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ABSTRACT

The correlation and regression relationship between the intra-annual distribution (%) of the number of landslides (LS)
and the precipitation sums in the month when the landslide occurred and the accumulated sums for the month and 1...11
months before the landslide, P(1)...P(12), respectively, were studied. In particular, it was found that the intra annual
distribution of landslides across the territory of Georgia is rather uneven. The highest number of landslides occurs in
July and September (11.7% and 11.0%, respectively), while the lowest occur in January and November (5.3% and 5.6%,
respectively). A moderate correlation is observed between the intra-annual distribution of LS with the intra-annual
distributions of P(9)...(12). For the pairs LS — P(1) and LS — P(8), the correlation is low. For the remaining cases, the
correlation is negligible. Linear regression equations between the parameters under study are presented.
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Introduction

Landslides, as a type of natural disaster, often cause significant damage to the environment in many
countries around the world [1-3], including Georgia [4-10]. In particular, [10] presents the results of a
statistical analysis of data from the Geological Department of the Environmental Agency of Georgia on the
annual number of activated and newly formed landslides (LS) for the period from 1995 to 2024. The number
of landslides varies in the range from 56 to 1360 with an average annual value of 581. The trend in LS values
has the form of a seventh-degree polynomial. In a subsequent study [11], an interval forecast of LS values up
to 2030 was carried out taking into account the periodicity in the observation series. The mean predicted LS
value for 2025-2030 was found to be 1582 + 107, with a 68% confidence interval from 875 + 107 to 2289 +
232.

Landslide activation is caused by many natural and anthropogenic factors, including the influence of
prolonged, intense, or extreme precipitation [12].

In recent years, a number of studies have been conducted in Georgia to identify the short-term (hours,
days, months) [13-16] and long-term (years, climate scale) effects of precipitation on landslide and mudflow
activation [17-20]. These studies used landslide and mudflow data presented in [7, 8], as well as ground-based,
radar, and satellite precipitation data, taking into account their representativeness depending on the distance to
the measurement point. A detailed review of these studies is presented in [21].

In our latest work [22] a detailed statistical analysis of the relationship between monthly and
accumulated multi-month precipitation sums and the number of landslides in 12 regions of Georgia is
presented. Landslide data with a known month and year of activation were used (a total of 788 landslide events
from 1961 to 2022). For the analysis, the precipitation sum for the month of landslide activation (P1) was
determined, as well as the accumulated precipitation sum for the month of activation and for 1 month (P2), 2
months (P3), ..., and 11 months (P12) prior to landslide occurrence.
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Specifically, the following results were obtained. The relationship between average precipitation values
(threshold values) and monthly precipitation duration during the month of landslide activation and before
landslide activation in Georgia and its individual regions was determined. It was found that, overall, in eastern
Georgia (including the Samtskhe-Javakheti region), landslide activation occurs with significantly lower
precipitation sums than in western Georgia. The average P1 values are 76 and 156 mm, respectively, and the
P12 values are 684 and 1588 mm. The linear correlation between the number of landslides and the P1...P12
values across the regions of Georgia is low for P1 and moderate for P2...P12. The sum of precipitation
associated with landslides exceeds the general long-term average monthly precipitation by approximately 16%.
For Georgia as a whole, the dependence of the number of landslides on the P1 and P12 values has the form of
a fifth-order polynomial (sequentially: slight increase — plateau — strong increase). For P1 values, the
precipitation sum plateau, after which a strong increase in the number of landslides begins, covers the range
from 62 to 149 mm, and for P12 — from 914 to 1588 mm (the number of landslides is ~ 108—114).

This work is a continuation of the study [22]. Below are the results of the analysis of the relationship
between the intra-annual distribution of landslide frequency in Georgia and monthly and accumulated multi-
month precipitation sums.

Study area, material and methods

Study area is Georgia.

Data on the number of landslides with a known month of their activation were taken from the catalog
[7]. Period of observation - from 1961 to 2022. Total - 788 landslide cases.

Data National Environmental Agency about monthly sum of atmospheric precipitations for 78
meteorological stations are used. List of meteorological stations, their coordinates and locations in [22] are
presented.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [23].

The following designations will be used below: R — coefficient of linear correlation; 1....12 - January ....
December; LS(1)...LS(12) - the ratio of the number of landslides from January to December to their annual
number, %; P(1)...P(12) - the ratio of the sum of precipitation in the month with landslide activation to their
cumulative sum in the month and 1...11 months before the landslide, respectively, %;

The degree of correlation was determined in accordance with [23]: very high correlation (0.9 <R < 1.0);
high correlation (0.7 <R < 0.9); moderate correlation (0.5 <R < 0.7); low correlation (0.3 <R<0.5); negligible
correlation (0 <R <0.3).

Results and discussion

Results in Fig. 1-3 are presented.
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Fig. 1. Intra-annual distribution of landslide recurrence in Georgia.

In Fig. 1 intra-annual distribution of landslide recurrence in Georgia is presented. As this figure shows,
the intra annual distribution of landslides across Georgia is quite uneven. The highest number of landslides

26



occurs in July and September (11.7% and 11.0%, respectively), while the lowest occur in January and
November (5.3% and 5.6%, respectively).
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Fig. 2. Intra-annual distribution of the recurrence of landslides and P(10) in Georgia.

In Fig. 2 as an example intra-annual distribution of the recurrence of landslides and P(10) in Georgia
is presented. The correlation coefficient between the specified distributions is 0.66 (Fig. 3, moderate
correlation).
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Fig. 3. Linear correlation between the intra-annual distributions of landslides and P(1)...P(12) in Georgia.
Correlation coefficient values from 0.13 to 0.33 are negligible.

Fig. 3 also shows that a moderate correlation is also observed between the intra-annual distribution of
LS with the intra-annual distributions of P(9), P(11), and P(12). For the pairs LS — P(1) and LS — P(1), the
correlation is low. For the remaining cases, the correlation is negligible.

Linear regression equations between the intra-annual distributions of landslides (y) and P(1),
P(8)...(P12), (x), in Georgia are as follows: P(1): y = 0.3753x + 5.2062; P(8): y = 0.9013x + 0.8224; P(9): y =
1.2998x - 2.4986; P(10): y = 1.4601x - 3.8339; P(11):y =1.3305x - 2.754; P(12): y = 1.0938x - 0.7817.

Conclusion
In the near future, as new data accumulates, we plan to refine the results obtained in this study. We also plan

to conduct research assessing the role of various factors (including precipitation) in landslide activation using
artificial intelligence methods in both steady-state and dynamic modes.
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M9bowmdg

I9LHogarowo 0gdbs I9Hgg@gdol Mom@gbmdol (LS) farom®o 4sbsfowrgdol (%) s dgfygcmol mzgdo
Boengdgdol Momabmdol, sBg3g 99FygMsdg gMmo ™m30Ls s 1...11 ™300 MY IPOMZOO
500 96m0d0L, glsdsdobsq, P(1)...P(12) Gmemol 306M9ges3ools s MH9acmgbool 363d0M9d0. 39G3m,
53005, OHMI Lodo®mzgemdo dgfiygemgdol HeromEo gobsfomgds Bs3dom  96509BdIM0S.
390996900L 439esDg OO MM bMds 030l s BYJEgddgMdo begds (Aglsdsdobs 11.7% s
11.0%), bmem g39eebg 33069 - 056350 s 6mgddgHdo (dgLadsdols® 5.3% o 5.6%). bmdogmo
30695305 9906086905 LS ieror®o gobsfowmgdols s farorm®o gsbsfowgdols P(9)...(12) dméob. LS
- P(1) s LS = P(8) {{y300gd0lm30l 3mMmgams3os odsgros. Lbgs 99dmbggzgddo 3:m6Mgussos
db0dzbgems.  FoMdmagbowos  Fglfogow 396539 BHEMgol  dme@ol  iOxzogz0  HgyGmgLool
2396 Mgdg00.

1533956dm LoEygzgdo: LEHOJoMMO MBIMMYdS, 39FYgMo, Boegdo, 3MMYESE0IX0 S MYAMILOLIEO
sbserobo.

BHyTpuroaoBoe pacnpeaejeHue 4acToThbl onoJi3Heil B I'py3uu u ero
CBSI3b C MECSTYHBIMM U HAKOILUIEHHBIMU MHOTOMECSIYHBIMUA CYMMaMM
0Ca/JIKOB

A. AmupanamBuiun, JI. Bpokka, T. Yeaunze, T. Kupua,
. Cananze, T. Hamanamsuiau, H. BapamamBuian

Pe3rome

W3ydena KoppessiliMOHHAs W PErPECCHOHHAS CBS3b MEXIy BHYTPUTOAOBBIM pacrpenenenuem (%)
konmuuecTBa omnoymsHed (LS) W cymMmamMu OCaakoB B MecCsile, KOTJIa MPOH3OIIET OIMOJ3eHb, U
HaAKOIICHHOM cymme 3a mecsan U 1...11 mecsaues mo omomsus, P(1)...P(12), coorBeTcTBeHHO. B
YaCTHOCTH, IIOJIY4YE€HO, YTO BHYTPUIOJ0OBOE paciipeesIeHH e OM0I3HEH 110 I'py3un 10BOIBHO HEPAaBHOMEPHO.
HauOonbiiee KoauMuecTBO OMOA3HEH NPUXOAUTCS Ha Mioib U ceHTA0ph (11.7% 1 11.0% cooTBeTcTBEHHO), a
HauMeEHbIlIee — Ha STHBapb U HOAOPS (5.3% u 5.6% cooTBeTcTBeHHO). HabmomaeTcst ymepeHHast KOppessiys
MEX]y BHYTPHTOJIOBBIM pactpejeneHreM LS u BayTpuronoBeiMu pactpenenerusmu P(9)...(12). s map LS
—P(1) u LS — P(8) xoppesius Hu3Kas. B oCTaNbHBIX Cllydasx KOppEsis He3HaYnTeIbHA. [IpecTaBieHbI
YpaBHEHHS JINHEHHON PErpeccun MEXy UCCIIeLyeMbIMU IapaMeTpaMH.

KawueBbie ciioBa: cTHXHiiHbIE OCACTBHS, OMNOJ3HH, aTMOC(EpHBIE OCagKH, KOPPEISLMOHHBIH H
pErpecCHOHHBIN aHaIN3.
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