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ABSTRACT

Results of the analysis of radar measurements of precipitation intensity (P) preceding the landslide in the vicinity
of Akhaldaba (a suburb of Thilisi, Georgia) on June 13, 2015 from 21.00 to 23.97 h are presented. In particular,
the following results are obtained. Time-series of precipitation intensity under zone with the maximum radar
reflectivity of the cloud has the form of a fifth power of polynomial. Time series of areas of precipitation of different
intensity under the cloud were obtained and their statistical characteristics were studied. Dependence of the
average intensity of precipitation under the cloud on the effective radius from the zone with the maximum radar
reflectivity is obtained.

Statistical characteristics of precipitation intensity over the center of the landslide top is presented. Sum of
precipitation under zone with the maximum radar reflectivity of the cloud and over the center of the landslide top
on 13 June 2015 from 21.00 to 23.97 h and before landslide from 21.00 to 22.45 h is assessed.
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Introduction

Almost all types of natural disasters are observed in Georgia (earthquakes, floods, hurricanes,
thunderstorms, hail, droughts, landslides, mudflows, avalanches, tornadoes, forest fires, etc.), often
causing heavy economic damage and human casualties [1-18]. The last such example is the landslide-
mudflow process that occurred on August 3, 2023 in the Oni municipality of Racha-Lechkhumi and
Kvemo Svaneti region of Georgia, which led to a many-meter filling of the central part of the Shovi
resort with mudflows and more than thirty human victims [https://civil .ge/archives/554327]. The last
case, in terms of the scale of human losses, exceeded the consequences of the flood in Thilisi on June
13-14, 2015, when 20 people were confirmed dead [14,15;
https://en.wikipedia.org/wiki/2015_Thilisi_flood].

At the same time, many of these processes are associated with climate change in Georgia [10,
18-22], which affects regime of temperature, atmospheric precipitation, melting glaciers and other
parameters that provoke an increase in the number of natural disasters (droughts, floods, landslides,
mudflows, forest fires, etc.).

As regards the study of landslide-mudflow processes, the activation of which is often associated
with the regime of atmospheric precipitation of various time scales (from minutes to several years) [23],
we have created and are improving a modern database of these processes [12, 13], as well as precipitation
based on ground, satellite and radar observations [14,15,24-28].
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Using this database, in recent years, we have studied the relationship of landslides and mudflows
with atmospheric precipitation of various time scales (from hours to climatic scales) and territories
(landslide site, regions of Georgia, the territory of Georgia [14,15,29-34].

In particular, in the works [14,15] data on the radar characteristics of a rain cloud that caused a
landslide in Akhaldaba and a catastrophic flood in Thilisi on June 13-14, 2015 are presented. The
temporal variability of the maximum radar reflectivity of the cloud, precipitation intensity, etc. was
studied. It is noteworthy that the cloud did not move much and was over the zone where the landslide
descended for more than 5 hours. The consequences of this landslide are well known - the closure of the
Vere River, the accumulation of water, the breaking of an artificial dam and the catastrophic flood in
Thilisi.

This work is a continuation of previous studies [14,15]. The results of a more detailed analysis
of the temporal variability of precipitation over the landslide zone in Akhaldaba on June 13, 2015 are
presented below.

Study Area, Materials and Methods

Study Area — landslide zone in Akhaldaba (a suburb of Thilisi, Georgia, Fig. 1).

Fig.1. Landslide in Akhaldaba on June 13, 2015 [https://reliefweb.int/map/georgia/landslide-affected-
areas-west-tbilisi-georgia-16-jul-2015].

Fig.1 illustrates satellite-detected areas of landslide damage in Akhaldaba. Following flash
floods in the region on 14 June 2014, a landslide on the Vere River near the village of Akhaldaba
damaged several road sections in the area. Using a satellite image acquired 24 June 2015 by the GeoEye-
1 satellite, UNOSAT delineated the primary landslide areas stretching southeast of the Vere River,
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between Akhaldaba and Tskneti. The area directly affected by the landslide measures about 537065
square meters, while 1110 meters of roadway were buried or damaged by the landslide.
Coordinates of the center of the landslide top: 41.68 N°, 44.68 E°,1289 m a.s.|. [14].

Precipitation intensity was measured using meteorological radar “METEOR 735 CDP 10 -
Doppler Weather Radar”. Radar is established in the village Chotori of the Signagi municipality of
Kakheti region of Georgia [35,36]. In this work radar product MPPI (dBz) is used [37-39]. Example of
this radar product on Fig. 2 is presented. Time designation (Fig. 2), for example, t = 14 hour 33 min —
14:33 h. In Fig. 3-5 minutes are given in fractions of an hour, for example, t = 21 hour 55 min — 21.92
h, etc. The data of the Georgian Environment Agency on atmospheric precipitation were also used in
the work.

Info | Layer Navigate

MPPI (dBZ)
23:30/13-Jun-2015
Georgia

+1776.0 mmih

. 865.0 mmih
L3

4210 mmm

205.0 mmm
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Fig. 2. Example of radar data of the precipitation intensity in Thbilisi on 13 June 2015 in 23:30 h.

In the proposed work the analysis of data is carried out with the use of the standard statistical
analysis methods [20].

The following designations will be used below: Max - maximal values; Min — minimal values;
Range — Max-Min; St Dev - standard deviation; St Err - standard error; Cv — coefficient of variation =
100-St Dev/Mean, %; R? - coefficient of determination; R - coefficient of linear correlation; Kow -
Durbin-Watson statistic; P - precipitation intensity, mm/h; P — sum of precipitation, mm; P, - average
intensity of precipitation under the cloud, mm/h; S - areas of precipitation of different intensity, km? -
S(P>3 mm/h) ... S(P>100 mm/h); r - the effective radius from the zone with the maximum radar
reflectivity to average intensity of precipitation under different cloud zones, km.

Results and Discussions
Results in Table 1-5 and Fig. 3-7 are presented.

In Fig. 3 real and calculated time-series of precipitation intensity P under zone with the
maximum radar reflectivity of the cloud on 13 June 2015 from 21.00 to 23.97 h are presented. Statistical
characteristics of the time-series of P and the values of the coefficients of the corresponding regression
equation in Table 1 are presented. As follows from Fig. 3 and Table 1 the average value of P for the
entire observation period was 134.7 mm/h, the range of variability was 23.5+371.4 mm/h. The time
series of P values is satisfactorily described by a fifth power polynomial (corresponding values of the
parameters R? and Kow).

In Fig. 4 time-series of areas of precipitation of different intensity S under the cloud from 21.00
to 23.97 h are presented. Corresponding statistical characteristics of S values in Table 2 are presented.
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Fig.3. Time-series of precipitation intensity under zone with the maximum radar reflectivity of the
cloud on 13 June 2015 from 21.00 to 23.97 h.

Table 1. Statistical characteristics of the precipitation intensity of cloud in the region of Akhaldaba on
13 June 2015 with 21.00 to 23.97 h. under the zone with the maximum radar reflectivity (mm/h).

Max Min Average St Dev R? Kow
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Fig.4. Time-series of areas of precipitation of different intensity under the cloud from 21.00 to 23.97 h.

As follows from Fig. 4 and Table 2 average values of S change from 3.9 km? (P>100 mm/h) to
204.6 km? (P>3 mm/h). The range of variability — from 0 (P>100 mm/h) to 339 km? (P>3 mm/h).
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Coefficient of linear correlation between S values change from 0.42 (pair S(P>3 mm/h)+~ S(P>100
mm/h), low correlation) to 0.96 (pair S(P>3 mm/h)+ S(P>6 mm/h), very high correlation).

Table 2. Statistical characteristics of areas of precipitation of different intensity under the cloud from
21.00 to 23.97 h (km?).

S(P>3 S(P>6 S(P>12.5 S(P>25 S(P>50 S(P>100
Variable mm/h) mm/h) mm/h) mm/h) mm/h) mm/h)
Max 339 252 222 117 50 20
Min 62 35 17 6 0 0
Range 277 217 205 111 50 20
Average 204.6 162.7 116.2 67.8 22.9 3.9
St Dev 67.8 56.9 42.6 28.7 12.3 51
Cv,% 33.1 35.0 36.7 42.3 53.6 130.1
StErr 9.68 8.13 6.09 4.10 1.75 0.73
Correlation Matrix
S(P>3 mm/h) 1 0.96 0.86 0.73 0.52 0.42
S(P>6 mm/h) 0.96 1 0.93 0.81 0.60 0.47
S(P>12.5 mm/h) 0.86 0.93 1 0.89 0.65 0.43
S(P>25 mm/h) 0.73 0.81 0.89 1 0.80 0.60
S(P>50 mm/h) 0.52 0.60 0.65 0.80 1 0.77
S(P>100 mm/h) 0.42 0.47 0.43 0.60 0.77 1

The minimum value of R between adjacent values of S is 0.77 (pair S(P>50 mm/h) - S(P>100
mm/h), high correlation)
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Fig.5. Areas of precipitation of different intensity under the cloud at different time intervals.

In Fig. 5 areas of precipitation of different intensity under the cloud at different time intervals
are presented. For example, this area in time interval 21.00-21.47 h change from 0.6 km? (P>100 mm/h)
to 104 km? (P>3 mm/h). In time interval 23.50-23.97 h value of S change from 10.6 km? (P>100 mm/h)
to 286 km? (P>3 mm/h). About half an hour before the landslide (22.05-22.45 h) value of S change from
0.4 km? (P>100 mm/h) to 226 km? (P>3 mm/h).
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In Fig. 6 graph of dependence of the average intensity of precipitation under different cloud
zones (with P>3 mm/h ... P>100 mm/h) on the effective radius from the zone with the maximum radar
reflectivity (r).
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Fig.6. Dependence of the average intensity of precipitation under different cloud zones (P,) on the
effective radius from the zone with the maximum radar reflectivity (r).

This dependence has the form of a fourth power polynomial (Fig. 6). This regularity was used
to estimate the intensity of precipitation over the center of the landslide top (Table 3).

Table 3. Statistical characteristics of precipitation intensity over the center of the landslide top
on June 13, 2015 from 21.00 to 23.97 (>mm/h)

Max Min Average St Dev

65.1 1.0 43.6 28.8

As follows from Table 3 average value of precipitation intensity over the center of the landslide
top on June 13, 2015 from 21.00 to 23.97 was >43.6 mm/h, min - >1.0 mm/h and max - >65.1 mm/h.

Sum of precipitation (Ps) under zone with the maximum radar reflectivity of the cloud and over
the center of the landslide top on 13 June 2015 from 21.00 to 23.97 h and before landslide from 21.00
to 22.45 h are also evaluated (Table 4).

Table 4. Sum of precipitation under zone with the maximum radar reflectivity of the cloud and over
the center of the landslide top on 13 June 2015 from 21.00 to 23.97 h and before landslide from 21.00

to 22.45 h.
Location Time Sum of precipitation, mm
Under zone with the maximum 21-23.97 402
radar reflectivity of the cloud 21-22.45 120
. 21-23.97 >134
Center of the landslide top 21-22.55 53

As follows from this Table P, value under zone with the maximum radar reflectivity of the cloud
was 402 mm in 21-23.97 h and 120 mm in 21-22.45 h (before landslide). P, value over center of the
landslide top was >134 mm in 21-23.97 h and >53 mm in 21-22.45 h (before landslide).

For comparison in the Table 5 data of the mean accumulated sum of precipitation in Thbilisi in
days with landslides and 3, 5, 7, 10, 20 and 30 days before landslides’ onset and on 15.05-13.06.2015,
and in Fig. 7 daily sum of precipitation in Thilisi from 1901 to 2020 are presented.
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Table 5. Data of the mean accumulated sum of precipitation in Thilisi in days with landslides and 3, 5,
7, 10, 20 and 30 days before landslides’ onset [34] and on 15.05-13.06.2015, (mm).

Days 1 day 3 days 5 days 7days | 10days | 20days | 30days
Average for |, 21.2 27.4 37.0 405 62.5 748
21 landslide

1505 493 | 493 510 | 5.7 | 589 | 1438 | 1466
13.06.2015 : ' ' ' ' ' '

160 147.2
140
120
100
e
=

Fig.7. Daily sum of precipitation in Thbilisi from 1901 to 2020 (max sum of precipitation = 147.2 mm
on August 16, 1955)

Over a 120-year period max sum of daily precipitation was 147.2 mm and on August 16, 1955
was observed. Note that the sum of precipitation under zone with the maximum radar reflectivity of the
cloud in 21-23.97 h (Table 4) 2.73 times higher than max daily P; value in Thbilisi in 1901-2020 (Fig. 7)
and 2.74 times higher than 30 days sum of precipitation before landslide on 15.05-13.06.2015 (Table 5).

Value of P over the center of the landslide top before landslide activation (>53 mm) at least
3.66 times higher landslide daily thresholds level for Thilisi (14.5 mm, Table 5).

It should be noted that at the meteorological station in Thilisi, a daily amount of precipitation
equal to 49.3 mm was recorded, which is also higher landslide daily thresholds level for Thilisi.

Thus, all conditions were created for the activation of the landslide process, followed by a
catastrophic flood in Thilisi.

Conclusion

As this study showed, radar measurements of precipitation intensity can be an effective tool for
monitoring and short-term forecasting of the activation of landslide processes. This is especially true for
locations where ground-based precipitation measurements are not available. In the future, we plan to
deepen research in this direction.
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AHOMAaJIbHBIE 0CAJIKH Tepel ONMoJI3HeM B AxaJjiiada (mpuropoa
Townaucu, I'py3us) 13 urons 2015 r. mo 1aHHBIM
PAaaAMOJIOKAIIMOHHBIX U3MeEPEeHM I

A.I'. AmupanamBuian, T.JI. Yeannze, /I.T. CBanan3e,
T.H. Hamanamsuiau, I'.A. TBaypu

Pe3rome

[IpencraBieHsl pe3ynbTaThl aHAIH3a PAAHOJIOKAIIMOHHBIX U3MEPEHHH MHTEHCUBHOCTH ocaakoB (P),
MPEIIICCTBYIONIMX OMOJI3HIO B paiioHe Axanngaba (mpuropon TOwnwcu, I'py3us) 13 urons 2015 1. ¢
21.00 10 23.97 4. B yacTHOCTH, MOTY4EHBI CIEAYIOIINE Pe3yabTaThl. BpeMeHHOH psii HHTEHCUBHOCTH
OCaJKOB B 30HE MAaKCHUMAaJbHOW PaJHOJIOKAIMOHHOM OTpakaeMOCTH O0Jlaka MMEET BHJ IMOJWHOMA
MATOW CTEeNEeHW. bBITM TONydeHBl BpPEMEHHBIE psIbl o0JacTeld BBIMANCHUS OCAJIKOB Pa3HOM
WHTEHCUBHOCTH I10Jl OOJAKOM M M3Yy4eHBl HX CTaTUCTHYECKHE XapakTepucTtuku. llomyuena
3aBUCHUMOCTh CPEAHEH MHTCHCUBHOCTH OCAJKOB HOA 00JaKOM OT 3(Q(EKTUBHOIO paanyca OT 30HBI C
MaKCHMaTbHOHN Pao0TPaKaTEIbHOMN CITOCOOHOCTBIO.

[IpuBeneHsl CTaTHCTUYECKHE XapaKTEPUCTUKH HHTEHCHUBHOCTH OCAJKOB HaJ LEHTPOM BEpIIHHBI
ornon3Hs. OleHUBaeTCs CyMMa OCaIKOB 0] 30HOH MaKCUMaJIbHOM paJoI0KallMOHHON 0TpakaeMOCTH
o0J1aKa ¥ HaJ IEHTPOM BepmuHbl onoi3Hs 13 utons 2015 r. ¢ 21.00 go 23.97 4. u niepe; ONMOJIZHEM C
21.00 1o 22.45 4.

KuroueBble ciioBa: atMoc(hepHbIe 0CAIKH, PaAHOIOKAIIMOHHBIC HAOIOICHNUS, OTIOJI3HU.
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