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7 ¢, — oooomgdol s (glidob ggempdob bhsbeam@momo aemsbegdos, Bgbedsdobs.
ospfHsdob spodd (BodndGnaco 3mmbol grboboabol dogf depgdaemo Jrfgmsgo-

ob Gobgrogom) gandbads Bydmarbolbnmo gabiremgdol dbpegbgdel @b gembobabgbol

3uBmbl; 2 = a* + &' — 2abcoss.

Jemodadol Sebsggdgdol aabesBommaBgbomag aslerygBodmemos 856 306msmol Gabdo
[14]. Bmdgmog gedroypbads ool LgMool spdsgseno 36 opdsgemo Gbwpbgonl
oebaoaabom. Gobdo o LaFommgbl dmbipgdsbol BoMiusee® b Thaog aubifompbsl.
aBarmoBoliogob baFofeos Gobodmd 20 Henosbo Moo,

38 Gobdotorgol Baeemgebo 30dmogBe ool Bigbogbaoob sfembgbeds, brwemer sem-
G Gomemoe SodmogBa 3o obdd, Head HHLgbedl Ggbogbiaos mMdbGog Gobddo, 56 »H-
ob sefogermo (36 uedsgscmo). Mmool byHojdolimgol ‘le — ."f;: MK &57b@o oygbadh
Bodcogy Ligedobo ol

§ =E:1]E4+1553"1. *; - %)

o § = . 3330B Amob Lgfogddo e, 3306308380 Mo Eomos, 306
Fobs. brumem JoModom, Eepdigamos Homglag S = 0. Gmegbeg S = 0. a6gbeo oM.

debaggdons pabsfiommgdol gobapadom JEaddra®os dfmapbiomgdob aadmygbgds pob-
Lagymonfgloo 5808, Gegogbss Ladds agedal Ombaggdos coogo Bagfgdgdonsd. Mompsb ol
Buaonemao 2BgaBodl. o Lo Gpgdemgedl 860daEymmembgbol Kafigeegleds [101.

Ledobiezdo. k-th 6mpgiidoeme, sbggg gimdomo Gopntg IHngabdrnma dams
38 abgomo, sGob doems (@ap,, mbsgyions Fobhdoomm): Amderob dandeom dpofaoonds
sfgmdorno fgmemgdol Geygdaeme 36mEaEao k bobiofmob gabsformgdedo (-gdbirrgbo-
Tfio” gablaBegfpds) 36 Jomems. Mmdgenyg dandmom geads Smodnero dHmgBiogmo
(=08 30 bomGa” 2eb8stdgda) g.0. Jammes k-3 3GoEabiciento odbjds dob 3m83mpdddo
yagrs fmemol esbromgdoo k¥e-%n dado.

dMmmEabomgdo sMob 3388G0gdol Goda, Helgmog Gopgdmmoes 100 xamsso
ugmzoo. 15-5 36mgabdogo sligg bmndomos Mogmiig dofggemo 3336Heme (QL).
30-7 dMerobBommn, Bopmts Jomoslinto o Ggmfg 3asbioea (Q2), @b 75-3 3Gmaob-
Gowro, Bmpe® dglady zgsb@oeo (Q3). dspormomam, 50-7 dGmEnEGomo (dymoosbs)
B0l goes, Hedeeob dggdemo, (56 Bggoom 5B Jggdmo, aublsBogmgdogsh padndonbaty)
BeBupoampdol Joengdob 50% z3bzcogds.

derzpfvpemo Bobogadors Bugmpbol B50Tgbgrmedgdol SHmEabdrmeo Bulggbabgemo -
odimgds padmoogeremb 3dagge eoddmeol aedeygbpboon



16 B denmigere, B grmmiing & bagfbody 6, dadodiog on ety
P=(n/N)* 100

bagosg N bodgbgrmdgdol Mumeogbmdss Smbiggdms Bsyhgddo, P — 3Hnpgbdoeo @s
# — Grgadnemo 88083Bgmmdol Mopnomo Mobyo (Boboggbon Bi3Mgbol 0Bodgbgmmigdo

@sgmaggdmmmos 8romibosh meowpbabog).

3.2. J4TNaoodmn Nemaaudon

2omndagymo drmgmgbgdol gduhmgdarrnfo gamabfgbol mabsbobosmgdmag grmoda-
ol ggemoergdob badmagHrbsmadmnfobe gdbdgdos wamaob (IPCC) 8ogf dgdwmdagg-
demo odbs geodsdob gamoengdol 27 dofomeme obwogdbo [10]. Bodfeddo. Hgaombol
Ldgpomozosd pidmBoobufyg, aebenmgrmormo odbs Bgdogao semedsdomo obogdlgdo:

@bamo eggdol (TX90p) Gimgbeds — Hamgbeg dedbodogramo GgadgMadumms segd-
553 90 SEeazgBdoTnl.

G0g0 @egydel (TX10p) Hemeybmds — Mmpglsg BsjliolaemaMo GBigHadiams Bagamy-
tos 10 deHmggBiomBy.

mbowmo @slggdol (TNS0p) Gamegbnds — Hmeglsg Gobodierao §3330Heda®s sngd-
55 90 SeagBdoTnl.

@ogo @dggdol (TN10p) Hamgbmds — Hmapgleg Goliodserafo GB3gHadafs Bagemg-
tos 10 deHmggbiomBy.

gobgosbo eggdob (ID) Mampgbnds — Hogglag Bajboderato Goddghadyn™s Bagwmy-
oo 0FC-Bn.

FuoBggbols (FD) ismeanBrabs — Grglag Bobodaemafio dgagmadns Bsgmgdos 0°C-Bg.

boodmMo @eenegdo (HW) - dlingmon dy@gmfrmngommo ofpsbobagool aobdam-
GHodom, bomdafmo Hameam oomgengbs Jgfomngo, Geogbsg oo owbiodoggfrm-
o ool as68iarredilo ornon®o Bsdlodsrrafo G3830HsGuHs Labnsene Budlo-
dugn® Bi9830505fel 57 C-om sgpdaindes.

absengdm 3gfHomcpdol (CDD) babaMdgmogmds — SMomnmo. Anmgbag Baergdadol Gi-
rrogBoads Gagemgdos 1 d-H

Boampdgdol Sstihogo @eonfo obegguo (SDII) — 1 83-B) 850 Bsempdgdol %580l @am-
ormds Barngdosbo ogpdol Humopbedsg.

eeesdnto djuodsarafio Bsxmgdgdol (Rx1D, Rx5D) obegduo — ofe @s bymoBwe 5
eergdo dmbrmomo ajbodaeraio Bagmgdobob Mampghomds Bgbstadolbag,

RI5pTOT — omggdol Mommpgiimds, Amoglsg Biemgdo sendedgds LsdsBobm SyHommol
{1961-1920 §%) ymapmmeoon®o Bimydadol 95 3Gm bdoemb.

RO9pTOT — moggdols Manpgbinds, Mopgbag Baemgde sogdadipds bisdsbobie 3gHomaools
grgyrmoeoa®o Gemagdodob 99 36mggidoomb.
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3.3. 908MY36J0ITN amboBJadon

ghofigierob Agpombio Lbgioilbgs el mambigonbofgbos Bpdoape dadgmbaa-
2000 oo bagamBipmpbo: Meags, yogbgerons. dagder Hm3s. groobo, gH3sbo, 3uBgmo, xs-
g, dbgemoofin, 30bgo, giboomo, ghobgormo, BEamHo. shagmpmto (rmgbobzmfo), JrHobos,

ofndo (gbGogo 1).
Gbfogsa 1
Hri3a dndambampyfo 1';'3 1-1959; 1939;195"1
gabgmrms Agdgmbsgmdegm 1750 1929-1963
Jasto Gegs dpdneabisymdsym 1400 19471057
Jrocbo dgdombamyrfo 1970 1934-1943
afadsbo dgdambbmpufin 2740 1942-1953
asBamo Bagonddbmdo bagwmasgm 1310 1957-1959
i dgdombagarfo 1109 1914-1987
dsgeansiio Bagmgddbmdo baymBage 1320 1947-1092
30bao Bagmgddbrmdo Lagmdoam 893 1944-1990
asBsmo Bogmgddbmdn bagmasgm 1020 1942-1044; 1946-1987
ghobguro Agdonbimpao 862 1917-1923; 1929-1991
gbobgiemo dgdgembagdsgm 262 1935-1929
BEyH0 (yoBHbobo) | Ggdpmbagmosym 820 1960-1959
Jmobod BigmgddBmdo bagmdogm 008 1947-2006
ofeudo daGgmbbgmdsym 800 1945-1901
shamamtio dgggmbamaio 760 1940-1960;1963-2004

Fomdrgpggbor Buomnddo pedoyggbodowmos Lizgurgg Magembio sBLYdame yrgge-
oo izgemgadob dmbagpdpdo dpdmgan baanfgbols ms bagnlaamgioliogol
{lemf. 6): ghobgsmmo. sbarepefio. JHdabo. 3mfHoboy, gabgern. Gogeroabio, 3gbao. gobomo
[1] s E-OBS ymdgfbiogumliol debysgfos 33Bgdo [11]. Loy, 7-%g BaBggbgbos Fofgoomg-

&0, Mrdgremamgobag Grbos apbodbmeo BaBpdomab dmbazpdptol sogda.
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A HBgsFgarmn
X aewmdgborm
B Hydg Leppyfa

era{qr:!:q. b;@ﬁnm.ﬁrm
=

Lol L LY

b, 6. gbnbgommnl Mggombidn smbpdumen dydamtrmmmammn@io Looam@gdn o bgmdagmgdn

3.4. @mBoB3Jadont 30TNDaBNY

8mbogpioms gaemoogos sHob dHmpgbo. Hodgmoy prerobbdndl Bebspg8ms Lo-
Bol@obs @ onbiodpggfmammdol TgdmFagdsk. gumomsgos BB0dgBommngsh Gmemb
sLFrgegdls 8mbBagpdons Gorerosbeidol B9BsMfubzbedo @b Bygrmdglol magawmsh sgoen-
90580, 330bBsHIBS EGHIEHE FoBmaemobogl ob MBlGMBId, Gl Bgodegds 1u6-
gramomo gagerebs Smsbopobel budmommm sBieroBBg.

B3abL 9p8obgogsdo aasdal bobaogmol Mgpnmbdo 1990 Hersdog sGbglmemo Bigemg-
mol Ggdgmbsoymfgdob oo 1961-2023 §F E-OBS diool 8mbagadgdo. 33emgacl dos-
Bos Lygaengg Mpgomblo genodsdob gamompdob 8@sbgds. dmene Gungodo Sbmmn
E-OBS dagoob 8mbaiiigdo agsdab. odob mabiscoanbsm. Maloogbon babmpm oo BaMobbo-
sBos E-OBS Bsol 8mbagnigdo, Ragetios 1961-1990 §fF bagemgomol Lacogmfgdols b
E-OBS damools 8mbaggdgdol Ggmafighs. ia®. -5 dmggdaemaos 4.500bgamBo afligleemo
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1960 1965 1970 1975 1980 1985 19%0

bigS. 8. gbrbgscanl @3 sberexdepdufig dipol figfgnenol b, Penomfo Gad3aMxdnfto



20 B. dereridgngmo, B, gepisdengon, & Ledlbody, 8 Sidodpomn, o, fn@abidy

dadgmbaan®ob @ gboligamomsd sbermappidey degob fafdomomsb sagboumo 3a-
gfals LB GB3g@edBgao.

Berper BibsBosb RoBl. gbobziceol Spdgrfeomoaom® Ligppatdo mimodbo-
fodgeno $383afedmgoo mosbermpdom 1.57-0m sngdsdgds dagol mbaggdgdl. be-
tmm (H0dgHadmfoos bgergeemds mfiog) dpdmbgigsdo pHmbantHos. Harrogbedfogo
aablbgagobs sobliigés ofoom. MHmd Liwymmob o dapol Beogdsmpmbs wdbodgbpermao,
doped Lbodopemob dobgoogoos 250 G-oov aublbgogrogds. dodigrmbisopfol Lodogemy
ghobgaredo Mol 362 3. dugeol Fomdomob — 1120 8. Bpd5ged ol gghGoisemafo
aPamoghio »f Bdobgogsto godmgeob 0.6°C. Mog B70bgds bamyghbs oo dagol -
G0l Beafob Jefgemegosl. Bpddgmedafol Smbagadgboborgol dugrosh apsmmos @
ool 0.99-b, bragem Bagmgdndobogol — 0.95-ob.

Jmfgrmegoob 3mox0a0gbtndo Lamarimol oo Beaol Smba3gdgdl Betol Serpad-
tmoa ghfogmdo 2.

AooeeBob oog®sbadag sbggy sBagbs o8 dImbddgdl BmMol dumosb Bogommo 3m-
Bgmesgos (e, 9) Golsdsdobag. E-OBS dugol mbBispdgdo Sgodeegds gidmynbplaommo
adbal 33tmaanddo o dam begpemdzgeny doopdegro Bamoaaado Bonogsmel Labgomao,
Jmfhgormsgonto gagdofgdol badmsmplom spopgioro odfbs 4.5bobgarrob Sagfab ba-
Bmucmm Bpd3pfedatydolb Gogo 1990-2023 Hemgdobogob (oibafHoo 1),
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22 5. Bmpaidgngne. B gapmidgoenn, & ImgBady, & Sudndzern. on gngnfidy
JeFobors 1952-1995 34 0.92

dsgroobo 1950-1965 58 0.71

35b3mo 1958-1985 66 0.81

gsbsmn 1956-1986 42 0.92

3abao 1950-1990 53 0.92

@boBgbemo 1957-1990 41 0.95 0.99
SBsEIRme0 1955-2004 34 0.90 0.57
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mo30 4. bd33ma3 HaGoh™mGaddy 3mndophal
9em3896dhgdnb 3G o30mbBmMmNyGa
B3@ogdnb dgbrgbengodn

4.1. 303MANLA0EMLBIMITN OJF3IMAOIMNL AMO30TETNIMN
B3N Jo0

gbobigammob Mggomboo 3xgMol Hddpudamob 8Mgagaefirmomo gamoengdol Ggb-
conbgool oibspabio dvBddngdo olig Sgo®Be, AHmd demgans GoporBdo sGLYGmMeno 35—
gob gagme Goda. 3emodsdol dmboggdgdol pibssbarroBgbomago padoygbigdoeo odbs 4B
Jobmarmob Gobigo (L. 12-21). dagpgBy dghhgmme dabdigdol Bodfgho dnggimemoa
L, 7-%0.

Sagob godor Bradagfog Beagor 3538 Bradogfom gnge BadoBoo o babp@demngo
amdaenn Begbamom, Buemgdadolb mo Gobndadoa Faamofemdn (L.

12-13)
11 4
10
I B
| _HEH= I~
E ~1
y=0.012x-15.537
T RI=p 118
p=0.003

| I 1 ] 1 I 1 I
1950 1860 1970 1980 1850 2000 2010 2020

Ly, 12, Faafal bad. (52830 Gem@nl goemaeegds 1950-2023 fR. (Qsmnl 419 Sbdbha)
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10.0 +
9.5
9.0 4
" 8.5 4
~ 8.0 -
7.5 <
7.0 4 k
y=0.020x-30:6032
6.5 R*=0.280
p=0.000

1 I | | 1 ¥ I 1
1950 1960 1970 1980 1990 2000 2010 2020
L. 13. Jagol 138, (3830madeenb gaeracods 1950-2023 FF. @swnb 34 3mbide)

Fsgeob (hado: Bradogage Beadorr 3330 ogn Badono o bobigMdemage ghioemn
Bagbmmom, Biengdadal min Gnfadadoos Faorofsmdn (Lo, 14-15)

10.5 4
10.0 -
P
9.0 - - ¥
-Lj ﬂ._s = = -
H - -
B.0 -
1.5 = V
7.0 y=0016x-22.613
R?=0.195
6.5 1 p=0-000

I 1 I I I I 1 I
1950 1960 1970 1980 1990 2000 2010 2020
b, 14, 3anfnb bad. B839sfmenl gaemnengds 1950-2023 FF. @Bsmob 39-7 3mBida)



GEnBgemol Hganmbnls m i@l offn heafngd Ty 2ol ob gompliab Sadol Grmilgodos 85 hplolb.., 73
8.0

=By
7.0
6.5 A
U 6.0 4

2.2

5.0 =

4.5 ~ y=0.012x-17.674

’ RY=0 082
4.0 - p=0013

] 1 ! ! ] I 1 1
1950 1960 1970 1980 1990 2000 2010 2020
Ly, 15. Syl LB, BoBiamadmob geragngds 1950-2023 B, (@snb 54 Smbide)

Sagob Fodor Bradagfog Braghor 3534 Gogo Dedo@oom @ 8rmomg Bogbmenoo,
Bacengegdol nbodadoom Budos®an (Lems. 16-17)

B -
? -
&
- 6
5 -
y=0.012x-18 454
4 R=0.058
p=0.039

I I 1 I I 1 I 1
1950 1960 1970 1980 1990 2000 2010 2020
by, 16, 3agfnl a8, (59830udemenl gaemnemads 1950-2023 FF. (Bsmab 47-9 3mbB450)
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T -
E -
()
- 5 -
l_
4 =1
3- ¥y=0.011%-17.270
R¥=(.039
p=0.090

I I 1 I I | 1 !
1950 1960 1970 1980 1990 2000 2010 2020
by, 17, Jagols 138, (3830madeenb geeracods 1950-2023 FF. @swnb 55 3nbide)

Zagob Gado:  Bedor 3i35 gogo Bedmeno s bubamdomazn afomma Bogbaemom
(b5, 18)

9.0 4
8.5 4
8.0
7.5 4

* 7.0 4 -

6.5

6.0

5.5 1 | y=0.017%-26.003
A= 224
3.0 H | p=0_000

I 1 T I I 1 I I
1950 1960 1970 1980 19%0 2000 2010 2020
b, 18. 3anfnb bad. B839@smenl gaemnengds 1950-2023 FF. @Bsmob 50-7 3mEida)
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Jagob godo: Beydoer 3agoe gogn Bedor@oom ms drzomg Bagbapamoos (Leg®, 19-20)

6 -
B ﬂ
u Ead
- 4 a5 T
3 S
y=0.019x-33.723
2 Ri=0257
p=0.000

T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020
Ly, 19, Sagiiab L8, Gaddgfode@nb gaoamads 1950-2025 FF. (dsmol 62— Swmbdén)

4 -
3 =
U -
- 2 =
y I
y=0.022x-41,745
R =0.304
04 p=0.000

T T 1 T T T T T
1950 1960 1970 1980 1990 2000 2010 2020

by, 20. 3agfink b3, B839fadem@ol gaemnenads 1950-2023 . (3smnb 75-7 Jwmbddn)



25 5. Bmpmidgneme,. B, gaidgoe, B LpBody, 8 Gidngzomn, o, frinfid]

Gugol odo: Bogom Ssgs HBebogfem gogo Bedmtom @y BibpfMderogo mbomo
Bambaemoom (Lyyk. 21)

ﬁ -
5 -
L
= 4
3 -
y=0.019%-33.072
Al=0260
> p=0.000

T T | T T | T T
1950 1960 1970 1980 1990 2000 2010 2020
L. 21, Sagfnb bid, Gadiqmsdmeal gamaemds 1950-2023 . (Bsmob T3 3mbisn)

gy Fumdmopgbome aMomozgbonst BoBl. 3s30b gzgms Hoddo seopoemo aggl
Sugmol bedmseme Goromfo Gpddghedamob dodglol Gobmogbgosl, spbobodbagos, Hmd
Gpddgtadratob dadgde e mzgarmbufobos Afoommmgmdo. bagsg Mol degaembmo-
sBo Mgemogmo. 5 badmame FeromGo Gaddgfudmmol BBgds Bgoopabl 1.5°C-b, brgnm
LagbAgooom, ideemdlo, gb BiBfoo wHob 0,7°C. biBnsenm foromo §o8356s8m60b
dagygds FMggombio badmsemmm Boagpabl 1,1°C-b. 4.gbobgsedo dsgol 8mbsgadqdob do-
brogoom Gpddgmadmfol dadnds 1937-2023 55 oMok 0,57C, Mo Golsdabobmbdsdos 3bob-
guemol spopgbome Mogoo Bomplnen gaumeegisbosb (0.45°C).

LaoBhgfabers SepHob LeBmsemer GigddgMedafob Lobmbafo sammommgde. SBammo™-
olbsoagob guedryabgbrmo odbs 858 3ebrogmob Gabdigdo (Lye. 22-31).



36zl fgpnmbol mpgdnfgline ARy grrniidob Jeibecpond rkdggio Bitgbab., g

1950 1960 1970 1980 1990 2000 2010 2020

LS. 22. Sl LB, d9diyeademal gamomads bybebdal Snbomgne1950-2023 FF.
(Bsgool 41~ 3615n)



B desmgr, b grrmsdyngem & dopfbady 6, Qadndiogny on Jriebid)
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Ly, 25, 3ugnb baB. (835Rusmenb Gaemnamgds lybmbgdal dnbjmgnen (34- 3mbisn)
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1950 1960 1970 1980 1950 2000 2010 2020

g, 24, 3380l baB. @pddgBadetinb Gaeromads bybmbabel dobgmane (39 b
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B desmgr, b grrmsdyngem & dopfbady 6, Qadndiogny on Jriebid)

|[| uy

0 111 L1 | S S S
1950 1960 1970 1980 1990 2000 2010 2020

Ly, 25, 3ugnb ba8. (835Rusmnb sgemnamgds lgbmbgdal dnbgmgnen (54- 3mbdn)
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g, 26, 3300 baB. pddgPdeainb Gaeromads bybmbabnl Sobgmane (47 b



B desmgr, b grrmsdyngem & dopfbady 6, Qadndiogny on Jriebid)
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1950 1960 1970 1980 1990 2000 2010 2020

Limgrs, 27, 3agrnl bad. B8355admsnb gaomnemis byBmbsdol Snbgmano (55 Swb5n)
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big®. 28, Ssgal Lod. $38355Gatel ggeroegds Lbebaiol Sobypgno (503 3845



B desmgr, b grrmsdyngem & dopfbady 6, Qadndiogny on Jriebid)
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1950 1960 1970 1980 1990 2000 2010 2020

Ly, 29 Zugmnb Lad. 5837madmenk garmoesds bybmbsdal Sobgmane (62— Jm6450)
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1950 1960 1970 1980 1950 2000 2010 2020
Layts, 31 Si3mnb baF, Boddgmadmmob gaonemsds byBmbadal Snbymano (T4-3 Jmbdsn)

pfMomogpdomeb Babl, Mmd 3spMol bedmame Ggddofa@afob da@odab soporo adal
873-Bu3emplom gagees LgBmBdo, doMomems 30 855700 Bogds Bughbmendo,

FramfE Bydmm oym seBoBbrmo, 35l LyBrsma Ga3ghadnHol Bads Hao
e padetba@ommmos Hggenbol AAoomngoom. Gddgtadafmol ggrmoemgiob bog-
Fgmee 2sbsFommgds mgsenbisfobes Go3pd%g (k. 32-34). Fm3gdok Bybsoaghswm bis-
aemogo dofomoo gioym 3 mgheost Sgfomosc. ob 38Bogmol ooopfodgdol Blgsg-
bogo, G300 Booxnigo BuBl, Gmd BSoomegmom smpoeme a4zl Foddghedatol
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BB0B3bganmgat dadpdeb. Bsgoamnomam, o) 1961-1980 §f SpMomemo ggunob Gdob Rfoo-
mmgmon dobodsgrafe G733gHedams -2°C bizdem guBomd®) oym fomdneagboro,
1981-2000 §§ gt Gofodmfos 87d3oficos, brgme 2001-2023 §f 38 Gafodrbas®] =330
0°C-03. 3 Bgbods @ocOBom HIB3gHadmMIh. o bsdogy dgfomedo 11°C bsmRbog-
35, Bbmarame 50w 53l odadmHo Brbgdol Fgzsh LydbHmomsb BHoommgom-
o306, bbgs Loggagdoom Hnd gogase, HHmdn gdo Bepommgool B SeGomngonds. 36
Seneponfe BrpmBamgmdss 35360 Bobodserfo (Ln. 35-37) o Baduedsmnfe (Lae.
38-40) (583gMeEyHRob Bg8mbagastos.

Lbgagoalibzs 3ammogaol Sobgmgom ymagw sorfiergnmdo (Gerymtis Bfgamegmom.
ol badb&gornom) Gfmdondol ls.h‘hﬂaﬁgbn aobgool dobpoogoor oasbmegboo 0.2-0.3
afsrom passEanangds [13]. gbobgawol Mggnmbae Aggho 3gagggdoom dobdmo-
30 Bmiglol AAmommgmon pa@sdmpogds biBnswmne 0,04 phaegbos.

by, 32, 3390l b3, HoBdoFadm®s 1961-1950 FF.
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Lyt 33, Jagmab bsdepsenm $83)Mages 1981-2000 fF.
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by, 34 3ag6ob Ladeysanm @d3msdmes 2001-2023 .



o D v 6 Uy & . o, ot

Ly, 35, Sxgmol BnBedsemmio G283 b 1961-1980 FF.



by, 36, 3agtel BnBodsemefn G839 Eems 1981-2000 FF.
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L, 36, Zagal 8 fladietin (odipmsdmms 1961-1980 FF.
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L. 38, Jagink Bgbodseraio Hadiatadmes 1981-2000 Fp.



oo L o . g Bgiol. 47

by, 40. 33360l Byladscmmn d83peedmSs 2001-2023 ff.

856 39Bosemol @lidpdob @s Mm3gdol sBaemo®ob Lagmdggmy Bglsdergbyeros
353700070 ©3L3363, HmA (3bobzserol MIaomBao SEEOWO 543b (HB3gMadMol 8s-
Ao, Bedgerog 8masgsedo Jomg MR ;gierlishober asbagds. @ga3ghidrdol
Buds MstymBomeE sobisbgds Mrymeg gfdndg, olig bmgosgrm Leghnty.



48 5. Bmpigneme, B, gapidgoe, B bmpBody, 8 Gidgndzomn. o gngnfid]
4.2. bNOlaadmN oa@@don

Jerods@ol reroergtol Bgasc odsdgdb sMmadsmGm dBosbo ooypbol Mong-
gbeads, 3Mdge by eggdol @s wadggbol Momanbemdig. B Gaagmed-
Aobionsl babgMderonds 3mbBdadBds 9godomgds BMogsemo mafymaooo Daygeaqbs
fewboobol — Gepsrmoomism, ©Bosbell edisgseen, axBatomll Fyolt bibdmpdol
Molizo, gadmofroel badmberol Logwmooero god Bbg. aoemdacem® gpaodbmdslicnsh goo-
Jo38omndumenn bomduwmio Gaeeagdo sesdosbol xabiGmoyermbegs 860830pmrmgsb
DR gergheb sbagbl @s gl BydndBpmgds FDsMEod.

Feogbsg @sdol Ga3gHs@mes LsBrsme GaB3gHsdmDY Bsaswo MRS, gb -
28040l mGpsboBil opfinfgpamegonl Ladmuempdsh o6 ddergal. Hogs bomdefo
Gamegoob Bgdenddgogds momo bbom Gambabaogds. mfasboBdo oabpomsl omodgis
odob padm, fmd tmodogao ofigab sgaddagos s Ggamgda o8 dofndgbosb. ora podob
50a39Madra®s 5FeMbgdl 22-247°C, ool GoddgHedra®e 30 3o dupeemos 32-34 35
oy, mpsBoBdo oagol BabpdMHog Gnddatadmfl 3o wdfHmbaogds. gb psbbsymom-
Fgtoo Horapmao pomebidebos Bigdgpdoborgol, drmboggdolbomgol. eflemen Jaemgboby
@2 4embo o E3eg0g0el 8jmbgmamaols.

ghoBgarmaol Aggombobmgol @onmgarms bomdafo FGomegdob Macmgbeds. dbmg-
om: dgdigrfneragoamo mfgabobhagool (WHO) dobjgoom Lbomde  Barmegdsem
(adudmgdsera™ bogbaco) nmgmgds ob dgfompo, Mrpglsg ByEedaE 5 rob 2ob-
dagemeadsdo Sugfhob GoddpHedafs 5 s 3gdio afemmbom aFuMA0300 LiB. Bedbodbema®
GaddgPadygols. dbmmeom dyGomHomenoriBo rfpsboBogos 1961-1990 Geogdl Beaf-
Buerm® dofomoac doolBagl. sdodmd, bizgemgge Sofomeo mooyer o 30 Goosb Jgfo-
raosco: 1961-1920 §%. b 1991-2023 §5.

bagaoegan Gggomboboogol damgy sflbpgdaero  Sabd@gdolmgols gadmomgaema
Bambamol ;mgyadobl Sejuodeerato G83oHedmfigbol Ledmuemem dMsgaerhmonm®gdo.
dupsenoomobogol, 4. gbobaseroliongob 856 dgompobs 25.7°C. Lomdnfo Goemopdaol (3d-
LiGHadecmmfaco 3Bgen) opor Gormgbeds dogpBaemod EbG. 3-8o. HepmB GhHomo-
oo Babl, sbgoo @ogpdo 1961-1990 FemgdBo wdbndgbgrme Gomopgbodoomes. Big Opgb-
gts dgmihy Sgfomab, 1991-2023 B damo Hermpgbmds 86odzbgemegbamas Bmdsdgdemeno.

5Fogmn 3, gl Gfatienmfse ghor oogos Simagbeds

B3cpol Fabdomol Wlww afuangBstmee gboe
Sied i W“ﬁ 19611990 5. | 19912023 5.
20 27.56587 1 18
21 1 26.91354 1 21
n ] 264538 2 n
23 | 26.23718 2 22
28 | 26.90431 1 _ 15
29 i 27.45727 1 15
30 | 27.5514 1 14
31 | 26.62489 2 16
32 I 25.03876 1 21
33 [ 24.27663 2 22




BBzl Magnmbiols mamdnadmem Samndemngd By gondidnb genpfbipdol Smbigglos 8580l

34 24.90133 1 21
35 23.9246 2 71
33 2402568 2 14
39 2531228 3 13
40 25.23006 1 13
41 25.72286 0 13
42 25.75789 0 15
43 23.16023 1 22
44 2206811 2 23
45 21.97644 2 22
46 7349887 1 22
47 21.90336 3 21
50 23.74767 2 17
51 22.37472 3 25
52 12.46325 2 24
53 23.99515 1 21
54 22.30323 2 21
55 20.60626 & 24
56 20.25838 7 21
57 19.30595 6 25
58 71,8165 4 20
59 2038971 10 18
62 20.10948 1 27
63 20.26669 1 28
64 2134224 2 26
65 20.72356 2 75
66 19.97121 2 25
67 15.55742 2 37
63 15.85568 2 37
60 14.48645 1 40
70 10.26685 5 20
74 20.86512 1 27
75 17.50489 0 35
76 15.01541 0 41
77 14.10301 0 40
78 18.46516 3 32
79 18.77883 3 26
80 14.99526 1 37
81 12.40967 1 37
86 16.91003 0 36
87 15.03074 0 30




50 b Beneriigneme, B goprtifgnen, & limhady, 8. Hndhocan, o Jojobig
4.3. 1BbJd{N ©@E@JJan

dbmgenon SyGgmhagreponfo cfgsbobigool pabdsfihdaen, gy weg ghoo-
385 omgb, fescoglisg EREG0 Bujlodrmrto GaBSIMG DG sagdidads 30°C-L,

bazarega Hopenbio ghgomo egobol Gamaogberds 2001 Horomeb bagfdiodanam od-
ahgdl. oy dofggen dghommdo (1961-1980 §5.) sbgomoe dbmmmege 16 oog oyom. Ggemigdo
(1981-2000 §§.) — ;gFsdgdo. dgbsdy dgomopdo (2001-2023 §§.) w330 35-0s (L, 41-43).
730807 ghowre wogndol Mumpobndol bogfgnere gabaforngds shigabpdl, MHmd ghy-
o oegjdob Gammgbnds doBomamam Aggortbob Ladbfigm. msdismdonosd Bufjormdo
odugdl. spomo aqgb jemedadynfo Bebgdol sFngsb bedbtgoonsb BGopomeagomolzgh
La@maeme 0.04 afHomboom.
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by, 41, gBgen @pado 1961-1080 FF.
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¥ Jadnbmbo
2820
Iﬁl"?Jn
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EelTLTICY) \CR0
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L, 43, gbarn @magde 2001 2023 [

4.4, DAM3NIITN Codadaon

erabsrm®o imdedol Byogpse ool BnddgGodn®elost ghomeno, Seodsds po-
dob §8sFadmMnddss. dbmaeron BB pnmnmeaomto o aiBobogonl pablsHFHgdoom
[107. froabeg ook gabiagrnbsdo (padob bssmgdob Bamgemoom) Sighol dobodagmmto
G3pPadyafs 56 BuBerool 20°0C-B) odoms, Bl Hmdoynenn oaly gimopds. sbjomo
mdoeme padggbo biofsm bogbmedo ool 3ab8sgememdsedo sGbgdege Sagam Ggdighs-
Grafgdomubos (gbare @ua) ©930380Mgdnemo. Lbgigsbbgs 43483080 danwms Brafue
bhgaoalibgs Bddnmadmts doofbges. G5y, pafondols mandgl dagybaddo gb Bogemo 20°C-
o5, Brarnm 58560 30b G0 opdoer BBedigdto 27°C. Bgpbl B78mbaansto BoaMo sergd-
menos 20°C.

ghoBgarmaol Hggomboliogol 60 Horosbio dgfommoo @aogm bsd aghemosd dgfhormaogi-
360 (od dgoas Gfemdo jmemo oadggdol fMeanbo (e, 44-46). Aogmg M ndoasb Babl,
dofgam mf dyfomodo. 1961-1930 oo 1951-2000 Hengddo oadgpbol MemmpBombs, G-



36zl fggnmbal mpgdnfaline ARy grrniidob Jeiiegpnd rkdggio Bitgbab., 53

@gbag 35060l H8dpMadata 20°C-g wabams a6 RaBmooomgs Bjaagbos 1.8 oggl. 9-
L8y dpMomopbo. 2001-2023 Gonndbo mobodgbyrmerp, Gapfsd adgl Badgdob Gobapbzos
s 5l 45 eegh.

G 3meme nadgodo mufynaomage drddogdl sgadoubol xabidtonmmadaty.

ll||l|ff’f :

Lyt 44, §rmdngmenn gsdqado 1961-1980 FF.
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L, 45, (Bedogeon madqodo 1991-2000 FF.
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Lyt 46. (§edogmenn eadqado 2001-2023 FF.

4.5. BoHNB336NDL ©J YNB3Noen ©TJJoNb 8mMadotmeTNamN
B3N JsNnu 0J6@IBBNIAN

Fuyobagol spoemo 443k of F3dmbgogsdo, Mraglsg 35960l ooor®o Gobodaer-
Mo Go83ghadgts 0°C-Bg @adsemos. bragm, Arpgbag 34360b Eromfo dudloderafo
(50880Madmmss D°C-By wadsero, 58 Bgdombanasto pasdal yobzosbo ooy [10]. Fayoboqdl
a@goomo sdgh oo, s8odmnd dub psdob fagobggibsg mhrmogdghb.

Gbobzaemob Mapombdo Fogobagdol s yobzosbo omggdol 8Hgsgemfimon®o gawmo-
ool Gobaopbarob cubiieagbico Agaombio sHLglme Ssgob Lbgsceelbgs Godgdte -
ofBs. Jolidggbo. GmBsggdgdols galasbamoBgdensm gadmyaigdaemo odbs 858 3gBosmols
Gobdo. 3mBdigdo BoomBa Mggombio sMbglmen yagems 3igol Boddo. daoro Bmdmgdo 8m-
Godoemos g™, 7-17.

dub 39Booscmols BobGBo shpabBgdl (Lkm®. 47-56). Amd Gopombio foyobzndh dodgofmgltab
Giobmogbzos adab. gb Bmbaemmgbgorog oy Gaopab Bgdmo sefigfoge Saghob (hoddg-
Godrafgbol dGigembmonfo gaeormabol 3536wabasopdde (bhgt. 35-37) dobodsrmmt-



56 B. dengridgngmo, B, gepisdengon, & Ledlbody, 8 Sidodpomn, o, fn@abidy

do Gpddgfadyatigdds dadgdol Gobogbgos podragerobs. Gbadadobaq. mEfo odgoasmo
bogds @epon®o dobodsgrg®o GBgddgfadamob 0°C-g madomas qoaggds.

Jogob dodo: Brmdngfue Beydnm Sagd Brrdoghon gogo BedoGoo oo Bebaidemago
ondnemn Bagbopenno, Biemgdadol Mo Gobndmdoom fgenfimdn (Leps.

47-48).
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60 y=-0.056x>228 646
RY=0.005
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] ] I ] ] I ] 1
1850 1960 1970 198O 1990 2000 2010 2020
Vaeo
L. 47, flgobzgdnl dgbmgbgns 1950-2023 f. (Buspob 413 Jmbisal
140 -
1206 4
&
B 100
80 y=0 032x+62 799
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Powmo
L, 48, fagobzgdnl dabamgbgos 1950-2023 f. (ol 34-7 depbido)
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dagnb gndor Beadogfoq Braggom 3igs gogo DedoGoom b bibamdemngo afoomn
Bombgomaoe, Bsemgdadol mfo dobodmdoom fgerofsmdn (b, 49-50)
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= 100 -
B
80 - F
y=.0 169x+455 859
4 =D, 052
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T ] ] T ] T T T
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Baemo
by 49, Fagobizgdnb Ggbaabigrs 1950-2023 . (dsmnb 39 3mbin)
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R =0.000
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foeeo
b, 50 . FaynBeodol Sobogbans 1950-2023 FF. (dsmob 5d4-5 Jabdso)
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Sagol odn: Bedngtiom Beydor 3ags gogo Badohnom aw drxgog Bogbmemoon,
Bagmgdgbol 8nbodsidoom Bodmado (b, 51-52)

180 4
170 4
160
150 -
5 140 4
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Ri=0.014
110 - p=0.314
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L, 51, fagnbggdnb Babomgbgns 1950-2023 B, (Bapal 473 dmbf50)
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Gomo
by, 52. fogobizgdob (Gabmabigns 1950-2023 fF. (Bswmab 553 Sg8isn)
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Jagob dodn:  Beydoe 3igs gogo BedorGoom @o babafidemngo afoema Bogboemoo
(bets, 53)
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Baemo
Lzt 53, faynB3odnb (Bgbmgbgns 1950-2023 F. (dsnl 50-9 3mbH50)

dagob Godre Braghoe: Sags Gogan Bedomdom o drigemg Boegbeeno (liepm, 54-35)
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240 <
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e
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180

y=-0.14}x+491 365
AY =00
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Powmo
b, 55, fagobggdob Sbmgbges 1950-2023 fF. (Bsmeb 759 Jbidn)

dognb odn: Brygdoom Jags Bedogen gogo Badotinoe ao bubipdomago mdogmn
Bambegomoom (L. 56)

200 +
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fam ]
J
160 -
B y=-0 M Ex+601 B62
150 Ri=p. 111
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L, 56. fagobzgdob fgbomgbgns 1950-2023 Bp. (Bspnl 743 dmbisa)
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Fagobagdob gamomgdol Loghzmmo psbfomgdol bekgobgdmeam Bymas MH30B0
(. 57-59). Bsma sBacmotba shggbgdl. GmB Figobzgdol Mumepgbmds Mggombob Bongem
HIP0EEMH0I6) 03amgdb.

Lyt 57, fagnBagdo 1961-1950 FF.



62 5. demssommn. . gomidyne, B bBody. 8 didodinen, on Ingnbidy

by, 58, FasrBzyda 1881-2000 FF.
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Ly, 58, Foynbzgdo 2001-2023 FF.



64 b g, b grrmsdgngem & opbady 6, Qadndpogn on Jogabid)

ynbgosbo eggdol Macrgbeds s @obo boghgmeno Eamommyds Bmngpdmmos G-
330%g (i, 60-62).

L, 60. goB3nsbn @madol Mummobmds 1961-1950 FF.



8Bz ol Fggnmbols mamdn b B drsngdy srondidnb sepliBiptol BmEigglon 850k, g5

b, 61. yob3nuBn omgadnb Mimmabmas 1951-2000 Fp.



66 B g, b grrrsdgngem & opbady 6, Qadndpogny on Jogebid)

Lumf, 62, yob3nsbn @pagdob Gimmabmds 2001-2023 F.

A 3ndols sBaconBogsh Rablb, Mod yobaousbo megodol Mamogbedsg. eedol Fayoban-
2ol Bbgogbag o3emadl, gb 3emgde gablszmoigtom orgaeilisfobow Agpombol AHeomen-
g0 Bsfoerdo.

4.6. 0Jd3dMamdmnL sCNdomamn NB@Jabaan

G0830Msdafol aemodadmto obmgdbgdo 8neiduomos EsBafon 2-8o, sliga sa0d-
memos yfegozgdo (L. 63-66). gb obogdlgdo shggbydl. oo bam dwgdamymdl godo-
Byoma mbogeo 6 gogo sgnamo dugogBy 8megdaum dnbiggdos dibogdo.

pedmogemoemo GgdigHedaol gemodsdyn®o obogdbgdo oRgabadl. Fagombdo gs-
drAByaema cxdowmoe $b Gogo sEyegrol Begdsmgmdsl. Bajuodsrrn®o Gg8ighadafol
TX10p (Fm@absg GH83aGadmes Bagmdos bsdsbobm dgMompob 10 3GmpgbiomBy),
DEGer Hgombol Fxs GoHodMMHosB] Biffowpds. TX0p (Ampglsg GoasgMHsd s
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agzgdaggos badsBobm Sgfhommob 90 dHemgahidoomb). domgbafigmdl domoli mate Bodemom
Beogdsmy Famdowngdy.

debodecrafo Gpadghadmoel B30ombgogsdo jo dofodoo boogbs: TN10p wathier B
@ Fafdoepdtys asbfommpdomeo s TN20p Jages Baforrlo. fagobgosbo moggdol
dmeyzbiyneegdo oigoBpdl. MHmd shgmo opgadeb Mdgdgle Mamqpgbnds Boos Famde-
rgdBs (Becoob Gatdoamda: 68, 77, 81) pabsfopbmenn. Sbgaglbo aabsforngdob bigfs-
oo gobgosbomoegoms SMHmegbioegol 8gdmbagasdoy (Bamol FoMGounpdo: 66, 68. 77,
86). BpddgHadygtob aubsfoemgbab sMagBarpastegabio bibiosmo sdgl: padmoymes mmerge-
oo @emdmbol/sgezidolb 3abdEAgdo, Gog doBhomapam Morrogmob sMenfomagafog-
Botomas peblioteadgbmemn.
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beg. 63, Sfindsemigfn Gddg@admtol T10p-TX0p srndsdipfin nbpfigén fygombol
Fasgoegdaliangal
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L. 64, floynBagdol gams Fagbgn Gggnmbnl fymGommadoliagol
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LS. 66. nBndanmantin S83gFad ek (TN10p, TNS0p) gevodsdmin nbmgdliado

fimget pobsformpdol Lufamgdomab Rabl, Hopombido mdormo @8 gogo oadggdols
facpgbmook Garrommgds godlofogda.
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mo30 5. bd33mas haGohmGnady

shdmbayndyyma bommagdngdnl
dMmozombmng®n g3mamdab
$96w9bpngdn

5.1. BoT3JJdaNb B3TNTId

Burmgdndob asbsfoemgds bodapemol Sobgogoom. Godafedntobasb aabbbgsgsdoo,
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introduction

Since the 1000s, the effecrs of climare change have become increasingly evident
worldwide. Phenomena such as glacier melr, rising sea levels, extrerne hear evenrs, severe
droughts, wildfires, massive floods, and landslides have ocourred with greater frequency in
TECENt VEars.

Georgia is no exceprdon to this oend. Climare change has also negadvely impacted
the country. Compared to the 19561985 period. the average anmual air remperamire
has increased by 0.25-0.58°C across most of Georgia. Begarding precipitadon, annual
amounts have generally increased in Western Georgia, while some regions in the East have
experienced g decrease,

A wide range of negarive effects from climare change is being observed in Georgia, There
has been & significant increase in both the scale and frequency of landslides, gravitational
processes, and mudflows. Glaciers: are melting at an accelersted rate. Addirionally, climate
chanpge has a sipnificant imparr on human health—hearwaves linked to global warming
negatively affect people’s well-being, Unformumarely. these adverse effects are expecred to
intensify in the furure. The country’s primary geoal is to enhance its adaptive capacity by
implementing climate-resilient practices, thereby reducing the vulnerabilicy of communiries
mose sensitive to climare change. To achieve this, ir i5 essenrial to support and conduct
scientific research. The 2002 Unired Nadons report prepared for the World Summir in
Johannesburg highlizhes that the consequences of natural disasters are especially severe in
countries where policymakers disregard sciendfic forecasts:

Georgia has a long history of mereorological observarions and climare research. This
has allowed local researchers to assess fumure climare change oends, taking inro account
the country's complex geographical conditions, determining the level of vulnerability
across various sectors of the economy and natural ecosystems, and developing appropriate
adaptation straregies. Unforounarely, since the early 1990s, the hydrometeorological
observarion nerwork in Georgia has been nearly dismanrled. A recent trend rowards the
restoration of meteorological stations has emerged. bur it stll Iags significantly behind the
nerwork that existed prior to the 1990s,

The occupied territories are an inseparable parr of our country. To establish a unified
environmenrtsl informadon darabase, it is essenrtial to create a daraser of mereorological
elements for these regions.

Identfying climate parameters and indices for the Tskhinwali region is pardcularly
crucial, as there are no meteorological observadons available for the ocoupied territories.
This gap must be addressed to fully assess climate change across the entire territory of
Georgia.

The novelty of this study lies in the creation, for the first time, of a geographic information
system ((GIS) darabase of merecrological elements for the Tskhinvali region. along with the
iniriadion of efforrs to promore public access to this darabase and assess climate change.

The results of this study are innovatdve, as they enable the modeling and analysis of
redl conditions in the occupied territories—an area of sorategic importance for the entire



Creation of datzbases of climate elements in the oocupied terrtories of the Tskhinvall region and assessment.. og

country. The project outcomes make it possible to: (1) assess climare change trends in
the occupied territories. and (2) support the future development of a multi-hazard early
wamming system following the restoration of terrirorial integrity, which weould conrribute o
climate risk reduction, preventon, and preparedness. These findings can also be applied o
evaluare the impact of climate change on the country's most vulnerable sectors. including
agriculture, courism, healthcare, and energy. as well as to improve coordinaton during
emergency sitnations. Norably, the geographic information system developed in this study
is dynamic—irt can be updared and modified ar any dme to incorporare new dara.
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Chapter 1. Physical-Geographical
Characteristics of the Study Area

The occupied territory of the Tskhinwvali region was formerly the Socuth Ossetian
Auronomous region within the compositden of Georgian 55R (1922-1000), The region
borders the Morch Ossedan Anronomous Republic (Russian Federadon) to the north, Kazbegi
and Dusheri municipalities to the east, Kaspi, Gori, Kareli, and Khashuri municipalities to
the south. and Sachkhere and Oni municipaliries to the west.

The region included four administrative districes: Tskhinvali, Znaur, Akhalgori
{Leningori), and Java. There was one ciry — the regional center Tskhinwvali (former cicy
Staliniri from 1936 to 1961) — and four urban-type settlements: Znauri, Kvaisa, Akhalgzori,
and Java.

The northern parr of the region is reladvely mounrainous; while the southemn part
feamres a medinm-altimide relief (Fig. 1). Detailed information abour the region’s physical-
geographical characteristics can be found in L. Maruashvili's work [3].
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Chapter 2. Climate

The high-mountainous terrain plays a significant role in shaping the region’s climate.
The main watershed ridge of the Caucasus acts as a barrier. protecring the region from the
intrusion of cold air masses from the north. Climare elements in the area follow a parrern
of vertical zonality, which is reflected in the decrease of air temperamire with increasing
altimude, as well as in variations in atmospheric precipitation, snow cover height, and its
duradon. Ar elevations up o 1.000 meters, the climate is warmer than in the lowlands of
Shida Kartli. The average annual temperature is 7.5-9.6°C [4].

The city of Tskhinwvali is located ar an elevarion of 860 merers shove sea level, in the
valley of the Greater Liakhvi River. on the Tirdphon-Saguramo Plain. According te M.
Kordzakhia [2], the average January temperamure in Tskhinwvali is 10°C lower than in the
village of Mukhrani {(Miskheta Municipality, 550 meters). The vertdcal temperature gradient
in this case is 0.3°C per 100 meters. The average Jsnuary temperature in Tskhinvali is also
0.5°C higher than in Java. which is situated ar an elevation of 1.040 meters in a sloped
valley of the Liakhwi River. Here, the verrical cemperarure gradienr is 0.2°C per 100 meters.
In summer, air temperamure decreases more significantly with elevation, with the vertical
gradienr ranging from (.4°C o 0.6°C per 100 merers. Aumumn is generslly warmer than
spring.

Frosts ocour from MNovember to April. with an average of 157 frost days per year in
the region. The Liakhvi River valley is characterized by low precipitation. Depending
on elevarion, precipimation increases by approximarely 15%. The primary precipicarion
maximum occurs in May—June, with a secondary peak in OctoberNovember, The number
of rainy days ranges from abour 100 to 140 per year. In the lower part of the region. fog is
rare (10-20 days per year), but its frequency increases in the middle and upper zones. The
number of thunderstorm days averages between 20 and 40 per year.

According to long-term observations, the snnual duration of sunshine in most pares of
Georgia exceeds 2.000 hours on average. In the lower part of the study region, cerrain areas
experience more than 2,500 hours of sunshine annually (Fig. 2}.

Wind speed varies depending on the terrain and season, It is highest in winrer and lowest
in summer. In the lower and more open parts of the region. westerly and easterly winds are
predominant, and their frequency remains relatively constant throughout the year. In the
middle and upper parts of the region, northerly winds are more common. The Liskhvi River
valley is parricniarly windy, wirth wind speeds ranging from 3 to 5 m/s [5].

It is notable thar the average wind speed has decreased across the enrire couniry by
approximarely 1-2 m/s in all seasons. The most significant reductions have been observed
in areas such as Mrta-Sabued and Pod. which are considered among the most promising
locadons for wind energy development according to the nadonal wind atlas.

At the same time, despite the overall decline in average wind speeds, certain areas hawve
experienced an increase in the number of sorong windy days. This mend appears to be driven
by a rise in the frequency of such days over the past 15 years, with the most pronounced
changes occurring in the Mikvari Biver valley, particularly in regions such as Gori and
Thilisi [G].
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Cloud cover in the region averages berween 55% and 60%. In the lowland areas (the
lower part of the region), cloudiness is higher during the winter months. As elevadon
increases, seasonal differences in cloud cover become less pronounced. The Liakhvi River
walley is the least cloudy area.

Annual durstion of
sunshine in hours
>2500

2300- 2400
2200-2300
2100-2200
2000-2100
1900-2000

Figure 2, Sunshine duradon of [5]

O B S i S R
foggy days in the study region is illusrated in Fig. 4.
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Figure 3. The number of windy days [5]

According to the climate classification developed by M. Kordzakhia (Fig. 5). the region is
“primarily located within the moderarely humid climare zone, which comprises five distince
ﬂmW&AWﬂIMmﬂ:EmMmmufﬂzEmmwmﬁmhmﬂi
ical maritime climate zone, which includes a single climate type.
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Figure 4. The number of foggy days [4]
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Chapter 3. Research Methodology

3.1. Brief Overview of the Methodology

The daily database of air temperamire (average, minimum, maximum} and precipitadon
for 1950-2023 was created using the EOBS Copernicus databases, which represent a
coordinare prid.

E-OBS comes as an ensemble daraser and is available on a 0.1 and 0.25 degree regnlar
grid for the elements daily mean remperamure TG, daily minimum temperature TN, daily
maximum temperature 1 X, daily precipitation sum BR. daily averaged sea level pressure
PP, daily averaged reladve humidiry HU, daily mean wind speed FG and daily mean global
radiadon QQ. They cover the area: 25N-71.5N x 25W-45E. The dara files are in NecCDF-4
formar, The Global 30 Arc-Second Elevadon Data Set (GTOPQ30), a global raster Digital
Elevation Model (DEM) with a horizontal grid spacing of 30 arc seconds (approximarely
1 Klometer) developed by USGS is used for the elevarion file as well. A special program
was created using the Scienrific DaraSer Lire library to convert the dara to Excel. For the
Tskhinwvali region. daily data were obtained for 108 points.

The R-based software package ClimPact?, was nsed to calculate the climare indices,

Elevarions were taken from the DEM with a step of 0.05% resulting in maps using
Cokriging interpolarion, where the main dara were the grid starion dara, and the secondary
data were the elevations.

Elevations were taken from the DEM with a spacing of 0.05%, as a result of which maps
were created using Cokriging interpolarion, where the main dara was the dara from the grid
starions, and the secondary dara was the elevarions. Maps creared using GIS.

Any interpolated data requires calibration. Statistical analysis was performed to validate
the obtained data, including Pearson’s correlation coefficient, standard deviation, and other
parameters, as well as Taylor diagrams [18], which provide “a brief starisrical summary of
how well the samples fir together in rerms of their correlarion, standard deviadon, and rado
of their variances.”

Taylor diagrams are mathematical diagrams designed to graphically indicate which of
several approximare representarions (or models) of a system, process, or phenomenon is
most realistic. This diagram, invented by Karl E. Taylor in 1994 facilirates the compararive
assessment of different models. It is used to quantify the degree of correspondence between
the modeled and observed behavior in rterms of three stadstics: the Pearson correlaton
coeffirient, the roor-mesn-square error (EMSE) error, and rhe standard deviarion.

Alrhough Taylor diagrams have primarily been used 1o evaluare models designed o study
climare and other aspects of Earth’s environment, they can be used for purposes unrelated to
environmental science (e.g.. to gquantify and visually display how well fusion energy models
represent realiry).

Taylor diagram= can be comsoucred with a number of different open source and
commercial software packages. including: GrADS, IDL, MATLAR, NCL, Python, R, and
CDAT.

Taylor diagrams display sratistics useful for assessing the similariry of a variable simnlared



108 M. Bolashvily, Z, Gulashwill, IV, Selmidze. AL Tarishyvili, Tl Chichinadze

by a model (more generally. the “test” field) to its observed counterpart (more generally, the
“reference” field). Mathematically, the three statistics displayed on a Taylor diagram are
related by the error propagation formula (which can be dedved directly from the definirion
of the sraristics appearing in ic):

E=gf=g+g*—2aas,
v [ § F £

where g is the correlation coefficient between the test and reference fields, E is the centered
RMS difference berween the fields (wich any difference in the means first removed). and 7.0,
are the standard deviarions of the reference and test fields, respectively. The law of cosines,
¢’ =a* + b*— 2abcosg (where a, b, and ¢ are the length of the sides of the triangle, and coso
iz the angle between sides 3 and b) provides the key to forming the geometrical relationship
berween the four quanrdes that underlie the Taylor diagram.

The Mann-Kendall (ME) test [14] is & non-parametric test widely used for detecting
trends in time series dats, pardcularly in climate and hydrological studies to determine
whether a dme series exhibits an upward or downward trend. The test does not require the
data to be normally disoibured or linear. A minimum of 20 years of data is recommended
for the analysis, The null hypothesis assumes no trend, while the aleermadve hypothesisina
two-tailed test indicates the presence of a wend, either upward or downward.

Given a rime series XF Xn= ME the Mann-Kendall rest compures the test statdstc 5 as
follows:

§= Z}l._l.lz:.:'a sign {x..' i :

If § » 0. then the latest observarions in the time series are larger than the previous ones.
Conversely, it is decreasing when S < 0. When S = 0. there is no rend.

Percentiles are an effecdve way to understand data disaoibudon, especially when dealing
with large datasets, as it gives & clear indication of where the majority of values e [19].
Percenriles are nsed to undersrand and inrerpret dara. They indicate the values below which
a cerrain percenrage of the data in a dara ser is found.

In statistics; a k-th percentile, also known as percentile score ot centile; isascore (e.g. adata
point) below which a given percentage k of arranged scores in its frequency distriburion falls
{#exclusiver definirion) or & score at or below which a piven percentage falls («inclusives
definirion); i.e. a score in the k-th percenrile would be above approximarely k% of all scores
in irs set. For example. the 97th percentile of data is a data point below which 97% of all data
points exist (by the exclusive definirion). Percentiles depends on how scores are artanged.

Percentiles are a type of quanriles. obrained adopting a subdivision into 100 groups. The
25th percenrtile is also known as the first quarrle (1), the 50th percendle as the median or
second guartile {Q2). and the 75th percentile as the third guartle (Q3). For example, the
50th percentile (median) is the score below (or at or below, depending on the definition)
which 50% of the scores in the disrriburion are found.

The percentage of valuesin a given dara ser can be calculared nsing the following formula:

P={ni)= 100
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where X is the total number of values in the dara set, n is the ordinal rank of the given value
{with values ordered from smallest to largest), and P is the percentile.

3.2. Climate Indices

To characterize extreme deviations in climate events, the Intergovernmental Panel on
Climare Change (TPCC) has developed 27 primary climare change indices [10]. In this smdy,
based on che specific characreristics of the region, the following climare indices have been
calculared:

Warm day-times (TX90p): Number of days when the daily maximum temperamre (TX)
exceeds the 20ch percenrile.

Cold day-times (TX10p): Number of days when the daily maximum temperamre (TX) falls
below the 10th percenrile.

‘Warm nights (TIN90p): Number of days when the daily minimum temperarure (TN) excesds
the 90rh percentile.

Cold nights (TN10p): Number of days when the daily minimum temperamure (TN) falls
below the 10th percenrile.

Icing days (ID): Annual count of days when the daily maximum temperature (TX) is below
0°C.

Frost days (FD): Annual count of days when the daily minimum temperature (TN} is below
0°C.

Hear waves (HW): According ro the World Mereorological Organizarion, a hear wave occurs
when the daily maximum remperarure exceeds the average mawimum temperarure by
ar least 5°C for five consecurive days.

Consecutive dry days (CDD): Maximum number of consecutive days with precipitation less
than 1 mm.

Simple Daily Intensity Index (SDII): The total annual precipitation on wet days (days with
precipitation = 1.0 mm) divided by the number of wet days in the year. The unit of
measurement is millimerers per day {mm/day). SDII is a key climate change indicator
for the wet seasom.

Daily Maximmum Precipitation Index (Rx1D. Rx5D):

Bx1D: Mawinmum 1-day precipitation amount in a vear.

BEx5D: Maximum consecutive 5-day precipitation amount in a year.

RO95pTOT: Annusal roral precipitation from days when daily precipitation exceeds the 95th
percendle of the 196119290 base period.

RO9pTOT: Annusl torsl precipitation from days when daily precipitation exceeds the 9%ch
percentile of the 1961-1990 base period.
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3.3. Used Data

Ar various dmes, the following meteorological stations and observadon posts have
operated in che Tskhinwvali region: Roka. Kevselta, Lower Roka. Edisi, Ermani, Vaneli, Java,
Pavliani. Kekhvi, Vanari, Tskhinvali, Znauri, Akhalgori (Leningori), Korinta. and Ghromi

{Table 1).
Tabie 1

Roka Mereorological stadon 1703 1931-1959; 1950-1992
Eevselta Meteorological stadon 1750 1929-1963

Lower Roka Mereorological observation post 1400 1947-1057

Edisi Meteorological stadon 1970 1934-1943
Ermani Meteorological station 27240 1942-1958

Vimeli Precipitation measarement post | | 1310 1957-1989

Java Mereorological stadon 1109 19141957
Pavliani Precipitation measurement post 1320 1947-1902
Kekhwi Precipirarion measurement post 893 1945-1920

Vanad Precipitation measurement post 1020 1942-1944; 1045-1987
Tskhinvali Meteorological stadon 3a2 1917-1923; 1929-1991
Tskhinvali Mereorological observation post a2 1925-1029

Znauri (Kornisi) | Meteorological observation post 5§20 1260-1989
Korina Precipiration measurement post o008 1047-2006
Ghromi Meteorological observaton post 800 1945-1991
 A¥halgori Mecmolopal et 760 1040-1060:1063-2004

The present scudy uses daily observation daca from the following stadons and observarion
posts in the study region (Fig. 6): Tskhinvali, Akhalgori. Ermani, Korinta, Vaneli, Pavliani,
Eekhvi. and Vanati [1], and also data from the E-OBS Copernicus database [11]. Figure 7
shows the points from which data were extracted from above mentoned sources.



G661 4225

Figure 6. Metsaralogical searfons and observation poses in che Tskhimali region



112 M. Bolashvily, Z, Gulashwill, IV, Selmidze. AL Tarishyvili, Tl Chichinadze

STETE arrar T e afsos &atImT e AT R I oa
reET N | ! ! ] ; A
a7 893 99 (100 107 [ 102 103 | 104 105
® ® o 0 @ TV
i | 1 T 1 . ATATON

e
L
L

&

i)
/’..-f ®
IMETN \1 " B— _‘,_..-._.f_‘w- _l JL R
YRR R XEIE

ETITTH

e
b

8

L[

R
AR Erab- -0

o

&THEON

ACITOrN

e

eI N [np—

F-J
8

AT TN

ArErE raTiorE wroors e e =srwora

Figure 7. Grid poines for which dara were collecred

3.4. Data Validation

Data validarion is the process of checking the accuracy and consistency of data. It plays
a crucial role in mainraining dara integrity and prevendng errors by helping to promprtly
identfy inaccuracies that could negadvely impace che final analysis,

In this study, we use data from ground-based meteorclogical stations in the Tskhinvali
region for the period before 1990, and E-OBS gridded data for the period 1961-2023. The
objectve is to assess climare change in the study region. In recent years, only E-OBS dara
has been available. To evaluate the relisbility and quality of the E-OBS data, a comparison
was conducted berween pround station data (1961-1990) and E-OBS grid data for the
same period. Figure 8 presents the average air temperatures recorded ar the Tskhinvali
merteorological statdon and the corresponding nearby E-OBS grid point.
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Figure 8. Average annual remperarures of Tekhinvali apd the nearby grid poinr

Ag shown in the figure, the temperatures recorded ac the Tskhinvali meteorclogical
station are approximately 1.5°C higher than those from the grid dara. Howsver, the
temperature trend is consistent in both cases. The quantitadve difference can be attributed
to the slight. but significant. elevation difference betwesen the station and cthe grid point.
which is 250 meters. The aldmde of the mereorological station in Tskhinwvali is 862 merers.
while the alfdmde of the grid poinr is 1,120 meters. The verdreal temperamure gradienc in rhis
case is 0,6°C,

Regarding the correlation between the stadon and the grid point, the correlston for
temperature data isvery high, st 0.92, while for precipiration data, it is 0.95. The correladon
coeffirients berween the smation and grid dara are presented in Table 2.

The Taylor dizagram also shows a very high correladon berween these points (Fig. 9).
Therefore, the E-OBS grid data can be reliasbly used in ressarch, and the resulrs derived from
them can be considerad accurare. Using the established correlarions, the dme series of average
air temperatures for Tskhimnvvali was reconstructed for the period 19902023 (Anne= 1).
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Tabla 2
Korinta 1852-1995 34 0.22
Pavliani 1930-19535 38 0.71
Van=h 1958-1985 i) 0.81
Wanat 1936-1986 47 0.22
Eekhwvi 1950-1290 33 0.02
Tskhinvali 1937-1990 41 0.93 0.99
Akhalgod 1933-2004 34 0.20 087
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Chapter 4. Long-Term Trends in Climate
Variables Within the Study Area

4.1. Long-Term Variations in Near-Surface Air Temperature

To determine the long-term trend of air temperature changes in the Tskhinvali region,
poinrs were selected to represent all climate types in the area. The Kendall test was used to
analyze the climare dara (Figs. 12-21). The grid point numbers for the selecred locations are
shown in Fig. 7.

Climare rype: A moderarely humid climare wich moderately cold winrers, long warm
summers, and minimal precipitadion occurring twice annually

(Figs. 12-13)
11 4
10 A
w 99
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Figure 12, Change in average air temperarure from 1950 ro 2023 (Grid poine 41)



10.0

9.5 ~

9.0 +

8.5

Y5

7.5

7.0 +

y=0.020x-30.603

6.5 1 RZ=0 280
p=0.000

1 I I 1 1 1 I i
1950 1960 1970 1980 1990 2000 2010 2020
Figure 13, Change In average air temperacure ffom 1950 to 2023 (Grid poior 34)
Climare rype: A moderately humid climare characterized by cold winters, long cool

summers, and minimal precipitation occurring twice annually
{Figs, 14-15)
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Figure 14, Change in average air temperature from 1950 re 2023 (Grid poine 38)
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Figure 15, Change in average air temperarure from 1950 ro 2023 (Grid poine 54)

Climare type: A moderarely humid climate characrerized by cold wincers, shore summers,
and minimal precipiration during che winter monchs
{Figs, 16-17)
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Figurel6. Change in average air remperarure from [950 to 2023 (Grid podnr 47}
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Figure 17, Change in average air temperarure from 1950 co 2023 (Grid poinr 55]

Climare type: A humid climare characrerized by cold winrers and long cool summers
(Fig. 18)
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Figure 18, Change in average air temperature from 1950 re 2023 (Grid poins 50)
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Climare type: A humid climare characrerized by cold winrers and shorr summers

{Figs. 19-20)
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Figure 18, Change in average air temperamre rom 1950 ro 2023 (Grid poine 62)
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Figure 20, Change In average air temperammre Tom 1950 ro 2023 (Grid poinc 73)
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Climare type: A humid climare characrerzed by moderacely cold winrers and long, warm
summers (Fig. 21)
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Figure 2{. Change in average air temperscure ffom 1950 ro 2023 (Grd poinc 74)

As shown in the presented graphs. there is a clear wend of increasing average annual air
temperature across all climsate types. Notably, the temperature increase is more pronounced
in the north, where the rerrain is mounrainous. In this area, the average annual remperature
has increased by 1.5°C, whereas in the southemn lowland areas, the increase is 0.7°C. The
average annual temperature increase for the entire region is 1.1°C, According to the grid
data for Tskhinvali, the temperature increase from 1957 o 2023 is 0.5°C. which is consistent
with the reconstructed change for Tskhinvali (0.45°C).

The seasonal variarion in average air temperarure is also of inrerest. Kendall tests were
used for the analysis (Figs. 22-31).
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Figure 23, Seasonal changes in average air remperature (Grid poine 34)
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Figure 24, feasonal changes in average air remperature (Grid poine 39}
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Figure 75, Seasonal changes in average air remperature (Grid poine 54)
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Figure 28, feasonal changes in average air remperature (Grid poine 47}
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Figure 27, Seasonal changes in average air remperarure (Grid poine 550
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Figure 28, Seasonal changes in average air remperature (Grid poine 50)
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Figure 29, Seasonal changes in average air remperarure (Grid point 621
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Figure 30, Seasanal changes in average air remperarure (Grid poime ?5}
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Fizure 31. Seasonal changes In average air cemperature (Grid poinr 74)

The graphs show that the average alr temperarure increases in almost all seasons. with
the most significant increase occurring in the summer,

As for positive temperatures, an average of 11°C is mainrained. throughout all three
periods, but there is 2 shift in climate zones from south to north—in other words, the wopics
are expanding northward. A similar orend is observed in the cases of both minimum (Figs.
3537) and maximum (Figs. 38—40) air temperatures.

As menricned earlier, the increase in average air temperaniTe is more pronounced in
the northern part of the region. The spatial disaibution of temperamre change is clearly



illustrared in the maps (Figs. 32-34). For map compilarion, the study period was divided
into three 20-year inrervals. Similar ro the Mann-Kendall diagrams, the maps clearly show
‘a significant temperature increase in the norch. For instance, during the 1961-1980 period,
‘a minimum temperature of -2°C was observed over a fairly large area north of Lake Keli. By
the 19812000 period. this atea decreased. and by 2001-2023, the minimum remperarure in
this region had risen to 0°C,

Regarding positive temperartures, an average of 11°C is mainrained throughour all three
periods, but there is 2 noticeable shift in climate zones from south to north—in other words,
the tropics are expanding northward. A similar trend is observed for both minimuim (Figs.
35-37) and maximum (Figs. 38—40) air temperatures.

According to various studies, the boundaries of the wopics shift by approximately 0.2—
0.3 degrees of latdude per decade. both northward and southward [13]. In the Tskhinvali
‘Tegion, based on our research, the northward movement of natural zones averages around
0.04 degrees.

Figure 33, Average air temperature during 1961-1950



Creation of darabases of climate elaments in the cocupied tarritories of the Tekhinvali ragion and assessment.. 133

Figure 33. Average air temperarure daring 19581-2000
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Figure 35, Minimum air remperamre during 1961-1980
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Figure 36. Minimum air cemperarure during 1981-2000
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Figure 37, Minimum air remperamre during 2001-2023
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Figure 38. Maximum air temperature during 1961-1950
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Figure 4, Mamimum air cemperarure during 2000 -2023

Based on the analysis of the Mann-Kendall tests and maps. it can be concluded thar
temperarures in the Tskhinvali region are rising. a trend thar is expected to become even
‘more pronounced in the furure. This increase in temperature will have negative impacts on
both the environment and the social sphere.

4.2. Heatwaves

As a result of climate change, not only is the number of sunny days increasing, but so
is the number of hot days and nights. Prolonged exposure to high temperatures can have
numerous negative effects, including crop damage, increased risk of forest fires, livestock
dearhs, and more. Hearwaves linked ro global warming also have & significant impace on
human health, and this effect is intensifying.

When nighttime temperatures remain higher than average, Kmrﬂfereswithﬂlehndfs
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ability to regulate its temperature. Prolonged exposure to hearwaves can lead to gradual
exhaustion a5 the body condnucusly ‘edapts to thiese extreme condidons. If nighttime
temperatures excesd 22-74°C and daytime remperarures reach 32-34°C or higher, the body
struggles to return to its natural temperamre. This is especially challenging for children, the
elderly, pregnant womern, and individuals with chronic illnesses.

The number of hearwaves was calculated for the Tskhinvali region. According to the
World Mereorological Organizadon (WMMO), hearwaves {exrreme hear) are defined as
perods during which rthe air temnperature exceeds the average maximum temperamure by 5°C
or more for five consecutive days. The WMO considers the years 1961-1990 as the baseline
period. Therefore, the study period was divided into owo 30-yesr intervals: 1961-1990 and
10012023,

For the study region. the average muld-year maximum remperarures for the summer
months were calculated for the grid points. For example, the dty of Tskhinvali had an
average of 25.7°C. The number of hearwave (extremely hot) days is shown in Table 3. As
indicated in the table, such days were relatively few during the 1961-1990 period. However,
in the subsequent period (1921-2023), their frequency has significantly increased.

Table 3. The number of exmemely-hor days

number ' (July-August), °C 1961-1990 '1991-2023
20 1 18
21 26.01354 1 21
22 26.4538 2 21
23 26.23718 2 22
28 26.90431 1 15
20 27 45727 1 15
30 27.5514 1 14
31 2662480 2 16
32 25.03876 1 21
33 2427663 2 2
34 24.00133 1 271
35 23.9246 2 21
38 2407568 2 14
39 2531228 3 13
40 25.23006 1 13
41 25.72286 0 13
42 25.75780 0 15
43 23.16023 1 2
44 22.96811 2 23
15 21.07644 2 2
16 23.49887 1 2
47 21.00336 3 21
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50 73.74767 2 17
51 2232422 3 25
52 22.46325 2 24
53 23.99515 1 21
54 22.30323 2 21
55 20.60626 6 24
56 2025838 7 1
57 10.30595 6 25
58 21.8165 4 20
50 20.38971 10 18
62 20.10048 1 27
63 20.26660 1 28
64 2134224 2 26
65 2072356 2 75
66 1097121 2 25
67 1555742 2 37
68 15.85568 2 37
60 1443645 1 40
70 10.26685 5 20
74 20.86512 1 27
75 17.50489 0 35
76 15.01541 0 41
77 14.10301 0 40
78 18.46516 3 2
79 18.77883 3 26
80 14,00526 1 37
81 12.40067 1 37
86 16.91003 0 36
87 15.03074 0 30

4.3. Hot Days

Arcording to the World Mereorological Organizarion, a hot day iz defined as a day when
the daily maximum remperamure exceeds 30°C.

The number of hot days in the study region has significantly increased since 2001, While
there were only 16 hot days in the first period (1961-1980), this number rose to 18 in the
second period (1981-2001), and to 35 in the third period (2001-2023) (Figs. 41-43). The
spadal dismiburion of hor days, as shown on the maps, indicares thar the number of hor days
has primarily increased in the southemn, low-mountainous part of the region. Addidonally,
there is a shift in climate zones from south to north, averaging sbout 0.04 degrees.



Figure 41 Hor days during 1961-1980
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Figure 47, Hor davs during 1981-2000
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Fimure 43, Hor dzvs during 2001-2023
4.4, Tropical Nights

As a resulr of plobal warming, nighrdme temperarures have risen along with dayrime
temperatures. According to the World Meteorological Organization [10], a oopical night is
defined as a night when the minimum air temperamire does not drop below 20°C., These warm
nighrs are often assoctared with high dayrime temperamures (hot days) during the summer. The
specific temiperarure threshold for mopical nighrs can vary by counoy — for examyple, iris 20°C
in most European countries; while in the Tinited States, it 15 27 C. In this study, a threshold of
20°C isusad.

For the Tskhinvali region, the 60-year period was divided into three 20-year inrervals, and
maps of ropical nights were created (Figs. 44—46). As shown in the maps. during the first two
periods (1961-1980 and 1951-2000), the average number of tropical nights was 1.8 days. In
the third period (20012023}, a slight increasing mend is observed. with the number dsing wo
4.5 days.

Tropical nights can have negative effects on human health.
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Figure 44, Tropical nighes during 1051- 1980
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Figure 46, Tropical nighes during 2001-2023

4.5. Multi-Year Trends in Freezing and lcy Days

Freezing occurs when the daily minimum air tempersture falls below 0°C. When the
daily i air temperature remains below 0°C, the day is classified as an icy day [10].
3ince freezing rypically ocours at night, it is also referred to as nightrime freezing,

To derermine long-rerm wends in freezing and icy days in the Tskhinwali region. dara
points were selected from various climate types present in the area. The Mann-Kendall test

was used to analyze the data. The selecred points, representing all existing climare types in
the region. are shown in Fig. 7.

The Mann-Kendall test resulis (Figs. 47-56) indicate a decreasing trend in freezing
days across the region. This is consisrent with the previcuslty identified rend of increasing
minimum air temperamres (Figs., 35-37), making ir less common for daily minimuom
temperatures to drop below 0°C.
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Climare type: A moderately humid climare with moderately cold winters. long warm
summers, and minimal precipitation occurring twice annually (Figs. 47-43).
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Figure 47. Freezing trend from 1950 to 2023 (Grid poine 41)
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Figure 48, Freezing rend from [950 ro 2023 {Grid poinr 34)
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Climare type: A moderately humid climare characrerized by cold winters, long coof
summers, and minimal precipitation occurring twice annually (Figs. 40-50)
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Figure 49, Freezing rend from 1950 o 2023 {Grid poinr 39)
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Figure 5. Freezine rend from 1950 ro 2023 (Grid poinr 54



Climare type: A moderarely humid climare characterized by cold winrers, shorr summers,
and minimal precipitation during che winter months (Figs. 51-52)
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Figure 51, Freezing trend from 1950 to 2023 (Grid point 47)
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Figure 32, Freezing trend from [950 ro 2023 {Grid poine 55)



152 M. Bolashvily, Z, Gulashwill, IV, Selmidze. AL Tarishyvili, Tl Chichinadze

Climate cype: A humid climace characrerized by cold winrers and long cool summers
{Fig. 53)
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Figure 53, Freezing trend from 1950 ro 2023 (Grid poine 50)

Climate cype: A humid climate characrerized by cold winrers and short summers.
{Figs. 34-53)
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Figure 54, Freezine rend from 1950 ro 2023 (Grid poinr 6.2)
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Figura 55. Freezing mrend from 1950 ro 2023 (Grid pofne 75)

170

160 -

Climare rype: A humid climare characrerized by moderately cold winrers and long, warm
summers (Fig. 56)
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Figure 56, Freezing trend from 1850 ro 2023 (Grid poinc 74)



To illustrate the sparial distriburion of changes in freezing. maps were creared (Figs, 57—
39). The analysis shows a decreasing trend in the number of freezing events across the endre

Figuira 57. Freezing during 1961-1950
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Figure 58, Freezing during 1981-2000
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Figiire 59, Freesing during 2001-2023



The number of icy days and their sparial variation are shown on the maps (Figs. 60-62).

Figure 68, Number of icy days durimg 1951-19880
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Figuire 61. Namber of iy days during I981-2000
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Figure 63, Number of icy days during 2001-2023

Amnalysis of the maps shows thar the number of icy days, like nighrrime freezing, is also
decreasing — pardcularly in the northern part of the region.

4.6. Climate Indices of Air Temperature

The calculated air temperature climare indices are presented in the Annex 2. with
corresponding graphs shown in Figs. 63—66. These indices help identify areas within the
grid dataser that experience extreme warmth or cold.

The temperature indices highlight where exceptionally warm or cold condidons occur
within the region. The lower percentle (TX10p), representing days when the maximum
temperarure falls below the 10th percenrile of the base period. is more commonly distribured
across the central parts of the region. In conwast, the upper percentile (TX20p), representing
days when the maximum temperature exceeds the 90th percentile, is more concentrated in
areas locared farther north or at higher elevations on the grid.
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In the case of minimum temperatures. the pastern is reversed: the TIN10p percencile is
found ar higher elevations, while the TIN90p percentile is concentrarted at lower elevations.
The disrribution of FD) shows thar the majoriry of such days occur ar higher poinrs (e.g., grid
poinrs 68, 77, 81). A similar disrriburion pattern is observed for ID), pardoularly ar poines 66,
68, 77, and 86.

The temperature distriburion across the region is heterogeneous. with localized warming
and cooling centers. This variability is primarily due to the region’s complex and varied

topography.
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Figure 63. Climatc indires of maximum remperature (1A 0p—THp) for the region’s grid poinrs
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Figure 64 Number of frost days for the regfon’s grid points
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Figure 65. Number of icy days for the region’s grid poines
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Figure 66, Climaric indices of pruinimnm temperaoures TIWI0p. TNPOp for the region s grid points

As shown in the dismibudon plots, there is a noticeable change in the number of warm
and cold nights in the region.
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Chapter 5. Long-Term Precipitation Trends
in the Study Area

5.1. Precipitation Changes

Unlike air remperature. precipitation distribution does not always correlate directly with
elevadon. In some areas. precipitatdion acmaally decreases with increasing aldmde.

Due to the complex interplay of orographic feamires and atmospheric circulation patterns,
the inmra-annual discribution of precipitation exhibirs significant sparial and temporal
varability, The irregulariry is influenced by facrors such as ropography. wind direcdon. and
maoisture availability. To analyze precipitation changes in the study region. several methods
were employed, including the Mann-Eendall test, spatial mapping, simple indices of daily
precipirarion intensity. maps of dry periods of varying lenprhs. and other analyrical tools.

To derermine the mulri-year trend of armospheric precipitarion changes in the Tskhinvali
region. grid points were selected to represent all the climate types present in the area. The
trend was assessed using the Mann-Kendall test for the period 1950-2023 (Figs. 67-75), as
well as for dry perinds (Figs. 76-85). The selecred prid poinrs for identificarion are shown
in Figure 7.

As indicared by the graphs, atmospheric precipitadon is generzlly decreasing across
the region. However, an increase iz observed in the Tskhinvali-Akhsalsheni-Ozhora area.
Regarding the number of dry days, a decrease is nored in this same area. while #n increasing
trend is observed elsewhere. In other words, where precipiration decreases, dry days tend to
increase. and vice versa.

Climate type: A moderately humid climate with moderately cold winters, long warm
summers, and minimal precipiration occurring rwice annually (Figs. 67-68)

1000 - r|
900

800 +

600 V‘

500 y=0 657x-584 383
RI=0.013
400 p=0.329

Precipitation, mm

T T T T T T T T
1950 1960 1970 1980 1950 2000 2010 2020

Years
Figure 67, Precipirarion rends over the perfod [950-2023 (Grid poinc 41}
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Figure 68. Precipiration mrends over the period 1950-2023 {Grd poinr 34}

Climare type: A moderarely humid climare characrerized by cold winters. long cool
summers, and minimal precipitation occurring rwice snnually

(Figs. 69-70)
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Figure 69, Precipitagion mends over che period 1950-2023 (Grid poine 39)
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Figure 70, Precipitation trends over the period 1950-2023 (Grid pome 54}

Climare type; A moderately humid climare characterized by cold winters, short summers,

Precipitation, mm

and minimal precipitation during che wincer months (Figs. 71-72)
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Figure 71, Precipiration trends over the perfod 1850-2023 (Grid poinc 47}



1600 =
1400 -
E1200 -
i
4
-0 1000
=
= BOO -
I
600 y=-1336x+3572.238
Ri=0.025
p=.175

T T T T T T I I
1550 1960 1570 1980 1990 2000 2010 2020
Years

Figure 72, Precipiration mrends over the period 1950-2023 {Grid poinr 35}

Climare rype: A humid climare characrernized by cold winrers and long cool summers

(Fig. 73)
1400 - W
1200 <
E
51000 - =Ht=—==1§4]~ :
5
B
= B00 -
i
|
y=-0 327x+1662 359
500 Af=0.002
p=0.714

T T T T T 1 T T
1850 1960 1970 1980 1990 2000 2010 2020

Years

Figure 73, Precipitation mrends over che period 19502023 (Grid poine 50}
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Climare type: A humid climare characrerized by cold winrers and shorr summers

(Figs, 74, 75)
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Figure 74, Precipitation trends over the period 1950-2023 (Grid pome 62}
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Figure 75, Precipitation trends over the perfod 198502023 (Grid poine 73}



Climare type: A humid climare characrerzed by moderacely cold winrers and long, warm
summers (Fig, 76)
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Figure 75, Precipifation mrends over che period 19502023 (Grid poine 74)
Climate type: A moderately bumid climate with moderacely cold winters, Jong warm

summers,-and minimal precipitation occurring rwice annually
{Figs, 77, 78]
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Figure 77, Dy days from 1850 co 2023 (Grid poinr 34)
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Fizure 78. Dry days Som 1950 ta 2023 (Grid poine 41)

Climare type; A moderately humid climarte characterized by cold winters, long coal
summers, and minimal precipitation occurring twice annually

(Figs. ¥9. 80)
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Figure 78, Dry days from 1950 o 2023 (Grid point 397
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Figure 80. Dry-days from 1950 to 2023 (Grid poine 54)

Climare type: A moderarely humid climare characterized by cold winrers, shorr summers,
and minimal precipitation during che winter months (Figs. 81, 82)
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Figure 81, Dy days from 1850 co 3023 (Grid poinr 47)
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Figure 82. Dry days from 1950 o 2023 (Grid point 53

Climate type: A humid climare characrerized by cold winrers and Jong cool summiers
(Fig. 83)
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Figure 83. Dry days from 1950 o 2023 (Grid point 500



Climare cype: A humid climare characrerized by cold winrers and short summers
{Figs, 84.83)
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Figure 84. Dry- days from 1950 co 2023 (Grid point 62)
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Figure 85. Dry-days from 1950 to 2023 (Grid poine 75)
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Climare type: A humid climare characrerized by moderarely cold winters and long, warm
summers (Fig. 56)
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Figure 86. Dry days from 1950 o 2023 (Grid poine 74)
The sparial disoriburion of armoespheric precipitadon changes is clearly depicred in the

maps (Figs. §7-89). The decrease in precipitation is most notable in the northem, high-
mountaineus areas.
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Figure 87, The amount of atmospheric precipiradon from 1981 ro 1980
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Figirre 88, The amounr of rmospheric precipiration from 1981 o 2001
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Figure 89, The amount of armospheric precipiradon from 3001 ro 2023

To analyze precipitarion trends in the region. the Simple Daily Intensity Index (3DII)
was also used. This index is calculared by dividing the total precipitation on wet days (days
with precipitarion 2 1.0 mm) in a vear by the number of such days. Itz unir of measurement
is millimeters per day (mm/day)}. The maps presenced (Figs. 20-92) clearly show a decreasing
rend in the SDII of precipitation. This decline may be due to both a reducton in cotal
precipitatdon and an increase in the number of dry days. Our research indicates that both
patterns are occurring in the Tskhinmvali region — precipitation is decreasing, and dry days
are increasing. Figures 9395 show a slight increase in the number of consecutive 5-day dry
periods.
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Fieure 9. Simple precipitadon intensity index {SDII) from 1961 o 1980



Figure 91, Simple precipitation intensity index (SDIT) from 1951 to 2000
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Figure 82, Simple precipitacion inrtapsity index {300 from 2001 ro 2023
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Figure 93. Number of consecutive 5-day dry periods from 1961 to 1950
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Fgure 84 Number of consecutive 5-day dry periods from 1951 to 2000



Firnre 95, Number of consecurive 5-day dry periods from 2001 o 2023

5.2. Climate Indices of Precipitation

The caleulared precipiration climare indices are presented in the Annex 2. Based on the
distriburion of atmospheric precipitation, the region is relatively dry. As a result, it was
necessary to modify the intensity indices to better reflect regional conditions, The number
of days with daily precipitstion equal to or greater than (—2 mm, 2-5 mm, 510 mm, 10-15
mm, 15-20 mm, and >20 mm was calculared (Fig. 96). As shown in the graph. precipiration
in the 2-5 mm and 510 mm ranges dominates the region, while heavy precipitarion days
{»15 mm) are rare.
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Figure 96, Precipitacion various intensity (mm) for the region’s grid poines
The disribution of rainy days across the grid poinrs shows thar cthe enrire region
experiences low precipitadon, with a decreasing mumber of days with relarively high

precipitation. There are no significant changes in the disoibudon of consecudve 3-day and
S5-day dry periods. which aligns with the region’s climatic and topographical chartacteristics.
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Figure 87, Namber of consecunive 3{CDD 3) and 5{COD 5) dry days
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According to the periods divided into three egual intervals. the percentiles of cotal
atmospheric precipitation for the region’s grid peints shift, reflecting the zonal variation in
precipitarion amounts.

The distriburion is non-uniform according to the 75th, 95ch, and 9%ch percentiles of total
precipitation over the period. These indices represent the annual total precipitation when
daily precipitation exceeds the 99ch; 95th, and 75th percentles of the historical distribution.
They follow the zonal partern of precipitation distribudon.

20 22 28 32 34 38 40 42 44 46 50 52 54 56 58 62 64 66 68 70 V5 77 79 81 &7

— ]361-1980 =— ]O9E1-2000 - = 2001-2023

Figure 98, Parcentapes of atmospheric precipitacdon for three periods

The r%5p and 199p indices are used to identify trends in extreme daily precipitation.
However, other indices, such as r10mm. r20mm, r25mm, and rxldey, also revesl oends in
relarively high and extreme daily precipitadon evenrs. The r95p and r9%p indices measure
the total annual precipitatdon from days when daily precipitaton exceeds the 95th and 99th
percentiles, respectvely. It is estimated that the R99p index is less than 1500 mm in regions
with arid climares, bur significanrly higher in humid climares.

The precipitation indices R95pTOT and R99pTOT represenr the annual sum of
precipitation on days when daily precipitation exceeded the 95th and 9%h percentdles of
the base period. respectively.

The frequency of precipitarion events is inflnenced by synopdc-scale circularion processes.
while the inrensiry of these events is determined by the amount of precipitadon, Exrreme
precipitation events tend to be less frequent and less intense. This pedodicity is closely
linked to the region’s low annual total precipitation sand short wet season. The disoibudon
of precipirarion is hetetogenecus. Local centers of increased extreme precipitation inrensiry
are idenrified in the cenrral parr of the region. even though rhe region is not generally
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characterized by a high frequency of extreme precipitation. This trend is pardcularly
noticeable in the northern part (66, 72, 81). Meanwhile, the number of days with minimal
precipitation is expected to decrease. This redistoribution of precipitation parterns will make
the region more vulnerable to exoreme weather evenrs.
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Figure 99, 75ch, $5¢ch, and 2%ch percendlas of acmospheric precipitagon
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Conclusion

As g resulr of condurted research. climare change is being obzerved in the Tskhinvali
region, characrerized by the rising air remperarure and decreasing armospheric precipitadon
trends. Howewver, in & certain small part of the terrtory. an increase in precipitation has
been fixed.

Extreme temperamires have risen more sharply than average temperarures, with warming
most pronounced in the mountainous northern areas. In the cry of Tskhinwvali, the average
zit temperature increased by 0.5°C between 1957 and 2023, The number of heatwave days
{extremely hot days) and tropical nights is increasing, while the number of icy days and
nights wirh frost is decreasing,

Climaric zones have shifred northward, with an average of approximarely 0.04°C.

Precipitation indices reveal a clear decline in rainfall, arrributed to both reduced total
precipitation and prolonged dry periods.

These climare changes are expected to have significant impacts on both the environmenrt
and sociery. We can anricipare more frequent and intense exmreme hydromereorclogical
events. Rising temperatures will affect not only the availability but also the quality of water
resources. Forests will suffer from worsening pest infestations and the emergence of new
harmful insects and diseases. Addirionally, forest fires are expected o become more frequent
and widespread.

Diroughres will intensify, contribudng to the degradation of agricultural and forest lands,
which in urn will negadvely affect food production, livestock farming, and crop yields—
especially for perennials and cereals.

Climare change also threarens local species of planrs, insecrs, and vertebrares. Increased
heatwaves pose serious health risks to the population. These developments underscore the
urgent need for climare change mitigation measures to slow human-driven climate change
and reduce associared environmenral and socieral risks.
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oboGomn 1. /Annex 1.

Average air temperatares, 1957-2023 {reconstrucred 1990-2023 years)

1991

1992 8.5%068

1993 8.18344

1994 0.588616
1961 1002507 1995 10.02426
1962 11.20658 1996 Q477444
1963 0966210 19597 S8.07727
1964 .05 1998 10.46637
1965 9.670137 1999 10,2057
1966 1204575 2000 2.699995
1967 955726 2001 10.0577
1968 1021339 2002 2.432078
1969 9318904 2003 9450822
1970 1053733 2004 2.653048
1971 1050603 2005 9.734366
1972 0.500184 2008 10.04371
19?3 9.393425 2007 9.541367
1974 9.859315 2008 0.635319
1975 1027781 2009 BLET4439
1976 9.102098 2010 11.52143
1977 9.893016 2011 8.203169
1975 9.741918 2012 10.32907
1979 10,9274 2013 0848859
1930 10.21175 014 10.458202
1981 10.53508 2015 10.55753
1982 9.375616 2016 S.541621
1983 9977808 2017 10.30638
1984 955224 2018 11168115
1985 9.920548 2019 11.28856
1986 1057041 2020 10.98216
1987 Q872877 2021 11.0297
1988 D.603443 2022 10.30289
1982 1056274 2023 11.66%04
1900 1011421
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oboGon 2. /Annex 2.

GO 1. $83gmadyamob gemodadiame obogdlgdo domab Fohdargdoborgol
Table 1. Climare indices of air temperature for grid poines

N |T0|T2 0| 115 | 120 | -1 [ T2 {75 Teo [Te1 | <2 | 5 [c10]e15|c18
20 | 21| 10 7 10| 3 (12| 2 3317|2407 | 690 | 512 |35 | 2 | o
21|22 o 3|7 3|7 53790 28182005 606 | 4] 3 | 0
2|xs 12 | 16 6|2 4099|3128 2007 | 708 [ 56 | 3 | 1
23|17 8 1310|134 4|08 33162478 768 | 52| 4 | 1
28|23 8 21| 9o |8 723w 2809 2017 62¢ [50] 5 | 0
31|29 | 14 12| 11| 9 |5 |5 | 395 | 3022|2143 | 642 |56 | 3 | 1
3217 8 12|10 8|7 3|5063| 2036 3095|1098 |8 [ 4| 1
33 |22 | 10 12|1w0]| 8|8 3|s673|as35 3595|1385 (131 5 | 3
34 |24 13 11| 64|97 |5m33]409e]328 | 1151 [104] 2 | 3
SHEIER 2| 4116 5|co30| 20193921611 165 5 | 3
38 (18|11 |14| 10| 10| 4 |10| 9| 6 |5878 |41 |s710 | 1322 1| 11 | 2
39281212 7 |1a| 35|08 45030132027 046 [7a] 5| 1
0| 22] 9 |14 8 |9 |1a| 9| 3 |s061 | 2014|3058 | 1004 |82 ] 5 [ 2
a|lzw|ss|z|ww|n]s|e2|s|3|an|sm|ss|em || 3] 1
(331w 4]w|wls|s|1|w2]37 23] 92¢e [70] 2] 1
27| s |6 7125 |17|1w]| 7666055524476 | 1930 203 9 | 3
sa|w|o|e|w|w|s|6|8]|6|emz|c63]|4593]|203a [22a] 12| 4
s5|16|10| 7| nn|l12|3|6| 8|6 7476 | 6336 | 5261 | 2540 |37 | 35 | 4
a6 302 |o |8 |12 a7 12] 06377 5289 4m15| 1866 [211] 2 | 4
w175 |e|w|w|2]w| 8] 3749263885331 2671 [a5| 28] 5
so |23 |6 10| 7 [12]|6 |17 3| 1 |6461 [ 5315 | ao1a | 1630 [161| 11 | 3
s1|2[9wf[| 7216106730 6607 547 [2502 |32 s
5216 6 |7 | 4 | 8 | 0 |5 | 8| 6 | 7588 | 6436 | 5340 | 2446 | 301 | 18 | 4
s3|22z{1s|7 10|11 a|1a]| 8] 5|66 |5157 20861618156 7 | 3
sal18|13| 6| 13|12 0 w1411 7519 64295317 | 2499 [3m1 | 22| 5
s5|21|e |7 | talw| 1 |11]11] 8 |86z | 763 | 6551 | 3518 | e84 | 56 | 8
s6 |23 8 |5 16| 9|1 |12|1nn]|1e]| s | 780 6725|3744 788 75 | 9
57| 12| 4 |1 6| 0|7 |11]| 5 |95 | 8543 | 7545 | 4453 |1161| 121 | 28
s8 |27 7 |8 11| o|s|13|10] 758 6965027 | 2736 461 35 | &
s9 (22| 9 |1z2|w|17| 0 |w|10] 5 |8173 | 7536 | 6292 | 3590 [882 | 87 | 17
62|21 10 10|10 0|6 |13| 8 |o629| 8616 7505 | 4145 [ 819 | 66 | 11
63| 21|10 1312 2|9 [12]15|oe790 [ 8150 | 7346 | 4019 [ 785 | 62 | 10
64 17| 14| 5 | 10| 11| 2 |20| 2 | 8 | 8615 | 7543 | 6432 | 3270 | 561 | 35 | &
65196 |7 |1n|2| 0| 3|7 [11] 8016 7889 | 6784 | 3601 [693 | 56 | 8
66 | 14|11 |11z o 11| 7] 8 |o3as| 895 7272 2104 906 | 82 | 12
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67241214 8 [ 6 |0 | o |12 14| 12835 | 11935 | 11000 | 8077 [3188] 665 | 173 |
eg 18|13 |12 10| 3 | o | s |11]13]12583 11673 | 10792 | 7805 |3018| 620 | 155
63|20 8|8 | 6|2 |0 |10|13| 6 |13674|12748|11833| 9021 |4077|1112| 353
70|15 8 (10|11 | 7 | 1 |11| 8 |11 o501 | 8524 | 7567 | 4535 |1264| 149 | 33 |
74(33|12| 9|13 8 |0 |16[15]|10]| 9330 8262 | 7120 | 3812 |708 | 52 | 8 |
7521|105 | 14| 7 | 1] 7 | 10| 11 | 11591 | 10654 | 9672 | 6351 | 1955 265 | 356 |
76 |20 7 13|11 | 1| 1| 5 |10] 1013474 12588 | 11663 | 8701 |3610| 821 | 232 |
77|28 |w|16] 7 | 1 | 0 |12]|10]| 4 |14219| 13254 | 12352 | 9497 |4348|1100| 302
7|17zl |s|22| 8|0 2| 5 | 10592 | 9625 | 8622 | 5403 [1525| 178 | 36
72|19| 7 (11| 8|5 |0 7 10209 | 9262 | 82092 | 5062 [1394| 157 | 34 |
50|16 8 | 11|14 | 2 | © |14 |12 | 10 | 13266 | 12357 | 11479 | 8558 |3611| 886 | 254
st|19|1s|11| 9 |0 |0 o | 18 | 15474 | 14464 | 13497 | 10623 | 5589|1946 | B11
B6 |15 |12 (13|13 | 2 | 0 5 | 11 | 12194 | 11277 | 10302 | 6960 |2343| 398 | 85 |
87 (23| 9 (5] 9 | o | o |11 ]| 13|12 (13640 | 12711 | 11830 | 8781 |3667| 871 | 262 |

gbMommo L. 8xdlodsmmmio Gaddafedmmol pl0, p90 3AHmeabiomo badsbobem

dgfomopool (1961-19905.), TX10p, TX0p (S8ompgomo dofomcpoobogol)
Table 2. Maximum temperature10p and 90p percentiles of base period (1961-1920),
TX10p, TX20p (for the entire period} and number of Icy Days (IDY)

| N | pi0 P20 TX10p TXHp D
20 T 27.69 2479 3172 599
7 |  Za2 26,97 2517 3755 818
27 2714 26,386 2600 3363 a16
23 2.654 26.15 2668 3372 993

[ 28 57 by 5| 2579 3110 865

| 31 | 2354 271 2491 2975 047
3z | 1.75 547 2666 3073 1436
33 | 1.3 24,496 2771 3215 1680
34 ! 1.52 7491 2722 3336 1445
35 | 1.38 23.96 2863 3303 1867
s | 0.8 7432 2678 3379 2024
39 L7 56 2669 3215 1443
40 1.79 7552 2711 3171 1448
41 2.03 26.1 2663 3073 1259
47 | 26 26,13 2624 3060 1238
43 0.874 36 2943 3093 2247
44 | 0.824 23.41 2976 3095 2311
i5 | D48 7155 3733 3023 2821
46 | 1174 23.71 2929 3193 2057
47 | os2 22.53 3402 2950 2874
50 0.75 24.08 2737 3324 2183
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51 -0.02 226 2879 3382 2898
52 0224 2776 2971 3298 2783
53 ' 1.19 24728 2851 31986 1231
54 | 035 22,73 30e¥ 3163 2783
55 | -0.69 21.26 3280 3039 3300
56 -0.85 21.02 3358 2243 4132
57 -1.87 19956 3270 3039 4240
58 _. 0.59 22,48 3453 29230 2038
59 | -0.23 21.7 3763 2570 3962
62 | -2.026 2036 2814 3504 4533
63 :_ -1.68 20,5 2524 3403 43459
o4 -0.632 2167 3020 3337 3531
6% -0.956 21,12 3102 3205 3203
6 | -1.5 20412 3140 3200 4479
a7y [ -7.0%a 14676 2353 4277 20al
B3 ._ -6.826 1495 2362 4283 3694
&0 -8.51 13.2% 2210 4498 a7l
70 -1.766 20,09 3476 2545 4975
74 -1.38 21.09 2879 3564 4062
i | -4.77 17.3 2633 3928 7063
76 . -7.57 1429 2363 4764 Q770
il -8.95 13,14 2301 4374 10594
78 __ -3.216 185156 20p4 3514 5863
i -Lels 19.05 3143 3277 5467
50 ' -7.61 13.936 2378 4343 QL45
51 -10.028 111> 2515 44585 11738
86 | -5.73 16.746 2529 4014 7GE3
7 | s | s [ o [ wew | o

Fb®ogrn 3. Bobodsermfo GddgHadmmol bidsBobm 3yGHomapob (1961-1990F.) pl0 ©s
po0 36oynbdomado, TN10p, TN9Dp @b Boyobapdob opnons Gogbzo (FD)
Table 3. Minimum temperature pld, p0 percentdles of the base period (1961-1990),
TN10p, TIN90p indices (for the entire period) and number of frost days (FD)

N 105 op | T~y | TN | D
20 -4.333 15.75 1918 1348 T52R
n -4.773 15.% 2914 2878 7959
22 5,15 14.623 2920 2925 5280
23 -5,33 14,43 2918 2915 8476
28 -4,683 14,53 2807 3121 7880
31 -4.66 15.28 3081 2555 8001
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32 576 14 3091 2526 9167

33 -6.383 13.343 3072 2505 9728

34 -6.15 13.63 2971 2658 9332

35 -6.81 12.96 3051 2515 10035
38 -6.26 13.083 2663 3061 9552

39 5255 13.85 2761 2983 BB31

40 = 13.9 2851 2799 B98T

41 -5.343 14.45 2978 501 8693

42 -5.303 14.5% J0zxa 2479 8722

43 -7.16 12.563 3125 2315 10534
4 -7.33 12,45 3134 2749 10660
45 -7.87 11.96 3272 2034 11283
45 127 12.63 2921 2434 10352
47 -8.113 11.87 3226 2034 11319
50 -6.99 12.45 1549 3083 10093
31 -8.28 1123 2749 2819 11318
52 -B.1 11.48 2868 2637 11258
33 -6.88 12.54 2881 2610 0110
54 -8.03 11.78 3049 2372 11350
55 -o113 10.993 3231 1826 173402
56 0273 10.98 3330 1759 12462
a7 -10.33 10.26 3193 1720 13148
38 -5.29 11.78 3205 1963 11407
58 -0.018 11.32 3473 1e14 17771
62 -10.17 2.4 2783 2760 13006
a3 -10.053 9.65 2524 2501 13937
o4 923 10.45 539 2519 12191
a5 -9.42 10.46 3030 2235 13500
) -9.84 10.28 3153 1988 12857
a7 -14.3% 6.58 1543 2560 18248
a8 -14.32 6.73 2510 2630 15208
a2 -16.19 337 2354 25934 17415
70 -10.68 10213 3111 1756 13111
74 -10.053 9.52 2655 21886 12806
75 1221 7.6683 2844 2a01 14811
76 -14.3 5.873 2544 2680 15942
Fir) -15.283 5.18 2778 2700 177%
78 -11.29 2.083 299 2081 13957
7% -10.94 9.54 3086 1918 13666
80 -15.06 & 25584 2671 15815
81 -17.22 3.743 2674 2887 19484
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85 -13.06 6513 272G 2854 15409
a7 -14.43 5.54 2822 282a 17105
@bMOoo 4. buanggdgdol seodadnte obegdugde
Table 4. Climare indices of precipitarion
N| 20 | P2 | p5 P10 P15 20| Po0 | P52 | P:5 [P-10P-15(P520| DRY3| dry5
2020385 | 122 | 76 | 19 5 2 | 6643|5705 2836 961 | 389 | 154 | 2318 | 1589
21 (20332 | 100 | 78 | 18 | 10 3 | 6696|3954 3D'?311U41 407 | 170 | 2285 | 1550
-'2_2 20198 | 100 | 77 | 26 9 2. | 6830 (005532656 1178 | 482 | 215 | 2262 | 1537
23 | 20083 | 109 | & | 33 & 7 | 6945 | 615533771281 | 544 | 244 | 2239 | 1519
28| 19225 ( 127 | 81 | 18 2 2 | 7803 | 0900 34’5‘2!1132 445 | 180 | 2385 | 1494
20| 19638 | 129 | &7 | 20 4 2 | 7390|8364 3192; 1100| 409 172 | 2373 | 1529
30| 19902 (100 | Y2 [ 18 & 1 | 7126|6133 3119|1ﬂ'?-'1- 421 | 169 | 2356 | 15453
31| 19911 ( 110 | 80 | 17 & 1 | 7117 | 6211133111184 487 | 195 | 2336 | 1540
32 | o852 ( 70 | VB [ 32 & & |7376 6784|3844 1385|588 | 245 | 2290 | 1508
33| 19472 | B2 | B2 | 29| 1D 6 | 7556 | 706541311501 | 621 | 277 | 2246 | 1487
34| 19631 | 8L | 75 | 23 | 14 2 | 7397 |67B9 3950 1518 | 686 | 330 | 2246 | 1495
35| 19386 | B0 | ¥4 | 20 i3 1 | 7642 | 70524191 1628 | 742 | 349 | 2242 | 1475
38| 17578 | V5 | 105 | 49 | 15 8 | 9452 | 5986|5425 2140( 881 | 387 | 2313 | 1346
3o | 18290 | 71 | 108 (| 37 | 15 7 | BY38 | B208 4636‘1?{]1 666 | 284 | 2355 | 1420
40| 18597 (111 | 24 [ 22 | 15 3 | 8431 |7839[4418(1623| 631 | 264 | 2354 | 1440
4119090 | 111 | & | A1 15 3 | 7938 | 7105139611491 | 606 | 259 | 2378 | 1489
47 | 19401 [ 104 | YO [ 19 | 15 6 | 7627 |6845:3911 1400|557 | 251 | 2338 | 1523
43| 1830 | V5 | 86 | 35 | 18 3 | 8295 | V808474211734 692 | 315 | 2281 | 1442
44 | 18874 | 56 | 93| 31 | 1B & |B154 770747141714 671 | 300 | 2260 | 1454
45| 186%e | 73 | 112 (| 36 | 17 4 | 8332|7855 (47521784 | 744 | 320 | 2247 | 1443
45| 19132 ( 74 | B& | 31 11 8 | 7896|7362 4466 1768 | 790 | 365 | 2232 | 1468
47 | 18853 | 92 | 80 | 31 | 25 & | 8175 |7341|4573 1881 | 544 | 203 | 2232 | 1444
50| 17404 | Vo | 113 | 31 | 17 6 | 9624 |917013673 2349|1017 465 | 2316 | 1323
5117250 | 62 | 117 | 47 | 18 4 | 9778 |934015698 2281 | 970 | 419 | 2289 | 1308
52| 17556 | 88 | 101 | 39 | 17 7| 9472189595410 2164 | 943 | 438 | 2290 | 1342
53| 18264 95 | ID2 | &5 17 5 | 8764 | 81454904 1944 859 | 408 | 2312 | 1425
34118034 | B3 | 98 | 5 7 T | 8994 | 8494 5200 1983 | 817 | 372 | 2284 | 1355
55| 17839 | 72 | 112 43 | 13 5 | 9182 |5704/5334119%6 | V93 | 351 | 2243 | 1370
56| 17933 [ &7 | ID4 | 43 | 20 & | 9095 | B385 51431'2{)13 500 | 344 | 2220 | 1374
57| 17781 | 85 | iDL | 31 | 12 8 | 0247 |B672 5231!209? 894 | 391 | 2213 | 1359
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;h 18667 | 81 | 62 | 30 g 2 | 8361 . 7663|4631 | 1967 -EUD 433 | 22321 | 1436
5918362 ( 95 | 83 | 42 | 17 7 | Bebe (7831|4769 2102|1029 310 | 2231 | 1404
62| 16678 | 96 | 116 | 45 | 22 | 15 (10350|9712|5976|2504|1116| 507 | 2334 | 1358
53| 16835 | 87 | 124 33 | 21 3 |10193 (9529|5847 | 2377 (1026 441 | 2240 | 1270
64| 17195 | 88 (107 ) 38 | 11 4 | 9833 |9242 5613 (2292|1007 | 456 | 2253 | 1300
65| 17337 | 93 (1068 | 32 | 14 8 | 9e91 (9072 5535 2246 982 | 440 | 2234 | 1319
65| 17397 | 84 | 132 30 | 21 1 | 9631 8965|5458 (2270| 057 | 459 | 2227 | 1336
67 | 16718 | 114 | 116 | 46 | 17 8 |10310(9525 5661 |2272( 973 | 446 | 2160 | 1265
58 | 16847 | 121 | 95 | 46 | 16 | 12 (10181|9339|5602 2267 | 996 | 449 | 2157 | 1282
69 | 16747 | 102 | 110v) 32 | 18 9 |10281(9300 3525 230% 1042 | 450 | 2139 | 1279
JO| 17812 | 104 | B4 | 36 | 14 6 | 9Z16 (823050892245 (1058( 317 | 2210 | 1363
74| 1701 | 111 | 91 | 37 | 17 | 5 (103279632 |5926 2627 |1226) 560 | 2244 | 1242
75| 16424 | 105 | 92 | 43 | 14 9 |10604| 9776|5738 12343 (1002 | £19 | 2184 | 1236
7616229 (121|122 50 | 21 3 |10799/9745 5583|2204 ( 873 | 358 | 2124 | 1209
77| 16254 | 124 | 1100 50 | 13 4 |10774|9702 56652186 886 | 368 | 2110 | 1217
Y8 17033 | 98 | 106 | 42 | 18 3 | 9975 (9310560112213 ( 202 | £10 | 2209 | 1304
T9 17292 [ 86 | 97 | 58 | 13 3 | 9736 (9061|5502 3171 914 | 390 | 2276 | 1318
80| 16732 | 127 | o7 | 44 | 14 7 |10296:9365 | 5605 (2302 | 998 | 441 | 2145 | 1260
81 |16335 | 121 | 113 | 50 | 14 9 |10693|9550 5856|2368 1033 | €72 | 2103 | 1221
85| 16209 | 124 | 94 | 36 | 17 | 11 (10819)9373|5515)2485|1203| 570 | 2160 | 1209
87| 16152 | 165 | 97 | 34 | 22 5> |ID862|9198 (526412278 ( 262 | 434 | 2130 | 1221

193

3BMOwo 5. Bagngdgdal 95 oo 99 36mEBGamado s ROSpTOT. ROZPTOT aboadligdo

Table 5. Precipiration 95p and 99p percentiles and R95pTOT. R99pTOT indices

N R9% R95p 95p. 9% | R95pTOT | R9%TOT

20 (8] (8] BB i8.143 25794 216

71 [§] [§] 23 191 25800 03

. 0 0 10 20.743 255824 192

73 [§] 1 10.2 21.8 25870 1594

238 o o 9.5 15.2 25690 278

9 5] 5] o3 15.443 25753 215
N 30 o o o7 1589 258561 :-:mH

31 D D 10615 2007 25050 179

32 0 2 115 22.4 75053 176

33 F s 4 it.4 72 25853 196

34 2 3 1.7 23.886 15866 188
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35 3 & 12 23.5843 25827 199
35 14 24 13.5 39 25852 213
32 5 8 11.7 21.086 5773 33
a0 2 5 11.7 20,543 25826 276
41 0 3 11.3 21.843 25842 198
42 o 1 11.1 216 25885 181
43 4 6 12.6 3.1 25859 189
= 4 7 125 22.543 150324 150
45 5 10 12.4 3.2 25843 197
46 5 3 12.6 23543 25830 21
a7 o 10 128 239 25823 275
S50 21 3a 144 24,843 15874 214
31 23 38 14.3 24743 156834 196
32 16 30 141 25.6 27920 179
53 o 13 13.5 53 15045 184
34 10 15 13.6 24,643 25851 176
55 1z 15 13.8 24.2 Tabll 174
36 11 17 13.6 23,943 25976 184
57 13 5 142 49 25933 187
i 10 17 12.9 24743 25780 2729
L 12 20 144 28.543 25887 e
62 35 47 15.4 26.3 5976 193
63 9 41 15 5.7 25981 182
&4 22 as 14,815 26.043 25955 183
(=53 20 31 15 20.429 26032 185
(3 21 29 15.3 27943 26095 148
67 7 38 15.015 26.943 26055 153
68 26 38 15.3 27.043 Zalas 1a3
[+ 7 ar 15.2 27.956 26001 la7
L 19 30 15.215 9 26003 173
74 38 30 15.2 274 15048 190
= 7 g 142 241 25873 202
76 22 30 13.2 8 25792 24
rid 23 3z 13.3 L 25813 210
78 22 34 144 49 25905 3
it 21 F1 14.4 26.1 25992 134
80 24 38 15 25.986 Za0le 1a0
81 3l 45 142 28.4 25958 178
86 33 47 15.4 268 25889 207
87 17 3l 13.3 22,743 250592 7l







