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ABSTRACT

The article presents the results of an analysis of radar measurements of precipitation intensity preceding a series
of small landslides in the Akhaldaba region (a suburb of Thilisi, Georgia) on June 13-14, 2015. Specifically, the
following results were obtained. The time course of the cumulative precipitation in the zone of maximum cloud
radar reflectivity from 20:49 hour to 23:58 hour on June 13, 2015, has the form of a fifth-degree polynomial. The
cumulative precipitation by 23:58 hour was 402.8 mm. The time course of the cumulative number of small
landslides from 22:30 hour on June 13, 2015, to 01:00 hour on June 14, 2015, has the form of a third-degree
polynomial. The number of landslides by 01:00 hour was 98.

The dependence of the cumulative landslide sum on the cumulative precipitation with a one-hour lead time is
obtained, which has the form of a third-degree polynomial. A rapid increase in the number of landslides is observed
with increasing accumulated precipitation (with a one-hour lead time).

This study once again demonstrates that radar measurements of precipitation intensity can be an effective tool for
studying the role of precipitation in landslide occurrence, as well as for short-term forecasting of their activation,
especially in areas where ground-based precipitation measurements are unavailable.
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Introduction

The activation of landslide and mudflow processes is often associated with precipitation patterns
on various time scales (from minutes to several years) [1,2]. In Georgia, a modern database of these
processes [3-5], as well as precipitation data, has been created and is being improved based on ground-
based [6-18], satellite [19-21], and radar [22-25] observations.

Using these databases, the relationships between landslides and mudflows and precipitation on
various time scales (from hours to climate scales) and territories (landslide location, regions of Georgia,
territory of Georgia [10,11,14-18,20,23-25]) have been studied in recent years, including using machine
learning methods [26].

In particular, in the works [23,24] data on the radar characteristics of a rain cloud that caused a
landslide in Akhaldaba and a catastrophic flood in Thbilisi 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.
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In the next work [25] results of the analysis of radar measurements of precipitation intensity
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.

This work is a continuation of previous studies [23-25]. Below the results of a more detailed

analysis of the relationship between intense rainfall and the formation of landslides in Akhaldaba on
June 13-14, 2015 are presented.

Study Area, Materials and Methods

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

Fig. 1 illustrates the current state of the main landslide in Akhaldaba with the reconstructed road.
It should be noted that following flash floods in the region on June 14, 2014, a landslide on the Vera
River near the village of Akhaldaba damaged several sections of roads in the area. The area directly
affected by the landslide was approximately 537065 square meters, with 1110 meters of roadway buried
or damaged by the landslide [25].

According to data of the Georgian Environment Agency in addition to the largest landslide (Fig.
1), up to 98 small landslides were recorded in the Akhaldaba zone.

‘Largest LS Center

41

Fig. 1. Largest LS Center below the road (after road reconstruction), Lat 41.676421° N, Lon
44.677314° E.
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Fig. 2-4 provide information on the number and location of small landslides at different time
intervals.
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Fig. 2. LS 13.06.2015, 22:30 hour (13 LS locations).
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Fig. 4. LS 14.06.2015, 00:30-01:00 hour (98 LS locations).
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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 [27-29]. Example of
this radar product on Fig. 5 is presented.
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Fig. 5. Radar images of hourly precipitation sums in eastern Georgia in 20.53 and 22.38 hours on June
13, 2015.

In the proposed work the analysis of data is carried out with the use of the standard statistical
analysis methods [30].

Results
Results in Fig. 6-8 are presented.

In Fig. 6 time course of the cumulative max precipitation sums in the zone of max cloud radar
reflectivity from 20:49 to 23:58 hour on June 13, 2015, having the form of a fifth-degree polynomial, is
presented. Accumulated max precipitation sum to 23:58 hour on June 13, 2015 was 402.8 mm.
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Fig. 6. Time course of the cumulative maximum precipitation sums from 20:49 to 23:58 hour on June
13, 2015.

In Fig. 7 time course of the cumulative number of landslides from 22:30 hour on June 13 to
01:00 hour on June 14, 2015, having the form of a third-degree polynomial, is presented. Accumulated
number of landslides to 01:00 hour on June 14, 2015 was 98.
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Fig. 7. Time course of the cumulative number of landslides from 22:30 hour on June 13 to 01:00 hour
on June 14, 2015.
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Fig. 8. The relationship between the cumulative number of landslides and the cumulative maximum
precipitation amount with a one-hour lead time on June 13-14, 2015.
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Finally, Fig. 8 present the relationship between the cumulative number of landslides and the
cumulative maximum precipitation amount with a one-hour lead time on June 13-14, 2015. This
relationship has the form of a third-degree polynomial. Fig. 8 clearly demonstrates the rapid increase in
the number of landslides as the accumulated amount of precipitation increases with the indicated lead
time (one hour).

Conclusion

This study further demonstrated that radar measurements of rainfall intensity can be an effective
tool for studying the role of rainfall in landslide occurrence and for short-term prediction of landslide
activation, especially in areas where ground-based rainfall measurements are not available.

In the future, we plan to further explore this area (comparison of ground-based, radar, and
satellite precipitation data, the use of machine learning methods for integrated short-term landslide
prediction based on these data, etc.).
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PeTpocnieKTMBHBIN aHAJINM3 OMOJI3HEBBIX MPOIECCOB B Axayade
(mpuropoa Tounucu, I'py3ust) 13-14 urons 2015 roga
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Pe3rome

[IpencraBnensl pe3yibTaThl aHAIM3a PATUOJOKAIMOHHBIX H3MEPEHWH WHTEHCHBHOCTH OCAJKOB,
MPEECTBYIOIIUX CEpUU HEOOBIINX OMOJI3HEH B paiione Axangaba (mpuropox Towmucu, ['py3us) 13-
14 urons 2015 r. B gacTHOCTH, MONTYYEHBI CIEAYIOMNUE PE3YIbTaTEl. BpeMEHHOW X0 HAKOIUICHHOMN
CYMMBI OCaJIKOB B 30HE MAaKCUMaJIbHOM palloiIOKaMOHHOH oTpaskaeMocTu obnaka ¢ 20:49 mo 23:58
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gac 13 urons 2015 nuMeer BuA MOJUHOMA TIATOM cTeneHH. HakoruieHHast cymma ocaakoB k 23:58 wac
cocraisuia 402.8 MM. BpeMeHHOI X0/l HAKOTUIEHHOW CyMMbI KOJHYECTBA HEOOJBIINX OMOJ3HEH ¢
22:30 yac 13 wurons 2015 mo 01:00 yac 14 urons 2015 wumeer BUI NMOJUHOMA TPETHEH CTEMCHH.
KomuuectBo ononsueit k 01:00 yac yac cocransmo 98.

[lomydeHna 3aBHCHMOCTh HAKOIUICHHOH CYMMBI OIIONI3HEH OT HAKOIUIGHHOW CYMMBI OCaJKOB C
Ollepe’keHNEM B OJWH dYac, UMEIOIHNKA BUA TOJMHOMAa TpeTher cremeHu. OTmedaercss ObICTpoe
YBEIMUYEHHE KOJMIECTBA OTOJI3HEH C POCTOM HAaKOIUIEHHOW CYMMBI OCa/IKOB (C OTIEpeKEHHUEM B OIHH
gac).

JlarHOE WCClIeIOBAaHUE eIIe pa3 IMPOJAEMOHCTPHPOBAJIO, UYTO PAJMOIOKAIMOHHBIE HW3MEpPEHUS
WHTCHCUBHOCTH OCaJIKOB MOTYT OBITh 3()()SKTUBHBIM WHCTPYMEHTOM [Tl U3YUYCHUS PO OCAJIKOB B
BO3HMKHOBEHUU OMOJ3HEH, a TAKXKE ISl KPATKOCPOUHOTO MTPOTHO3UPOBAHUS X aKTUBUAIIUH, 0COOCHHO
B paiioHaX, TJie HA3eMHbIC U3MEPEHHSI OCAIKOB HEIOCTYITHBI.

KimoueBble ciioBa: aTMOCCpepHLIe 0CaJlKH, paJuOJIOKAIMOHHBIC Ha6J'IIO,Z[€HI/I$I, OIIOJI3HH.
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