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Articles and Statements

Wind Regime of Imereti Territory
Nana M. Berdzenishvili 2
aJakob Gogebashvili Telavi State University, Georgia

Astract

The wind regime of one of the regions of Georgia-Imereti, located in its central part, on the
southern winding slope of the Greater Caucasus, is systematized. The repeatability of the prevailing
wind directions is established. According to the monthly average data, the repeatability of the
winds of the eastern regions reaches 53 %, and the repeatability of the winds of the western regions
is 43 %. At night, the frequency of easterly winds increases to 69—70 %, and the frequency of
westerly winds is greatest in the afternoon, amounting to 40-50 %.

The highest average annual wind speed is observed in Mta-Sabueti and is 9.2 m/s where the
wind speed throughout the year is quite high, amounting to 7.9-10.6 m/s. Increased wind speeds in
Kutaisi up to 5 m/s are due to the phenic effect, in other places the average annual wind speed
mainly does not exceed 3 m/s.

The range of changes in the average annual number of days with strong winds ranges from 12
(Korbouli) to 162 days (Mta-Sabueti). The maximum number of days with a strong wind was
recorded in Mta-Sabueti-222, in Kutaisi the maximum number of days with a strong wind is 124,
and in other places it ranges from 40-80 days.

Keywords: Imereti, wind, direction, speed, strong wind, number of days.

1. BBegenue

Nwmepern, permoH I'py3um, pacrnosioKeHHBIM B ee IeHTPaJbHOM YacTH, Ha IOKHOM
u3BwINCTOM ckjIoHe bBospmoro Kaskasza. Ilpupognble ycimoBus Imepern pa3HOOOpa3HBL.
B 3amasHON wacTu pacrosiokeHa HMepeTHHCKas HU3MEHHOCTb, KOTopas IIpeZICTaBJseT cobou
OKOHYaHHUe BOCTOYHOU yacTtu KosixeTckoll HU3BMEHHOCTH, a BOCTOUHYIO YacTh VIMepeTu, 3aHUMaeT
HmepeTuHCKast BO3BBIIIIEHHOCTb.

CnoxHBIN, B OCHOBHOM W3pe3aHHbI pesbed Imeperu, o00OyciaBauBaeT OOJIBIIYIO
KOHTPACTHOCTh B PpACIIPe/IeJIECHNN HAIpaBjJeHUs U CKOPOCTH BeTpa. PernoH xapakTepusyeTcs
YacTOM TOBTOPSIEMOCTHIO YparaHHBIX BETPOB, IPU KOTOPBIX CKOPOCTh JOCTHUTAeT 43-49 M/c
(DnusbapammBwIn, 2013; JausbapaliBuId, Jau3dapamBmiId, 2012; Varazanashvili et al., 2012.).
B dopmupoBaHHN BETPOBOTO peXMMa PErHOHA OOJIBIIYIO posib Wrpaer UEpHOe Mope U pesibed
MECTHOCTH. 371eCh XOPOIIIO Pa3BUTA MYCOHHAas1, OpPHU30Basi, TOPHO-IOJIMHHAS ITUPKYJIAIIN, OTMEYAIOTCS
JIeZTHUKOBBIE BeTPhI U deH (DmuzbapaniBuiim 2007, 2017; bepazeHumBmwm, 2012 U Ap.).

* Corresponding author
E-mail addresses: nanaka.berdzenishvili@yahoo.com (N.M. Berdzenishvili)
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BerpoBoil pexkum VIMepeTHHCKOTO peruoHa paccMaTpUBajcsi B psfe MoHOTpaduax
COBMECTHO C BeTpOBBIM pexxuMmoM ['pysum miu KaBkaza B nesom (Kimumar u ximmaTudecKkue
pecypebl  I'pysun, 1971; OmacHble TUApOMeTeopoJioTHYecKue sABieHus Ha KaBkaze, 1983;
dnu36apalBIIIN 2007, 2017 U Ap.) JlaHHAA cTaThs MOCBAIIEHA UCCIEIOBAHUIO BETPOBOTO PEKIMA
KOHKDPETHO Tepputopun Vlmeperu.

2, MaTepua/jibl 1 METOAbI

B ucciieoBaHuM MCIOJIb30BaHbl MaTepuaabl CipaBOUHUKOB 10 KiuMary (CrpaBOYHHUK 110
kiumatry CCCP, 1968), a Taxke 0a3a MeTEOPOJIOTUUECKHX JaHHBIX HCTHTyTa
THAPOMETEOPOIOTUN ['PYy3MHCKOTO TEXHHUYECKOTO YHUBEPCUTETa U JINTEpATypHBbIE JaHHbBIE
(Berdzenishvili, 2012, 2018). Hcnosip3oBaHbl KapTorpaduyecKkre U CTATUCTUYECKHUE METO]IbI
00paboTKu HAOJIIO/IEHUT.

3. O0cy:xxnenue

HamnpasjieHue BeTpa

ITepemelrieHre BO3YIIHbIX Macc Ha TeppuTopuu MMepern, Kak U Ha Tepputopuu ['pysum,
OCYIIIECTBJISIETCS B OCHOBHOM C 3alajia Wiu ¢ Boctoka. OfHAKoO pebed MEeCTHOCTH W Ce30HHOCTD
[UPKY/IAIUOHHBIX MPOIECCOB aTMOCGhEPHI BHOCAT CBOU KOPPEKTHUBHI. B X0JI0/IHBIN mepuoz roaa
CubupcKHi aHTHITUKJIOH U YCTaHOBUBIIeecs Hal YepHbIM MOpeM HU3KOe aTMOochepPHOe TaBIeHHE
CIIOCOOCTBYIOT Pa3BUTHIO B OCHOBHOM BOCTOYHBIX ITPOIIECCOB U IPeo0JIaZjaloT BeTpa BOCTOUHBIX
pyMO0B. JleToM ke TOJi BJAUSHHEM A30pPCKOIO0 MaKCHMyMa Ipeobs1aJlafoliuMK  SIBJISIIOTCS
3amajiHble BETPhl. B cpeHErosloBoM paspe3e TOCIOACTBYIOIIUMH SIBJISIOTCA TaKKe BETPHI C
3amagHOM U BOCTOYHOM cocrasigomumu (Tabsmna 1).

Ta6smna 1. IIoBTOpsieMOCTh Pa3/IMYHBIX HAIIPABJIEHUH BETPOB 3a rof, (%)

IIyHKTBI BricoTa, M C CB B 0B 10 103 3 C3
Cauxepe 415 3 3 19 12 4 18 38 4
XoHH 114 1 8 35 8 2 23 21 2
I{xanTy60 121 2 18 26 4 1 11 36 2
TxuOyn 535 7 53 10 1 4 21 3 1
Kyraucu 114 1 3 53 2 1 3 35 2
CamTpenua 25 1 1 48 3 2 7 36 2
Caxkapa 148 0 2 45 10 2 2 38 1
Kopboysu 798 0 2 51 5 0 3 39 0
HJumu 200 2 7 25 14 10 2 29 5
Banu 46 2 2 36 9 2 3 39 7
Mra-Cabyetu 1242 0 14 38 1 0] 2 43 2
Huna 673 12 50 6 1 23 8 0
Xaparaysiu 280 1 1 3 59 4 1 5 26

CorsnacHo Tabstutie 1, TOBTOPSIEMOCTh BETPOB BOCTOYHBIX PyMOOB jiocturaet 53 % (Kyraucn),
a TIOBTOPSIEMOCTh BETPOB 3aMaHbIX pyMOOB cocTaBiseT 43 % (Mrta-Cabyeru). Penko orMedatoTcs
BETPHI C CEBEPHOH U F03KHOH COCTABJISIONTAMHU.

Ha Pucynke 1 mpezacTaBjeHbl OBTOPSIEMOCTH PAa3JIMYHBIX HAIIPaBJIEHUU BETPOB 3a TOJ B
pasyinuHbIe Yachl CyTOK. M3 PucyHKa 1 cijieflyer, 4TO IMOBTOPSEMOCTh HAINPAaBJIEHUN BETPOB IS
BCeX IYHKTOB 3a BCE CPOKU HAOJIIOIEHUH TaK:Ke HauOOJIbINas 11 BETPOB BOCTOYHBIX M 3T THBIX
pym60B. B Kyrancu B HOUHbIe Yachl IOBTOPSAEMOCTb BOCTOUHBIX BETPOB JIOCTUTAeT 69—70 % (cepuu
1 U 2), a IOBTOPSIEMOCTDb 3allaJIHBIX BETPOB HAMOOJIbIIAA BO BTOPOM MOJIOBUHE JIHSA, COCTABJIAA
40-50 % (cepus 4). B ropax (Mra-Cabyern) Takke mpeobJiaaloT 3amajiHblE M BOCTOYHBIE
HalpaBJIeHUs BETPOB, OJHAKO B HOUHBIE YAaChl HECKOJIBKO BO3PACTAET IIOBTOPAEMOCTh 3aMaHbIX
BETPOB.
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Puc. 1. Po3a IOBTOPsAEMOCTH Pa3INYHbIX HAIIPABJIEHUH BETPOB 3a IO/l B Pa3/IMUHbBIE YACHI CYTOK
(%). Cpoxu HabJII0/IEHUI, cepuu: 1) — 1 9ac, 2) — 7 9ac, 3) — 13 4ac, 4) — 19 yac

CkopocTts BeTpa
B Ta6111/111e 2 npeacraB/I€eHbl CpeaHAA MECAYHBbIE K I'OJJOBbIE CKOPOCTH BE€TPa B HEKOTOPBIX
IyHKTaX, PacIllOJIO’KeHHBIX B Pa3JINUHBIX PU3UKO-reorpadmyecKux ycaoBusax Mimeperu.

Taosmmma 2. CpeHsAas MecssYHasA U TOJI0Bast CKOPOCTh BeTpa (M/c)

Mecsnpl

HyHKTSI T [ [m[ v |V [ VIi[vil[vil]X] X ]| Xt [xi]| o
Cauxepe 11 |14 | 21| 26 |22]23| 23| 20 |1.8]|13] 1.3 | 0.9 1.8
XoHH 23 |24 |26| 26 |20|16 | 14 | 1.5 |14 |18 | 2.7 | 2.5 2.1
I{xanTy60 1.6 |16 |19 | 22 |16 |14 | 13 | 1.4 | 11 |12 ]| 1.8 | 1.6 1.6
Kyrancu 56 |56 | 59| 57 | 46|3.7| 30| 34 |36 48| 72 | 6.7 5.0
CamTpenua 32 (34/36| 34 |28|23| 18| 1.8 |[1.8|2.3]| 3.6 | 3.6 2.8
Mra-Cabyetu 88 19.2/9.6|10.0|89|83| 79| 88 |94]|9.7|10.6 | 9.1 9.2
IMuma 4.0 39|42 42 |37|32|30]| 33 |3.6|37]| 48 | 4.2 3.8

N3 Tabmumesl 2 ciemyer, 4TO HauOOJbIIAs TOJ0Basg CKOPOCTh BeTpa OTMeYaercs B
CpeIHEeropHo 30He, Ha cTaHIuu Mta-CabOyeTn U cocTtaBiseT 9.2 M/c. 3/eCh CKOPOCTh BETpa B
TeueHHe BCEero rojia JIOBOJIbHO BBICOKAsI, COCTABJIAA 7.9-10.6 M/c. MakcuMaibHAsA CKOPOCTh BETpa
oTMeuaeTcsi B HOsA0pe, a MUHUMa/IbHas — B WIOJie. B HHU3MEHHBIX paloHAX TEPPUTOPUU
HaMOOJIBIIIFE CKOPOCTH BETPA OTMEUAIOTCY 3UMOU M BECHOW, MUHUMAJIbHbIE —B OCHOBHOM JIETOM
(Kyraucu, Ilxanty6o, Xoun). IToBeieHHble ckopocTH BeTpa B Kyrancu o0ycsioByieHbI (heHOBBIM

adderToM, yncso nHel ¢ heHoBbIMU BeTpamu B KyTaucu octuraer 120.

B cyrouHoMm Xxoze CKOpOCTh BeTpa HAaWOOJBIINX 3HAYeHUU JIOCTUraeT B 13 dYac, a
HaUMEHbIIINX 3HAaUeHUH-B OCHOBHOM B 1 YaC HOYM.
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Beiie paccMOTpeHBI CpegHUE MeCAYHble W TOJOBble 3HAYEHUs] CKOPOCTH BeETpa.
B neficTBUTEIBHOCTH K€ CKOPOCTh BeTpa U3MEHseTCs B IIHPOKOM JHala3oHe, 00 3ToM
CBU/JIETEJIbCTBYIOT JaHHbIEe TabIHIThI 3.

Taﬁnnua 3. MaxkcumanbHas CKOPOCTD B€Tpa BO3MOXKHAA 3a pa3/IMYHbIEC IIEPUOAbI BDEMEHU

CkopocTb BeTpa M/c
IIynkr
1TOom 5 JIeT 10 JIeT 15 J1eT 20 JIeT

Cauxepe 21 31 33 35 36
XoHH 32 40 44 46 48
Kyraucu 47 57 61 64 66
Camrpeznna 32 40 43 44 45
Mra-

Cabyetu 41 47 49 50 51
[una 32 38 41 43 45

N3 Tabnumer 2 ciexyer, 4TO 3a pPA3JIMYHBIE MEPHUOJIBI BPEMEHU CKOPOCTh BETPA MOKET
CyIleCTBEHHO u3MeHsATCcs. Haubosbliasg CKOPOCTh BETPA €XKEroJ[HO IPEBBIIIAET 20M/c, 3a 5-
JIETHUH TIEPUOJT CKOPOCTh MOXKET IPEBHIIIATh 30M/C U T.J., a 32 20 —JIETHUU IEPHUO/] I10 JAHHBIM
HabmoneHn# crannuy Kyrancu cKopocTh BeTpa MOKET JOCTUYD BEJIMUMHBI 70M/C.

Yucs1o JHEH ¢ CUIIBHBIM BETPOM

CWIbHBIM CUUTAETCS BETep, KOTJa ee CKOPOCTh JIOCTUTAET WJIM TpeBbimaer 15 M/c. Takue
BETPBI OTHOCATCS K OIACHBIM SIBJIEHUSAM MOTOAbl. OHU HAHOCAT OOJIBIIOHN yIepO SKOHOMHUKE U
HaCeJIEHUIO: TOBPEXKIAIOT JIUHUM CBS3U WM 3JIEKTPOIEepe/lauu, HapyIlalT paboTy TpaHCIIOPTa,
BBI3BIBAIOT BOJIHEHHE B MOpPE M Ha BOJOXPAHWIJIHINAX, IbLIbHbIE OYpH, ITEPEHOC CHETa, SPO3UI0
II0YB U JIPyTHE HeOIarONPUATHbBIE SBJIEHUS.

B Tabsurie 4 nmpeicTaBIeHbI CpeTHEE MECIIHOE U TO0BOE YHCJIO JIHEH C CUJIBHBIM BETPOM.

Tao6auna 4. CpegHee 4rcIo THEN C CUIBHBIM BETPOM M/ C

[IyHKT I 1I I | 1v |V VI VII | VIII | IX | X XI | XII roz,
Cauxepe 09 |08 |28 |33 |19 |13 |11 1.6 [1.2 |11 |9.7 |9.6 17
IIxanTy60 08 1.3 |17 |18 |11 |05 |02 |06 |08 |0.7 |24 |15 13
TxuOyn 26 |22 (3.2 |29 |19 |01 |14 |25 |28 |26 [3.3 | 2.8 28
Kyrtaucu 7.5 |6.9 |85 [81 |71 |42 |27 |43 |54 |72 |9.6 |9.6 81
Kopb6oysu 06 |06 [1.8 |12 |0.7 |0.2 |04 |10 |14 |13 |19 |14 12
CamTpenus 29 |28 |29 |27 |18 [1.0 |95 |08 |09 |17 |3.0 |3.0 24
Cakapa 27 |31 [48 [46 |35 |25 |[1.8 |2.0 |2.0 |2.0 |3.0 |2.0 34
Bauu 3.2 (34 |42 |3.0 [2.0 |14 |08 |2.0 |21 |22 [4.3 |4.2 33
Mra- Cabyetu | 13.3 | 14.0 | 15.0 | 15.0 | 13.6 | 10.0 | 10.0 | 13.0 | 14.0 | 14.6 | 15.7 | 12.45 | 162
Xaparayiu 1.8 |25 (3.7 |25 |1.0 |04 |0.5 |1.0 |19 |28 [3.8 | 2.6 24

Kaxk BuziiHO u3 Tabyuisl 4 nana3oH TEPPUTOPUATIBLHOTO U3MEHEHU YHCIa JHEN ¢ CUIbHBIM
BeTpoOM KoJiebsieTcsl B mpesenax 12 (Kopboyinu) o 162 aueit (Mta- Cabyern). B Kyraucu uucio
JIHEU ¢ CUJIbHBIM BETPOM COCTaBJjsgeT 81 JIHEH, a B OCTAJIBHBIX MyHKTAX YUCJIO JHEN C CHUJIBHBIM
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BETPOM CYII[ECTBEHHO YMEHBIIAETCS COCTaBJsAsA 20-30 [AHeH 3a roA. Bosiee moapoOHO o
IIPOCTPAHCTBEHHOM pacIpeZieIeHHH TOI0BOTO YKCJIa JHEH C CHJIbHBIM BETPOM Ha TEPPUTOPHUHU
VMepeTy MOKHO CyJTUTh M3 KapThl, IPE/ICTABJIEHHOM Ha PUCYHKE 2.

MaxkcuMabHOE YHCJIO JIHEH € CHUIbHBIM BeTpoM 3adukcupoBaHo B Mrta-Cabyern-222,
B KyTancu MmakcuMabHOE YKCIIO JHEH C CHUIBHBIM BETPOM COCTAaBJISIET 124, 8 B OCTAJIBHBIX ITyHKTAX
KoJ1e0JIeTCs B TIpeJiesiax 40-80 THeH.
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Puc. 2. Yucso Hel ¢ CUJIBHBIM BETPOM 15 M /CeK

4. 3akJaoueHue

1. TocnopcTByOIUMU SABJAIOTCA BETPhl C 3aMaJHONM W BOCTOYHOU COCTABJIAIONIUMU.
ITo cpegHeMeCsTYHBIM JJAHHBIM ITOBTOPSIEMOCTH BETPOB BOCTOUHBIX PYyMOOB JocTUTaeT 53 %,
a TIOBTOPSIEMOCTh BETPOB 3alaJiHbIX PyMOOB cocCTaBsieT 43 %. B HOUHBIE Yachl OBTOPSIEMOCTH
BOCTOYHBIX BETPOB YBEJIMUUBAETCA 10 69—70 %, a MOBTOPSAEMOCTD 3aaHbIX BETPOB HAUOOJIbIIIAS
BO BTOPOI IIOJIOBUHE JIHA, COCTAaBJIAA 40—50 %.

2. Haubosb11as cpe/iHAs TOZ0Basi CKOPOCTh BeTpa oTMeuaercs B MTta-CabyeTu U coCTaBJIsieT
9.2 M/c I7le CKOPOCTb BeTpa B TE€UEHUM BCEro rojia JOBOJIBHO BBICOKAs, COCTaBJAA 7.9-10.6 M/c.
[ToBbimeHHBIE cKOpocTH BeTpa B Kyraucu 10 5M/c o0ycioBieHbl (eHOBBIM 3dderToM, B
OCTJIBHBIX IIYHKTAaX CPeJIH:AA r0/I0Bas CKOPOCTh BeTpa IJIaBHBIM 00pa30M He IPEeBBIIIaeT 3 M/cC.

3. /lmana3oH W3MeHEHUs CPEAHETOJIOBOTO YNCJIA JHEH C CHJIBHBIM BETPOM KOJsebJeTcs B
npenenax 12 (Kopboynm) mo 162 gueit (Mrta-Cabyetn). MakcuMabHOE YHCIO JHEW C CHUJIBHBIM
BeTpoM 3adukcupoBaHo B Mrta-Cabyern-222, B Kyraucu MakcuMajgbHOE YUCIO JHEH C CHIBHBIM
BETPOM COCTABJISIET 124, @ B OCTAJIbHBIX IIYHKTaxX KoJiebJeTcs B mpeziesax 40—80 THeH.

B 3akI0ueHHH OTMETHM, YTO IIOJIyYeHHBbIE Pe3YJbTaThl MOTYT OBITh HCIIOJIb30BAHBI IPU
IJIAHUPOBAHUHU U TPOEKTUPOBAHUHY TPAXK/IAHCKUX U IPOMBIIIIJIEHHBIX COOPYKEHUH, TUHUN CBA3U,
3JIEKTPOIIEPeiad U TPYOOIIPOBO/IOB, a TAKIKE B CEJTLCKOM XO3STHCTBE.
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BeTpoBoii pe:xum treppuropuu Vimeperu
Hana M. bepazenumBuiu 2- "
aTeylaBCKUU TOCYIaPCTBEHHBIA YHUBepcUuTeT UMeHH fIkoba ['orebamBmin, Tenasu, I'py3us

AnHoTamusa. CucTeMaTH3UPOBAH BETPOBOU PEKUM OJHOTO U3 peruoHoB I'pysun-VmMeperH,
PacCIlOIOKEHHO! B ee IeHTPAJIbHOM YacTH, Ha I0’KHOM H3BWJINCTOM ckJIoHe Bosbmmoro KaBkasa.
YcTaHOBJIEHBI TOBTOPSEMOCTH TOCIOJICTBYIOIIMX HalpaBieHWN BeTpa. llo cpemHeMeCcSYHBIM
JIAHHBIM ITOBTOPSIEMOCTh BETPOB BOCTOUHBIX PyMOOB JOCTUTAeT 53 %, a IMOBTOPSEMOCTh BETPOB
3amaiHbIX PyMOOB cocTaBisseT 43 %. B HOYHBIE Yachl IOBTOPSIEMOCTh BOCTOUHBIX BETPOB
yBeJIMuuBaeTcsi 710 69-70 %, a IOBTOPSAEMOCTh 3alaJHBIX BEeTPOB HaWOOJIBIIAs BO BTOPOU
IIOJIOBUHE JIHA, COCTaBJIAA 40—50 %.

Haubospmias cpenHsas rofoBas CKOPOCTh BeTpa oTMedaercs B MTa-CabyeTn U cocTaBiiseT
9.2 M/C I/le CKOPOCTh BeTpa B TeUeHUe BCEro rojia JOBOJIBHO BBICOKAs, COCTABIAL 7.9—10.6 M/c.
[ToBeiIeHHBIE CcKOpOCTH BeTrpa B Kyramcu n0 5M/c oOycimoBieHbl (eHOBBIM dddeKrToMm,
B OCTQJIbHBIX ITyHKTAX CPEHSAS ro/I0Bast CKOPOCTh BeTpa IJIaBHBIM 00pa30M He IPEBBIIIAET 3 M/C.

Jlnana3oH WU3MeEHEHUs CpPEeJHEroZIoOBOTO YHCjIa JHEH ¢ CUIBHBIM BETPOM KoJiebsercs B
npenenax 12 (Kopboymu) mo 162 auerr (Mta—Cabyetn). MakcuMaIbHOE YHCIO JHEH C CHUJIbHBIM
BeTpoM 3adukcupoBano B Mrta-Cabyeru-222, B Kyrancu MakcuMasibHOE YHCIO JTHEU C CHIbHBIM
BETPOM COCTABJISIET 124, 2 B OCTAIBHBIX IIyHKTaX K0oJie0JIeTcs B mIpesesiax 40—80 THeH.

KaroueBsle ciaoBa: lVmeperu, BeTep, HallpaBjeHUE, CKOPOCTb, CHJIBHBIU BeTep, UUCJIO
JTHEeH.

* KoppecnnoHAUPYIOLIUHI aBTOP
Anpeca 37eKTpoHHOU mouThl: nanaka.berdzenishvili@yahoo.com (H.M. BepyizeHumsuim)
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The Dependence of Precipitation on Air Temperature
During Global Warming in Georgia

Elizbar Sh. Elizbarashvili 2"

a Georgian Technical University, Institute of Hydrometeorology, Georgia
bTakob Gogebashvili Telavi State University, Georgia

Abstract

Based on the observations of 60 meteorological stations of Georgia for the period 1936-2015,
the effect of air temperature on the pattern of changes in precipitation during global warming was
investigated. The regression equations for calculating the characteristics of precipitation depending
on the characteristics of temperature were obtained. In the long-term series of temperature and
precipitation, oscillations of opposite cyclical nature with the duration of the Brickner cycle were
revealed.

The correlation between the amount of precipitation and temperature is mainly negative and
significant with a confidence of 0.99 or 0.95, with the exception of July, when these characteristics
are uncorrelated in Western Georgia.

The interrelation of the rates of change in temperature and precipitation under global
warming is also negative and well manifested in all seasons of the year and in terms of a year, but
in the cold period of the year a positive relationship prevails.

Keywords: temperature, precipitation, correlation coefficient, coefficient of determination,
significance.

1. BBegenue

Hcenenyss KOppeJsISIMUOHHBIE CBSI3U MEXKAYy KOJIEOAHUAMU TeMIIEpaTypbl M OCAJKOB B
3amnagHoit EBpone, BpuKHep BBIIBUHYJI ITOJIOXKEHHUE O ITPOTHUBOIIOJIOKHOCTH XOa MEXKJTy STUMU
anemenTaMu (Bruckner, 1890). ITo3/iHee oTpuliaTesibHasi CBA3b MEXKIY TEMIIEPATYPOU M OCaJIKaMU
JUiA eBpolerickoil Tepputopun Poccuu Ob1a obHapykeHa O.A. JIpo3/IOBBIM, B TO K€ BpeMsS UM
OBLIO TIOKA3aHO, YTO IOJIOKeHNe BpUKHEpa MOoTBEPIKAAeTCs JIUIID JIUIsI TEIUIOTO IIepHoia Tofa,
B TO BpeMs KaK B XOJIOHBIN IepUo/, royia Habsrogaercs npsamas casb ([Ipo3nos, 1983; JIpo3/ios,
I'puropwbesa, 1971).

YcraHoBJIeHUE CBSA3EH MEXKAy TeMIIEpaTypOUd M OCaJIkaMu IMpHoOpeTaeT 0coboe 3HaUeHHe B
ycsIoBusX rimobasbHOro moteivieHus. Emre A M. BoelikoB oTMedasi, UTO IOTEIJIEHHE MPUBOJUT K
YMEHBIIIEHHIO0 KOJIMYECTBA 0CA/IKOB Ha 3HAYUTEILHON YaCcTU TEPPUTOPUHN KOHTUHEHTOB (Boeiikos,
1884). VYMeHbIIeHHE OC3JIKOB C POCTOM TEMIIEPATYPbl  OOBSICHAETCA WU3MEHEHHUSIMU
MEPHUUOHAJIPHOTO TpajlieHTa TeMIIEPaTypbl, KOTOPBHIA OKa3bIBAeT BJIMAHUE Ha XapaKTep
aTMochepHOH IUPKYJAIUN. B caMbIX 00IIUX YyepTax YMeHbIIeHUe MEPUIUOHATBLHOTO IPalueHTa
TeMIIepaTypbl MPUBOAUT K YMEHBIIEHUIO ITOTOKOB BOJISTHOTO IIapa, MOCTYMAIOIIETO C OKEaHOB

* Corresponding author
E-mail addresses: eelizbar @hotmail.com (E.Sh. Elizbarashvili)
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BIVIyOb YMEPEHHBIX IUPOT KOHTUHEHTOB, U YMEHBIIIEHUIO KOJTMYECTBA OCAJIKOB HA 3HAYUTEIbHOU
YaCTH BHYTPUKOHTHHEHTAIBHBIX PailOHOB, 1 Ha060poT (Byapiko, 1974).

B Hacrosiiiee BpeMsi yCTaHOBJIEHO, YTO MPH TJI0OAIFHOM IOTEIVIEHUH B BBICOKUX IIHPOTAX
OTMeYaeTcs POCT KOJIMUECTBA OCAJIKOB, B OCOOEHHOCTH XOJIOAHOTO IEpHOo/a To/ia, a B HUBKHUX
mupoTax-ymeHbiiienre ocazakoB (IPCC Climate change, 1990; 1996; 2007; Vinnikov, 1990;
Trenberth , 2011; Dai, Qian , Trenberth , Milliman, 2009). I'panuma paszaesia IPOXOUT IPUMEPHO
Ha IIUPOTeE 55° ceBepHOU mupoThl. Takum obpazom, I'py3us, pacnosioxkeHHasA B CyOTPOINYECKUX
IIUPOTaX, [0JKHEee YKa3aHHOW TI'PAHUIIbI, HAXOJAUTCA B 30HE yYMEHBIIIEHUs KOJIHMYECTBA OCAIKOB
(PucyHox 1).

Puc. 1. Mecronoso:xenue I'pysun Ha 3emHoM [llape

OnHako, BBINOJIHEHHbIE HAaMU HUccaefoBaHuMA (JmusbapamBmwin W Ap., 2013a;
AnmzbapamBuInd U Ap., 2013b; Elizbarashvili et al, 2012a; Elizbarashvili et al, 2012b u ap.)
MMOKa3a/Id, YTo OJiarofapsi Ype3BbIUaHO pa3zHOOOpa3HOU MPUPOALI I'py3uu, YTO 0OYCIOBIIEHO €€
pacnoJsioxkeHueM Ha rpaHune Asum ¢ Bocrounoil EBpomoil, KOHTpacTHbBIM pejibepoM U
Pa3HOOOpA3HBIMU JIAHAIIADTAMU C MHOXKECTBOM PAa3JUYHBIX THUIIOB KJIMMATa, STOT TE3WUC HE
BCEr/Ia ONpPAaB/bIBAETCA. AHAJIOTUYHAA KapTHHA OTMEYaeTcs U B APYyTrux pernoHax 3emuoro Ilapa.
3aBUCHUMOCTh M3MEHEHUsA aTMOC(HEPHBIX OCAJKOB OT TEMIIEPATYPhI OIPENEISAETCS MHOKECTBOM
dbakTopoB, B TOM Yucie, TJIaBHBIM 00pa3oM OT reorpaduyecKuX YCJIOBHH H, XapaKTEPHBIX JJISA
3TUX YCJIOBUH, ITUPKYJISIMOHHBIX mporieccoB atMocdepsl (Nicholson, 1995; Allan, Haylock, 1993;
Hanssn-Bauer, Forland, 1994; Smitth, 1995).

Takum o6pa3omM, ycTaHOBJIEHHE 3HaKa U CTEIIEHU CBSA3U KOJIMUeCcTBa aTMOC(HEPHBIX 0CAJIKOB
OT TeMIepaTypbl BO3JyxXa IpH IJI0OAJIBPHOM IIOTEIUVIEHUM SBJISETCS aKTyaJIbHOW 3amadeid. B
m1o6abHOM MacinTabe Takas 33s1aua O6p11a paccmorpeHna panee (Dai et al., 2009).

[{esibl0 HACTOSIIIIEH CTAThU SIBJISIETCSA KOJUYECTBEHHAs OIlEHKA BJIMSAHUS TEMIIEPAaTypPhl
BO3/IyXa Ha XapaKTep U3MeHeHUs aTMOC(EePHBIX 0CAKOB MPU TJI00TFHOM MOTEIIEHUU C YIETOM
TOZI0BOTO X07a ¥ GU3UKO-Teorpaduyeckux ocobeHHOCTEN TeppuTOpUu ['py3umn.

2. MaTepuaJibl U METOABI UCCIeJOBAHUS

B KkauecTBe WCXOAHBIX /JAHHBIX FKCIOJIB30BAaHbI MaTe€pUIbl HAOJIOJIEHUH OKOJIO
60 MeTeopoJIOTHYECKUX cTaHIui ['py3un 3a mepuoj; 1936—2015 TO/IbI.

Hcnonp30BaHbl, annpoOMpPOBaHHBIE B KJIMMATOJIOTUHM CTAaTUCTUYECKHE METOAbI U METO/bl
KOPPEJIAIMOHHOTO aHajau3a. 3HA4MMOCTh KO3(@UIMeHTa KOppesAlUH IIPOBepsIcsa IIyTeM
cCpaBHeHUS aOCOJIIOTHOM BeJIWYUHBI KO3(DUIMEHTa KOpPpeJsAlUU C €ero KPUTHYECKUMU
3HAQUEHUAMH JIJIs PA3JIMYHBIX 3HAUEeHUN HaJIe’KHOCTU BbIBOoZA p. Ecyn BenmunHa koadduiiuenTa
KOpPEeJIAIUY IIPeBhIIIaia ee KpUTUUeCKoe 3HaueHue IPU HEKOTOPOM YPOBHE P, TO C Ha/IEXKHOCTBIO
BBIBOJIAa P OTBeprajach TUIIOTe3a O HEKOPPEeJIUPOBAHHOCTU pPAacCMaTpOBAEMBIX BEJIWYUH U
B3aMMOCBS3b MEXK/Ty HUIMH CUNTAIach HaZlexkKHOU (PyMInuckuii, 1971).
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3. O0cy:xxnenue

MHOTO0JIETHHUH X0/ TEMIIEPATYPbI K OCaTKOB

HecMoTpst Ha TeKyIue mIpoIecChl I7I00aIbHOTO TOTEIUIEHHs, B OTAEIbHBIX palioHax ['py3uun
TeMIlepaTypa BO3/yxa Jake IOHIIKAeTcs, a KOJUYECTBO OCAAKOB Bo3pacTaeT. CkazaHHOe
MoATBEPKAaeTcss PucyHKOM 2, rije IpeJicTaBjieH MHOTOJIETHUN XOJI TeMIIepaTypbl U OCAJIKOB U
COOTBETCTBYIOIIIIE YPAaBHEHUsI PETPECCUM JJISI 4-X IyHKTOB, PACIOJIOKEHHBIX B Pa3IUUYHBIX
(usuko-reorpapuueckux yciaoBusax I'pysum: TOwaucH, pacmosiOKeHHBIA Ha BBICOTE 404M B
YCJIOBUSIX CTEITHOTO KOHTHHEHTAJIPHOTO KjiauMata Bocrounout I'pysum, [emormmce Ilkapo,
PacCIlONIOKEHHBIM B CTETHOM KOHTHHEHTIBHOM KimMmare Bocrounoit I'pysum (8oowm), Ilotw,
pacmoJIoKeHHbIN Ha mobepekbe UepHoro Mopsi, 1 Kema, pacriosiokeHHbIH B AJiPKapuu, B 40 KM OT
YepHOMOPCKOTO ITO0EePeXbs (256 M).
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Puc. 2. MHOrojeTHUII XOJ TeMIlepaTtypbl Bo3ayxa (1 — ToA, 2 — sHBapb, 3 — WIOJb) U
aTMOC(EPHBIX 0CAKOB (1 — TOJI, 2 — XOJIOAHBIN IEPUO/T, 3 — TEIUIBIA MIEPUO/T) U COOTBETCTBYIOIIHE
ypaBHeHus perpeccun: a) Townucu, 6) enomnuc llkapo, r ) I[Totu, 1) Kexa
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Kak cnegyer u3 Pucynka 2 B Kena, pacnonoxxeHHOM B AJizkapud, B 40 KM 0T HepHOMOPCKOTO
moOepeskbsI, CPEAHASA TO/I0Basi TEMIIEpaTypa BO3/AyXa YMEHBIIAETCA CO 3HAUYUTETbHON CKOPOCTHIO
(0.08° 3a gmekamy), a rozoBas CyMMa OC3JIKOB BO3pacTaeT CO CKOPOCTBIO 55 MM 3a JEKajy,
C HaJIE)KHOCThIO BBIBOZIA 0.95. B IloTw, Ha mobGepeskbe UepHOro Mopsi, MpU HE3HAYUTETHHOM
noTerieHuu (0.03 3a JeKaay) ro/ioBOoe KOJHUUYECTBO OCAJKOB TAaK)Ke CYIIIECTBEHHO BO3PAaCTaeT
(57 MM 3a nekamy), 3TO U3MEHEHHE CTaTHCTUYECKH 3HAYMMO Ha YPOBHE HA/IEXKHOCTU 0.99. Ecym
MIPUYUHON YyBEJMYEHHUSA OCAAKOB B YKa3aHHBIX IIyHKTaX MOXKeT OBITh YBEJIMYEHHE ITOTOKOB
BOJISTHOTO T1apa, IOCTYIAIIero ¢ YepHoro mMops, TO TPYAHO OObsICHUTH BO3pACTaHUE OCAJIKOB,
IpaBZila C MEHbIINEH CKOPOCTHIO, HA YPOBHE HAEKHOCTA 0.90, HA KOHTUHEHTAJIbHOU CTaHIIHHU
Henomuc Ikapo, rie oTMedaeTcss 3HaUUTeIbHOE TToTeIIeHre (0.09 3a JIeKauy).

W3 PucyHka 2 ciemyer Takyke, yTo Ha 3TuX 3-x crannusax (lemomuc 1[kapo, I[Totu, Kega)
B YCJIOBUAX IVIO0AJIBHOTO HOTEIUIEHUS] YMEHBIAEeTCs CPEeIHSS HIOJbCKAs TeMIIepaTypa, a CyMMBbI
OCaJIKOB XOJIOJHOTO U TEIUIOTO MEPHOJIOB ToJla TaKKe YBEJIMYUBAIOTCA. YBEJIMUEeHUE OCAaJKOB
XOJIOAHOTO Tiepuojia roaa B Jlemorunc I[kapo cTaTUCTHYECKH He3HAYMMO. TOWIHUCU SBJISETCS
€IJUHCTBEHHBIM IIyHKTOM, I7/le TIPU BO3PAacTaHUU TOJOBOM M MECAUYHBIX TEMIIEPATYP, OTMEYAeTCs
TEHZIEHIIUs yMEHbIIIeHUsI TOJIOBBIX U CE30HHBIX CyMM OCAaJKOB. YMEHBIIIEHHE TOJ/IOBBIX CyMM
0CaJIKOB ¥ OCAJIKOB TEIUIOTO Mepro/ia B TOWINCH CTaTUCTUYECKH 3HAUMMBI Ha YPOBHE HA/IE3KHOCTU
0.90, a yMeHbIIIEHUE CYMM OCaJIKOB XOJIOJTHOTO IIepro/ia ro/ia CTATUCTUUECKN HE3HAYHMO.

Takum o00pa3oM, 3aBHCHUMOCTH MHOTOJIETHETO XOZ|a OCAaJKOB OT MHOTOJIETHETO XOza
TEeMIIepaTypbl B PA3JIUYHBIX (UBUKO-TeorpadUUYecKUX YCIOBHAX [py3un uMeeT Ppa3TUIHbBINA
xapakTep. Bo3pacranue KoyimuecTBa OCAJKOB MOKET HAOJIIOZAThCsl Kak Ha (DOHE yYMEHbBIIEHUS
TeMIIepaTyphl, TAK)Ke Ha (DOHE ee YBeJTUUeHUs. B OOJIBIITMHCTBE CIy4asix Ke KOJMYECTBO OCa/IKOB
YMeHBIIIaeTcH.

KoppeaiinoHHbIe CBA3HU MKy TEMIIEPATYPOI 1 KOJIMYE€CTBOM OCA/IKOB

HecmoTps Ha pa3juyHBIN XapakTep MHOTOJIETHETO M3MEHEHUs TeMIIEPATypPhl U OCAJKOB B
pa3IUYHbIX (PU3UKO-reorpadUUecKuX YCJIOBUAX ['py3uH, KOpPpEJIAIMOHHAA CBfA3b OCAJIKOB OT
TEMIIepaTypPbl B OCHOBHOM oTpuriaTesibHas (PrucyHok 3).
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Puc. 3. 3aBucumoctp KoJIU4YecTBA aTMOChEPHBIX OC3ZIKOB OT TeMIIEpaTypbl BO3/yXa,
COOTBETCTBYIOIIIIE YpaBHEHHUsI perpeccul u kKodddunueHTsl aerepmuHaruu (R2): a) Towrucw,
6) Hdenomuc I{kapo, r) IToth, 1) Kena. 1 — roj, 2 — AHBapb, 3 — UIOJIb.

Hecmotpss Ha c1abylo KOPPEJSIHMI0 M 3HAYUTENBHBIH pa3bpoc TOuek, M0 3HAYEHUAM
koa(PunyeHTa JeTepMUHAIMKA MOXKHO CYAUTh O BKJIaJle TeMIlepaTypbl BO3/yXa B CyMMAapHOM
KoJin4yecTBa 0caikoB. HanpuMmep, B AHBape X0JI0AHbIe BO3/YIIHbIE MACCHI, IIepeMelamIecs Ha
Teppurtopun I'py3um c¢ 3amaza, ¢ YepHOro mops, ABJAACH BJIATOHECYIIVMU, IIPUHOCAT
3HAYUTEJIbHOE KOJIMYECTBO OCAJKOB B OCHOBHOM B 3amazHoul I'pysun. Cyzs no koaddunueHtam
JleTepMUHAIIMU BKJIQJ, TeMHepaTypsl B GOPMUPOBAHUM SHBAPCKUX OCAAKOB cocTaBiseT B Kexga —
31 %, a B [Totu — 16 %. Ilepememniasicy B Boctounoii I'py3un Bo3zyniHble Macchl TEPAIOT BJary u
KOJIMUECTBO OCAJIKOB yMEHbIIaeTcs, YTO U SABJAETCA NPUUYUHOW HEKOTOPOro YMeHbIIeHUs
koaddunmenta aerepmunanuu (Towrucu, denommmc 1lkapo) ¥ COOTBETCTBEHHO yMEHBIIIEHUS
pPOJIH TeMIlepaTyphl Bo3ayxa (12—20 %). OTH OIeHKU 3HAYNMBI C HAJIe?KHOCTHIO BBIBO/IA 0.99.

B wutone BiausHMe TemmepaTypbl Ha (GOPMHPOBAHUE O0OCaAKOB B 3amagHod I'pysum
ocyabssiercsi, K03hPUIMEHTHl JEeTEPMUHAIUA PABHBI HYJII0. B KOHTHHEHTAJIBHOM K€ KJIMAaTe
Bocrounoii I'py3un, riie CUIbHO Pa3BUTHI KOHBEKTUBHBIE IIPOIIECCHI, YACTO BBINAJAIOT JIUBHEBBIE
0Ca/IK¥, YTO BBI3bIBaeT YMEHbIIIEHUE TeMIeparypsl. B pesynbrare k0ad@uUIeHT AeTepMUHAIUN
BozpacraeT (0.19-0.23). Takum o00pasoMm, B3aUMOCBA3b MeEXJY TeMIepaTypoll BO3[yxa U
KOJIMYECTBOM OCAJIKOB B Uiojie B BoctouHoil ['py3un Takke ABJIAETCA 3HAUUMOMN C HA/IEXKHOCTBIO
BBIBOJIA 0.99, B TO BpeMs, KaK 3TU XapaKTEPUCTUKU B 3amnaiHou ['py3un He KOppeupyeMbl.

Ponp cpennerosioBeix Temmeparyp B (OPMHPOBAHUM TOJIOBOTO KOJIMYECTBA OC3JIKOB B
BocrouHoi I'py3un 3HaumtenbHee (11-13 %), uem B 3amaauoi ['pysuu (10 7 %). CBsA3b rO0OBBIX
CYMM OC3JIKOB CO CpeIHETOZI0BOM TeMmeparypoil B Bocrounoil I'py3unm 3HauMMa Takke C
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Ha/IeXKHOCTBIO BBIBOJIA 0.99. Ha crannusax ke 3anaaHoi ['py3un win He 3HaUUMa, WK 3HAYUMA C
Ha/Ie’KHOCTHIO BBIBOZA 0.95.

3aBHUCHUMOCTh CKOPOCTHM H3MEHEHHA OCaJKOB OT CKOPOCTH U3MEHEHUs
TeMIIepaTypbl B YCJAOBHUAX II00AJTBHOTO MOTEIIEHUS

Ha Pucynke 4 mnpejicTraBjieHbl 3aBUCHMOCTH CKOPOCTH WU3MEHEHUS OCAJKOB OT CKOPOCTH
HU3MEHEHHA TeMIIepaTypbl [AJId PAa3/IMYHbIX HHTEPBA/IOB BPEMEHHOI'O OCPEAHEHHA II0 AAaHHBIM
METEOPOJIOTUUECKHUX CTAHITUH 3a Iepuo, 1936—2015 TObI, a TAK}KE COOTBETCTBYIOIINE YPABHEHUS
perpeccuu v K03QDUITUEHTHI leTEPMUHAIINH.

v=-14,139x- 0,8507 6
) 2 I 1
R*=0,1761 -‘

=-o, x-0U, 2
n R2=0,0867

[+)]

Puc. 4. 3aBUCUMOCTh CKOPOCTH H3MEHEHHUs 0cajikoB (% 3a Jekaay) OT CKOPOCTH W3MeHEHUS
temnepatyphbl (°C 3a ieKazy) 1o JaHHBIM METEOCTaHIUH, COOTBETCTBYIOIINE YPABHEHUS PETPECCUN
u ko3 PunmenTs! nerepmuHanuu (R2): 1 — rof, 2 — X0JI0AHBIA IEPUOJ], 3 — TEIIBIN IEPUO]T
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N3 PucyHka 4 ciemyer, 4TO HECMOTPsS He HEKOTOPHIH pa3dbpoc TOUYEK, B3aMMOCBSA3H B
U3MEHEHHN CKOPOCTEed TeMIepaTypbl W OCAJIKOB B VCJIOBHAX TJIOOQJIBHOTO IIOTEIUIEHUS B
OCHOBHOM OTpHIIaTeJIbHA W XOPOIIO IMPOSBJAETCS B TEIUIBIA MEPUOJ] rofa U B IIeJIOM 3a TOJ.
PesynpTaThl OlIEHKU MOKAa3aJikd, YTO CKOPOCTh M3MEHEHMs T'OJIOBOM CYMMBI OCAJIKOB M OCAJKOB
TEIUIOTO TEePHOoZa TOoZa C HAJEeKHOCThIO BBIBOZA 0.9Q B3aBUCUT OT CKOPOCTH HW3MEHEHU:
TEeMIIepaTyphl 3a COOTBETCTBYIOIMIE WHTEPBAIbI OCpeAHeHUs. JJI1 XOJIOAHOTO Iepuoaa Toza
B3aMMOCBSI3b CKOPOCTEH M3MEHEHUS TeEMIIEPaTypbl M OCAJKOB 3HAUMMa C HAJIEKHOCTHIO BHIBOZA
0.95.

W3 Pucynka 4 cjieayer Tak»e, YTO B CPeJHEM 3a roJi Ha 40 METEOCTAaHIUAX U3 58, UTO
COCTaBJISIET OKOJIO 69 %, mpeobJiafaeT OTpUIIATEJIbHAs CBSA3b MEXKIYy CKOPOCTSIMH H3MEHEHUS
TeMIIepaTypbl U OCAAKOB. B OOJIBIIMHCTBE W3 HUX IPHU IOBBIIIEHHUN TEMIIEPATYPbl OCAJIKU
yMeHbIIATCs (30 craHnui). JATO IVIaBHBIM 00pa3oM MeTEeOCTaHIIUH, PAacCIOJIOKEHHBIE B
IepeXoAHON OT CyOTPONHUYECKOr0 K YMEPEHHOMY KJIMMATHYeCKOH 30He (26 cTraHIUN),
HCKJTIOUEHHUEM SIBJISIOTCS HEKOTOPbIE CTAHIIMU BJIAYKHOU CyOTPOIUYECKON KJIMMATUYECKOH 30HBI
(baxmapo, Kop6oysu, Kyraucu, KBezanu). I1o 1aHHBIM 8 MeTeOpOJIOTHYECKHUX CTAaHITUH (14 %)
yBeJIMUEHHEM TeMIIepaTypbl OCAJKM TaKXKe YBEJIUYUBAIOTCA. B 9TOUW Trpynie uMenTcs B
OIMHAKOBOM KOJIMYECTBE CTAHIIMH, PACIIOJIOKEHHBIE BO BJIAXKHOU CybTPOIIMUECKON 30HE, TAKIKE B
IIePEXOHON OT CyOTPOIHUYECKOTr0 K YMEPEHHOMY KJIMMATHYECKOH 30HE, B TOM YHCJIE B CyXOH
KOHTUHEHTAJIbHOH 1o30He. Ha ocTasbHBIX 20 CTAHIIUAX TeMIIepaTypa BO3/ayXa YMeHbIIIaeTcs, Ha
10 u3 HuX (17 %) ocagku BO3pacTamT. Bce OHHM pacHoIOKEHBI BO BJIAXKHOU CYyOTPOIHUUYECKOM
KJIMMaTHYeCKOH 30He. Ha ocTaJIbHBIX 10 CTAHIUSIX C YMEHBIIIEHHEM TEMIIEPaTyPhl OCAIKH TaKyKe
YMEHBINAIOTCA. B 3Ty Tpymniy ITIOPpOBHY BXOAAT CTAaHIIUM W3 O0OUX KJIUMAaTHUYECKUX 30H,
B OCOOEHHOCTH U3 CyXOH KJIMMATHUECKOH ITOA30HBI.

AHajlorTUYHasI CUTyaIusl OTMEUAeTCs B TEIUIBIA MEPHOJ ToZa. B XOJIOIHBIN TTepHOo/ ro/ia Mo
JIAHHBIM OOJIBIIIMHCTBA CTAHITUH MTPe0bJIaiaeT MoJI0KUTETbHAS CBA3b.

Takum o0Opa3oM, XapakTep U3MeHEHHs TeMIIepaTypbl U OCAJKOB Ha METEeOPOJOTUYECKHUX
cTaHIUAX [py3um HaxXoAUTCA B TECHOW CBA3M C TUIIOM KiIUMara. B mepexogHoW oOT
CyOTpOITMUYECKOTO K YMEPEHHOMY KJIMMATUYECKOH 30HEe IPU IOBBIIIEHHU TEMIIEPATyphbl OCAIKU
IJIaBHBIM 00pa3oM YMEHBIIAIOTCA, XOTA B PEAKUX CJIydasX, B OCOOEHHOCTHU B CYyXOH
KOHTHHEHTAJIIbHON II0/I30He, OTMeYaeTcs yBeJW4YeHHe OCaZKoB. Bo BiakHOU cyOTpommyeckou
KJIMMaTH4YeCcKON 30He TeMIlepaTypa BO3/yXa IO JaHHBIM OOJIBIINHCTBA CTAHIIMM yMeHbIIaeTcs,
a 0Ca/IKM IIPENMYIIECTBEHHO BO3PACTAIOT.

IMuknyeckre KoJie0aHus TEMIIEPATYPbhI B OCAJKOB

B mpenpiaymux paszenax MpearnoJarajoch, YTO TPEHAbI TEMIIEPATYPhl M OCAIKOB HMEIOT
JIMHEeNHBIN XapakTep. OHaKo, Kak ObLIo mokazaHo JIposaoBeiM (/[posnoB, I'puropweBa, 1971),
BHYTPU BEKOBOW XOJI OCAJKOB XapaKTEPU3YeTCS ITUKIUYECKUMH KOJIEOAHUSAMU, UTO MHOTHE
aBTOpPHl CBA3BIBAIOT C BHEIIHUMU (PAaKTOpaMU: COJHEYHOU aKTUBHOCTHIO, aTMochepHOU
IUPKYJIAIUEN, MPO3PAYHOCTBI0 aTMOChepPhl U T.ZI. MHOTOJIETHUN XOJi OCAJIKOB Ha TEPPUTOPHUU
I'py3uu Taxke XapaKTepU3YETCA ITUKINYHOCTBIO, JUIMTETBHOCTh KOTOPOM XOPOIIIO COOTBETCTBYET
JUTUTEJIbHOCTA OPUKHEPOBCKOTO ITUKJIa KoebaHus ocagkos (30-35 jet) (Bruckner, 1902).

ATO XOPOIIO BUHO U3 PHCyHKa 5, HA KOTOPOM MHOTOJIETHHE U3MEHEHUS OCAJIKOB OBLIU
OIMCAaHbl IIOJIMHOMaMM 6-OH CTEIeHH, YTO IO3BOJIMJIO IIOTaCUTh KOJieOaHUS BbI3BAHHBIE
cIyJaHbIMUA  akTopaMu  (KOPOTKOIEPUOAMYECKHE ITUKINYeCKHue KoJyiebaHHWsA, MeCTHas
MUPKYJIAIUN, MUKPOKJIMMAaTHYeCKe OCOOEHHOCTH U T.J.) M BBIZIEJIUTH TJIABHBIE TEHIEHITUU WX
KoJiebaHms.

N3 PucyHka 5 cieayeT, 4TO B KOHIle 30-X TOJOB IIPOILIOTO BeKa BO BCeX IIYHKTaX,
3a uckidyenneM Jlemomtue 1[kapo, B IIUKIWYECKOM KOJIeOAaHHMH OCAaJKOB OTMEUYaeTcs
MHOTOBO/IHasA (paza. OHA cMeHseTCcss MaJIOBOJIHOM (pa3oi YPOBHSA 0caiKoB (1940-1950 rT.). Janee
OCaJIK¥ BO3PACTaIOT U MUK MHOTOBOJHOU (ha3bl COOTBETCTBYET 60-70 rojiaM. B 80-ble TObI OIIATH
HacTylaer MajioBoAHass ¢asza ocaakoB (1975-1990 IT.), IOCJIEe Yero OCaJKH BO3PacCTaloT,
1 HaunHasd ¢ koHIa XX 1 Hauasa XXI BeKoB, HAUMHAETCsA MaJIOBO/IHasA pa3a 0CaJIKOB.

16




European Geographical Studies, 2019, 6(1)

o — 1008™ g™ s0d™
Hdeponnuc Lkapo MoK Kepa
800 00 -
2000 - -
%00 — | ——
ool LU a0 +————
00 —— ([P T
2000
=
2000 — —
500 1500
_IH}D L] . | 151]] 1 | 1
aop —-———
300 — 1000 - —
300 1000 -
200 -
200
500
SO0 -]
wo — 100 -
D -1 D T 1 1 1 ﬂ -1 D B e
1500 1950 2000 ZﬂEﬂr Emﬂfﬂmwﬂ]r 1900 2000 r 1500 1950 2000 20501

Puc. 5. [Tuknnueckue KojiebaHUA 0CAKOB

Konebanus IUKJIMYECKOTO XapaKTepa OTMEUYAIOTCA U B PAZaX TeMIIepaTyphl BO3/yXa, XOTA
OHH MeHee BBIPAKEHBI M B OCHOBHOM IIPOTHBOIIOJIOKHBI 10 ¢hade KoJIeDaHHUAM OCAJKOB.
Hampumep, MHOroBOAHOUW (aze 0cCafikoB B Hayajle 30-X TOJOB COOTBETCTBYET HEKOTOPOE
MOTEIVIEHNE, KOTOPOE B KOHIle 30-X W B Hadaje 40-X TOJOB CMEHSETCA II0XOJIOJaHUEM.
[Ipu yMeHBIIIEHUN OC3JIKOB B 40-50-bl€ TOJIBI OTMEYAETCS MOBBIIIEHHBIH (DOH TEMIIEPATYPhI
(1945-1955 1T.). B 60-BI€ 70-BIE TOABI OTMeEUYAeTCA HOBas BOJIHA XOJIONA, COOTBETCTBYIOINAS
MakcuMasbHOU ¢ase ocagkoB. MaysoBogHOU dasde 0caikoB 1975-1990 TOJOB COOTBETCTBYET
yBeJIMueHue TeMnepaTypbl. Hauasno 5Toro nepmosia XxapakTepu3oBajicsi HHTEHCUBHBIMU 3aCyXaMU
Ha Bceil Tepputopuu EBpombl. C koHna XX u Havasa XXI BeKOB HauMHaeTcsd HHTEHCHBHOE
MOTeNJIEHNe U YMeHbIIIeHUe 0Ca/IKOB.

[uxnyeckrie KojebaHUsA TEMIEPATYPhl U OCA/IKOB B HEKOTOPOH CTENEHH MOKHO OOBSICHHUTH
[IUKJIMYECKUM XapaKTepoM atMoc(epHON IMUpKy/anuu. Tak, B KOHIlE 30-X TOJIOB IPOILIOTO BeKa
yBeJIMUEHHE YPOBHA OCaZIKOB Ha (hOHE KPATKOBPEMEHHOTO MOBBIIIIEHUS TEMIIEPATYPhI IIPOUCXOIIIO B
SII0Xy BOCTOYHOU HUPKY/AIUH. Takod xapakTep KOJI€OAaHHSA TEMIIEPATyphl U OCATKOB OOBSICHSIETCS
TIOJIOJKUTEJIbHON KOPPEJIAINE TeMIepaTypbl U KOJIMYECTBA OCA/IKOB C BOCTOUHBIMH BTOPKEHHSIMH
BosaymHbIX Mace (Elizbarashvili, Aladashvili, 1999). B 40—50-e roap! ocytabisercss pob BOCTOUHOU
[UPKYJIAIUA W TOCIIO/ACTBYIOIIMM CTQHOBUTCS MEPUJIMOHAJbHASA UHUPKYJSIUA, B PpeE3yJIbTaTe
dopmupyercsi manmoBoaHas ¢asa OCAKOB C TOBBIIIEHHOW TeMIiepaTypoil. B 50-60-ble TOJbI
rapajieJIbHO MEPUJIMOHAJIBbHOU ITUPKYJIAIMN aKTUBU3UPYETCS BOCTOUHAS ITUPKYJIALMH, ITO3TOMY
TEMIIEpaTypa YMEHBIAeTCs, a KOJHMYEeCTBO OC3JKOB BO3PACTaeT, XOTS He JOCTUTaeT YPOBHSA
IIpeIbITyIIell MHOTOBOJIHOM (pa3bl SIIOXM BOCTOYHOU IUPKY/IANuU. Co BTOPOH HMOJIOBUHBI 60-X TOI0B
Ipeo0JIafatoIuM ABJIETCA OIATh BOCTOUHASA LMPKYJ/IAIMA, HA YTO HAKJIAJbIBaeTCs IVIOOAIbHOE
MOTeIUIEHNE, B pe3yJIbTaTe Yero TeMIiepaTypa BO3pacTaeT, a 0Ca/IKU YMeHbIIaTcsA. PocT TemmnepaTypbl
Y YMEHBIIIEHUE 0CAIKOB, HAYaToe ¢ KOHIJA ITPOIIIOTO BeKa U IPOZ0JIKAToIIeecs M0 HACTOosAIIee BpeMs,
MOJKHO OO'bSICHUTh HHTEHCUBHBIMH IIPOIIECCAMU TI00aTbHOTO MTOTETIEHHS.

Bynymee wimmara, mo Bcell BEpOATHOCTH, Takke OyAeT 3aBUCETh OT OCOOEHHOCTeH
MUPKYJISAIUH atMocdepsl. [103TOMy BIOJIHE MOXKHO COTJIACUTBCS C HEJABHO IPEJIOKEHHBIM
aJIbTEDHATUBHBIM CI[€HApHEM KJIMMaTa, OCHOBAaHHOM HE HAa COBPEMEHHBIX KJIMMATHYECKUX
MOJIEJISAX, 4 HA PeIbHBIX Bapuanusax Temieparyps! (BakysieHko u Jip., 2015), COIVIACHO KOTOPOH B
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OsroKaiime JEeCATUJICTHUA HE€ TOJIBKO COXPAaHHUTCA IIPOAO/IKAIOIIasACA yxKe 15 JIeT CTa6I/IJII/133HI/IH
TEMIIEPATYPbI, HO 1 BO3MOXXHO HEKOTOPOE IIOXOJIOJaHHE.

4. 3axJaoueHue

1. 3aBUCHMOCTh MHOTOJIETHETO XO/a OCAJIKOB OT MHOTOJIETHETO XOJla TeMIlepaTyphl B
Pa3IUYHBIX (QUBUKO-TeOrpadUUECKUX YCIOBHAX ['Py3uMm HWMeeT pas3JIUYHBIA XapakKTep.
Bospacranue KosimuecTBa OCaZIKOB MOXKET HaOJ/II0ZIaThCsl KaK Ha (pOHE YMEHBIIIEHHS TEMIIEPATYPHI,
Tak>ke Ha (DOHE ee yBeJINUeHU .

2. KoppensamnuoHHasi CBsI3b CyMM OCQJIKOB OT TEMIIEpATYypPbl B OCHOBHOM OTpHUIIATEJIbHA K
3HAYMMa C HAJIeKHOCTHIO BBIBOZIA 0.9Q WJIH 0.95, UCKJIIOUEHUEM SIBJISIETCA HIOJIb, KOT/Aa 3TU
XapaKTEPUCTUKU B 3araiHON I'py3un He KOPPEJTUPYEMBI.

3. BzauMocBs3b CKOPOCTEH U3MEHEHHsS TEMIIEPATYPHl U OCA/IKOB B YCJIOBUAX II00AIBHOTO
MOTEeIIEHUS B OCHOBHOM OTPHUIATEIbHA M XOPOIIIO MIPOSBJIsIETCA B TEIJIBIM MEPHOJ, TOja U B 11€JIOM
3a TO/l, OTHAKO B XOJIOZHBIN ITEPUO/] T0/Ia MPe00JIaiaeT MOJI0KUTETbHAS CBA3b.

4. XapakTep HU3MEHEHHUsA TeMIepaTypbl U OC3JIKOB Ha METEOPOJIOTUYECKUX CTAHIIMAX
['py3un HaxXOJUTCS B TECHOHW CBA3U C TUIIOM KJIWMaTa. B IepexolHOH OT CyOTpOIHUYECKOro K
yMEPEHHOMY KJIMMATHYECKOH 30HE IPH IOBBIIIEHHH TeMIIEPATYpPhl OCAJIKU TJIABHBIM 0Opa3oM
YMEHBIIIAIOTCS, XOTSI B PEAKUX CIydasiX, B OCOOEHHOCTH B CyXOH KOHTHHEHTAJIHPHOH II0JI30HE,
OTMEUYaeTcs YBeJWUYEeHHE OCAAKOB. BO BIaKHOH CyOTPONMHMYECKON KJIMMATHUYECKOH 30HE
TeMIlepaTypa BO3AyXa II0 JaHHBIM OOJIBIIMHCTBA CTAHIIUA YMEHBINAETCs, a OCaJIKU
MIPEUMYIIECTBEHHO BO3PACTAIOT.

5. B MHorosieTHHX psjax TeMIIEpaTypbl W OCAJIKOB BBISBJIEHBI. ITPOTHUBOIIOJIOXKHBIE IIO
daze, ko1ebaHUA TUKINIECKOTO XapaKTepa JUIUTETFHOCThIO OPUKHEPOBCKOTO ITUKJIA.

6. IlonmyuyeHHble ypaBHEHHsI PErpecCHd MeKAY XapaKTepUCTHKAMHU TeMIIepaTypbl H
OCaJIKOB MOTYT OBITh HCIIOJIb30BAHBI B CBEPX/IOJTOCPOUYHBIX IPOTHOCTHYECKUX CXeMaxX I
MPOBE/IEHUS COOTBETCTBYIOIINX PACUETOB.
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3aBHCHUMOCTh U3MEHEeHUA aTMOC(PEPHBIX OCAKOB OT TEMIIepaTypbl BO3AyXa IIpHu
IVIO0AJILHOM MOTEIJIEHUA Ha Teppurtopuu I'pysun

Amzoap HlanmBoBry Ju3bapamBuIm 2.0 "

a 'py3MHCKUH TEXHUYECKUU YHUBEPCUTET, UHCTUTYT IHApOMeTe0posioruu, I'py3us
bTenaBckuii rocylapcTBeHHbIN yHUBepcuTeT uM. f. ForebamBuiu, I'py3us

Annoramusa. Ilo marepuanaMm HaOIOIeHUH 60 METEOPOJIOTUYECKHUX CTaHIuU ['py3uu 3a
repuoj 1936-2015 roibl UCC/IEA0BaHbI BIUAHNUE TeMIlepaTypbl BO3/lyXa Ha XapakTep U3MeHeHUs
aTMOoc(hepHBbIX OCAZKOB NP IJIOOAJIBPHOM MOTelsieHuu. IlosiyueHbl ypaBHEHUS perpeccuu Jjis
pacuera XapakTepUCTUK OCAJIKOB B 3aBUCUMOCTH OT XapaKTePUCTUK TeMIIepaTyphbl.

B MHoOrosieTHUX psAAax TeMIepaTypbl U OCaJIKOB BBIABJIEHBI IPOTHUBOIIOJIOXKHBIE N0 (dase
KoJieOaHUA TUKJIMYECKOTO XapaKTepa JJIUTeIbHOCThI0 OPUKHEPOBCKOTO IIUKJIA.

KOppe.TIHIII/IOHHa}I CBA3b CYMM OCaAKOB OT TeEMIIepaTypbl B OCHOBHOM OTpHIATEJIbHA H
3HaYuMa C HaJEXHOCTBIO BBIBOAA 0.99 WJIH 0.95, HUCKJ/JIIOUEHHEM ABJIFAETCA HIOJIb, KOTAa I3TH
XapaKTEePUCTUKU B 3amaiHON I'py3un He KOppenpyeMbl.

Bzaumocssa3p CKOpOCTeﬁ HU3MEHEHHA TeMIIepaTypbl U OCAaAKOB B YCJIOBHAX r7100aJIbHOTO
IIOTEIUIEHUA TaK>Ke OTPUIIATeIbHA M XOPOIIIO MPOSABJIAETCA BO BCE CE30HBI I'0JIa U B I1€JIOM 3a IO/,
OJTHAKO B XOJIO/THBIH II€PHO/I T0/1a TPe0bIaiaeT IOI0KUTEIbHAS CBA3b.

KiaroueBsble cjioBa: TeMmIilepaTypa, OCaJKH, KO3(MOUIMEHT KOppensanud, KodpPUIUeHT
JA€TepMUHAIINH, 3HAYHUMOCTb.

* KoppecnnoHAUPYIOLIUHI aBTOP
Anpeca 371eKTpOHHOU mouThl: eelizbar@hotmail.com (3.111. duz6apaniBuim)
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Abstract

Climate change is an important consequence of the land degradation. There is an urgent need
to manage the rapidly changing dynamicity of the earth surface in a sustainable way. Garbeta block
of West Medinipore has been chosen for the study to identify the sources of landform vulnerability
which is severely affected by rill and gully erosion. Land use and land cover analysis of three
distinct years has been computed which clearly shows the increase of dry fallow land over the
region from 1989 to 2018 making it more assailable to sheet and rill erosion during the monsoonal
period and encourage poor ground water recharge. An association map between land use/land
cover and elevation has been prepared using GIS software and Statistical Package for the Social
Science (SPSS) to find out the dominancy and similarity of a particular physical and human
activities over the region according to the relief. The environmental indices like Normalized
Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) has been
prepared to analyse the ecological stability of the region. Therefore land use and land cover analysis
is an important tool for the policy makers and stakeholders to implement conservation schemes in
the light of sustainability.

Keywords: water stress, Multiple Correspondence, Kappa statistics, NDVI, NDWI.

1. Introduction

Land use and land cover assessment is one of the most important tool of quantifying and
qualifying the earth surface equilibrium. The dynamicity of the frequent landform configuration
can be easily monitored by applying this methodology. Environmental degradation together with
alarming rate of population growth has been modifying our valuable land resources since its birth.
Human induced land use and land cover change has brought far reach implications on the climate
change by instigating the global carbon cycle and increase of atmospheric CO. to a greater limit.
According to Xiao et al. (Xiao et al., 2006: 322) land use and land cover switch play major role in
global climate change through its interaction with ecosystem and ecology. This change can be
detected and investigated by the amalgamated methodology of remote sensing and Geographical
Information System (GIS) (Wu et al., 2006: 322). In order to monitor the change in large areas
accurate and effective mapping techniques can be used and that can be done using remotely sensed
images like Landsat ETM* and Landsat 8 OLI (Mas, 2004: 219). Ravines or the regions of irregular
terrains are crisscrossed by numerous rills and gullies like that of the west Bengal Rarh plain which

* Corresponding author
E-mail addresses: pkiroy2014@gmail.com (P. Kumar Roy)
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frequently modifies the land surface. The absence of the vegetation and high density storm events
leads to the formation of scour rims and makes the region unfavourable for economic growth. Such
mix of tropical and semi —arid kind of climatic region is also effected by water unavailability and
the first and the foremost reason is the land degradation. The massive propagation of population,
their activities and encroachment has made the situation more vulnerable one. This frequent and
continuous landform modification can be traced using modern GIS techniques as well as by
methods of machine learning like fuzzy logic and Artificial Neural Networks (ANN) (Mas, 2004:
219). According to Yang and Lo (Yang, Lo, 2001: 1775) the use of remote sensing will be successful
in detecting the land use and land cover change after having a complete understanding of the
landscape features prevailing over the region. According to Gomarasca et al. (Gomarasca et al.,
1993: 211) highly detailed mapping of the land use and land cover can be obtained through spatial,
radiometric and spectral resolution of Landsat images. Documentation of the pattern of change,
when and why they occur, rate of change and social and physical forces that drives those pattern
are needed (Mengista, Salami, 2007: 99). Map to map comparison is needed for identification of
variability between two maps of different year and same season (Green et al., 1994:331). Land use
and land cover change of sub watersheds of Madhya Pradesh through IRS LISS of 1989 and IRS
LISS IIT of 20001 brought significant results and proved useful for planners and managers (Javed
et al., 2009: 261). Different techniques of image classification can be used to monitor the change
pattern. Supervised and unsupervised are the two most important classification technique can be
done in GIS software. Supervised classification technique in ERDAS Imagine 9.2 provided good
classification and accuracy results while mapping spatial-temporal dynamics of land surface of
Almora, Uttarakhand (Rawat, Kumar, 2015: 77). According to Yang and Lo (Yang, Lo, 2001: 1775)
digital image classification played an important role in revealing the loss of forest and urban sprawl
development in Atlanta, Georgia metropolitan area. More appropriate method to validate the
classification technique is to gather the ground truth information from field investigation and it
helped in tracing the vegetation degradation and water logged region of the coast of Egypt
(Shalaby, Tateishi, 2007: 28). The Relative Operating Characteristics (ROC) is a quantitative
analysis of the land use and land cover validation model and helps in simulating the future
probability (Jr, Schneider, 2001:239) .According to Shalaby et al., (Shalaby et al., 2004: 28)
encroachment by the urban settlement on arable land may pose undesirable consequence on the
land degradation and land desertification. Image enhancement and visual interpretation made an
improvement of the supervised classification and helped to observe the effects of human activities
like formation of free water bodies, sabkhas and open quarrying in West Nile delta of Egypt (Kawya
et al., 2010: 483). Recently the remote sensing and GIS with incorporation of global positioning
system proved useful is analysing and modelling urban growth and expansion in Shijiazhuang
region of china (Xiao et al.,, 2006: 69). Thus it can be also an important tool of monitoring
population dynamics in the developed and developing countries of the world. The uneven urban
growth made a major role loss of cropland between 1989—2001 which has been monitored by using
GIS technology and Markov model which helped the landscape managers to provide
recommendation to stabilise it (Wu et al., 2006: 322).

The main objective of the paper is to apply remote sensing and GIS technology in quantifying
the change analysis of a dynamic landform over a period of nearly 30 years which was severely
affected by sheet, rill and gully erosion. The scope of the study include (i) detection of change of
land use and land cover between the period of 1989-2000 and 2000- 2018 and preparation of post
classification multi- date comparison change table (ii) to understand the pattern of association
between elevation and land use and land cover of 2000 and 2018 (iii) assessment of the two
different environmental indices i.e. Normalised Difference Vegetation Index (NDVI), Normalised
Difference Water Index (NDWI).

2. Materials and methods

2.1 .Study area: The study area is located in the lateritic ravine of West Bengal in the
district of West Medinipore along the bank of river Shilabati which is the main river of the region.
Garbeta Block-1 is a community development block (Figure 1) in the Medinipore Saradar sub-
division. The region is located within the latitudinal extent of 22°47°12” N to 22°56’27” N and 87°
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13’17” E and 87°56’ 27” E longitude. The area is characterised by lateritic soil that falls under the
Rarh category of West Bengal located at the margin of the chotonagpur plateau margin.

2.2. Topography: A part of Garbeta block -1 is often analoged with the Grand Canyon of
USA and such similar feature can bee seen at the middle of block popularly called * Gangoni’ near
the bank of Shilabati river. Where the elevation (Figure 2) is slight higher with greater slope.
The region is very much prone to erosion which falls under the cratonic margin of the Bengal basin
(Shit et al., 2014: 161). The surface of the land is charecterised by irregular topography starting
from the barren laterite upto hard and rocky terrain which are influenced by frequent rill and gully
formation during time of high runoff that can be visualy observed in the stream ordering map of
the study area. The region is criss crossd by numerous 1t order streams originating( Figure 3) from
the gully heads and meets the 5% order streams i.e. Shilabati river which carries away greater
amount silt and clay deposits along its bed choking the river’s normal flow.

India

WEST BENQAL
ADMINISTRATIVE DIVISIONS 2011

Gardeta biock <1, Wes! Medinipore >

L

Fig. 1. Location map of the study area
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2.3.Data accquring and data processing: The methodology of the study include the
downloading of Landsat data sets (path/row -139-44) (Table 1) from the United Nation Geological
(USGS) website (http://earthexplorer.usgs.gov/) of the three consecutive years of same month.
All the bands (Table 2) of the respective years has been processed in ERDAS imagine 9.2 software
and stacked to prepare False Colour Composite (FCC) map.The study area has been cropped out by
using the subset tool of the respective software.Image classification has been done using the same
GIS software through supervised classification method.The study area has been classified into nine
classess, the description of which is given in the Table 3.The accuracy assessment of the each land
use and land cover has been calculated in the excel software by using error matrix generated from
signature file of each maps in ERDAS Imagine 9.2. A change detection table has been prepared by
combining land use land cover maps of 1989,2000 and 2018.The association between the elevation
and land use and land cover has been mapped using SPSS software package. The Suttle Radar
Topographic Mission digital (SRTM) elevation model of gom resolution has been used to extract
the elevation values of the region(Figure 2). The DEM and the land use/cover map of year 2000
and 2018 was combined in the ArcGIS software and exported to SPSS software to calculate
multiple corespondance analysis.

2.4.Normalised Difference Vegetation Index (NDVI): It is an important tool to depict
the vegetation cover, monitering drought ,predicting agricultural productivity, assessing hazardous
fire zones and mapping desert enroachment. The NDVI values of less than 0 indicate water
content, 0 to 0.1 bare soil and over 0.1 indicates vegetation. The increase in the positive value
depicts the greater greenry and highest possible vegetation density. It is calculated using the

followin formula:

NDy] = MERed . (1)
NIR +Red
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Table 1. Information on data acquisition

Image Date of | Path/row
acquisition

Landsat 4 & | 23.03.1989 139/44

5

Landsat 29.03.2000 139/44

ETM +

Landsat 8 | 7.03.2018 139/44

OLI

2.5.Normalised difference Water index (NDWI): The Normalised Difference Water
Index is used to asess the water content of water bodies in a particular region (McFeeters, 1996:
1425).The value basicaly ranges from -1 to 0 which depicts no water content or water stressed

region and values near +1 indicates water content. It is calculated using the formula:

Green —NIR
Green +NIR

NDWI =

Table 2. Specifications of Landsat band used in the study

Class

Description

Dense forest

Forest with more than 70 % canopy covrage with highest possible
density of greenery.

Open forest It inludes tree canpy with more than 10% coverage of greenery.

Agricultural land | It include the crop fields.

Agricultural wet | land under wet condition,arable and processed for agricultural

fallow growth

Dry fallow Open bare surfaces composed of loose soil materials in dried
condition exposed to frequent rill and gully erosion

Settlement It includes the residential,industrial,commercial zones,transpoation
lines, road,small houses and urban growth

Water body It includes the river,ponds,lakes,free water surface and reserviors.

Lateritic exposure

It includes the erroded top soil which lead the exposure of laterite
soil at A horizon.

sandbar

Sand deposits along the river bed.

25




European Geographical Studies, 2019, 6(1)

Table 3. Description of Land use and land cover classes

Landsat Image Band Wavelength Spatial resolution
Landsat 5 Band-2-Green 0.52-0.60 30
Band-3- Red 0.63-0.69 30
Band-4- Near Infra Red 0.76-0.90 30
Landsat ETM+ Band-2-Green 0.525-0.605 30
Band-3-Red 0.630-0.690 30
Band-4-Near Infra Red 0.760-0.900 30
Landsat 8 Band-3-Green 0.53-0.59 30
Band-4-Red 0.64-0.67 30
Band-5-Near Infra Red 0.83-0.88 30

3. Results and Discussion

3.1. Accuracy assessment of the classified maps: Accuracy asessment is critical and
important while asessing land use and land cover map generated from any remotely sensed data
and calculation of Kappa statistics add extra significance to it.The accuracy assessment of the
classified maps has been calcualted using error matrix, generated after the employing supervised
classification in ERDAS Imagine (Table 4, 5, 6).The classification accuracies of the three
consecutive maps proved out to be better than expected.The user accuracy of the three classified
maps (1989, 2000 and 2018) ranged between 75% to 100% and the producer accuracy of them
varied between 89 % to 100 %. The overall accuracy was high and was 97 % for 1989, 97 % for 2000
and 96 % for 2018.The kappa coeffiecent was 96 % for 1989, 96 % for 2000 and 95 % for 2018
respectively. This acccuracy assessment is validated with the gorund truth points to ensure its
appropiate efficency by using toposheets no: 73N/5.

3.2. Land use and land cover analysis : Land use and land cover analysis has been done
by taking three disctint years i.e 1989, 2000 and 2018 in order to find out the mode of land
configuration in the study area (Figure 7). The land use map of 1989 shows (Figure 4) the greater
extent of agricultural wet fallow which is about 176.85 Km?2 and the dense forest coverage of
55.62 kmz2. In 2000 (Figure 5) these classes are showed a dcreasing trend, The dense forest cover
decreased from 15.01 % in 1989 to 8.13 % in 2000 which clearly depicts the sign of forest
degradation. From 1989 to 2000 the percentage of agricultural land increased along with the
increase of water bodies which may be due to the increase in the population presssure over the
region. According to census 2001 the total population of Garbeta block — 1 is about 200,393 and in
2011 it became 228,513. The percentage of dense forest cover increased in the year 2018 (Figure 6)
which may be due to the joint forest managemnet schemes implemented over the region. Area
under dry fallow increased from 2000 to 2018. The percentage of land under dry fallow increased
from 9.31 % to 16.52 % which signifies gerater soil loss and infertily to triger in the study area.
Conservation of dry fallow regions are at urgent need as the area is already being vulnerable with
rill and gully erosion.
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3.3. Change detection analysis: A change detection table has been prepared using
ArcGIS software to find out the pattern of land conversion from one class to another. From the
table below (Table 9) it can been seen that a large part of dense forest is mainly converted to dry
fallow in 2018 from 1989. In case of the open forest most of the area under it has been deforested
and changed into dry fallow. Greater part of the agricultural wet fallow has been converted to
agricultural land to meet the need of the growing population. The other classes showed similar kind
of conversion trends. From the change detection table (Table 9) it can be said that the region has
modified far reach to cope up with the changing environmental and population scenario.

3.4. Multiple Correspondence analysis

Multiple correspondence analysis is a type of principle component analysis and an important
technique used in this paper to show the mode of association between the landform class and
elevation of the region. It has been prepared with help of ArcGIS and SPSS software for the year
2000 and 2018. The elevation map has been prepared from SRTM DEM. Both land use / land
cover map and elevation map has been reclassified (Table 10) in ArcGIS using reclass tool and the
association map has been prepared in SPSS software. In the map of 2000 (Figure 9A, B) it can be
seen that in the class 5 i.e. at an 66-83m of elevation, dense forest and lateritic exposure can be
found, between the elevation of 56-66 open forest exist, between 46-56m dry fallow can be seen
and near the elevation of 37-46 m and 23-47 m agriculture land, agricultural wet fallow, settlement
and water bodies can be found. The close proximity between two parameters indicate greater area
coverage by a particular class in an elevation. For example greater percentage of the area under
dense forest lies at an elevation of 66-83m.But in 2018 a change in the land use/land cover
configuration with the elevation has been occurred (Figure 9 A, B). The dense forest is mainly seen
at a close proximity near the elevation class of 4 i.e. between 56-66 m and it can be concluded that
a part of dense forest at the elevation of 66-83 m of 2000 has been degraded or deforested. Thus at
present the bare land is in the higher elevation with lateritic exposure which encourages greater
chances of soil erosion. The land use and land cover map also depicts such kind of trend where the
percentage of dense forest has been reduced when compared to the map of 1989 to present (2018).
This method of analysis helps in understanding correlation between the physical, social and
economic land form characteristics with an elevation of a region and helps managing the land in a
planned way.
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Table 4. Accuracy assessment of land use and land cover map of 1989
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Table 6. Accuracy assessment of land use and land cover map of 2018
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Table 7. Land use and Land cover analysis of Garbeta block-1
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Fig. 7. Areal changed between 1989- 2000 (A) and 2000-2018 (B)

Table 9. Land use and land cover conversion table

From To Area in sq.km (1989 to | Area in sq.km (2000
2000) to 2018)
Dense forest Open forest 12.24 5.52
Agricultural land 4.68 1.85
Agricultural wet fallow | 1.31 1.2
Dry fallow 3.07 2.18
Settlement 0.89 1
Water body 0.07 0.84
Lateritic exposure 17.28 9.5
Sandbar o] 0
Open forest Dense forest 4.56 6.83
Agricultural land 2.55 3.65
Agricultural wet fallow | 1.31 3.31
Dry fallow 2.89 16.69
Settlement 0.54 2.23
Water body 0.02 1.18
Lateritic exposure 3.73 8.12
Sandbar o] 0]
Agricultural land Dense forest 0 5.43
Open forest 1.68 1.02
Agricultural wet fallow | 15.99 18.37
Dry fallow 1.80 4.67
Settlement 0.8 6.64
Water body 0.15 7.74
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Dry fallow 5.49 11.58
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Lateritic exposure 10.06 1.12
Sandbar 1.03 1.11
Dry fallow Dense forest 1.78 3.49
Open forest 11.46 4.92
Agricultural land 1.58 1.49
Agricultural wet fallow | 7.61 5.02
Settlement 0.24 0.74
Water body 0.05 0.59
Lateritic exposure 4.96 1.54
Sandbar 0.04 0.01
Settlement Dense forest 0.62 0.99
Open forest 0.63 0.21
Agricultural land 5.71 4.67
Agricultural wet fallow | 1.4 0.6
Dry fallow 0] 3.96
Water body 0.2 1.89
Lateritic exposure 0.95 0.32
Sandbar 0 o]
Water body Dense forest 0.04 0.11
Open forest 0.07 0.01
Agricultural land 0.7 0.42
Agricultural wet fallow | 0.6 1.58
Dry fallow 0] 0.51
Settlement 0.42 0.21
Lateritic exposure 0.26 0.08
Sandbar 0.57 0.72
Lateritic exposure Dense forest 1.1 3.49
Open forest 0.69 4.93
Agricultural land 0.12 1.49
Agricultural wet fallow | 0.09 5.01
Dry fallow o] 16.71
Settlement 0.2 0.74
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Water body o) 0.59
Sandbar 0 0.01
Sand bar Dense forest 0 0.03
Open forest 0 0]
Agricultural land 0] 0.05
Agricultural wet fallow | 0.35 0.67
Dry fallow 0.02 0.33
Settlement 0 0.03
Water body 0.14 0.42
Lateritic exposure 0 0]
Table 10. Elevation class of the study area
Elevation in meters Class Remarks
23-37 1 Very low
37-46 2 Low
46-56 3 Medium
56-66 4 High
66-83 5 Very high
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Fig. 9. The association map between land use/land cover and elevation of 2000 (A) and 2018 (B)

3.5. Environmental Indices:

3.5.1. Normalized Difference Vegetation Index (NDVI): Normalized Difference
Vegetation Index is an important tool in analysing the changes in the forest cover. According to
Buma (Buma, 2011: 483) degradation of forest around the world have enough potentiality in
modifying the forest cover and composition which in turn can affect the diversity, landscape
parameters and carbon storage. The tool has the ability to distinguish the bare soil and vegetation
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cover. The degradation of the forest cover has fuelled the climatic abnormalities. The forest cover of
west Bengal is about 16.847 km? according to the Indian State Forest Report of 2017. Garbeta block
of West Medinipore once covered with thick forest of Sal but now effected by human intervention.
The NDVI value of the year 1989 was between -0.24 to + 0.50. The areas with values near to 0.50
have high density of vegetation and the land use and land cover map of the same year also shows
such trend. In the year 2000 the value ranged between -0.42 to +0.31. The positive value decreased
compared to the previous year (1989) which clearly depicts the degradation in the forest area
(Figure 10 A, B, C). Again in 2018 the value ranged between -0.35 to 0.40 which signifies an
increase in the positive value interpreting a minimal increase in the forest cover which is very much
essential in the soil loss over the region. The NDVI map of 2018 shows an even distribution of
green coverage as it also includes the green agricultural land which also reflects near infrared
lights. According the above land use and land cover maps the percentage of dense forest decreased
from 55.62 % in 1989 to 33.26 % in 2018 but there has been a considerable increase in the open
forest coverage.

3.5.2. Normalized Difference Water Index (NDWI): Water crisis is going to take a
major role in the near future imposing a menace to human life. To cope up with such vulnerability
water conservation is at indispensable need. Water scarcity in West Bengal increases with the onset
of the summer season. Garbeta of West Medinipore district also suffers from this water scarcity.
The ground water level decreases along with the drying up of surface water bodies. The bare lands
heats up and moisture content decreases due to high evapotranspiration rate. NDWI can be an
important tool in water body mapping. From the NDWI of the three years it can be visualised that
areas under moisture content decreased when compared to 2018 with 1989. The value of NDWI of
1989 ranged between —0.45 to + 0.21. In 2000 the positive value increased but the areas of water
content decreased. The value ranged between -0.23 to + 0.43. Again in 2018 the areal coverage
under moisture content decreased but the value ranged between -0.10 to + 0.49. Further the
number of pond in the study area for agricultural propose has been increased. But the main
ecological flow of river Shilabati flowing through the region is choked with sedimentation
hampering the normal ground water recharge. Thus NDWI can be a useful tool in assessing the
water vulnerability over a region and can play an important role in combating drought like
conditions.
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Fig. 10. NDVI map of 1989(A), 2000(B) and 2018(C)
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Fig. 11. NDWI map of 1989(A), 2000(B) and 2018(C)

Conclusion

» An assessment of land use and land cover variability has been made using geospatial
techniques. The analysis shows a positivity of change in the configuration of these two landform
characteristics over the region.

» Garbeta block is located on the lateritic terrain and is highly effected by soil erosion and
fluctuation in groundwater recharge is common in dry period. The analysis shows an increase of
the percentage of dry fallow over the entire region particularly at the middle of the block making it
more vulnerable to environmental hazard.

» The impression of population pressure is clearly seen over the entire region as the
percentage of agricultural land has been increased over the recent years which parallely creates
demand for irrigational supply. The Shilabati River flowing through the region was also choked
with excessive sediment deposition failing to meet the water demand over the catchment area.

» Multiple correspondence analysis clearly shows the association of elevation and
landform characteristics over the region. The association between the two parameters has been
modified a lot between the years. The Dense forest at the elevation of 66-84m in 2000 has been
cleared and can be reflected land use and land cover map of 2018.

» The Normalized Difference Vegetation Index of the study area shows the increase in the
green cover but they are mainly green agricultural crops.

» The Normalised difference Water Index of the region shows higher values signifying high
water content in the year 1989 but it decreased gradually as the percentage of dry fallow land
increased in 2018. These fallow lands are having low moisture content and are exposed to higher
rate of soil erosion. As the percentage dry fallow increased in 2018. The water scarcity also
increased as most water bodies are reclaimed for various land dwellings.

» This throughout analysis shows the vulnerability of the study area based on
environmental and climatic aspects. Remote sensing and GIS can be an important and validate tool
to assess such kind of susceptibility as they are time independent. The bare parts needs urgent
plantation programme to cope up with the rapid soil loss. Complete environmental,
geomorphological, meteorological assessment is further needed over the region to preserve the
ecological balance in a sustainable way.
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Abstract

The analysis of the current state of agriculturally developed steppe landscapes of the Russian
Federation and Kazakhstan with the indication of such environmental problems as deflation, water
erosion and soil salinization is given. Using the steppe areas of Altai Krai as a case study, the
peculiarities of landscape formation are discussed, and the meteorological data for the lowland part
of the region are analyzed. Based on these data, a climatic trend is determined and compared with
the global one. It is concluded that the regional climate changes, associated with aridization, lead to
the enhancement of deflation processes. To stabilize the processes, it is proposed to use
agricultural and forestry techniques. The current state of forest plantations in Altai Krai is
investigated according to their functional use, species and age composition. The estimated data on
the optimal areas of protective forest strips for arable land are given.

Keywords: desertification processes, Kulunda lowland, meteorological parameters,
aridization, shelter forests, land protection.

1. Introduction

Western Siberia and Kazakhstan are the largest steppe zones in the world with efficient
agriculture. According to the data of the Unified Interdepartmental Information and Statistical
System (https://fedstat.ru) of 2016, the agricultural areas in the Russian Federation (RF)
accounted for 197.7 million hectares. Currently, 65 % of arable lands, 28 % of hayfields and 50 % of
pastures in Russia are exposed to the devastating effect of water and wind erosion, recurrent
droughts, dry winds and dust storms (Kulick, 2009).

In 37 regions of the RF steppe landscapes occupy an area of more than 89.8 million hectares
(Smelyansky, 2012). In Altai Krai, a steppe zone covers 10 596.2 thousand hectares
(http://www.gks.ru); this is the largest steppe in Russia. At the same time, Altai Krai refers to the
most desertification-prone areas.

The tense situation is caused by aridization of climate and agriculture intensification
(Mordkovich et al., 1997). The long-term land use in the region at the end of the XX century
resulted in a situation when 54.7 % of steppe agricultural landscapes were exposed to deflation,
11.6 % — to water erosion, and 19.4 % — to salinization (Burlakova, 1997).

The leading role in the preservation of land resources, increase of crop productivity, and
environmental management belongs to the protective afforestation. Russia is the birthplace of field-
protective forestation in the world (Kulick et al., 2015; Barabanov et al., 2017); the activities of such
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kind are extremely rare in other countries (Zhuang et al., 2017). For more than 150 years of its
history, a theoretical and methodological basis for forest melioration, implemented in the form of
local forest and agrarian landscapes within all agricultural regions, is developed (Kulick et al., 2015).
This work is still in progress (Kulick, Popova, 2013; Chekanyshkin, Lepekhin, 2015; Manaenkov,
Korneeva, 2015).

China is characterized by equally large-scale forest reclamation activities aimed at combating
desertification (Guo et al., 2014; Yan et al., 2015; Zhuang et al., 2017; Jixia et al., 2018; Sun et al.,
2018; Yang et al., 2018).

Here, since 1978, a 75-year (until 2050) Three-North Shelter / Protective Forest Program is
being implemented (Yan et al., 2015). The authors emphasize that understanding the dynamics of
desertification and its driving forces is a precondition for controlling desertification. However,
there is little evidence to directly link causal effects with desertification process (i.e., on the
changing area of sandy land) because desertification is a complex process, that can be affected by
vegetation (including vegetation cover and extent of shelter forests) and water factors such as
precipitation, surface soil moisture, and evapotranspiration (Yan et al., 2015).

The investigation’s results indicate that wind has a strong promotional effect on dust
weather, while forestry ecological engineering and rainfall have a containment effect. In addition,
the impacts of the four studied forestry ecological engineering projects on dust weather differ.
For every increase of 1000 km2 in the Three-North Shelter Forest Project, the annual number of
days of sandstorm weather decreased by 4 days. Similarly, for every increase of 1000 km2in the
Beijing-Tianjin Sandstorm Source Project, the sand-blowing weather decreased by 4.4 days
annually. In addition, the Natural Forest Protection Project and the Grain for Green Project have a
more obvious inhibitory effect on the dust-floating weather (Jixia et al., 2018).

Such studies are carried out all over the world in the face of global climate change to evaluate
the aridization of territories, to combat soil degradation, and in recent years, to assess the
ecosystem services (Pravalie et al., 2014; Ussuri, Lal, 2017; Yakimov, 2014).

This study is aimed at the assessment of stabilization of desertification and degradation
processes in steppe agricultural landscapes under the current climate change, and the development
of practical recommendations for the protection of arable land of Altai Krai from deflation.

2. Materials and methods

The territory of Altai Krai represents a series of high-altitude steps elevating from the north-
west to the south-east from the Kulunda lowland to the Altai mountains (see Figure 1). The flat
land makes up 78 % of the region area (Table 1) and is distinguished by the developed agriculture.
The relationship between heat and moisture, the number of sunny days and the total temperature
of the growth season allow to grow hard wheat, which is of particular value for processing and
food industries.
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Fig. 1. Orographic schematic map of Altai Krai, m a.s.l.

The Kulunda lowland shows a very weak erosion pattern (Skripko, 2013) due to the low
elevation of the territory above sea level (the Baltic Elevation System) and dry climate. This is
precisely why the ploughness here reaches the maximum level: in some municipalities the arable
land occupies 90—95 % of the total area (statistical data). In 1954-1956 a large-scale agricultural
development of these territories took place. At that time, in accordance with the decision of the
state authorities, the plowing of virgin and fallow lands in Siberia, the Urals, the Volga region, and
Kazakhstan occurred. During the period from 1954 to 1960, more than 16 million hectares of land,
including 2.9 million hectares in the Altai, were brought under cultivation (Pavlova, 2014).

Table 1. Altitude division of Altai Krai territory

Altitude interval, m Area, km?2 Share, %
Less than 100 2000.2 1.2
101-200 64482.0 38.3
201 — 300 65170.1 38.7
301 — 400 14807.9 8.8
401 — 800 14912.2 8.9
801 — 1500 5170.9 3.1
1501 and more 1779.8 1.0
Total: 168323.1 100.0

The plain areas of Altai Krai, found along the left bank of the Ob river, are distinguished by
ribbon-like relict pine forests confined to the valleys of the ancient flow.

Melt glacial waters flowing from the Altai Mountains played a major role in the formation of
the plain relief on the left bank of the Ob. During the last glaciation, they were dammed in the
north by a glacier and then they moved south-westward through the hollows of old rivers
(left tributaries of Ob river). At the sites of ancient waterflows, powerful sand deposits were
formed. Here, pine trees (Pinus sylvéstris) began to grow, forming the ribbon-like relic pine forests
in the South of Western Siberia.
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The initial material for the study was taken from the available literature, state and regional acts
on climate change, meteorological data for the plain part of Altai Krai, inventory data on shelter
forests, and the authors’ study of the state, growth, preservation and snow accumulation in forest
strips of agricultural landscapes for the period of 2009-2014.

In recent years, remote sensing methods have become increasingly popular for studying the
viability of forest strips (Yang et al., 2018). Field works on the inventory of forest strips include the
reconnaissance survey and selection of the site that most fully reflects the state of the strip.
The width of the test site corresponds to the width of the forest strip. The length depends on the
age of the trees and the number of rows. For example, at the tree age of 20 years, the area of the
test site should be not less than 0.15 hectares, over 20 years — up to 0.40 hectares.

The following works are performed at the test site with entering the data in the record card.
First, shelter forests are broken down into categories (field protective, anti-erosion, gully, shore-
fixing, roadside, green belts). The structure of a forest belt is marked; it can be permeable, open, and
impermeable or thickly planted. The number of rows and the main wood species are established.
The height of the trees is estimated using altimeters, and the trees are grouped according the age:
under 20 years, 21-30, 31-40 and 41 plus. Thereafter the conservation of trees is evaluated using the
following scale: under 10 %, 11-30, 31-50, 51-70 and 71 % and above. The state of the trees is
estimated by a three-point scale: one point — the portion of dry twigs in the crown is less than 25 %,
two points — the portion of dry twigs in the crown is up to 50 % and the crown is partially dried out,
three points — the portion of dry twigs in the crown is above 50 % and a part of trees is dry.

Further, the anthropogenic impacts on the forest belt are noted. These are fire damage,
unauthorized felling, soil consolidation and changes in grass cover as a result of grazing.
The presence or absence of natural regeneration of the main wood species should be noted showing
the approximate number per one hectare. The regrowth is determined by a three-point scale: three
points — shoots are characterized by healthy growth, bright color of the leaves, and vigorous
appearance; two points — satisfactory growth, with an irregular distribution around the stump; one
point — poor shoot, inviable, growth is slow. Measures to strengthen the influence of the forest belt
on the surrounding fields (thinning, addition of large-size planting material, partial or complete
reconstruction) are noted.

The collected and processed data for 60 municipalities formed the basis of analytical
materials presented to the Forest Department and the Government of Altai Krai. The data were
processed with the use of statistical methods and software, including the use of GIS technologies.
The data were processed with the use of statistical methods and software, including the use of GIS
technologies.

Such methods and investigations to assess the land-improvement impact of forest belts, their
viability and opportunity to accumulate precipitation were conducted in other agricultural regions
of Russia (Tanyukevich, Zuravleva, 2015; Cheverdin et al., 2016; Timer’yanov, Rakhmatullin,
2016). We considered their experience in the field and laboratory studies, the results of which are
presented in the paper.

3. Discussion

Climate aridization. Aridization is most often understood as the climate drying. However,
this concept also includes the processes of soil erosion, changes in plant communities and their
replacement by xerophytic (drought-resistant) species of plants etc. Therefore, in the broader sense
aridization is equated to desertification of territories. These two processes coincide in time and
space.

Climate change predicted for the twenty-first century, obviously, will have a significant
impact on the change of borders of natural zones and landscapes (State report..., 2003,
Assessment report..., 2008).

According to the analytical data for the XXI century, the average temperature of the surface
air layer in Russia will increase. The greatest warming is expected in Siberia. The areas with
sufficient or excessive precipitation will experience water resources enlargement. In deficit-water
areas, the situation is likely to worsen resulting in serious socio-economic and environmental
consequences (Assessment report..., 2008).
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Currently, Altai Krai is characterized by the following thermal conditions: warm — the sum of
active temperatures (XT >10°C) 2000-2200°C is peculiar to 40 % of the area, very warm (2200—-
2400°C) — 26 % and moderately warm (1800-2200 °C) — 22 % (Mikhailova et al., 2008).

If the observed trend of climate change continues to persist over 25 years, the temperature
conditions will correspond to hot conditions — for 49% of the territory, very warm — 31 % and
warm — 13 %. In this case, the forest-steppe zone may be replaced by arid steppe, and the arid
steppe — by dry steppe. The occurrence of desert landscapes is possible instead of dry steppe. In the
mountains, this process will be reflected in change of the altitudinal vegetation line, i.e. the elevation
of the tree line due to the alpine belt, which in its turn, will induce the elevation of the steppe zone
due to the lower tree line, whether it is black taiga in the low mountains of North-Eastern Altai or
park larch forest in the middle mountains of Central and South-Western Altai.

To represent climate changes in the region, we analyzed the data from 14 weather stations,
including eight stations in the lowland part of the region and six — in the mountains. We used the
average annual air temperature and precipitation, and considered the data by 10-year periods from
1961 to 2016.

In the western regions of Altai Krai (Table 2) over the past 50-60 years, the average annual
temperature of the surface air layer has increased by almost 2°C at ordinary average annual
precipitation. Thus, according to the data from Klyuchi weather station (dry steppe) for the study
period, the average annual air temperature increased from 2.1°C to 3.6° C or by1.7 times. At the same
time, the amount of precipitations decreased by 5 mm — from 273 to 268 mm, which is indicative of
desertification of climate.

Similar changes take place at other observation points. For instance, in the northern regions
of Altai Krai, the temperature rise reached 2.4 times, and the amount of precipitations increased by
only 8-12%. Similar pattern occurs in the southern regions, however, with constant precipitation,
the rise of the surface air temperature here is more intensive.

If we compare the average annual precipitation for a 10-year period to the average annual air
temperature, we will get the following data. In Barnaul, in 1961-1970, precipitation was as large as
254 mm/°C, in 2001-2010 — 157 mm/°C, and in 2011-2016 — 148 mm/°C. The Klyuchi weather
station showed 131 mm/°C, 73 mm/°C, and 75 mm/°C, respectively, that also confirms the
intensification of climate aridization.

Table 2. Dynamics of major meteorological parameters

Weather Periods
station 1961-1970 | 1971-1980 | 1981-1990 | 1991-2000 | 2001-2010 | 2011-2016
Barnaul 1.73/441 1.65/397 2.26/412 2.78/430 2.77/436 | 3.03/450
Volchikha 1.42/357 1.47/334 2.29/348 2.61/323 2.83/313 2.82/316
Klyuchi 2.09/273 2.47/259 3.00/261 3.84/256 3.70/271 3.59/268
Rebrikha 1.43/415 1.43/407 2.42/395 2.08/389 2.69/371 2.66/359
Slavgorod 2.14/263 1.79/336 2.52/357 2.70/306 3.51/305 3.69/319

Note: numerator — average annual temperature over the period, °C, denominator — average
annual precipitation over the period, mm.

We identified the years of high solar activity and, using the average precipitation for three years
(preceding and following), we can reason, according to the data from the Klyuchi weather station over
the period of 45 years, that the average annual temperature increased from 1.8 to 3.4°C and the annual
precipitation grew by 9 % at constant relative humidity (Table 3). The Barnaul weather station revealed
lesser increase of temperature (from 1.9 to 2.7) and precipitation (by 5 %) at the same relative humidity.
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Table 3. Major meteorological data for years of solar activity

Year of Klyuchi weather station Barnaul weather station
solar temperature, | precipitation, relative temperature, | precipitation, relative
activity oC mm humidity, % oC mm humidity,
%
1967 1.8 266 66.3 1.9 390 69.6
1978 3.6 251 65.4 2.0 443 75.0
1989 3.5 284 69.0 3.0 361 70.2
2000 3.8 295 63.9 2.9 451 72.7
2012 3.4 290 61.0 2.7 409 71.1

By this is meant that climate aridization will have an adverse impact on the state of forests,
the silvicultural and valuation indicators, which will steadily decrease. Under such conditions, it is
possible to regulate the response of agricultural landscapes to desertification only through the
combined use of agrotechnical and forestry techniques. At the same time, deflation is one of the
essential problems that should be overcome.

Stabilization of deflation processes. The aridization of climate leads to desertification
and land degradation. Soil degradation refers to the processes associated with its depletion. Most
often it is due to wind and water erosion. Deflation is accompanied by blowing. Destruction of soils
occurs under the influence of wind. The most acute problems of deflation are in the steppe and
semi-desert regions, in areas of effective agricultural development. When the favorable natural
features are enhanced by anthropogenic factors, they are repeatedly accelerated. What are the ways
to regulate the deflation processes in steppe? In our opinion, spring and summer precipitation play
here a key role.

Moisture conditions during the warm season depend on both liquid precipitation and the
solid one accumulated during the cold season. Currently, it is impossible to affect the amount of
liquid precipitation, but it is possible to influence the amount of solid precipitation.

The accumulation of snow in the fields is due to a decrease in the rate of snow transfer in the
surface air layer. The most effective measure is to make the surface rough, for example, with the
help of snow-retaining shields. However, the occurrence of forest strips is more effective. In this
case, snow is accumulated not only in the strip but also on the adjacent field, especially in the lee of
the strip. The snow depth in protected fields can reach 40-50 cm as compared to the open steppe
(15—20 cm). This means that in spring the amount of liquid precipitation will exceed by at least
80-100 mm (Sub-regional..., 2000, Simonenko, 2001).

Based on soil and climatic characteristics (Kukis,; Gorin, 1973), divided the territory of Altai
Krai into five reclamative afforestation areas (RAA) (Figure 2): I — West-Kulunda (dry steppe),
IT — East Kulunda (arid steppe), III — Left-bank (relative to Ob river; semi-dry steppe with kolkis),
IV — Right-bank (humid temperate forest-steppe), and V — Piedmont (meadow steppe and forest-
steppe).
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Fig. 2. Scheme of reclamative afforestation division in Altai Krai

For 80 years, from 1937 to 2017, about 206 thousand hectares of shelter forests (SF)
appeared in the region, of which 79.4 thousand hectares are found currently; they represent 0.75 %
of agricultural area or 1.2 % of the arable land in the region. The vast majority of forest strips
(90.7 %) refer by their functional use to the field-protective strips (Tables 4, 5). Another 3.0 %
perform the conservation function, and 4.7 % are the roadside strips. The rest 1.6 % include the

coastal plantations, and urban green belts.

Table 4. Characteristics of shelter forests in Altai Krai, th. ha %

RAA SF, total including:
Field-protective Anti-erosion Roadside Other
I 23991.7 21999.8 731.4 860.8 399.7
100.0 91.7 2.9 3.7 1.7
II 26851.6 24502.5 998.7 819.5 530.
100.0 91.3 3.7 3.0 2.0
111 17835.2 16539.6 319.2 809.4 167.1
100.0 92.7 1.6 4.5 1.2
v 7324.3 6333.5 354.7 598.2 379
100.0 86.5 4.8 8.2 0.5
A% 3271.4 2589.9 30.7 610.6 40.2
100.0 79.2 0.9 18.7 1.2
Total 79353-9 72007.7 2435.4 3735.1 1175.7
100.0 90.7 3.0 4.7 1.6
Table 5. Species composition of shelter forests in Altai Krai, th. ha %
RAA SF,total Species composition
Birch Poplar Maple Other
I 23991.7 9356.5 5486.9 3823.0 3333.3
100.0 42.7 25.0 17.3 15.0
II 26851.6 8410.5 10407.6 2764.7 2019.7
100.0 34.3 42.5 11.3 11.5
111 17835.2 5212.6 10069.8 900.7 350.9
100.0 31.5 61.2 5.4 0.9
v 7324.3 367.2 5688.8 146.3 132.1
100.0 5.8 89.8 2.3 2.1
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\% 3271.4 204.4 2077.3 156.6 61.6
100.0 11.3 80.2 6.1 2.4
Total 79353.9 23653.8 33745.1 7795.3 6809.0
100.0 32.9 46.8 10.8 9.5

The species composition of forest strips is as follows: the silver birch occupies the area of
23.6 thousand hectares (32.9 %), balsam poplar — 33.7 thousand hectares (46.8 %), ash-leaved
maple — 7.8 thousand hectares (10,8 %), softwood (Scotch pine and Siberian larch) — 0.4 thousand
ha; other hardy-shrub species cover 9.5 % of the SF area.

It should be noted that coniferous trees were poorly introduced into protective afforestation
due to weak growth during the first years. The analysis shows that at the age of 30, their height is
practically the same as that of birch and poplar. Besides, the coniferous trees are more viable.

The forest strips occupying the area of 7.8 thousand hectares, where the ash-leaved maple
dominated, eventually became impassable and windproof facilitated the larger snow accumulation in
the immediate vicinity. The same is true for the forest strips, where the ash-leaved maples grow
under the crown cover of the main wood species. In 2011, these strips covered the area of
9.0 thousand hectares.

The age structure of forest strips conforms with the periods of their planting. The share of
forest belts under the age of 20 is about 0.3 %, aged from 21 to 30 years — 2.2 %, from 31 to 49
years — 39.9 %, and over 41 — 57.6 %. A great bulk of forest vegetation has reached its critical age.
The field protection functioning of birch and poplar in steppe does not exceed 45 years
(Simonenko, 2001).

The rapid degradation of forest belts is caused by both biological and anthropogenic factors.
If the biological factors are associated with the environment adverse for wood species, the
anthropogenic impact results from forest fires, unauthorized felling of forests, cattle grazing.

It should be noted that over the next 10 years, a half of the forest stand aged over 40 years
and covering more than 41.5 thousand hectares will die and the area of strips will reduce to
50.0 thousand hectares. By 2025, the area of forest strips in the region may reduce to 30-35
thousand hectares.

In agricultural afforestation, the main index for forest strips is the height, on which the area of
the protected field depends. The most quick-growing tree species in the region is balsam poplar, the
height of which at the age of 30-35 reaches 15.3 m as compared to birch and maple (13.1 and 5.9,
respectively).

As regards the snow retention, the strips made up of two or three rows of trees are the most
effective (Table 6). Usually, the strips are permeable and promote a more uniform distribution of snow
within the space between them. Besides, they are self-sufficient in spring water due to small hips of
snow in the strip. Particularly, it is peculiar to pine and larch forest strips. Such forest strip ensures the
accumulation of 30-40 cm thick snow and taking into account the accumulation of snow at the edge of
the strip — up to 50 cm, which corresponds to 120-150 mm of liquid precipitation. That is, the amount
of precipitation on the protected field increases by 60-80 mm.

Table 6. Snow accumulation in three-row strips of different wood species

RAA Wood species | Space between | Average snow Amount of Share of water
strips, m depth, cm water, mm from snow,%
I Poplar 300 28.1 78.8 30.0
Birch 300 24.6 68.9 26.3
II Poplar 300 32.0 90.0 22,2
Poplar 200 38.4 107.5 26.5

There is no significant difference in snow accumulation in the strips of different wood species
and the space between the strips. However, the strip of balsam poplar accumulates the larger
quantity of snow than that of European white elm due to the difference in the height (poplar — 9—10 m,

elm — 6-7m).
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Based on the data from Klyuchi weather station over the past 50-60 years, we found that in
some years the April-June period distinguished by much more liquid and solid precipitation than
the average long-term dynamics (80 mm). Such a one-two year excess, as a rule, alternates with
two- or three-year dry periods (Figure 3). This is evidenced by the dynamics of precipitation in the
twentieth century. Currently, the situation has changed even more towards the aridization of
climate, and the periods with precipitation less than 80 mm have become longer (three-four years).
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Fig. 3. Dynamics of total precipitation for April-June period, mm

In the general cycle of aridization over the recent years, the precipitation of 2005-2015 is
similar to the values of 1960-1970. Most likely, after the wet and hence high-yield period of
2016—2017, when the grain crop in the region was as high as 4.5-5.2 million tons, a three-four-year
period with precipitation less than 80 mm (April-June) is expected. Therefore, the issue of the size of
area necessary for effective field protection is of crucial importance.

The forestry practice considers optimal the ratio, when one hectare of forest strip protects
25-30 hectares of arable land in the dry steppe, 40—45 hectares — in arid steppe, and 50—60 hectares
— in the forest-steppe. In other words, the share of forest stand in dry and arid steppes should be
4-5 % of the area of agricultural land.

According to our calculations, the deflation of soil in dry steppe can be prevented by 31-33
thousand hectares of shelter forests (currently they occupy 24 th. ha), in the arid steppe — 40—42
th. ha (26.8 th. ha), and the forest-steppe and foothill steppes — 70-73 th. ha. Hence, to regulate
the desertification, there should be 140-150 thousand hectares of protective forest plantations
(Table 7).

Furthermore, forest reclamation contributes to the improvement of the hydrothermal regime of
soils and more than four times reduction of land runoff. Protective forests, being a part of agrarian and
forest landscapes in the steppe, serve as the basis for landscape specific agriculture. Owing to forest
strips, the average yield of grain crops increases by 18-23 %, industrial — by 20-26 %, and green crops —
by 29-31 %.

Table 7. Optimal area of shelter forests for arable land protection

Arable Share Tree and Share | Optimal Lack of SF with Arable land
of shrubbery regard to
RAA | land, th. bl . of SF, area of 1 h covered by
ha arable vegetation, th.ha | SF.th. ha replacement, th. forests.%
land, % th. ha ) T ha ’
1 1513.6 64.6 30.5 19.8 38.3 22.0 7.1
11 2251.1 69.0 58.3 75.9 47.5 25.6 5.0
111 7729.6 69.1 89.2 19.4 50.2 32.5 4.0
I\ 2407.2 60.0 49.4 6.4 25.0 19.3 3.1
\Y 1936.9 39.4 71.8 2.8 13.2 10.5 3.0
Total | 10848.4 61.1 209.2 74.3 174.2 109.9 4.2
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4. Conclusion

1. The current state of steppe afforestation in Altai Krai does not meet the requirements for
regulation of soil degradation. The current aridization of climate and desertification of steppe areas
contribute largely to the deterioration of agrarian and forest landscapes.

2. To improve the state of agrarian and forest landscapes, it is necessary to develop projects
on the establishment of shelter belts within steppe and forest-steppe zones of Altai Krai, including
the Kulunda area. Besides, it is essential to determine the legal status of shelter belts, to appeal to
landowners to take care of the existing shelter belts as well as to establish the new ones.

3. Considering the climate change in steppe zone during the recent years, the sustainable
agrarian management including soil conservation can be achieved by a twofold increase of shelter
forests.
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Abstract

Based on observations from more than 20 meteorological stations, we investigated the
number of days with precipitation of 50 mm and more, the maximum daily and maximum five-day
precipitation, periods of precipitation, probability and intensity on the territory of Georgia.
A classification of intense precipitation has been carried out and a map of the maximum intensity
of precipitation has been developed. The trends of the long-term change in the climatic
characteristics of extreme precipitation are estimated, some statistical differences in mean values
of characteristics for different averaging periods are revealed. The obtained results expand our
understanding of the geography, structure and dynamics of the characteristics of catastrophic
precipitation in the territory of Georgia.
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1. BBegenue

OOIIETPUHATOTO OmpeAeeHusT KaTacTpopuuecKux ocaakoB HeT. COrJlacHO OJHOU U3
ompezieJIeHUH ITPUPOTHON KaTacTpodbl 3TO «OMacHOe COOBITHE, KOTOPOE CO3/aeT YyTPo3y JKU3HU U
37I0POBBIO JIIOJIEH, W COIMPOBOXKAAETCA Pas3pyIIEeHHEM COOPYKEHUH U TPAHCIOPTHBIX CPEJICTB,
HapyIlleHueM IIPOU3BOJICTBEHHOTO W TPAHCIIOPTHOTO ITpOIlecca WJIM HAHOCHUT BPEJ OKPY’KaloIei
cpene» (Kimaccudbukamusa karactpod...). CiremoBaresbHO K KaTacTPO(PUIECKUM OCaKaM MOXKHO
OTHECTH SKCTPeMaJIbHO MHTEHCHUBHBIE OCAJKH, a TaKKe 3HAUUTEJIbHBIE OCAJIKU, BBIIAJAIOIINE B
T€YEHWH HECKOJIbKUX CYTOK IIOAPS/l, KOTOpble BHI3BAIOT HABOJHEHUS, IIaBOJKH, CeJIEBbIE
IIPOIIECCHI, OTIOJI3HH, CHEXKHBbIE JIABUHBI WU JPYTUE CTUXHHHbBIE SIBJIEHUSA, U B IIEJIOM CO3/Ial0T
Ype3BbIYANHYIO CUTYaI[UI0, KOTOpas MOXKET IIOBJIeYh 3a COOOUW 3HAUUTEIbHBIE MaTepPUATbHbBIE
moTepu U Jaxke uesjoBeueckue KepTBbl (Kpenke, YepHsBckas, 2003; OiausbapaniBuiu,
Yapuanusze, 1982; Climate Chandge, 2001; Groisman et al., 1999).

Takum o0OpaszoM, 0 KaTacTpo(pUUECKOM XapaKTepe OCaJKOB BIIOJIHE MOKHO CYAUTH II0
HEKOTOPBIM KJIMMATHYECKUM HHJIEKCaM, PEKOMEH/IOBaHHbIM BceMupHOU MeTeopoJIoruuecKom
Opraumzanueirr (BMO) (Climate Change Indices; Peterson, 2005), 9To 4HcIo AHEH € OCaJIKAMU
CYTOYHOM WHTEHCHUBHOCTBIO 50MM/cyT u Oosiee (R50), MakcumasibHble cyTouHble (RX1) um
MaKCHUMaJIbHbIE IATUCYTOYHbIE CyMMBbI ocasikoB (RX5).
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CoryiacHO JIMTEpPAaTYPHBIM JAHHBIM HaunboJiee KaTacTpoduueckue 0CcaKu, MHTEHCHBHOCTHIO
6osiee 38 MM/MuH, ObUIH 3aperucTpupoBaHbl B I. bapcre (I'Bagesnyna, 26.11.1970 1). B r. Baruo
(®uunnuHBL, UIOHB, 1911 T), 32 CYTKH BBINIAJIO 1168 MM, a 3a 4 JHA 2233 MM OCaJKOB. B mrare
®nopuna (CILA, 1947 r.) TUBHU 0OpYIIUBAIA HA 3€MJII0 500 MJIH. T BOZIbI K&OKJIBIA Yac, TO eCTh
12 muipzA. T Bojibl B cyTku (IIloiiry u ap., 2002).

Ha Tteppuropuu I'pysuu, m B nesom Ha KaBkase, HanbospIllasg MHTEHCUBHOCTb OCAJIKOB
ormeueHa B Ilotm 24.09.1916 roma (6.4 MM/MUH), a HauOOJbIIAS CyTOYHAs CyMMa OCAJKOB
3aperucrpupoBana B c. /[xypkBetn — 350 MM (AnmberoBa, diausbaparBmin, 1980; OmnacHbie
TUZ[poMeTeoposiornueckre sBiaeHus Ha KaBkase, 1983). CruxuiiHble SBJIEHUsS, BBI3BAHHbBIE
WHTEHCUBHBIMHU JINBHEBBIMH OCaJIKaMU Ha Tepputopuu ['py3un, u B 11esioM Ha KaBkase, moipoOHO
paccMOTpeHbl B MHOTOUHCIEHHOH sutepaType (OmacHble THIPOMETEOPOJIOTHYECKUE SIBJIEHUS Ha
KaBkasze, 1983: 9muzbapaiiBuiin, 2017; dausbapaiBuin, Yapuanuaze, 1982; dau3dapaiiBuiIn U
ZIp., 2016; Varazanashvili et al., 2012 u gp.).

OnvH u3 aBTOPOB JAHHOW CTaTbW OBLI OYEBHU/IIEM KAaTaCTPODHUUYECKOTO JIMBHSI,
HaO0JTI0/IafoIIIerocs: 7 WIOHS 1972 roja B TOmimcH, Korja 3a KOPOTKHUU ITPOMEXKYTOK BpeMeEHU
(245 MuH) BBITIAJIO 6GoJiee 100 MM 0CaJIKOB. JIMBEeHb HaHEC 3HAYUTEJIbHBIN MaTEPUAJIBHBIN yIIEepO
MPEAIPUATASIM IPOMBIILIEHHOCTH, CBSI3U, TPAHCIOPTY, KOMMYHAJIbHOMY K TOPOJICKOMY
X03SHCTBY, HaCeJIEHUIO ropoia. BeLin pa3pyieHbl 60s1ee 200 HHAUBUAYATIbHBIX JIOMOB, B KOTOPBIX
IIPOXKUBAJIO CBBIIIIE 1000 CEMEH, PE0CTAaHOBJIEHBI 3aBOIbI, IMEJINCh YEJI0OBEUECKUE KEPTBHI.

PacnpenesieHne  5KCTpeMasIbHBIX  OCAJIKOB Ha TeppuTOpur ['py3wu  3aBHCUT  OT
reorpauyecKoro TMOJIOKEHUs, XapakTepa peibeda MECTHOCTH M OCOOEHHOCTeH aTMOoChepHBIX
IPOIIECCOB, U XapakKTepuayeTcs OOJbINM pazHooOpasmeM. HawnboJsipIlie Ocajky BBITAZIAIOT Ha
UepHOMOpPCKOM T00€EpeXbe M B TeX paloHax 3amagHou I'pysuu, rae oporpaduuecKkue yCIOBUA
CIIOCOOCTBYIOT Pa3BUTHIO BOCXOJISINIIUX JABMXKEHUN BO3YIITHBIX MacC Ha CKJIOHAX TOPHBIX XpeOTOB
(OmacHsbIe ruzpoMeTeopoIoTUUECKHE siBeHus Ha KaBkase, 1983: DimzbapariBuwim, 2017).

B paHHOW craTbe IO MaTepuayiaM HaOJIOAEHUH 20 MeTeOPOJIOTHYECKHX CTaHITUH
HCCIeIOBaHbI YHCJIO THEH C OCaIKaMu 50MM U 0oJiee, MAaKCUMaJIbHbIE CyTOUHbIE 1 MaKCUMaJIbHbBIE
MATUCYTOYHBIE CYMMBI OCAQ/IKOB, M IX HHTEHCUBHOCTH Ha Tepputopuu ['py3un.

2. MaTepuaJjibl 1 METOAbI

B umcciemoBaHUM HCIOJIB30BAHBI MAaTEPUAIbI HAOJIOAEHUN 0oJjiee 20 METEOPOJIOTUUECKUX
cranrui ['py3uu, 3a IMepuoj CyIecTBOBaHHsA HAOJIIOAEHWI, a TaK)Ke JIUTepaTypHBbIE JaHHbIE
(Anuberosa,1985; HayyHO-TIpUK/IAHOU CIPABOYHUK..., 1979; CrpaBouynuk 1o kiumaty CCCP,
1967). JliAa paBHOMEPHOTO OCBEIIEHHs TEPPUTOPHUU  METEOPOJIOTUYECKUMHU JaHHBIMHU
HCIIOJIb30BAaHbI TaK)Ke JaHHbIe HAOJIIOIEHUU MeTeOPOJIOTUYECKUX CTAHITUH, 3aKPBITBIX B QO-bIe
rojia MpOILIOTO Beka. KimMaTuueckne WHAEKCHI KaTaCTPOPUUECKUX OCAJKOB PACUUTAHBI B
cootBeTcTBUM ¢ pekomeHaarusamMu BMO (Climate Chandge, 2001; Peterson, 2005).

TpeH MHOTOJIETHETO U3MEHEHUA KJIMMAaTUUYECKUX XapAKTEPUCTUK SKCTPEMAJIbHBIX OCA/IKOB
OIIEHHUBAJICSA C IIOMOIIBI0 P — KPUTEPHUSA CTATHCTUYECKOH 3HAUMMOCTH, HPECTABJIAIOIIEN coO0MH
BEPOSATHOCTD OITUOKU MPH OTKJIOHEHUHU HYJIEBOH TUIOTE3bl. B KauecTBe HyJIEBON THUIIOTE3BI OBLIO
MIPUHATO, YTO MHOTOJIETHEE H3MEHEHHE XapaKTePUCTUK OKCTPEMAJIbHBIX OCAJIKOB HMeEEeT
caydadHblil xapakTtep. COOTBETCTBEHHO aJITEpHATHBHASA THIIOTE3a, HCKJIIOYAIOas HYJIEBYIO,
O3Hauajla UCTUHHOCTb M3MEHEHUs 3THX XapaKTEPUCTUK BO BpeMeHU. Eciy 3HaAueHHe p Majo
(MeHee i paBHO 0.05) HyJIEBasi TUIIOTE3a OTBEPTrajiach U TPEH/I CUUTAIICA 3HAUUMBbIM.

Bompoc o ciryyaiiHOM WJIM HECIyYalHOM PaCXOKIEHUH CPEIHUX 3HAUEHUH KJIUMATUYECKUX
XapaKTEPUCTHUK SKCTPEMAILHBIX OCA/IKOB 3a /IBA MepHoja — 3a MepHoj] pekoMeH1oBaHHbIE BMO
(1961-1990 IT.) U 3a ITepUOJ] UHTEHCUBHOTO IVIO0AJBLHOTO MOTEIIeHUs (Iocie 1990 T) pemraycs ¢
rmoMoinpbio kputepus CtiozieHTa (t). Ecyin Hafie’KHOCTh BBIBO/Ia O pacxXorkaeHuu Bbicokas (P GoJtee
WIN PaBHO 0.95), TO PACXOXKJEHHE CUHTAIIOCh 3HAUMMBIM, B IIPOTHBHOM CJIydyae THIIOTE3a O
PaCXOXKJIEHWH JIaHHBIX OTBeprajiach M IPUHUMAaJach HyJieBas TUIOTE3a, COIVIACHO KOTOPOU
pacxoxkeHne MexK/1y CpeTHUMU 3HaUeHUsAMU UMeeT CJIydaliHbIi xapakrep (Pymmuckuii, 1971).
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2. O0cy:x1eHue

I'eorpacdpuueckue 3aKOHOMEPHOCTH pacnpeaeaeHus XapaKTEPHUCTUK
KaTacTpo(pUIeCKNX 0CaTKOB

HaBonHeHusi, maBOAKH, ceJieBble IIPOIECCHI, OIOJI3HU, CHEKHbIE JIAaBUHBI U JAPYTHE
CTUXUIHBbIE Oe/ICTBYS, BhI3BaHHBIE SKCTPEMAJIbHO HHTEHCUBHBIMH OCA/IKAMU B yCJIOBHAX ['py3um,
MMOBPEXKAAIOT JIMHUM CBSI3M WM 3JIEKTPOIIEpeayd, HapyIIalT paboTy TPAHCIIOPTa, YHUYTOXKAIOT
YPO2Kail CeJbCKOXO3SIMCTBEHHBIX KYJIBTYD, IOCEBBI M MACTOWINA, Pa3pylIaloT KPBIIIM 37aHUH,
BBI3BIBAIOT BOJTHEHHE B MOpPE M Ha BOJIOXPAHWIHINAX, KEPTBBHI JIOMAIITHETO CKOTA, MOSBJIAIOTCS
yrpo3a TMOBPEXJIEHUs] THUAPOTEXHUUYECKUX COOPYKEHHH W pucka rubenm swoaeit (OmacHble
TUZIPOMETEOPOJIOTHUECKEe siBjeHus Ha KaBkasde, 1983; JumsbapamBmim, 2017). IIpu 3ToM,
XapakTep KaTtacTpodbl CYyIIECTBEHHO 3aBUCUT OT HWHTEHCUBHOCTH OC3JIKOB — YeM OoJIbIle
WHTEHCUBHOCTb, TEM CIJIbHEE IPOSBJISETCS PA3BUTHE CTHUXUUHBIX IPOIECCOB U TeM OOJIbIIe
COOTBeTCTBYIOININH 3¢dekT mnoBpexaeHus u yiepba. [lodToMy B OCHOBY KJaccupOKaIUH
CYTOUHBIX OCAJIKOB B KOJIMYECTBE 50 MM U 0ojiee MO0 HWHTEHCHBHOCTH ObLIa IIOJIOKEHA
COOTBETCTBYIOIIasl apXWBHas HWHGOPMANUA O BeJMYWHAX IOBPEXKAEHUs U  ylepoa,
U KJIMMaTH4ecKue ocobeHHoctH ['py3un (dmsbapamBuiim, 2017; Varazanashvili et al., 2012).

Tao6smuna 1. Kitaccudukanms THTEHCUBHBIX OCaJIKOB

NutencuBHOCTh | basuier | CyTogHbIiI Bo3mokHOe oBpeXIeHNE
MaKCUMyM
0CaJIKOB, MM

Bo3MOXKHO  TOBpeXJeHHEe JIMHUU  CBA3HM U
cnabas 1 50—100 3JIEKTPOTIEPEIaul, HapyIlIeHe PabOThI TPAHCIIOPTA.
YacTHUYHO NOBPEK/IEHBI IOCEBBL.

[ToBpexk/ieHbl JIMHUU CBS3U W 3JIEKTPOIEpenayu,
HapymieHa  paboTa  TPaHCIOPTa,  BO3MOXKHBI
BOJIHEHHE B MOP€ U Ha BOJOXPAHWIHIIAX.
[ToBpex/ieHbI Ca/ibl, BAHOTPAHUKH, U ITOCEBBI
3€PHOBBIX KYJIBTYP. BO3MOXKHBI KEPTBHI JIOMAIITHETO
CKOTA.

[ToBpeXx/1eHbI TUHUU CBA3H U JIEKTPOTIEPEIAYH,
HapylmieHa  paboTa  TpPAaHCHOPTA,  BO3MOKHBI
BOJITHEHHE B MOpPEe ¥ Ha BOJOXPAaHWJIHIIAX.
CylecTBEHHO MOBPEXK/IEHBI CaJlbl, BHHOTPAJHUKU U
IIOCEBBI 3€PHOBBIX KYJIBTYP. BosmoskHO
MOBTeX/IeHUe  3JaHUN.  BO3MOMXKHBI  JKEPTBBI
IOMAIITHETO CKOTa, HMeeTcsI HEKOTOPBhI pHUCK
rubesu Jonaen.

[ToBpexx/ieHbl JIMHUU CBSA3H W BJIEKTPOIIEPE/IauH,
HapylieHa  paboTa  TpPAHCIOPTA,  OTMEYaeTcs
BOJIHEHME B MOpe ¥ Ha BOJOXPaHWIHIIAX.
YHUYTOXKEHBbI Cafibl, BUHOTPAQJHUKH U IIOCEBBI.
[ToBpex/ieHbI 37IaHUA. HwmeroTcs JKEPTBBI
JIOMAIITHETO CKOTa, UMEETCsI PUCK THOeJIH JII0Ie.
[ToBpexx/ieHbl JIMHUU CBA3U U BJIEKTPOIlepe/iayud,
HapylieHa paboTa  TpaHCIOPTa, OTMEYalTCsA
BOJIHEHME B MOpe UM Ha BOJOXPaHWIHIIAX.
ITosHOCTBIO YHUUYTOKEHBI yporKai
CBEpXCWJIbHAA | 5 Oosiee 250 CEJIbCKOXO3AMCTBEHHBIX  KYJBTYpP, IIOCEBBI U
macrouma. IloBpexkleHbl W pas3pylleHbl 3JaHus.
HMeeTcst yrpo3a MOBPEXKIEHUs THAPOTEXHUUECKUX
coopykeHHui. VIMeroTCs KEePTBBI IOMAIITHETO CKOTA,
MMeeTCsl PUCK THOeJTH JIIIEN.

cpenHsis 2 101—150

cUIbHAA 3 151—200

OYeHb CHJIbHAA | 4 201—250
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Kak cienyer mu3 TabiuIe! 1, BBIZIEJIEHBI 5 I'pajlaliiii MHTEHCUBHOCTEN OCAZIKOB € CYyTOYHOM
CYMMOH, paBHOH 50 MM U 0oJjiee, KOTOpble MOTYT BBI3BaTh COOTBETCTBYIOIINE OTPHUIIATEIbHbIE
3¢ dexThI: c1abbIi, CPeTHUH, CUITbHBIN, OUeHb CHUIbHBINA U CBEPXCUJIbHBIH.

B cooTBeTcTBUM ¢ mpescTaBiIeHHON Kiiaccudukamnueil pa3zpaboTaHa KapTa MaKCHMAaJIbHOMN
WHTEHCUBHOCTH 0caakoB (PucyHox 1). VI3 PucyHka 1 ciefyeT, UTo CBepXCHUIbHASA U OUE€Hb CHUJIbHASA
MHTEHCUBHOCTHU CyTOYHBIX MAaKCHMyMOB OCAJIKOB OTMeYEeHbl B I[EHTPAIBHON YacTU
YEepPHOMOPCKOTO IOOEpeXbsi U COCTaBJIsIeT 4—5 0Oayia, YTO COOTBETCTBYET CYTOYHBIM OCAJKAM
6osiee 200 MM. CeBepHasl 4acTh ITOOEPEKDS, a TakKke AOxa3usi, 3HaUUTeTbHAsA YacTh Komxuackou
HU3MEHHOCTH, 3amnajHsas 4yacThb Bosbmoro KaBkasa u meHTpanbHas dacth Bocrounoit I'pysuu
XapaKTepU3YITCs CHUJIBHOM WHTEHCHUBHOCTBIO OCazkoB (3 Oasia), T.e. 37eCh 3a CYTKU MOTYT
BBINIACTh OCAQ/IKU B KOJIHMYECTBE 150—200 MM. C1a00 MHTEHCUBHBI SKCTPEMAJIbBHO WHTEHCHUBHbBIE
ocagku B cTemHON uyactu Bocrounoii I'pysuu, rae mX HHTEHCHUBHOCTh He IPEBBINIAET 1 Gasw,
a CyTOUYHBIM MAaKCHMyM OCAQJIKOB He IIpEBBINIAaeT 100 MM. TeM He MeHee, OCaJKU TaKOH
MHTEHTUBHOCTH TaKK€ MOTYT BbI3BAaTh CTUXUIHBIE O€JICTBUA.

N HuTeHc NBHOCTE
\\---‘-.-' k Banma
% 11 MeHee
-
I -

‘\;\r«“‘

%

Typuz {
(5 i T -
0 @ om 160 Kiamasars b N g A EpOaiimEan

Puc. 1. MakcuMaibHass MHTEHCUBHOCTD 0CaAKOB (0asIiIbl)

PacripefiesieHre TOBTOPSIEMOCTEH HWHTEHCHBHOCTEH OCAJKOB HMEET 3KCHOHEHITUATbHBIN
XapakTep, HaWOOJIBIIASA IMOBTOPSIEMOCTh COOTBETCTBYET HHTEHCHUBHOCTH 1 Oayun (PucyHok 2).
BmecTte c Tem, XapakTep KPHWBOW pacHpeflesieHUs CYIIECTBEHHO 3aBUCUT OT (PU3UKO-
reorpadUUecKNX YCJIOBHI MECTHOCTH UM OCOOEHHOCTEH peXuMa OC3JKoB. B wyacTHOcTH, Ha
YepHomopckoMm mobepexxbe (barymwu, IToTw) MmOBTOPSAEMOCTh HHTEHCHUBHOCTH 3KCTPEMAJIBLHO
WHTEHCUBHBIX OCAJIKOB B 1 6ay1 kKosebseTcs B mpezenax 45-50 %, TOTAa, KaK COOTBETCTBYIOIAS
BeposTHOCTh B baxmapo u T6unucu cymecrBeHHO 6osblie (91 u 76 %). Takoil xapakTep KPUBBIX
MIOBTOPSIEMOCTEN OOBSCHSETCS XapaKTePHBIMU Il UepHOMOPCKOTO MOOepe bs SKCTPEMAIHBHO
MHTEHCUBHBIMU OC3JIKAMH CpPeJIHeH U CWIbHON HMHTEHCUBHOCTH, B TO BpeMs, KaK Ha pPaBHUHAX
Bocrouno#t I'py3um u B ropax MpeoOJIaalOT SKCTPEMAIHPHO WHTEHCHUBHBIE OCAJIKU CJ1ab0OU
WHTEHCUBHOCTH.

53




European Geographical Studies, 2019, 6(1)

100%
90

80
70
60 2
50

20

4 5 bBannel

Puc. 2. [ToBTOpsIEeMOCTD pa3THYHBIX HHTEHCUBHOCTEH 9KCTPEMAIbHO HHTEHCHBHBIX OCA/IKOB B
basutax: 1 — barymu; 2 — ITotu; 3 — Baxmapo; 4 — Towtucu

B Tabsmre 2 mpeacTraBiaeHbl KJIMMaTUUYECKUE XapaKTEPUCTUKU DKCTPEMAIBHBIX CYTOUHBIX,
CYTOYHOHM MHTEHCUBHOCTHIO 50 MM/CYyT U 60Jiee, U SKCTPEMAJIbHBIX MIATHCYTOYHBIX CYMM OCA3JIKOB,
I7le OHU BBINAJIAI0T B 3HAUUTEJILHOM KOJIMYECTBe-Cpe/lHee U HaubOJIbIIIee YHCIIO THEH, cpeHUN U
HauOOJIBIION CYTOYHbIE MAKCHUMyMbI, MaKCHUMaJbHas WHTEHCHUBHOCTh OCA/IKOB JJISI OCHOBHBIX
¢dusuko-reorpaduueckux paioHoB 'py3nu U UCIIOIB30BAaHHBIN MaTepHalL.

Ta6J11/ma 2. Kiumaruueckue XapaKTEepUCTUKH OJKCTPEMAJIBHBIX CYTOYHBIX, CyTOLIHOfI
HUHTEHCUBHOCTHIO 50 MM / CyT U 60]166, H SKCTPEMAJIbHBIX ITATHCYTOYHBIX CYMM OCaJIKOB
=
£
< | §&
= 3=
s | 28
= ) 3 = = 3
£ E o x o¥E | 2= il g §§ 9 o 0 7 ga
£ = $E |ZEE|BE |BES|EE |BE |BE |=¢
YepHOMODCKOE Barymu 5.2 15 66 239 4 220 339 1936—2015
mobepeskbe U Amnaceysu 3.6 11 71 205 4 192 292 1957-1992
Konxupackas Tlotn 3.6 12 72 268 5 194 374 1957—2015
HU3MEHHOCTh J>KypKBeTH - - - 350 5 - - 1948-1990
Kytaucu 1.4 6 58 126 2 134 279 1936—2015
JIuxckuii u AKapo- Mrta-CabyeTtn 0.5 2 57 89 1 - - 1959—2015
MMepeTuHCKUH Baxmapo 1.8 4 60 115 2 138 265 1936—2015
XpeOThI Xymno 1.9 6 61 133 2 143 256 1957—2015
PaBHUHBI 1 Tounucu 0.4 3 67 147 3 68 175 1936—2015
TIpeAropbe TenaBu 0.7 3 60 116 2 - - 1956—2015
Bocrounoii I'pysuu
Bosbmioi ITacanaypu 0.6 4 64 149 3 - - 1936—2015
KaBkas Kasberu 0.8 4 60 129 2 - - 1957—-1992
MaMuCOHCKHA 0.1 1 103 185 3 - - 1957-1992
mep.

B Tabmune 2 R50 — cpemHee yuciio JIHEH ¢ ocajikamMu 50MM u Oosee, R50 max —

HauOoJIbIllee CpefHee YHCIO JHeH ¢ ocagkaMu 50MM W Oosiee, RX1 — cpemHuii CyTOUYHBIN
MaKCUMyM OCAaJKOB WHTETCHUBHOCTBIO 50MM/cyT u 6osiee, RX1 max — HauOOJIBIIIONH CyTOUHBIN
MaKCHUMYM OCaJIKOB MHTETCUBHOCTBIO 50MM/cyT u 6osiee, Imax — MakcuMabHasE UHTEHCUBHOCTD
OCAJIKOB, pacyMTaHHas B COOTBETCTBHU C KjaccupUKAIMell WHTEHCHUBHBIX OCAJIKOB,
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mpefcTaBieHHON B Tabiune 1, RX5 — cpeaHsas cymMMa 5KCTPEMAJIBHBIX MATHCYTOYHBIX CYyMM
ocazikoB, RX5 max-HanbosIbIas CcyMMa 9KCTPEMAJIBHBIX MATHCYTOYHBIX CYMM OCAKOB.

N3 Tabnumbl 2 ciaemyer, YTO HaUOOJIbIIIEE YHUCIO JHEH € WHTEHCUBHBIMU OCAJKaMH
orMevaercsi Ha YepHomopckom mobeperxbe (barymu, Anaceynu, Ilotu), coctaBiss B cpegHeM
2-5 3a ro/i, a B OTJleJIbHbIE TOJIbI JocTUTAeT 15. IIpu 5TOM CyTOYHas cCyMMa OCAaJKOB MOJKET
COCTaBUTH 170-230 MM u OoJiee (/[>KypkBeTu, 350 MM). 371eCh SKCTPEMATLHO WHTEHCUBHBIE OCAJIKU
MOTYT OKa3aTh CBEPXCHWJIBHBIA M OYEHb CHJIBHBIH OTpUIATeNbHBbIE 3(P(EKTbl BO3AEUTBUA
(nHTEeHCUBHOCTH 4-5 Oanna). Ha Kosxupckoit HuamenHoctu (Kyramcw) u B ropax 3amajHOU
I'pysun (baxmapo, Xyso) 4uciao AHEH ¢ UHTEHCUBHBIMU OCAJKaMU He IIPEBBIIIAET B CpeAHEM
2-X 3a roji, HauOOJbIIAsA CyTOYHAs CyMMa OCAJKOB KojeOsercsa B mpeaeaax 90—130 MM.
B Bocrounoit I'pysuu (Townucu, TemaBu) m Ha bonpmom KaBkaze (Ilacanaypu, Kaszberwu,
MaMHCOHCKHUH IepeBasl) CyTOYHbIE 0CA/IKA TAKOH HHTEHCUBHOCTH €3KEr0THO He OTMEYA0TCsI, XOTS
B CJIyJae BBINIAJIEHHS UX CyTOUHAsA CyMMa JIOCTaTOYHO 3HAUHUTebHA (116—185 MM). CeBepHAsI 4acTh
YepHOMOPCKOTO TOOEpeKbsi, a TaKKe B3HAUUTeJbHble dYacTH KOJIXHACKOH HHU3MEHHOCTH,
Bosrwioro Kaskasa u BocrouHoii I'py3un xapakTepusyroTcs cpeflHel U CUJIbHOM HHTEHCUBHOCTHIO
ocasikoB (2-3 6asia), T.e. 3/1ech 3a CyTKU MOTYT BBITIACTh OCAJIKU B KOJIUYECTBE 100—200 MM.

Oco0y10 0macHOCTD MPECTABJIAIOT CYTOUHBbIE OCAJKU MPEBbIIIAIONNE 8OMM, IIPU KOTOPBIX B
JIIOOBIX TOPHBIX CHCTEMAX, HE3aBUCHUMO OT HUX T€0JIOTUYECKOTO CTPOEHUS, IMPOTHO3UPYIOT
Bo3HUKHOBeHUe cesell (IIIBep, 1984). CpeiHee TOA0BOE YHCIIO THEH ¢ ocaakaMu 80 MM u OoJiee
cocrapisier B barymu 4.8, B Anaceysu 3, B [lotu 1.2, a B baxmapo u XyJio, a Takke B OCTaJIbHBIX
paitoHax I'py3un ocajiku B TAKOM KOJIMYECTBE BBINIAJIAIOT 1-2 pa3a 3a 10 JIeT WJIH €eIlle PeKe.

CorsiacHO JIaHHBIM TaOJIUIBI 2 BKCTPEMAaJIbHBbIE IATHCYTOYHBIE CyMMbI OCAJKOB HamOoJiee
3HAYUTETbHBI TaK)Ke Ha YepHOMOPCKOM MOOepekbe, COCTABJISAA B CPETHEM 190-220 MM, JIOCTUTAS
MakcuMyMa 290-370 MM. Ha Kosxujckoil HUBMEHHOCTH U B Topax 3amajiHou ['py3um cpemHss
CyMMa IISITUCYTOYHBIX OCAJKOB yYMeEHBINAaeTcs 70 130-140 MM, a HauboJIbIas CyMMa OCaKOB
yMeHbIIaercs 10 250-280 mMm. Ha paBanHax BocrouHoii ['py3uu cOOTBETCTBEHHO MMeeM 68-70 MM
U 175 MM. B 11e710M, BKJIa/i MATUCYTOUHBIX CYMM OCAQ/IKOB JIOBOJIBHO BBICOK U COCTABJISIET B CPEHEM
40-60 % OT UX MECAYHOU CYMMBI.

Ha Pucynke 3 mnpezcraBjieHa AuarpaMMa MaKCUMAaJIbHBIX CyMM OCAJKOB BBITIQ/IAIONINX 3a
pasJInuHble WHTEPBaJIbl BPEMEHHOTO OCPEIHEHWS Ha TeppuTOopwu ['py3uu MO BceH BBIOOPKE.
W3 puc.3 ciemyer, 4TO C yBeJMYEHHMEM HWHTEPBAJa BPEMEHHOTO OCPEIHEHHs MaKCHUMaJIbHOE
KOJIMYECTBO BBIIAJIAIONIUX OCAJKOB BO3PACTaET, OJHAKO 5TO HE HMEET IPOIMOPIIMOHATBLHBIN
xapakTep. KpaTkoBpeMeHHbIEe OCaJIKH, MPOJOIKUTETLHOCTBIO 0 3 Yac, HanboJiee WHTEHCUBHBI,
TaKk, KaKk OHU (OPMHUPYIOTCS BO BJIQAYKHOHEYCTOMYMBBIX BO3JIYIIHBIX MaccaX C aKTUBHBIMU
OBICTPOTIPOXOJIAIIIMMH ~ [UKJIOHAMU, IIPU IMpeobsafalomedl pou  XOJOAHBIX  (PPOHTOB.
[IposomkuTeIbHBIE OCAAKU MEHee WHTEHCUBHBI, OHU (DOPMUPYIOTCA IIPH afHabaTUYECKuX U
HeainabaTHUeCKuX Ipolleccax OXJIaK/IeH!sI BO3/IyXa, KOTOPbIE ITPOTEKAIOT BSJI0, HEMHTEHCUBHO U
BBI3BAHBI ME/IJIEHHO MEPEMENTAIONIUMUCH IUKJI0HAMU, MAJIOAKTUBHBIMH TEIIBIMUA U PA3MbBITHIMU
dporTamu u okkro3usvu (JKakos, 1982).
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Puc. 3. MakcuMaspHOE KOJIMYECTBO 0CA/IKOB BHINA/IAIOIIEE 34 Pa3/INYHbIe
MHTEPBaJbl BpeMeHU Ha Tepputopuu I'pysun
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BepoAaTHOCTH BBINIAJAE€HUS IKCTPEMATBHO HHTEHCUBHBIX 0CA/IKOB

B Tab6sunie 3 mpecTaBaeHbl BEPOSITHOCTH BHITIQ/IEHUS SKCTPEMATIFHO HHTEHCUBHBIX OCAIKOB
10 MecsIlaM B Pa3JIMYHbIX PU3UKO-TeoTpadUIecKUX yeIOBHAX ['py3un. M3 TabIHIbI CiIeyeT, YTo
BEPOATHOCTh BBINIAJIEHUS SKCTPEMAJIbHO MHTEHCHUBHBIX OCAJKOB B TEYEHUHM MecsIa B I[€JIOM Ha
tepputopuu ['py3un cyiecTBeHHO n3MeH4YnBa. Hanbosiee xapakTepHbl OHU 11 YepHOMOPCKOTO
mobepexxbsi (Batymu, Anaceysnm, IloTtwm), rie SKCTpeMasIbHO WHTEHCHBHBIE OCAJKU BBITAIAIOT
IIOYTH B TEUEHHUU BCero roja. VX BhInajieHre Hanbojiee BEPOATHO OCEHbI0 W 3UMOM, KOT/A
BEPOSATHOCTh BBIMAZIEHUS DSKCTPEMAJIPHO HWHTEHCHBHBIX OCAJIKOB JOCTUTAaeT 100 % , T.e. OHU
BhIMazaT exxerogHo (barymu-mexabpn, sHBapb). Ha Komxumackoid nHuamenHoctu (Kyrtawmcu)
BEPOSATHOCTD BBITIA/IEHHUs 9KCTPEMATIHPHO HHTEHCUBHBIX 0CA/IKOB YMEHBIIIAETCS U MaKCUMyM (29 %)
COOTBETCTBYET OKTSAOPI0. OKTAOPCKUI MaKCUMyM OTMeUYaeTcs TakXKe B ropax 3amagHoil I'pysun -
Ha JIuxckom xpebre (MTta-Cabyeru) u B Xyio (35-38 %). Ha ocrasipHO# yactu Teppuropuu ['py3un
BEPOATHOCTh BBINMA/IEHUs] SKCTPEMaJbHO WHTEHCHUBHBIX OC3JIKOB HE CTOJIb 3HA4YUTeJIbHA, B
Bocrouno#t I'pysum (Towimcu, TenaBum, I[lacamaypu) u B BbICOKOTOpPHOU 30He (Kazberm)
SKCTpPeMaJIbHO WHTEHCHUBHBIE OCAJIKM B 3HMHHE MeCAIbl MPAaKTHYECKU He BBINAJAIOT WJIH
BBINIA/IAIOT OYEHb PENKO. BEPOSATHOCTh WX BBINAJEHUS 32 OCTAJIbHBIE MECAIbI TAKXKe HEBEIHKA
(28 % u meHee), TeM He MeHee, B OT/IeJIbHbIE TO/IBI MOTYT BBIIIACTh SKCTPEMaJIbHO WHTEHCHBHbBIE
0CaJIKM 3HAUYUTEILHON NHTEHCHBHOCTH.

Taosmuma 3. BeposaTHOCTD BHITTAIEHUA SKCTPEMATIBHO MHTEHCUBHBIX 0CAJIKOB
(50 MmMm/c u 6ostee) %

Paiion IIynkTt MEeCSIIbI

I II I | IY Y YI YII YIII IX [ X XI XII
Yepuomopckoe | Batymu 97 90 78 56 55 77 79 75 75 84 85 100
mo6epexbe 1 Anaceynu 24 | 26 10 5 3 32 42 35 67 70 44 44
Konxunckasa Tlotn 8 2 o 2 o 33 65 70 83 52 24 17
HU3MEHHOCTh Kyraucu 5 3 6 2 3 18 19 16 16 29 14 22
Jluxckuil u Mra-CabyeTu o] (o) 0 (o] 2 10 6 2 2 10 4 10
Anxapo- Baxmapo 10 15 5 (o} 2 0 5 12 22 38 25 21
NwmepernHckuit | XyJio 15 17 6 4 2 3 2 1 14 35 22 26
XpeOThI
PaBHUHBI U Tounucu o) 0 2 3 3 6 6 6 3 3 5 0
IpeAropbe Tenasu o} 0 2 2 17 28 9 9 8 3 6 (o}
BocTounoit
I'pysun
Boapmoi Ilacanaypu o} 0 2 3 5 8 9 3 3 9 6 3
Kaska3s Kazberu 2 5 2 6 8 9 11 15 6 5 2 0

MHoOroJIeTHEE N3MEHEHVE XapPaKTEPUCTUK KaTacTpO(PNIECKUX OCATKOB

AHa/IM3 MHOTOJIETHHX PSZI0B KJIMMATUYECKHX XapaKTEPUCTUK OCAJIKOB (Juciaa JHeH,
MaKCUMAaJIbHBIX CYTOYHBIX M MAaKCHUMAaJIbHBIX IISTHCYTOYHBIX CYMM OCAJKOB, HMHTEHCHUBHOCTE)
MIOATBEPANJI TOJIyYeHHBII HaMH paHee BBIBOA 00 OTCYTCTBUM 3aKOHOMEPHOU TEHIEHIIUH B
W3MEHEHUH HTHUX XapaKTEPHUCTUK B YCJIOBUAX TJI00AJTBHOTO MOTEIJIEHUS B I[€JIOM Ha TEPPUTOPUU
Ipysun (Dsu3bapamBwid U 7Ip., 2016), XOTSA HaA OT/EJBHBIX CTAHIUAX, PACIOJIOKEHHBIX Ha
Jluxckom u Amkapo-MMepeTrHCKOM XpedTax U3MeHeHUs! cTaTUCTHYecKu 3HaYuMbl (Tabsuia 3).
W3 Tabuipl 3 caeayeT, YTO YMCI0 THENW ¢ MHTEHCUBHBIMHU OCaJIKaMU Ha cTaHmusax Mrta-Cabyetu u
BaxMapo ymeHbIlIaeTcsi CO CKOPOCThIO COOTBETCTBEHHO 0.2 U 0.3 JH:A, a B XyJI0 BO3PaCTaeT Co
CKOpPOCTBIO 0.57 AHeHr 3a nekamy. CyroyHble MaKCUMYyMbI OCAJ[KOB TaKiKe YMEHBIIAIOTCS Ha
cranmusax Mra-Cabyeru, baxmapo u Kazoeru. YkazanHble HI3MEHEHHs CTATUCTHYECKH 3HAYUMBbI Ha
BBICOKOM YPOBHE 3HAUYNMOCTH.
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Ta6auna 4. /lekagHble CKOPOCTH M3MEHEHUs YHucIa JAHeH ¢ ocaakamMu 50MM u 6osiee(R50),
CYTOUHBIX MAaKCHUMYMOB OCaJJKOB HWHTETCUBHOCTBIO 50MM/cyT u Oosiee(RX1), CyMMBbI
SKCTPEMaJIbHBIX IATHCYTOYHBIX 0caZKOB(RX5) M COOTBETCTBYIOIME CTATHCTHUYECKHUE YPOBHH
3HAYUMOCTH P

IIysKT R50 RX1 RX5
CKOpOCTB P CKOpOCTHL | P CKOpOCTh | P
Mra-Cabyetn -0.2 0.00 | -3.7 0.00 | -1.7 0.56
2 2
Baxmapo -0.3 0.02 |-2.8 0.01 |-3.2 0.20
Xyno 0.57 0.00 | 3.4 0.11 6.9 0.11
5
Kaszberu -0.5 0.15 -11 0.05 | -16.7 0.1

IIpumeuaHue: ;KUPHBIM HIPUPTOM 0003HAYECHBI 3HAYNMbIE U3MEHEHUA

JI7is1 BBISABJIEHUWS PA3JIUUUN B CPEHUX 3HAUEHHs KJINMATHYECKUX XapaKTEPUCTUK 3a
pa3JIMUHBIE TEPUOABI OCPeTHEHHs ObLT HCIOJIb30BaH Kputepuil CriojieHTa. B  pesysbrare
cpaBHeHUs KpurepueB CTioZieHTa 3a JBa IEpUoZa — 3a IEepHUOf, peKOMeHJI0BaHHbIH BMO
(1961-1990 TIT.) W 3a IMEpPHOJ HHTEHCHBHOTO IVIOOAJIHHOTO MOTEIUIeHHs (Iocyie 1990T), C ero
KPUTUYECKUMH 3HAYEHHUSAMH ITOATBEPAUIOCH, YTO Ha 3HAYUTEIPHON YaCTH TEPPUTOPUH Pa3IuUUe
B CPeJIHMX 3HAUEHHAX 3a 2 IEPUO/ia TaKKe MMeeT CJIyJalHBIH xapaktep. JIUIIb Ha OTHEIbHBIX
CTAaHIMAX, PACIOJIOKEHHBIX Takike Ha Amxkapo-VMepermHckom xpebte (Baxmapo, Xyso) wu
B I0JKHOU 4acTu YepHOMOpPCKOTO mobepekbss (baTymu) BBIAB/IAIOTCS HEKOTOPbIE HU3MEHEHUs.
B Ha3zBaHHBIX IyHKTAaX B PAJIaXx YUC/IA JHEH C SKCTPEMaIbHO MHTEHCUBHBIMU OCaJIKaMH Pa3JInuKe
MeJK/ly CPETHIMHU 3HAYEHUSIMHU 3a 2 MEePH0/ia 0Ka3aI0Ch 3HAUMMOU € HAJIe?KHOCTHIO BBIBO/IA 0.95.
KpomMme Toro craTUCTUYECKH 3HAUMMO U3MEHEHNE MaKCUMaJIbHBIX MATUCYTOYHBIX CyMM OCAJIKOB Ha
craHruu Xyso. IIpu 3TOM, B 3THX IyHKTaxX CpeJHHE 3HAUYEHUS YHCa JTHEH € DKCTPEMAIbHO
WHTEHCUBHBIMH OCAQJIKaMH 3a IEPUOJT MHTEHCUBHOTO IJI00AJIBHOTO IOTEIUIEHUS YMEHBIIAIOTCA,
HCKJIIOUEHUEM SBJIsIeTCA XyJI0, T/l YHUCI0 JHEH C AKCTPEMaJIbHO WHTEHCUBHBIMU OCAJKAMH U
MaKCHUMaJIbHbIE MATHCYTOYHbIE CYMMBI OCaJIKOB Bo3pacTaioT (PUCYHOK 4), UTO TaKKe XOPOIIIO
coryiacyeTcs ¢ JaHHBIMH Ta0suIrsl 3. Takoit XxapakTep U3MeHEeHUs KIIMMAaTHUYECKUX XapaKTEPUCTUK
SKCTPEMAJIbHO WHTEHCUBHBIX OCAJIKOB MOXKHO OOBSICHUTH OCOOEHHOCTHAMH MHOTOJIETHETO
U3MeHeHUs1 aTMOChEPHBIX OCAJKOB, COIJIACHO KOTOPHIM HAa 3HAYUTEJIBHOW YaCTU TEPPUTOPUU
'py3un B yCI0BHUSX IJI00AJIBHOTO MOTEIJIEHUS 0CAJIKU YMEHBIIAUCh, HA OT/IEJIbHBIX JK€ YUaCTKAX,
B TOM uucJsie ropax Amkapuu (Xyso) onu Bo3pacranu (Elizbarashvili et al., 2017).

7 OHn

6

Puc. 4. CpaBHEHI/Ie CpeaHux 3HAUEHUH YHnciia /i[Heﬁ C OKCTpeMaJIbHO MHTCHCHUBHBIMH OCaJIKaMU 3a
JIBa TIEPUO/Ia OCPETHEHMSI, PA3HOCTh MEX/Ty KOTOPBIMU 3HAYHMMa C HaJIe?KHOCTHIO BBIBOJIA 0.95;:
a) 1961-1990 rT.; 6) 1991-2016 1T.; 1 — Barymu, 2 — baxmapo, 3 — Xyio
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3. 3aKJIIoueHue

B pe3yjibTaTe  MPOBEJEHHOTO HCCJIEJIOBAHUSA ~ YCTAHOBJIEHBI reorpaduyeckue
3aKOHOMEPHOCTH paclpefieJIeHNs XapaKTePUCTHK KaTacTpOo(PUUEeCKUX OCAAKOB. BrImosHeHa
KJIaccudUKaIisl WHTEHCUBHBIX OCAJKOB U pa3paboTaHa KapTa MaKCUMaJIbHONW WHTEHCHBHOCTH
OCa/IKOB, OIIpe/ieJIEHbl BEPOSITHOCTU BBITIQ/IEHUS SKCTPEMAJIbHO UHTEHCUBHBIX OCA/IKOB, OllEHEHBI
TPEH/Ibl MHOTOJIETHETO N3MEHEHMS 1 BbISIBJIEHbI HEKOTOPbBIE CTATUCTUUECKHE PA3IUYHUSA B CPETHUX
3HAUYEHHUAX KJIUMATUYECKHUX XapaKTEPUCTHUK SKCTPEMAJIbHBIX OCAJIKOB 3a pas3/IMuHbIEe IEPHO;IbI
ocpenHenus. llosydyeHHble pe3yabTaThl pACIIUPSAIOT HAIIKA TPeJCTaBJIeHUss O reorpaduu,
CTPYKTYpe U JUHAMUKE XapaKTePUCTUK KaTacTpopruuecKUX 0CaJKoB Ha TeppuTopuu I'py3uu.
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Karacrpoduueckue ocaaku Ha Teppuropuu I'pysuu

Anus6ap [lamBopuy AusbapamBuiy 2-°-*, M.D. dauzdapamBmiy <, [11.9. musbapariBuiiu 2,
M.I. ITunna 2, H.3. Yenuaze?

a 'py3UHCKUH TEXHUYECKUN YHUBEPCUTET, IHCTUTYT rupoMeTeoposioruu, I'pysus
b TenaBckuii 'ocynapcrBenHbli YHuBepcuteT uM. f. ForebamBuiy, I'py3us
¢ TOMIUCCKUN TOCyAapCTBEHHBIN YHIUBepcUTeT UM. VB. [[>kaBaxurBuwiy, ['py3us

AnHotamusa. [lo martepuasiam HaOO/IeHUH 0o0Jlee 20 METEOPOJIOTUYECKHX CTaHITUH
HCC/IeIOBaHbI YMCIIO JHEH ¢ OcaZiIkaMu 50MM U 0oJiee, MaKCHMaJIbHbIE CyTOYHbIE 1 MaKCUMaJIbHbIE
IATUCYTOUYHBbIE CYyMMBI OCAJIKOB, IEPHOJbI WX BBIMAJIEHUs, BEPOATHOCTY W HHTEHCHBHOCTH Ha
tepputopuu 'pysun. BeimosnHeHa kaaccuduKanus HHTEHCHBHBIX OCAJIKOB M pa3paboTaHa KapTa
MaKCUMAaJIbHOH WMHTEHCHMBHOCTH 0caakoB. OIlleHeHbl TpPEH/bI MHOTOJIETHETO HW3MEHEHUS
KJIMMATHYECKUX XapPaKTEPUCTUK HKCTPEMAJIbHBIX OCAIKOB, BBISBJIEHBI HEKOTOPHIE CTATUCTHYECKE
Pa3INYHs B CPEITHUX 3HAYEHUSIX XaPAKTEPHUCTHK 32 PAa3JIMYHbIE IEPUObI OCPETHEHU.

KioueBbie cjaoBa: KaracTpopUUecKHe OCAIKU, YKMCIO JHEH, CyMMa, WHTEHCHBHOCTbD,

TPEH]I.
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