dsbol gemgMmbg  boGow®mo 36935603 gdol b0dzbgarmdgdl
399L50539d0s. d5LMBsgg  AgI-U 9933390 L3909 Bodmdo ™Mo30L JBIJBHIOMBOD 50gdsEHJds
3b™dow AJI-1 3o3ol 953963)b.

CaoiicTBa ¥ IPpeMMYLIECTBA MOPOILIKOBBIX Jb/1000Pa3y0IUX
peareHTOB Ha OCHOBE HAHOPAa3MEPHOI0 KPpeMHe3éMa

E.®. Boponun, JI.B. Hocau, B.M. I'ynbKko,
E.B. CocnukoBa, B.I'. Jlaneasin, b. Xapmac

Pe3rome

IIytém ra3zodaszHOro CoJIbBATO-CTUMYJIMPOBAHHOrO ajcopOuuoHHoro wmoaupuuuposanus (I'CCAM)
BBICOKOJHMCIIEPCHOIO HAaHOPAa3MEPHOTO KpeMHe3éMa HOoOuaoM cepedpa U  (IIOpOrIIOLMHOM  ObUI
CHUHTE3UPOBAH PsAJ MOPOUIKOBBIX IBJI000pa3yOIMX PEearcHTOB, OCHOBAHBIX Ha MPHUHIMIE JICBUIUTOB.
JlaGopaTopHble HCCeIOBaHUS MOJMYYEHHBIX PEarcHTOB IMOKa3ald, YTO JIbI000pasylollas aKTUBHOCTh Ha
enuHUIy Macchl BenlectBa Agl, u ¢uioporironuHa, HaHeCEHHBIX Ha TOBEPXHOCTh HAHOYACTHUI] KpeMHE3EMa
nmo I'CCAM-TexHONOTHH, COOTBETCTBYET 3HAUEHHSIM HATUBHBIX MpemaparoB. [lpu 3tom myuymmii u3
obpasmoB, conepxkamuii Agl, mpeBocxoaut 1Mo 3¢ heKTUBHOCTH W3BECTHBIN peareHT AJl-1.
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