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Abstract. The results of statistical analysis of data from the Geological Department of the Environment Agency of
Georgia on the annual number of re-activated and newly formed landslides (LS) and mudflows (MF) in Georgia for the
period from 1995 to 2024 are presented. In particular, the following results were obtained. The number of landslides
varies in the range from 56 to 1360 with an average annual value of 581, and mudflows — from 23 to 355 with an aver-
age annual value of 141. Thereis a high linear correlation between the studied parameters (the correlation coefficient
is0.81). Thetrends of the LSand MF values have the form of a polynomial of the seventh degree.
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Introduction

Landslides and mudflows are a type of natural disaster that are common almost everywhere [1-4], in-
cluding in Georgia [5-8]. Landslides and mudflows damage roads and bridges, destroy residential buildings
and structures, lead to power line shutdowns, pose a threat to human health and life, cause significant materi-
al damage, etc. [9-11].

The activation of landslides and mudflows depends on many factors — slope steepness, lithology, vegeta-
tion, precipitation, etc. Accordingly, a large number of studies have been and are being conducted to study
the relationships between these processes and these factors [3,12].

Given the importance of the problem in Georgia, in recent years, work has begun to systematize data on
landslides and mudflows [10,11], which will improve the quality of scientific research. This paper presents
the results of statistical analysis of thirty-year time series of annual landslide and mudflow events in Georgia,
published in the bulletins of the Geological Department of the Environment Agency of Georgia [10]

Study area, material and methods

Study area — Georgia. The data of the Department of Geology at Georgian National Environmental
Agency about registered re-activated and new landslides and mudflows number per year are used [10]. Peri-
od of observation: 1995-2024 (30 years).

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods of random events and methods of mathematical statistics for the non-accidental time series of ob-
servations [13, 14].

The following designations will be used below: Mean — average values; Min — minimal values; Max —
maximal values; Range = Max — Min; St Dev — standard deviation; C, — coefficient of variation, %; R* —
coefficient of determination; R — coefficient of linear correlation; Kpw — Durbin-Watson statistic; a — level of
signification; x — number of year, 1-1995, ... 30 — 2024; LS — landslides number per year; MF — mudflows
number per year.

The curve of trend is an equation of the regression of the connection of the investigated parameter with
the time at the significant value of the determination coefficient and such values of Kpw, where the residual
values (Res) are accidental.
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Results

Results in Fig. 1-3 and Tables 1-2 are presented.
In Fig. 1 data about the annual number of landslides and mudflows in Georgia from 1995 to 2024 and in
Table 1 statistical characteristics of these parameters are presented.
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Fig. 1. Number of landslides and mudflows per year in Georgia from 1995 to 2024 [10].

Table 1. Statistical characteristics of LS and MF numbers in Georgia from 1995 to 2024

Variable LS MF
Max 1360 335
Min 56 23

Range 1304 312
Mean 581 141
St Dev 397 81
Cv, % 68.3 57.5
Correlation Matrix
LS 1 0.81
MF 0.81 1

As follows from Fig. 1 and Table 1 the number of landslides varies in the range from 56 to 1360 with an
average annual value of 581, and the mudflows — from 23 to 355 with an average annual value of 141. The
variation coefficient for LS and MF, respectively, is 68.3 % and 57.8 %. Between the studied parameters
there is a high linear correlation connection (R = 0.81).

Trends of time series of LS and MF values have the form of a polynomial of the seventh degree (Table 1,
Fig. 2 and 3). In Table 2 data on coefficients of the regression equation of the time series of the landslides
and mudflows numbers per year in Georgia in 1995-2024 are presented.

Fig. 2 and 3 show graphs of real values, trends and random components of the time-series under study.

Table 2. Coefficients of the regression equation of the time series of the landslides and
mudflows numbers per year in Georgia in 1995-2024.
Y = a:x"+bx%c x> +d-xHex M xP g x+h

Variable LS MF
a 4.67E-05 1.50E-05
b -0.00503 -0.00167
c 0.214609 0.073752
d -4.57933 -1.64238
e 50.91851 19.16392
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f -273.141 -108.763

g 517.521 226.481
h 423.2351 104.5595
R? 0.73 0.493
Kbpw 1.51 1.91
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Fig. 2. Trend of the landslides number per year in Georgia in 1995-2024.
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Fig. 3. Trend of the mudflows number per year in Georgia in 1995-2024.

Note that between the random components of the time-series of LS and MF, the linear correlation coef-
ficient is 0.87.

Conclusion

In the near future, we plan to study the periodicity of landslide and mudflow time series with the aim of
using these data to forecast these time series for several years. We also plan to compare different methods for
long-term and short-term landslide and mudflow forecasting, including machine learning methods.
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