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Abstract. The paper compares satellite (Ps) and ground-based (Pyy) data on semi-annual and annual precipitation
for 26 points in Georgia for 2001-2020. In particular, it was found that the relationship between Ps and Py is
satisfactorily described by a linear equation.
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Introduction

In scientific research, accurate and timely precipitation information is often needed to better understand
and model severe floods [1,2], droughts [3], water resources [4], landslides and mudflows [5-13]. Global
satellite precipitation data (GPM) help to better prepare for and respond to a wide range of natural disasters
[https://gpm.nasa.gov].

At the same time, the use of satellite precipitation data requires comparison with ground-based
measurements. Such comparisons for monthly and annual precipitation data, in particular, are given in [4,
14-16]. This article compares ground-based and satellite measurements of semi-annual and annual
precipitation amounts for 26 points in Georgia in 2001-2020.

Study area, material and methods

Study area — 26 meteorological stations in Georgia (Akhalkalaki, Akhaltsikhe, Ambrolauri, Bakuriani,
Bolnisi, Borjomi, Chokhatauri, Dedoplistskaro, Gori, Khashuri, Khulo, Lagodekhi, Mta-Sabueti, Pasanauri,
Poti, Kobuleti, Kutaisi, Sachkhere, Sagarejo, Shovi, Tbilisi, Telavi, Tianeti, Tsalka, Zestafoni, Zugdidi).
Information on the coordinates and altitudes of these stations is presented in [17].

The data of Georgian National Environmental Agency and GPM Global Satellite Precipitation Data
[https://neo.gsfc.nasa.gov/view.php?datasetld=GPM_3IMERGM] about the monthly sum of atmospheric
precipitation for these points from January 2001 to December 2020 (240 months to station) are used.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [18]. The following designations will be used below: satellite (Ps) and ground-based (Py) data on
mean sum of atmospheric precipitation; Cold Period: October-March; Warm Period: April-September; R —
coefficient of linear correlation; a — the level of significance.

The degree of correlation was determined in accordance with [18]: 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).
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Results

Results in Table 1 and 2 are presented.
In Table 1 information on satellite and ground-based data on mean sum of atmospheric precipitation in
the three periods of year for 26 points in Georgia in 2001-2020 is presented.

Table 1. Information on satellite (Ps) and ground-based (Py;) data on mean sum of atmospheric
precipitation in the three periods of year for 26 points in Georgia in 2001-2020.

Period Cold Period Warm Period Year
Location Pg, mm | Py, mm Ps/Py Pg, mm | Py,mm Ps/Py Pg, mm | Py,mm Ps/Py
Akhalkalaki 337 193 1.75 471 378 1.24 807 571 1.41
Akhaltsikhe 540 182 2.97 551 376 1.46 1091 558 1.95
Ambrolauri 746 526 1.42 651 532 1.22 1397 1058 1.32
Bakuriani 412 345 1.20 510 491 1.04 923 836 1.10
Bolnisi 244 188 1.30 458 346 1.32 701 534 1.31
Borjomi 464 284 1.63 521 354 1.47 984 638 1.54
Chokhatauri 895 1019 0.88 755 677 1.11 1650 1696 0.97
Dedoplistskaro | 270 212 1.28 431 366 1.18 701 578 1.21
Gori 382 217 1.76 528 304 1.74 911 522 1.75
Khashuri 497 282 1.76 528 305 1.73 1025 587 1.75
Khulo 776 921 0.84 648 579 1.12 1424 1499 0.95
Lagodekhi 293 496 0.59 486 809 0.60 780 1306 0.60
Mta-Sabueti 523 741 0.71 535 456 1.17 1058 1196 0.88
Pasanauri 384 353 1.09 567 611 0.93 951 964 0.99
Poti 1046 993 1.05 884 1150 0.77 1930 2143 0.90
Kobuleti 1096 1482 0.74 831 1125 0.74 1927 2607 0.74
Kutaisi 828 797 1.04 706 566 1.25 1534 1363 1.13
Sachkhere 625 506 1.24 568 488 1.16 1193 994 1.20
Sagarejo 258 264 0.98 441 469 0.94 699 733 0.95
Shovi 595 515 1.15 574 644 0.89 1169 1159 1.01
Thilisi 283 163 1.74 495 360 1.37 778 523 1.49
Telavi 271 238 1.14 470 537 0.87 741 775 0.96
Tianeti 331 218 1.51 523 399 1.31 854 618 1.38
Tsalka 303 171 1.77 488 474 1.03 791 645 1.23
Zestafoni 672 775 0.87 614 478 1.28 1286 1253 1.03
Zugdidi 983 929 1.06 877 928 0.94 1860 1857 1.00
Mean 541 500 1.29 581 546 1.15 1122 1047 1.18
Min 244 163 0.59 431 304 0.60 699 522 0.60
Max 1096 1482 2.97 884 1150 1.74 1930 2607 1.95

As follows from Table 1, the variability of the average values of the studied parameters is as follows.

Cold Period: 244 mm (Bolnisi) < Ps < 1096 mm (Kobuleti); 163 mm (Tbilisi) < Py < 1482 mm
(Kobuleti); 0.59 (Lagodekhi) < Ps/Py < 2.97 (Akhaltsikhe).

Warm Period: 431 mm (Dedoplistskaro) < Ps < 884 mm (Poti); 304 mm (Gori) < Py < 1150 mm (Poti);
0.60 (Lagodekhi) < Ps/Py < 1.74 (Gori).

Year: 699 mm (Sagarejo) < Ps < 1930 mm (Poti); 522 mm (Gori) < Py < 2607 mm (Kobuleti); 0.60
(Lagodekhi) < Ps/Py < 1.95 (Akhaltsikhe).

On average, per weather station, the excess of satellite precipitation data over ground-based data is as
follows: Cold Period — on 29 %, Warm Period — on 15 %, Year — on 18 %.
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In Table 2 information on parameters of linear correlations and regression between satellite and ground-
based data on sum of atmospheric precipitation in the three periods of year for 26 points in Georgia in 2001-
2020 is presented.

As follows from Table 2, the variability of the R values of the studied parameters is as follows.

Cold Period: 0.53 (Zestafoni, moderate correlation) < R < 0.92 (Bolnisi, very high correlation); Warm
Period: 0.47 (Kobuleti, low correlation) < R < 0.94 (Zugdidi, very high correlation); Year: 0.34 (Mta-Sabueti,
low correlation) < R < 0.90 (Zugdidi, high correlation). On average, per weather station, mean value of R
change from 0.70 to 0.76 (high correlation).

Table 2. Information on parameters of linear correlations and regression between satellite and ground-based
data on sum of atmospheric precipitation in the three periods of year for 26 points in Georgia in 2001-2020.
Ps=a'Py + b, (Ryin = 0.34, a = 0.15)

Period Cold Period Warm Period Year

Location R a b R a b R a b
Akhalkalaki 0.76 0.83 175.6 0.82 0.54 265.3 0.81 0.62 452.5
Akhaltsikhe 0.62 1.34 295.3 0.69 0.68 295.7 0.62 1.07 492.2
Ambrolauri 0.65 0.74 355.8 0.64 0.59 336.6 0.59 0.60 757.7
Bakuriani 0.65 0.64 190.9 0.82 0.68 174.7 0.78 0.64 386.6
Bolnisi 0.92 1.06 45.1 0.79 0.83 169.5 0.83 1.07 129.8
Borjomi 0.75 1.15 135.6 0.78 0.65 290.4 0.74 0.90 412.1
Chokhatauri 0.73 0.64 239.9 0.85 0.61 341.0 0.79 0.70 467.9
Dedoplistskaro 0.81 0.66 129.3 0.70 0.51 245.7 0.68 0.45 440.8
Gori 0.69 1.01 163.4 0.75 0.83 276.6 0.78 1.03 374.3
Khashuri 0.78 0.90 242.4 0.67 0.77 294.2 0.76 0.92 482.4
Khulo 0.90 0.86 -15.1 0.84 0.62 291.3 0.89 0.79 244.6
Lagodekhi 0.66 0.27 159.0 0.70 0.29 250.4 0.61 0.24 470.6
Mta-Sabueti 0.54 0.35 267.1 0.59 0.42 343.6 0.34 0.26 747.0
Pasanauri 0.87 0.55 190.7 0.73 0.36 346.4 0.71 0.38 582.4
Poti 0.74 0.65 404.7 0.79 0.32 513.6 0.64 0.38 1115.5
Kobuleti 0.83 0.63 168.3 0.47 0.20 601.4 0.64 0.46 738.1
Kutaisi 0.79 0.94 76.4 0.83 0.81 246.7 0.76 0.94 251.0
Sachkhere 0.64 0.77 235.1 0.49 0.39 378.0 0.36 0.36 836.1
Sagarejo 0.88 0.62 95.3 0.65 0.48 216.5 0.74 0.48 350.9
Shovi 0.73 0.57 302.2 0.63 0.58 198.4 0.63 0.52 561.2
Thilisi 0.91 0.95 129.1 0.64 0.45 3334 0.82 0.62 455.0
Telavi 0.90 0.79 82.7 0.70 0.50 199.2 0.77 0.61 269.1
Tianeti 0.84 0.65 187.9 0.69 0.37 374.5 0.73 0.41 601.5
Tsalka 0.88 1.02 128.3 0.82 0.59 206.0 0.86 0.76 303.7
Zestafoni 0.53 0.36 391.0 0.52 0.42 413.9 0.42 0.31 902.2
Zugdidi 0.80 0.86 182.9 0.94 0.72 204.8 0.90 0.90 177.7
Mean 0.76 0.71 0.70

Min 0.53 0.47 0.34

Max 0.92 0.94 0.90

Conclusion

In the future, it is planned to continue these studies for monthly and daily sum of atmospheric precipi-
tation.
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