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ABSTRACT

Some results of statistical analysis of long-term variations of annual amount of atmospheric precipitation for 21
meteorological stations of Georgia (P) located in areas with landslides, average annual amount of precipitation
for these stations (P.), relationship between the P, and number of re-activated and new cases of landslides (LS),
and the estimated values of LS up to 2045 using predictive data on P, are presented. Data from the Environmental
Agency of Georgia on the P in period 1936 - 2020 and data on LS in period 1996 — 2018 are used.

The forecast of P, using the AAA version of the Exponential Smoothing (ETS) algorithm was carried out.

In particular, the following results are obtained.

The correlations between the annual amounts of P at each of the meteorological stations with averaged data for
all 21 stations P, are established.

In 1981-2020, compared with 1936-1975, no significant variability of the mean P values is observed at 11 stations,
an increase - at 6 stations, and a decrease - at 4 stations. The P, value do not change during the indicated time
periods.

The forecast of the P, value up to 2040 were estimated taking into account the periodicity of precipitation
variability, which is 11 years.

A cross-correlation analysis of the time series of the P, and LS values showed that the best correlation between
the indicated parameters is observed with a five-year advance of precipitation data. With this in mind, a linear
regression equation was obtained between the five-year moving average of the P, and the five-year moving
average of the LS values.

Using this equation and predictive P, data, five-year moving averages of re-activated and new landslides cases
up to 2045 were estimated.
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Introduction

Landslides are one type of disaster. Landslide processes are widespread almost everywhere and
are dangerous due to damage, often accompanied by human casualties [1,2]. This problem is also very
relevant for Georgia, where the number of landslides included in the cadastre reaches 7000 [3].
Therefore, special attention has always been paid to the study of landslide processes in this area [4—10].
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Landslide phenomena depend on many separate and complex processes, in particular, on
atmospheric precipitation [3,11,12]. At the same time, the time scale of the influence of atmospheric
precipitation on the provocation of landslides has a wide range - from several tens of minutes to several
days, months and years (climatic time scale). Thus, in [13], it was found that in Georgia, with an increase
in the annual amount of atmospheric precipitation, there is a tendency for an increase in the number of
landslides in accordance with the second degree of the polynomial. In another work [14], in particular,
it was found that with an increase in the monthly amount of precipitation, a linear trend of an increase
in the number of landslides is observed.

This work is a continuation of previous studies [13,14]. Below are the results of a study of the
relationship between the average annual precipitation (Pa) for 21 meteorological stations and the number
of re-activated and new landslides (LS) in Georgia, and an assessment of the LS values until 2045 using
predictive data on Pa.

Study Area, Materials and Methods

Study Area — Georgia. Data from the Environmental Agency of Georgia on the annual amount
of atmospheric precipitation for 21 meteorological stations of Georgia located in areas with landslides
(fig. 1) and data on re-activated and new landslides cases (fig. 2) are used. Period of observation: for
atmospheric precipitation from 1936 to 2020, for re-activated and new landslides cases from 1996 to
2018.
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Fig 1. Location of 21 meteorological stations on the landslide risk zones map of Georgia by probability
and damage.

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

The following designations will be used below: Mean — average values; 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, %; Conf. Lev. - confidence level of the mean; Low and Upp
— lower and upper levels of the confidence interval of the mean; R — coefficient of linear correlation; CR
- coefficient of cross correlation; a - the level of significance; P - annual sum of atmospheric precipitation
for separated meteorological station; Pa - mean annual sum of atmospheric precipitation for 21
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meteorological stations; LS - re-activated and new landslides cases. Difference between mean annual
sum of atmospheric precipitation in two periods of time was determined with the use of Student's
criterion. The forecast of P, using the AAA version of the Exponential Smoothing (ETS) algorithm was
carried out [16]. Programs Excel 16 and Mesosaur for calculation were used.
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Fig 2. Changeability of re-activated and new landslides cases in Georgia from 1996 to 2018.
Results and Discussions

Results of statistical analysis of long-term variations of annual amount of atmospheric
precipitation for 21 meteorological stations of Georgia (P) located in areas with landslides, average
annual amount of precipitation for these stations (P.), relationship between the P, and number of re-
activated and new cases of landslides (LS), and the estimated values of LS up to 2045 using predictive
data on P, are presented below in Table 1-3 and Fig. 3-8.

Table 1. Statistical characteristics of LS cases in Georgia in 1996-2018.

Parameter | Mean | Max | Min | Range | StErr | StDev | Cv, % COQE’&Z\/"
LS 437 949 58 891 66 316 72.2 136

Table 1 presents the statistical characteristics of LS cases in Georgia in 1996-2018. On average,
437 cases of LS were recorded per year with a range of changes from 58 to 949 cases. Significant
variations in the amount of LS were observed in the specified time period (Cv = 72.2%, Conf. Lev. =
136).

Table 2 presents the statistical characteristics of the annual sum of atmospheric precipitations
for 21 meteorological stations and the average annual sum precipitation for all these stations in 1936-
2020.

Table 2. Statistical characteristics of annual sum of atmospheric precipitation for 21 meteorological
stations of Georgia from 1936 to 2020, mm.

Conf.
Location Mean Max Min Range St Err St Dev Cv, % Int.,
95.0%
Akhaltsikhe 540 853 319 534 11 100 18.5 215
Ambrolauri 1038 1443 621 822 20 188 18.1 40.4
Bakuriani 854 1315 556 759 14 130 15.2 28.0
Borjomi 659 949 402 547 12 113 17.1 24.3
Chokhatauri 1793 2628 1059 1569 35 319 17.8 68.9
Dedoplistskaro 591 1001 332 669 14 131 22.2 28.3
Gori 517 758 303 456 10 96 18.5 20.7
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Khashuri 621 920 380 540 13 120 194 | 259
Khulo 1346 | 1945 | 678 | 1267 31 290 215 | 625
Kobuleti 2376 | 3456 | 1648 | 1808 40 367 154 | 791
Lagodekhi 1076 | 1842 | 660 | 1182 27 246 228 | 530
Mta-sabueti | 1165 | 1670 | 705 965 24 226 194 | 487
Pasanauri 992 1496 437 1059 20 183 18.5 395
Sachkhere 950 | 1385 | 656 730 18 161 170 | 348
Sagarejo 781 | 1332 | 433 899 18 163 209 | 353
Shovi 1173 | 1816 | 700 | 1116 21 108 169 | 427
Thilisi 513 818 240 578 12 113 21 | 244
Telavi 777 | 1260 | 529 732 15 137 17.7 | 296
Tianeti 773 | 1180 | 299 881 19 179 231 | 386
Zestafoni 1206 | 1806 | 787 | 1019 24 224 173 | 484
Zugdidi 1798 | 2440 | 1158 | 1282 30 275 153 | 593
Average, 21 | 103 | 1313 | 773 540 13 120 | 116 | 259
station

As follows from Table 2, the minimum value of the annual sum precipitation was recorded in
Thilisi (240 mm), the maximum - in Kobuleti (3456 mm). The average values of the annual sum of
atmospheric precipitation for the entire observation period vary from 513 mm (Thilisi) to 2376 mm
(Kobuleti), the coefficient of variation changes from 15.2% (Bakuriani) to 23.1% (Tianeti).

The average annual precipitation for all observation stations is 1030 mm, the range of change is
from 773 mm to 1313 mm, the coefficient of variation is 11.6%.

Fig. 3 presents data on the values of the linear correlation coefficient for the annual sum of
atmospheric precipitation between each of the meteorological stations with average values of the annual
sum of precipitation for all meteorological stations.
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Fig 3. The correlation between the annual amounts of precipitation at each of the meteorological
stations with averaged data for all 21 stations on 1936-2020, 0<0.005.

As follows from Fig. 3, the R value changes from 0.42 (Dedoplistskaro, low correlation) to 0.81
(Khashuri, high correlation). In general, a high correlation (0.7 < R < 0.9) is observed between the
indicated parameters in 38.1% of cases, a moderate correlation (0.5 <R < 0.7) in 47.6% of cases, and a
low correlation (0.3 < R< 0.5) in 14.3% of cases. Thus, in general, the values of the annual sum of
atmospheric precipitation averaged over all meteorological stations are sufficiently representative to
compare them with the variations in the annual number of landslides on the territory of Georgia. Note
that the representativeness of individual stations in terms of the annual sum of atmospheric precipitation
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varies from 19 km (Kobuleti, Mta-Sabueti) to 46 km (Gori) around them and averages is 31 km in
accordance with [17].
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Fig 4. Variability of mean annual sum precipitation for 21 weather stations in 1981-2020 compared
with 1936-1975 in relation to the average value of the sum precipitation in 1936-2020 at these stations,
%, 0<0.2.

Fig. 4 presents data on the change in the average annual precipitation in 1981-2020 compared
to 1936-1975. The difference is normalized to the average annual precipitation in 1936-2020, %.

As follows from Fig. 4 as a result of climate change the variability of the average sum of
precipitation in the second period of time compared to the first one for different measurement points is
different. So, for 6 measurement points there is an increase in precipitation, for 4 points - a decrease, for
11 points - an insignificant change. For those averaged over all stations, the variability of the annual sum
precipitation in the second period of time compared to the first is insignificant. Note that the periodicity
of variability of the average annual precipitation per one meteorological station is 11 years (calculated
using the Mesosaur program).

Let us consider the nature of the relationship between the annual number of re-activated and
new landslides and the annual sum of precipitations. Fig. 5 shows the cross-correlation between values
of P, and the LS cases.
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Fig 5. Cross-correlation between the P, and LS values.
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As follows from this figure, a significant correlation between the studied parameters is observed
in the fifth lag before the landslide phenomena.

Another Fig. 6 shows the cross-correlation between the moving average of the P, values and the
moving average of the LS cases.
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Fig 6. Cross-correlation between the five-year moving average of the P, and five-year moving average
of the LS values.

As follows from Fig. 6, a significant relationship between the studied parameters is observed in
the fourth and fifth lags before the landslides. Comparison fig. 5 and 6 shows that in the second case the
relationship between P, values and LS number is more representative than in the first case. Taking into
account that in the fifth lag before the onset of landslides, the correlation coefficient is higher than in the
fourth lag, a linear regression was built between the five-year moving averages of P, values and the five-
year moving averages of LS number (Fig. 7).
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Fig 7. Linear correlation and regression between the five-year moving average of the P, (1991-1995,
1992-1996, ..., 2009-2013) and the five-year moving average of the LS (1996-2000, 2001-2005 ,...,
2014-2018) values.
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As follows from Fig. 7, there is a significant direct linear relationship between the values of
these parameters, which can be used to predict five-year moving averages of LS cases from the forecast
values of the average annual sum precipitation per one meteorological station.
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Fig 8. Changeability of average annual amount of precipitation for 21 meteorological stations (P,)

from 1936 to 2020 and its prediction to 2040.

Fig. 8 shows the forecast values of the average annual sum of precipitation per one
meteorological station up to 2040, taking into account the eleven-year periodicity in the time-series of
observation. Fig. 9 shows data on the expected five-year moving average of re-activated and new
landslides cases up to 2041-2045, calculated according to the formula presented in Fig. 7 with using the

data of Fig. 8.
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Fig 9. Interval prediction of five-year moving averages of re-activated and new landslides cases

from 2026 up to 2045.
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Graphs in Fig. 9 represent the center points of the forecast of the number of landslides
(LS_Predict), as well as the lower and upper confidence levels of this forecast (LS_Predict_67%_Low,
LS_Predict_67%_Upp, etc.). Note that all values of LS_Predict_95%_Low = 0.

Table 3 shows the comparative statistical characteristics of predicted (2026-2045) and real
(1996-2018) five-year moving averages of re-activated and new landslides cases.

Table 3. Statistical characteristics of predicted (2026-2045) and real (1996-2018) five-year moving
averages re-activated and new landslides cases in Georgia.

Period 2026-2045 1996-2018
LS_Predict . LS Predict LS _Predict
Parameter 67% _Low_ LS Predict 67% _Upp_ 95% _Upp_ LS Real
Mean 52 296 542 790 381
Max 120 335 600 887 798
Min 0 249 504 723 68
Range 120 87 96 164 730
St Err 9.7 5.7 6.4 11.3 42.1
St Dev 39 23 26 45 184
Cv, % 74.4 7.7 4.7 5.7 48.2
Conf. Lev.,
95.0% 21 12 14 24 89

As follows from this Table, the average LS_Real values fall within the range of values between
LS Predict and LS_Predict 67%_ Upp (296<381<542). The maximum values of LS Real fall within
the range of values between LS Predict 67% Upp and LS Predict 95% Upp (600<798<887). The
minimum values of LS _Real fall within the range of values between LS Predict and LS_Predict 67%
Low (0<68<249). Thus, in general, in the next two decades, one should not expect a significant
intensification of landslide processes in Georgia due to the expected variability of the annual sum of
atmospheric precipitation. However, in certain regions of Georgia, where a significant increase in
precipitation is observed (for example, in the vicinity of Khulo, Fig. 4), a significant activation of
landslide phenomena is quite possible.

Conclusion

In the near future, we plan to continue similar studies both for the territory of Georgia as a whole
and for its individual landslide-prone regions.

Note

This work was presented as a report at the International Eurasia Climate Change Congress “EURACLI
—2022”, 29 September 2022 - 01 October 2022, Van,Turkey. http://webportal.yyu.edu.tr/euracli

Acknowledgement

This work was supported by Shota Rustaveli National Science Foundation
of Georgia (SRNSFG), Grant number FR-19-8190, “Assessment of landslide and mudflow hazards for
Georgia using stationary and satellite rainfall data”.

References

[1] Aleotti P., Chowdhury R. Landslide hazard assessment: summary. Rev N Perspect. Bull Eng. Geol.
Env. 58, 1999, pp. 21-44.

45



[2] Froude M, Petley D. Global fatal landslide occurrence from 2004 to 2016. Nat. Hazards Earth Syst.
Sci., 18, 2018, pp. 2161-2181.

[3] Bondyrev 1.V., Tsereteli E.D., Ali Uzun, Zaalishvili V.B. Landslides of the Southern Caucasus.
Geologiya i geofizika Yuga Rossii, Ne 4, tom 2, 2014, s. 105-123, (in Russian).

[4] Varazanashvili O., Tsereteli N., Amiranashvili A., Tsereteli E., Elizbarashvili E., Dolidze J., Qaldani
L., Salugvadze M., Adamia Sh., Arevadze N., Gventcadze A. Vulnerability, Hazards and Multiple Risk
Assessment for Georgia. Natural Hazards, Vol. 64, Number 3, 2012, pp. 2021-2056. DOI:
10.1007/s11069-012-0374-3, http://www.springerlink.com/content/9311p18582143662/fulltext.pdf.
[5] Gaprindashvili G., Cees J. Van Westen. Generation of a national landslide hazard and risk map for
the country of Georgia. Natural hazards, vol.80, N 1, 2016, pp. 69-101.

[6] Gaprindashvili G., Tsereteli E., Gaprindashvili M. Landslide hazard assessment methodology in
Georgia. Special Issue: XVI DECGE Proceedings of the 16th Danube - European Conference on
Geotechnical Engineering, 2018, vol. 2, N 2-3, pp. 217-222.

[7] Gaprindashvili M., Tsereteli E., Gaprindashvili G., Kurtsikidze O. Landslide and Mudflow Hazard
Assessment in Georgia. In: Bonali, F.L., Pasquaré Mariotto, F., Tsereteli, N. (eds) Building Knowledge
for Geohazard Assessment and Management in the Caucasus and other Orogenic Regions. NATO
Science for Peace and Security Series C: Environmental Security. Springer, Dordrecht, 2021,
https://doi.org/10.1007/978-94-024-2046-3_14

[8] Tsereteli E., Gaprindashvili G., Gaprindashvili M. Natural Disasters (Mudflow, Landslide, Etc.). In:
Bolashvili, N., Neidze, V. (eds) The Physical Geography of Georgia. Geography of the Physical
Environment. Springer, Cham., 2022 https://doi.org/10.1007/978-3-030-90753-2_7

[9] Chelidze T., Varamashvili N., Chelidze Z., Kiria T., Ghlonti N., Kiria J., Tsamalashvili T. Cost-
effective telemetric monitoring and early warning systems for signaling landslide initiation. Monograph,
M. Nodia Institute of Geophysics, TSU, Thilisi, 2018,127 p., (in Georgian).

[10] Stankevich S.A., Titarenko O.V, Svideniuk M.O. Landslide susceptibility mapping using GIS-
based weight-of-evidence modelling in central Georgian regions. International Scientific Conference
,Natural Disasters in Georgia: Monitoring, Prevention, Mitigation“, Proceedings, Tbilisi, Georgia,
December 12-14, 2019, pp. 187-190.

[11] Segoni S., Piciullo L., Gariano S.L. A review of the recent literature on rainfall thresholds for
landslide occurrence. Landslides, 15, 2018, pp. 1483-1501, DOI 10.1007/s10346-018-0966-4.

[12] Kirschbaum D., Stanley T. Satellite-Based Assessment of Rainfall-Triggered Landslide Hazard for
Situational Awareness. Earth’s Future, 6, 2018, pp.505-523, https:// doi.org/10.1002/, 2017EF000715
[13] Amiranashvili A., Chelidze T., Dalakishvili L., Svanadze D., Tsamalashvili T., Tvauri G.
Preliminary Results of a Study of the Relationship Between the Variability of the Mean Annual Sum of
Atmospheric Precipitation and Landslide Processes in Georgia. Int. Sc. Conf. ,,Modern Problems of
Ecology*, Proc., ISSN 1512-1976, v. 7, Thilisi-Telavi, Georgia, 26-28 September, 2020, pp. 202-206.
http://www.dspace.gela.org.ge/bitstream/123456789/8809/1/Eco_2020_3.33.pdf

[14] Amiranashvili A., Chelidze T., Dalakishvili L., Svanadze D., Tsamalashvili T., Tvauri G.
Preliminary Results of a Study of the Relationship Between the Monthly Mean Sum of Atmospheric
Precipitation and Landslide Cases in Georgia. Journal of the Georgian Geophysical Society, ISSN:
1512-1127, Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 23(2), 2020, pp. 37 — 41.
DOI: https://doi.org/10.48614/9gs2320202726

[15] Fourth National Communication of Georgia Under the United Nations Framework Convention on
Climate Change. Chapter 4.9 Geological Hazards in Georgia, Thilisi, 2021, pp. 278-286.

[16] Box G.E.P, Jenkins G.M., Reinsel G.C. Time Series Analysis: Forecasting & Control (3rd Edition).
ISBN10: 0130607746, ISBN13: 9780130607744. Prentice Hall, 1994, 592 p.

[17] Amiranashvili A., Chelidze T., Svanadze D., Tsamalashvili T., Tvauri G. On the
Representativeness of Data from Meteorological Stations in Georgia for Annual and Semi-Annual Sum
of Atmospheric Precipitation Around of These Stations. International Scientific Conference ,,Natural
Disasters in the 21st Century: Monitoring, Prevention, Mitigation. Proceedings, ISBN 978-9941-491-
52-8, Thilisi, Georgia, December 20-22, 2021. Publish House of Iv. Javakhishvili Tbilisi State
University, Thilisi, 2021, pp. 79 - 83.

46


https://link.springer.com/content/pdf/10.1007/s11069-015-1958-5.pdf
https://link.springer.com/content/pdf/10.1007/s11069-015-1958-5.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/cepa.674
https://onlinelibrary.wiley.com/doi/abs/10.1002/cepa.674
http://www.dspace.gela.org.ge/bitstream/123456789/8809/1/Eco_2020_3.33.pdf
https://doi.org/10.48614/ggs2320202726

Lsgo6r039¢c80o 5@Imbigggmoyemo bagmgdgdols bsdwgseem fenowm®o
X 59900L5 s M9-5dEH030HgdMmo s sboero Agligggdols
09900639390l dmMol 3538060l 33erg30L BMyogMmo 8gEgao

300530 (3360900l 2o0m3z5¢oliobgdom
5806565930¢0 5., FJer0dg 0., 5356599 ., 585¢05830¢00 0., MZSMEO .
69bodg

dmygzsbowos  Lodo®mggermdo 21 dg@gmemmemao®  bsymeby HomGo  xsdmGo
5GHMLBIOMO bsgngdgdol Lodwmoembs (P) s 095dG03060900w0 s sbowo  39Fygigdols
39000b3939008 MomEIbMdSL  (LS) dmeMol 3530060l 250m33g30L 99093930 O 93Mgm39
dmyzsboos LS 8609369cmdols dgx3sligds 2045 Hersdg P-b 3Gmybml@rmo dmbsgdgdols
dobgz00. 6596GMITo  godmygbgdmeos Lodo®mggerml  4oMgdml  LosgagbBml  dmbsgdgdo
Derom®o x990  SGHIMLGBIOMo  bogrgdgdols 0l 21 IgEHgmOMmEMmyo® Loy,
9003 39bWwsygdmwos dghycrme Bmbgddo 1936 -sb 2020 Farsdwyg 39H0M©OLEmM30L s
5369039 dmbs39d900 LS -l d9Lobgd 1996 -csb 2018 §f). 39MHomdo. dmbsgdgdol sbserobo
G9M©0Mm©s  BABIOGHWMWwO Fo09do@03ao  BEIEGOLEH0IOL TgMEYdOL  A5dMmYygbgdom.
fommo  xs096M0  SGIMLBIOMwo  b5¢rgdgdol Lsdmdsgzerm  (33¢0WgOJOOL  3MMYbMBO
3960MEMEMd0L  gomzsoljobgdom bmMEogmqdmos AAA version of the Exponential
Smoothing (ETS) algorithm -0l 358mygqb69d00m.

3969dm© 3009005 990090 :

1981-2020 {iemgd80o 1936-1975 (engdmsb d9sgdooom 11 byym@Bg P-U Lodwgswm boowggdols
96038369cm3560 (330mgds 56 G90b0dbgds, 6 LoYMOBY 50330603905 XSFMMO bogrgdgdol
353905 @5 4- By 998306M9ds. 50bodbM 3gHomEdo  Y39gews Lol P -l Lodmswwm
9600369c0md900 (33¢00eqdsL 56 2obo(300056.

Bo@B961900s Y39ws LMoL bodwysem 860d369wmdgdoL 3MMYbmMLEGMwo dgxsligds 2045

Paodg  Boergdgdol  (33¢00eg0900L  39M0MEIMOOL  gom35wobfiobgdom,  MMIgwos

99500996L 11 {genb.
Y395 LyYEOOL P Lydmoml 360936900930l s LS-0l 30rml-3m6Mm9ws30weds $bsewoBds

9B39bs, O™ g439wsby 39MR0  3MOIWHE0OO 3530060 5bodbme  356M5d9GHMGOL TGOl
5MLgdMBL 65¢gdgdol Bmbsoigdgdol bmficrosbo [oblfimrgdol ®mmU. 3ol yomgswolfiobgdoom
3009005 HOHR030 MaMgLool 3obEHMEgds brmmficrosbo d3m3930 sGHIMbBIOMWO KsFYOO
Boangdqdol Lodmoemls s  ©g-5JBH0300900 s sbagro  I9HygMgdol  dgdmbgzgzgdols
byoferosbo d3m 330 Lsdrsem 3603369wmdsl dmMob.

50 gobEM9d0Ls @ P - 30mabmli@raro 3609369wmdgd0l 398mygbgdom Bo@s0gdwmos LS
-0b byoferosbo d3m 330 LydMsEm 3603369 Md9gd0L 9351905 2045 (ersdoy.

153356dm LoBygzgdo: bowngdo, 39Hggeo, 3aods@Bol 33e0MYds.

47



HexoTopsble pe3yjabTaThbl HCCJAEA0BAHUSA CBA3ZH MEXKIY
CpeIHeroa0BoM CyMMOi aTMOC(EePHBIX 0CAIKOB U KOJIUYECTBOM
pe-aKTUBMPOBAHHBIX M HOBBIX CJy4yaeB OmnoJi3Hed B I'py3uu ¢
Y4€TOM M3MEHEHUS KIMMAaTa

AvupanamBuian A.I'., Yeaunze T.JI., Cananze J1.T.,
Hamanamsuian T.H., Teaypu I' A.

Pe3rome

[IpuBoasTCS pe3yabTaThl UCCIEAOBAHUS CBSI3H MEXIy cpeaHel At 21 MeTeopoIoTHYecKUX CTaHIHA
TOZI0BOM CyMMOH aTMocdepHbIX ocaakoB (P) W KOIHYECTBOM pe-aKTHBUPOBAHHBIX M HOBBIX CITyYacB
omoisHei (LS) B ['py3un, a Takxke mpoBeeHa orieHka 3HadeHnit LS 1o 2045 roga mo mporHocTHYeCKIM
naHHBIM 0 P. B paboTe mucmnonp30BaHbI JaHHBIE areHTCTBA 10 OKpYyXkaromei cpene ['py3un o romoBoit
cymMme aTMocGepHbIX Ui 21 METeopoIOrHueCKIX CTaHIIMN, PACTIONIOKEHHBIX B 30HAaX C OIMOJI3HAMHU, B
neprox ¢ 1936 mo 2020 rr., a takxke ganabie o LS B mepuon ¢ 1996 mo 2018 rr. AHanm3 maHHBIX
MIPOBOAMJICS. C HCIIOJIb30BAaHUEM CTaHIAPTHBIX METOJIOB MaTeMaTH4ecKol craTucTuku. I[IporHos
OyAylMX W3MEHEHHS TOJOBOH CYMMBI OCaJKOB C YYETOM MEPUOJUYHOCTH OCYIIECTBISUICS C
ucnonb3oBanueM AAA version of the Exponential Smoothing (ETS) algorithm.

B yacTHOCTH, IOSTy4YeHBI CIIEAYIOUINE PE3YIbTATHI.

B 1981-2020 o cpaBHenuto ¢ 1936-1975 na 11 crannusx He HaOIHOAACTCA 3HAYMMON U3MEHUYUBOCTH
CpeAHuX 3HaueHWH P, Ha 6 cTaHUMsAX HaOIIOJAETCS POCT CYMMBI OCaJKOB U Ha 4 — yMEHbBILICHHE.
CpenHue 1Mo BceM CTaHUMSAM 3HadeHHs P B yKa3aHHblE II€pHOAbI BPEMEHHM H3MEHEHUH He
IPETEePIEeBAIOT.

[IpoBeneHa oleHKa MPOTHOCTHYECKUX 3HAYEHUH CPEIHEro 10 BCEM CTaHIMAM 3HaudeHus P g0 2045
rojia ¢ y4eTOM MEPUOANIHOCTH H3MEHIMBOCTH OCAIKOB, cocTaBsitomeit 11 ser.
Kpocc-koppenaunoHHbIii aHamu3 BPEMEHHBIX PSAAOB CPEIHEro Mo BCEM CTaHIMAM BeduduH P u
3HavYeHuil LS mokasai, 4To Hawilydlias KOPPEJSIUOHHAS CBSI3b MEXIY YKa3aHHBIMH MapaMeTpamMu
HaOJIIOJIaCTCS MPH MATHWICTHEM YIPEXKACHUM JaHHBIX 00 ocaakax. C y4eToM 3TOro IOJIyueHO
YpaBHEHHE JIMHEHHON perpeccuy MeXIy ISITHIETHEeHW CKONB3AMIeH cpemHer cyMMoil arMochepHBIX
OCaZIKOB M MATHJICTHEH CKOJNB3SIIEH CpeiHell 3HaueHWH pe-aKTUBHPOBAHHBIX M HOBBIX CIIy4aeB
OTIOJI3HEM.

C uCnosb30BaHUEM 3TOTO YPAaBHEHHUS U IaHHBIX O MPOTHOCTHYECKUX 3HaYEHUAX P mpoBeseHa oleHKa
MATHIETHUX CKOJB3SINUX CpeaHuX 3HaueHui LS no 2045 rona.

KiaroueBble cj10oBa: aTMOC(i)epHI)Ie OCaaKH, OIIOJI3HHU, UBMCHCHHUEC KJIMMarTa.
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