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MexrocyaapcrseHHas KOMUCCKSA MO KoopAnHauum sogocHabxeHnsa (MOCA)
MexayHapoaHbln doHA AN ApanbCKoro Mops

MexayHapoaHble PMHaHCOBbIE yUYpeXxaeHUs

MexayHapoaHas rpynmna 3KCrnepToB Mo U3MEHEHUIo KnmaTa
NHTerpupoBaHHOE ynpaBneHne BOAHLIMU pecypcamu

CnekTpopaanomMeTp ¢ usobpaxeHuem cpeaHero paspewennsa (Aqua/Terra
CNYTHUK)

MOHUTOPUHI U OUeHKa

HenpaBuTenbCTBEHHbIE OpraHM3auuu

OueHka KayecTBa

Cucrtema ynpaBneHus KayecTtBoM

Hay4Ho-nHpopMaUMOHHbIN ULeHTp MOCA

YcTonuneoe ynpasneHne 3eMesfibHbIMU pecypcamMm MHMOOPMaLVOHHOM
cucteMsbl (NporpaMMHbIA koMnoHeHT NCLIAY3P)

PykoBoauTens rpynnbi

Muccusa nsmepeHns KonnyecTsa TPonmyeckmux ocagkos
(MHOrocnyTHUKOBbIA aHann3 0cajKoB)

Mporpamma OOH no okpy»atowlen cpeae

BceMupHbIn BaHk

OueHka W NnaHupoBaHMe BOAHbIX pecypcoB (MOAENMPOBAHNE CUCTEMBI,

pa3paboTtaHHoi CTOKrOIbMCKMM MHCTUTYTOM MO OKPY>KatoLlen cpene)
BceMmnpHasa meTeoposiornyeckas opraHmsaumns
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PE3IOME

O6wan mHdpopmMmaums O NpoekTe

LleHTpanbHas A3us sBNseTca OAHUM U3 PErnoHOB B Hambonblen cTeneHu
CTpajawouwen oT NocneacTBUN U3MEHEHUS KiMMaTa Ha NpUpoay M 3KOHOMUKY.
3aknounTenbHbin oTyeT no npoekty ABP / TA 7532: «Boaa v agantauus
WHTepBeHUMN B LleHTpanbHOM 1 3anagHon A3uun" onucbiBaeT nccnenoBaHme, B
KOTOpoM pa3paboTaHbl MoAenn Mo BO3AEUCTBMIO WU3MEHEHUS KamMMaTa Ha
BOAHbIE pecypcbl U CTUXUNHbIE b6eacTBus B 6accenHe ApanbCKOro Mops.
Knumat npownoro 6bi1  BOCCTAHOBAEHC WCMNOAb30BAHMEM  AaHHbLIX U3
rnobanbHon 6as3bl AaHHbIX KAMMaTa, COCTaBNeH C UCMNOAb30BaHMEM MONEBbIX
AaHbIX U CNYTHUKOBbLIX HabnwaeHun. Heckonbko MexayHapoAHbIX MPOrHO30B
M3MEHeHNs KnumaTta 6binM MCNONb30BaHbl ANAS MOAENUPOBAHUA WU3MEHEHUN
TemnepaTtypbl, 0CagKoOB, JIeAHUKOB, CHEXHOro MNOKpoBa M pedyHbiXx cbpocoB B
6yaywem go 2050 roga. MogennpoBaHue byayliero ruaposormm pek noMoraetr
nJaHUpoBaTb ynpaBilieHWe BOAHbIMW pecypcaMm NpU pPacCMOTPEHUN CeNbCKOro
X0341CTBa, r’MAPOIHEPTrETUKH, OKpyXatouien cpeasbl " ropoacKmx
KOMMYHaNbHbIX YCIYr.

YnpasneHne BOAHbIMU pecypcamMn B pernoHe LleHTpanbHOM A3un CTankmMBaeTcs
c 6onbwmmn npobnemamun. MMaponorndyeckne pexuMbl ABYX OCHOBHbIX pek
permoHa, Cbip-Hapbs n AMmy-[apbsl, ABAAOTCA CNOXHbIMU N YA3BUMbIMU K
N3MeHeHuto knmmaTta. Ncnonb3oBaHne BoA03abOpOB  CENbCKOXO3AMCTBEHHbIX,
NPOMbIWIEHHbIX U 6bITOBbIX NOTpebuTenen COKpaTUIOCb, MOTOKM B PanoHbI
HMXE N0 TeYEeHUK  YMEHbLUIUNCH, pe3ynbTaToM SBUACS  TAXENbIN
sKosormdyeckun  ywepb.  AOMUHUCTPATUBHO-UHCTUTYUMOHANbHasa  cuctema
ynpaBneHusa parMeHTMpoBaHa KOHTPOJIEM LLECTb HEe3aBUCUMbIMU CTpaHamu,
4acTo C NPOTUBOPEYALLMMU LIENTAMMN.

dopMupoBaHMe cTtoka Ha obeux pekax - Cobip-Oapba u AMmy-Lapbs - MAET B
OCHOBHOM 3a CYeT TasHUs CHEeroB W NefHMKOB. BnunsHue notensieHns KnuMmaTta
Ha 3T K/KO4YeBble rMAPOSIOrMYecKme npoueccbl He AO0CTAaTOYHO MOHATHbI WU
NO3TOMY MPOBOAATCH NUWb (pparMeHTapHoe cMsardyeHme v agantauus. B To
BpEMS KaK M3MEHEeHUs YpOBHEW O0CanKoB TPYAHO npeackasatb B byayuem,
eCTb TBepAOe MHeHWe, 4YTo cpeaHss rnobanbHasa TemnepaTtypa nosbiwaeTtcs. B
pe3ynbTaTe, 6osbllue ocaakoB byaeT BbiNaAaTb B BMAE AOXAEN B BEPXOBbAX U
obveM nbpa B ropax TsaHb-llaHa w [lMamupa, ckopee BCero, COKpaTATCA.
MepBbll M3 Ha3BaHHbIX MOB/INSIET HAa CE30HHOCTb CTOKA, B TO BpeMs Kak,
nocnegHUn, No KpanWHen Mepe, BPEMEHHO YBENYUT CpeaHerofoBOM CTOK.
Kpome TOro, mu3MeHeHMe B O0CafKax MOXeT co034aTb AOMNOJIHUTENbHbIE
npobnembl. [llocneacTteuss ewe He 6bUIM  CTpaTermyeckn  A0CTATOYHO
onpeneneHbl KOIMYECTBEHHO, U CTpaTernn agantaums U CMArdyeHust He UMesnu
MecTa.

KoHeuHOM uenbio NnpoekTa ABNSeTCs coaencTeue ctpaHam LleHTpanbHon A3um B
NOAroTOBKE HALUMOHasIbHbIX CTpaTernm, rMoUTUKN U UHBECTULMOHHbBIX MJIaHOB
NoO YCTOMYMBOCTM K WM3MEHEHMI0 KamMmata u agantaunn. HebnaronpusaTtHoe
pas3sutue cobbITUM B 3TOM reornosIMTUYECKOM BaXXHOM U XPYMNKOM peruvoHe,
TpebytoT CpPOYHOro BHUMaHWNS MeXAyHapoAHOro coobuecTBa.
MexancumnamHapHble UCcCneaoBaHUs MOryT OKa3aTb CepbE3HYK MOMOLWb B
NPUHATUN pEeLleHUs B pernoHe 4S9 Nydwero yrnpaBieHUs PpUCKOM U pellueHunun
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CMAryeHna m agantauunmn CTpaTeFMVI K HeratTMBHbIM NnocneacrtBnudM MU3MEHEHUA
KinMmaTa.

NeaTesIbHOCTb MO NPOEKTY

B npoekte, npownbln  KAMMaT O6bll PEKOHCTPYMPOBAH C MCMNOJSIb30BaHUEM
AaHHbIX M3 rnobanbHoM 6a3bl  AaHHbIX  KAMMaTta, COCTABNEHHbIN C
MCNONb30BaHMEM TMOJIEBbIX WM CMNYTHUKOBbLIX HabnwoaeHnn. ECTb HECKONbKO
MeXAYHapoAHbIX MNporpamMMm, reHepupytowme CNyTHUKOBbIE KAMMaTUYECKMe
AaHHble N0 MUPY, WU 3TU AaHHble MOryT O6bITb 3arpyXeHbl W3 WHTepHeTa.
Heckonbko MeXAyHapoAHbIX YHUBEPCUTETOB WM Hay4HO-UCCNeaoBaTeNbCKMX
opraHmsauumn cobpann KOMMIEKC CueHapueB W3MEHEeHUs KauMaTa W
MPOrHO3MpoBaHUsa kKauMMata B 6yayweM. [aTb pas3nnyHbIX cueHapueB Obin
MCNONb30BaHbl AN MOAENNPOBAaHUS U3MEHEHUW TemnepaTypbl, O0CaAKoB,
NefHMKOB M CHEXHOoro nokposa B 6yayweM o 2050 roga. PesynbtaTtbl 6yayTt
NMPUMEHATLCSA B Pa3BUTUM YCTOMUMBOCTM K MU3MEHEHUID KAuMMaTa M cTpaTernmu
ynpaB/ieHnUs pUCKamMn Ha pernoHasibHOM, HaunoHalbHOM N 6acCenHOBO-pPEYHOM
YPOBHSX. B AeATenbHOCTb NpoeKTa BXOAMUT:

1) C6op cyLwecTByOWMX NOMEBbLIX 3aNnUCen N HOBble CNYTHUKOBbIE AAaHHblE MO
KMMaTy, rmaponorum n 3eMnenosib3oBaHns B LeNsxX BOCCTAHOBNEHMS NPOLUION
M HacTosLen 06CTaHOBKU;

2) pa3paboTka MeToAO0SIOMNMK, OTHOCSALWMXCHA K Ppa3yKpyYrnHEHUIO cueHapues
M3MEHEHNA KauMMmaTta, rMaposiorMyeckoro MoaenMpoBaHus, TasHue NneaHWKoB,
OUEeHKa BO34ENCTBUSA Ha KNMMaT, YSI3BMMOCTb KAMMaTa U aHanmn3 puCcKoB;

3) MogenupoBaHne 6yaywero rmaposorMm pek wu BbissBAeHUe npobnem
ynpaBieHnss BOAOW Y4YUTbiBasl CeNbCKOE XO3SMCTBO, [UAPOIHEPreTuKy,
OKpY>XaloLLyo cpeay U MyHuuunanbHble cny>X6bl N0 BOAOCHabXEHUIO;

4) lMporHo3 ¢GOopMMpPOBaHUS OMACHOCTEN, BbI3BaHHbIX M3MEHEHMEM KnMmaTa
TaKnX, Kak HaBOAHEHUS, 3aCyXu, cenun, onon3Hn n obsanbl;

5) lMNpeacrasneHne npeanoXeHUn no agantauum UHTEPBEHLUMU M MNOBbILLEHULO
noTeHuuana B UensX MNOBbIWEHNS YCTOMUYMBOCTU K M3MEHEHUIO KMMaTa B
pa3/IMYHbIX permoHax;

6) Pas3BuTMe noTeHumana B 06NaCTU UCNOAb30BaHUSA W MNpPUMEHeHUs
r’MAPOKAMMATUYECKMX MOoAeNen B permoHe.

HacTtoawmn ot4yeT npeacrasnsder cobon [ABYCTOPOHHEE MOAeSIMpOBaHHOE
nccnenoBaHue No oueHKe BO34EUCTBUS U3MEHeHUs KauMaTa paaun byayuwiero
Hanuuma BoAbl B pedHblX 6accenHax Amy-Aapbu u Cbeip-Aapbu. Yactbl
OMNUCbIBAET PEKOHCTPYMPOBaHHbIE MOCNeACTBMA WU3MEHEeHUs KamMmata B
baccenHe n Yactb Il dokycnpyeTcs Ha BO3AEUCTBUM U3BMEHEHUS KnuMaTta Ans
AanbHenwero (QOpMUPOBAHUSA CTOKA B FOPHbIX BEPXHUX 4acTax 6accemHoB.
MporHo3mpyemble NOCTYNJIEHUSA U3 BbllLeCcToswWwen Yactu baccemHa, B panoHbl,
pacrnosioXXeHHble BHMU3 MO Te4yeHUto CNYXXWUT BXOAOM ANa  MoAenwu
pacnpeaeneHnsa Boabl, pa3paboTaHHble B OLEHKe BOAHbIX PpecypCcoB U CUCTEMbI
nnaHuposanusa (OMNBP) ang moaennpoBaHust NoTpebHOCTM B BOAE N pPeCypCoB B
HM30BbsAX obnactn (Yactblll). Bo3gencreue byaywero N3MEHeHUns
TeMnepaTtypbl W BbiNaAeHUs OCAAKOB ANA Hanauumsa wn notpebHocTen BOAbI
6blNn cMOAENNpOBaHbl U PacCMOTPEHbI C BO3MOXHbIMM MepaMu aganTtaunu.

MporHo3biM3MEeHEeHUAKANMaTa
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KnuMmaTtnyeckne fgaHHble, KOTOpble AO/DKHbI MPUMEHATLCA B FMAPOSIOrMYECKOM
Mo4eNnMpoBaHUu BKJIKOYaMN cpeaHe-exenHeBHbIe, MaKCUMalnbHble "
MUWHMMasbHble TeMnepaTypbl U exeAHeBHble AaHHble 06 ocaakax Mo ceTke
pa3mepoM 0,2 °- 0,2 °, nokpbiBawwen cTpaHbl LleHTpanbHon Asmun. C ogHOM
CTOpPOHbI, rMaponornyeckoe moaennposaHue TpeboBano AaHHble MO KAMMaTy
Ha cerogHsAWHWA AeHb - Ana  KanubpoBku Mogenu-npoekumn 6yayuiero
KnuMmaTa - ona mogenvpoBaHumsa B byayweM. JaHHble, HAaHECEHHbIe Ha CEeTKY M
npeacrasngoLwmne COBpPEMEHHOE CpefHe-eXxeAHEeBHble, MaKCUMalbHble U
MUHUMaAsIbHble  TemnepaTypbl, 6bi1M  Npou3BeneHbl MNYTEM  Ha3eMHbIX
HabnogeHnn 3a Temnepatypon (2001-2010 rr.) u KpuaxkuHra (pasbuenHue
NPOCTpaHCcTBa Ha 6/10kM (PUKCMPOBAHHOIO pa3Mepa WM pacyé€T umccneayemoro
napamMeTpa B KaxaoMm 6noke no BbiGpaHHOM MoAenu BapuoOrpaMmmbl -
npuMm.nepesoaunka) uHteprnonsauun. COBpEeMeHHble eXeaHEeBHble AaHHble Mo
ocagkaM 6binm  ocHoBaHbl Ha PERSIANN CnyTHMKOBbLIX AaHHbIX, 3a
nckndveHnem 2006-2007 roaoB, KoTopble 6blaM  OCHOBaHbl Ha TRMM
CNYTHMKOBbIX MO ocaakaM. MNMporHo3bl 6yayuwero knmmata Ha 2011-2050 6binun
obpaboTaHbl C MNOMOLWbLID MOAENUPOBaAHUSA NATU  PasINYHbLIX  MoAesen
rnobanbHoro knuMmata npoekta IPCC's CMIP3 (IPCC International Panel for
Climate Change). [nobanbHble MMUTAUMOHHbLIE MoAenu Ansa byaywero 6biu
YMeHbLUEeHbl B pa3Mepe A0 MJIOTHOM CETKW, MUCMNOJb3ys CETKY COBPEMEHHbIX
KJIMMATUYECKUX AaHHbIX U METOLOM U3MEHEHWUS AeNbThbl.

MopenupoBaHue Ha 6a3e rnobanbHbiX KNMMATUYECKMX MoAenen npeanonaraet,
yTO cCpegHerogoBas TeMmnepaTtypa 6yaer pactm B LleHTpanbHO-A3MaTCKOM
permoHe TnMpuvMEpPHO Ha Tpu Trpagyca B TedeHue Onmxkanwmx 40 ner.
CunbHelwee noTenseHne NpPOrHO3MpyeTcs B ropax, U B CEBEPHOW 4acTu
LleHTpanbHOn A3uMn. Ha exerogHOM OCHOBE W3MEHeHMs 0CcajKoB, Mo
nporHosam, b6yaet HebonbwmMm B TedyeHue bGnmxanwmx 40 net. CywectByeTt
Bapuaumsa OT Mogenu K ™moaenu, ofHako, 60/bLMHCTBO KIMMATUYECKUX
mMoZenen npeanonaratT, YTO y)Ke B CyXOW ro-3anagHon 4yactu LleHTpanbHomn
A31n CTaHeT elle cywe oCobeHHO B NIeTHMIN Nepunoj, U YTO B HEKOTOPbIX MecTax
B rOpax KOJIMYeCTBO 0CaAKOB MOXeT yBeNNYNTLCS.

Okpy>«awouian cpeaa B ropax

NeaHnkun 3aHmMMaloT 18128 kM?, oT 6acceitHa Apanbckoro Mopsi. OHW urpatoT
BaXXHYI pOJib B rMAPONOrMU, TaK KaK reHepupyroT Tasyr BOAY B TeyeHue
3aCyWNMBLIX JIeTHUX MecsiueB. [OpHble negHuUKW BKA4YarT B cebda: 1)
MeneHbkUn  UMPK  NEeAHMKOB, MOKOSWMUXCA Ha AO0BOSIbHO KPYTbIX FOPHbIX
CKNoHax; 2) bonbwue neasHble LWanky MOKpbiBaWMe ropHble BepLUUHBbI,
CBSI3@aHHble C [OJIMHHbIMKU NeAHUKaMu, Y3KMe W  AJIMHHbIE 43blKWM  NbAa,
ctekatowme B [1-obpasHble 40/NHBI.

MpoueHT naowaan oneaeHeHuss ABYX BOAOCOOpPHbIX HGAaCCEeMHOB CyLEeCTBEHHO
otnnyaetca. JleaHnkmAMmy-lapbmu oxBaTbiBaeT 15500 kM? (2% OT nowaamn) u
1,800 kM? - Cbip-Aapbu (0,15% ot nnowaan). Camble 60/blUME NEAHUKN
HaxoaaTcs B ropax lNMNamupa B TagXXuKucTaHe.

NepHunkn B ropax TaHb-LWaHa u MNMamupa oTcTynatoT, a macwTabbl OTCTyn/IeHns
MEHSAITCS MexXxay  permoHaMm W BpeMeHHbIMM nepuodamun.  KpynHenwas
BeNIMUYMHa OTCTynneHuns 6bina 3aperucrtpuposaHa B CesepHoM TdAHb-llaHe, rae
naowaan onegeHeHUst cokpatunacb Ha 30-40% B TeyeHne BTOPOW MOJSIOBUHbI
20-ro Beka. TeMnbl OTCTYNAeHUs NeaHUKOB 6blNn MeasieHHee B yAaneHUU Ha
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BOCTOK W 1Or, TEM HE MEHee, YCKOpeHune OTCTYNAeHnsa negHmnKa 6bi10 0OTMeYEeHOo
B BOCTOYHOM [lamumpe c 7,8% no cpaBHeHUto Cc 1978-1990rr. o 11,6% no
CcpaBHeHUO ¢ 1990-2001rr. nepuonoMm. JlegHunkn notepsnm 12,6% (0,33% /
rog) ux B 1965r. obnactn B nepuog 1965-2003 rr. OgHa m3 Uenen npoekTa
AABUNOCb MNPOrHO3MpoOBaHUE TasAHUA NegHUKOB B OyayuleM C WUCNOSb30BaHUEM
MoAeNnnpoBaHUsS BO34ENCTBUSA U3MEHEHUS KiMMaTa Ha ropHble rnMaposioruun.

HoBble npuneaHunkoBble o3epa 6yayT co3aaHbl, Korga, MoxeT 6biTb, neasHoe
AAp0 MoAenu co3pacTt 3anpyay nepes 6bICTpo OTCTynakoWMMU  AOSIMHHbLIMU
negHnkamun. Takme o3epa MoryT uMeTb 6onbwon ob6bem BOAbl U, KOraa pyXxHeT
namba, MoOXeT npou3onTKM KaTacTpodumyeckoe HaBoaHeHne. Heobxoamma
3aWmMTa OT BO3MOXHbIX HaBOAHEHWM B 30HAX, HAXOASALWMXCA B YSA3BUMOM
NMOJTOXEHWNW.

CHeroBas NMHUA noaHUMETCSa B cpeaHeM Ha 200 - 300 meTpoB Ao 2050 roaa.
CKNOHbl X0NIMOB, KOTOpble Bceraa 6biaM NoKpbITbl CHErom, 6yayT noasBepraTbCs
3po3un. TastHMe BEYHOM Mep3/10Tbl B BbICOKMX ropax CAenatT CKIOHbI
HEeYyCTONYMBbLIMU, U 3TO ByaeT reHepmpoBaTb OMON3HM U cenn. Takne bencTeums
MOryT ObiTb OnacHbl ANs noceneHun n UHPPACTPYKTYpPbl BHU3 MO TEYEHWUIO.
Pe3ynbTaTbl MOAENMPOBAHUA HE YKa3biBAlOT Ha YBeNMYEHMEe BO3HMKHOBEHWS
BECEHHUX HaBoAHeHWn B byayuwem, HO B CBS3M C POCTOM cefer, Nocneacrems
HaBOAHEHUS BeposiTHee Bcero MoryTt 6biTb 6onee KatacTpopuUUeCKMMM, 4Yem
paHbLUe.

f'maponorns pamoHoOB BBEPX MO TEYEHUIO

Bbiin  pa3paboTaHbl  pacTpoBble  OCHOBbl  BbICOKO  AeTaIM3MpPOBaHHbIX
KpnocdepHO-rnapoaormyeckux Mmoaenen ans Bbllectoawmx yacten Amy-lapbmu
n Cboip-Qapbn. BeBepx Mo TeUEHUO rmaposiormss U posib CHera M fbga MMeKT
pelaloliee 3HayeHue A58 MNOHMMAHUS BO3AENCTBME  Ha panOHbl HUXKHEro
TeyeHus. Bo3aencTBus WU3MeHeHUs KauMaTa Ha rMApoOJIOrnMKD BEPXHEro
TeyeHUs MoAenupyeTcs C BbICOKOW AeTanusauuen, BKIOYAs AUMHAMUYecKune
U3MEHEHNA B JlefHMKAX W CHEXHOM nokpoBe. Bknaa oT TasHUA NegHUKOB,
TassHUSA CHera, A0XAeBblX 0CaAKOB M 6a30BOro CToka B LenioM Bcero ob6béma
CTOKa onpeaensieTcs MoAenbio. 2Ta Moaesnb bbiia oTkanmbpoBaHa Ans MCTOpun
oTyeTHoro nepuoda (2001-2010), € UCNONb30BAHNEM UCTOPUN KNNMATUUYECKUX
AaHHbIX WU HabnwgeHnn nputoka B BoaoxpaHunuwe. KannbposaHHas Moaenb
6bina BnocneacTteMm opcmpoBaHa B YMeHbLEHHOM MacwTabe ¢ 6yaywmmu
TemMnepaTtypHbiIMM U 0OCAAKOBbIMKM  CUeHapudaMu ana  cueHapua AlB,
OCHOBaHHOIro Ha nNSaTU pasnunyHbiX Mogenax FnobanbHon Uunpkynsumm (MOL)
3a 2011-2050rT.

Pe3ynbTaTbl rMaponorMyeckoro MoaesnvpoBaHUS paVIOHOB BBEPX MO TEYEHUIO
BK/1KOYAOT cneaytoLlee:

PaspabotaHHas Mogenb, cnocobHas UMUTUPOBATb MOJSIYYEHHbIN NYTEéM
HabnoaeHnn CToK U MoOXeT ObiTb MCNOAb30BaHa AN U3YYEHUS BIUSHUS
M3MEHEHUNI KNnMaTa Ha rmapoaormMyeckmn UnKn.

Ectb 6onbwine oTnmuma B poaM CTOKa Tanon BOAbl ANS CO34AHUSA  peYHbIX
6accenHoB AMy-Lapbu n Cbip-Aapbn. Tanas soaa nMmeet 6onee BbICOKUA BKag
B dopMumpoBaHme cToka baccenHa pekm AMy-[lapbu rno cpaBHeHUtO ¢ 6accemnHoM
peku Coip-apbu.
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OueHb BepoATHO, UYTO 06BLEM neaHnka Ha MNamumpe wn TaHb-LLaHe Ha ropHbIX
xpebTax cHu3uTcsa ¢ 45 o 60% k 2050 roay.

CocTtaB 4eTblpex KOMMOHEHTOB (OopMMPOBaAHMA CTOKa (KOSIMYeCcTBa BbiNaBLUMX
0CaAKoB, TasiHUs CcHera, TasHUSA neaHukoB, 6a30BOro noTtoka), B 6byayliem
CKOpee BCero, M3MeHUTCHA. DTO CepbE3HO MNOBMIMSAET Ha CTOK B LUEJIOM, HO
0C06eHHO Ha CTOK OT Ce30HHbIX M3MeHeHWUN. [lnK CToKa CMecTUTCa C NfieTa Ha
BECHY M YMEHbLUTCA B pa3Mmepax. MoaesnbHbl NpoayKT, Koraa dopcmpoBaH C
KNMMaTUYECKUMU MPOrHO3amMu, NMpous3BeAEHHbIMU NATbO MoaensMu rnobasnbHOM
umpkynsaumn (MOL) nokasbiBaeT yMeHblleHe hOpMMPOBAHUS CTOKa B BEpXHEWN
yactn AByx 6accemHoB Ao 2050 ropga. W3MeHeHMa CUNbHO OTIMYAOTCS B
npocTtpaHcTee. @DOpMMpOBaHME CTOKA CHMXAeTCa Hambonee 3HA4UUTENbHO B
BEPXOBbAX OTCTYNNEeHUs fieaHuKa.

O6bwunn obbeM rogoBOro CToKa B parOHbl BHU3 MO TEYEHUID, KaK OXuAaaeTcs,
COKpaTUTCA Ha 22-28% no Ceipaapbe 1 26-35% no Amy-[apbe Kk 2050 roay.
CunbHelwee yMeHblleHWne peyHOro CToKa OXWAAeTcs ANs MO34HUX  NEeTHUX
MecsueB (aBrycTt, ceHTsa6pb, OKTA6pb), rAe NpUTOK B panioHbl BHM3 MO TEYEHUIO
yMeHbLlaeTcsa npuMepHo Ha 45% ans obonx 6accenHoB pek.

YnpasneHue BOAHbIMU pecypcaMu BHU3 MO TEYEHUIO

MHcTpyMeHT oueHkn OlMBP (WEAP) v nnaHMpoBaHWe BOAHLIX PpecypcoB
(MopgenupoBaHmne cuctembl, paspaboTtaHHoM CTOKIo/IbMCKMM MWHCTUTYTOM MO
oKpyxatowen cpeae) 6bin MCNoNb30BaH B KayecTBe KOMMIEKCHOM OCHOBbI 4SSl
banaHca cnpoca M nNpeasioXeHus U MoAeNMpoBaHMA cueHapueB ajanTtauum B
peyHbiXx 6accerHax Amy-Lapbun un Cbip-Lapbun. HexBaTka M BO34eNCTBME BOAbI
6blNn oueHeHbl Ha ypoBHe baccenHa Ans Tekywen n byaywen cutyauun. JTa
MoZesfib CBfAA3aHa CoO34aHa ANd  MUCTOpMYecKoro 3TajioHHoro nepuoga (2001-
2010), ucnonb3ywwas MoAenupyembli NMPUTOK C BEPXHUX 4YacTen baccenHa,
NCTopuUYeckne fAaHHble, Kacawwmecs KauMMmaTa, CeNbCKOXO039MCTBEHHOro
3eM/1enosib30BaHUs, HAaceneHusa. M CTPYKTYpbl ynpasieHns BOAHbIMU pecypcamm
B NoaobHbIX BOAOXpaHWIUWAX M KaHanax. Mogenb kanubpyeTcsi C MOMOLLbIO
HabnogaeMblX MPUTOKOB BOAOXpaHWUWaA, OTTOoKa M obbeMa, U BnageHuo B
Apanbckoe Mope. Bnocneactesuu, kanubpoBaHHas ™Mogenb @QopcupoBaHa C
YMeHbleHHbIMM B MacwTtabe cueHapusmu byaywmx TeMmnepaTyp, U OCaAKOB
Ansg  cueHapma AlB, OCHOBaHHbLIA Ha MNATU pasfIMYHbIX MoAensix rnobanbHoOn
umpkynaumm  (MOLU) B 2011-2050rr. u”  COOTBETCTBYHOLWME  MPUTOKMU,
obpasoBaHHble MOAeNblo A1 palOHOB BBEPX MO TEYEHMUIO.

OCHOBHbLIMM  naesMun pe3ynbTaTtOB UCCNeEaAOBaHUA MOAENTNPOBAHUA BHWU3 MO
TEYEHNIO ABNAOTCA:

e PaspaboTaHHble Moaenu MOryt UMMUTMpoOBaTb B HabniwpaemblX MNOTOKaX
YPOBEHb BOAOMOJ/Ib30BaHMA W MOryT ObiTb MCNOAb30BaHbl  ANS WU3YYeHUS
BNINSHUS U3MEHEHUS K/1MMaTa Ha BOAHble pecypcChbl B permoHe.

e CywecTtByloT 6onbline pasnnuus B posn Tanow Boabl Ans HoOpMUMpOBAHMUSA
CTOKa B peuyHbix b6accenHax Amy-Lapbu un Cobip-Adapbu. Tanas Boga uMmeeTr
6onee BbICOKMM BKNag B CTOK B 6GaccenHe AMyaapbuM NO CpaBHEHUK C
6accenniHoM pekun Cbipaapbs.

e ExxeroaHbln o6wmr cnpoc Ha Boay B 6accenHe Cbipaapbn yBENMYMBAETCS Ha
3,0 - 3,9% B 2050 roay. EBExerogHbln HeynoBNEeTBOPEHHbLIA CNpOC
yBenunumeaeTca ¢ 8,8% B HacTodulee Bpemd go 31,6 - 39,7% B 2050 roay.
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e BExerogHas obwasa noTtpebHOCTb Ha Boay B 6HaccerHe Amy-[apbu
yBennumeaetcs Ha 3,8 - 5,0% k 2050 roay. ExxerogHass HeynoBneTBOpéHHas
notpebHoCTb yBenuumeaetcs C 24,8% C HacToswero BpeMeHn Ao 45,8 -
54,5% Kk 2050 roay.

e Obwasa NpoTAXEHHOCTb ApanbCKOro MoOps COKpaTUTCs NpubnmnsnTenbHO C
17000 kM? B HacToslLlee BpeMsa go 13800 KM? Kk 2050 rogy. Paznnuua mexay
CeBepHoM 4acTbto UM KOXXHOWM 4acTbio 03epa nopaxatT. CeBepHas 4acTb nMeeT
noteHuman, 4Ttobbl pacwWMpUTbCA MNPUMEPHO Ha 72% B YCI0BUSAX
nporHosmpyemoro nputoka (Ho 6yaeTr MeHblle npuToka BoAbl B KOXXHOW YacTum
03epa), B TO BpeMs Kak KOHasa 4acTb 03epa COKpaTUTCHA NpuUMepHO Ha 38%.

CrtpaTtermm apantayuum

Ona npeofonieHMs HblHeEWHen un byayuwen HexBaTKM BOAbl B CTpaHaxX ecCTb
uenbiM psa BapuaHTOB B UX  pacrnopsiXXeHuu, 4Ttobbl pearvposaTb U
ajanTmpoBaTbCa. OTW nNapaMmeTpbl MOryT ObiTb CBeAeHbl B TPU OCHOBHbIE
KaTeropuu: (i) pacwmpeHue nocrtasok, (I1), nosBbilleHUe NMpPon3BOANTENIbHOCTU
Tpyaa, u (111) cokpaweHue cnpoca. [ns Kaxaorm u3 3TUX Tpex KaTeropum
TUMWYHbIE BapuaHTbl 6bIJIN U3yUYeHbl, pe3ynbTaTbl AaHbl B CNeaywmxX paMKax:

Llenb TexHonorus
PacwunpeHue BogocHabxeHus A: lMoBblWeHne noTeHumana BoOAOXpaHUANLWaA
lMoBbIWweHne B: YnyuJlweHne cenbCKOX039MCTBEHHOM
NpoOn3BOANTENBbHOCTU: NpaKTUKU

C: TloBbllWweHNe NOBTOPHOIO UCMOMb30BaAHUS
BOoAdbl B OpollaeEMOM 3eMnengennn

D: MNoBbllWeHMe NOBTOPHOIO UCMONb30BaHUS
BOAbI ANSA 6bITOBbIX HYXJ,

CokpalieHune cnpoca: E: CokpauleHune opoLwaeMbiX naowagen

F:CokpalleHne BHYTpPEHHEro crpoca

G: Jedvnunt opowieHus

Kaxablh M3 3TUX BapWaHTOB CBSA3aH C onpefeneHHbIMU npeaenbHbiMU
3aTpaTaMmn Ha eauHWLYy, HaumHas ¢ US $ 0,02 3a M® ana ynydleHms MeTofoB
BEleHUs1 CeNbCKOro xo3saicTBa A0 $ 2,00 3a M® B ciyyae cokpalleHus
NOCTaBOK BHYTpeHHero cnpoca. [MoHATHO, B cny4yae Bblibopa nepBoro BapuaHTa,
CaMOro AewesBoro, HO B TO e BpeMsi OH He MOXeT 6blTb AOCTaTOYHbIM ANs
npeoAosieHns HexXBaTKN BOAbI MOSTHOCTbIO, a 6onee foporne BapuaHTbl AOKHbI
CTaTb MOCTOM ANd TMpeoaosieHns HexBaTKu BoAbl. [lpn  paHXuUpoBaHUU
BapuMaHTOB ajanTauuMm K UX 3aTpaTaM Ha eauHUUY KOHKPEeTHOW CTpaHbl
NOCTPOEHblI BOAHblE KpuBble NpeAesnbHbiX 3aTpaT. Wcnonb3oBaHuMe KpuBOM
CTOMMOCTM  Hanymsa  BOAbl  OrpaHUYMBaeTcs CpaBHeHMeM (HUHAHCOBOWM
CTOMMOCTM Mep AN NOKPbITUSA 3TOM HEXBATKU. BaXHO OTMETUTb, YTO 3TO MOXET
OTNIMYATbCA OT 3KOHOMMYECKUX wusgepxek ang obwectBa B uenoM. Kpusas
3aTpaTt MoO3TOMY [AOJ/DKHA paccMaTpuBaTbCA KaK Mepa pYKOBOACTBa AJid
CpaBHeHUSA (GDMHAHCOBbIX 3aTpaT AN NPUHATUS pELLUEHUNA.

BOMBWWHCTBO 3KOHOMUYECKN 3PP EKTUBHbIX aAanTauMOHHbLIX Mep NpoBepsATCA
B CEe/IbCKOXO3SIMCTBEHHOW MNpaKkTuke, aeduumte  OpOWEHUs, YBEUYEHUID
NOBTOPHOIO WCMOSIb30BaHUSA BOAbl B CENIbCKOM XO3SINCTBE W COKpaLLEeHWUIO
opowaembix nnowanen. Kpome TOro, Mepbl, MPUMEHSEMble B CeIbCKOM
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XO38UCTBE 4ABAAKOTCA ropa3go 6onee 3(Pp@PeKTUBHbIMM C  TOYKM 3peHUs
COKpalwleHnUss HeyaoBNEeTBOPEHHOIro cnpoca, nMOTOMY 4TO BHYTpPEHHee
notpebneHne BoAbl B 6accerHax SABMASETCA HE3HaUUTEeNbHOM MO CPaBHEHUIO C
NCMonb30BaHMEM BOAbl AN CeNnbCKoro Xxo3simctea. [llpuMeHeHne caMom
3aTpaTHOM ajanTauMOHHOM Mepbl 3aKpoeT HeAOoCTaTOK BOAbl M CTOMMOCTb
coctasut 1,730 mnH.gonn. CWA B roa k 2050 roay. lNokpbeiTve HepocTtaTka
BOAbl, BbI3BAHHbIX TOJIbKO U3MEHeHWeM Knmmata byaet ctoutb 550 MAH. Aonn.
CLWABroag 2050 roay.

e BONbLWMHCTBO 3KOHOMUYeCKN 3 dekTnBHbIX Mep agantauum (1), ynydweHue
CenbCKoxXo3ancTBeHHOM npaktuku, (1) aeduumt opowenusa, (IIl) yBenunyeHue
NOBTOPHOrO0 MCMNOJSIb30BaHMSA BOAbl B CeNbCKOM Xo3auncTtee, u (1V), cokpauieHue
opoLlaeMbIxX niowanemn.
e 3aTpaTtbl Ha MOKpPbITUE BCEro HegoTtaTka BoAbl (43000 MnH.M3) oLeHMBaloTCA
BUS $ 1730 mMnH. B rog B 2050 roay.
e[lOKpbITNE AONONHUTENBbHON HEXBATKW BOAbl, BbI3BAHHOW TO/IbKO U3MEHEHMEM
KnumaTta (25.000 MH. M3) 6ynet ctoutb 550 mnH. gonn. CWA B rog k 2050
roay.

Mpooomxkawoweecs CTPOUTENbCTBO HOBbIX MAOTUMH B Kblprbi3cTaHe u
TagxukuctaHe pgobasnsgeT HAMNPsHXKEHHOCTb B C/JOXMBLUENCS  CUTyauUW.
CoBeTckasi 2pa , COOTBETCTBYOWASA MJaHy rUMApPO3HEPreTUYeCcKnx rnpoeKkToB
Kambapatal n Il B Kbiprbi3ctaHe, M POryHCKOM MNOTUHbI B TagXXWUKUCTaHe
HaXxo4ATCsl CHoBa B pa3paboTke, B CBSA3M C paclMpeHueM AOCTyna K AeHbram
MeXAyHapoAHbIX AOHOPOB - Poccmun n Kutasi, MHBECTUPYIOLWNX B 3TN NPOEKTHI.
B cTpaHaxXx HuU30BbSA 3TW CO6bITUSA ycununum 6ecnoKoMCTBO, MOTOMY 4YTO 3TO
MOXeT O03HayaTb, 4YTO CTpaHbl HaxoAswumecss BBEpPX MO TEYEHU MOryT He
CB#A3bIBaTb cebs obsa3aTtenbcTBamm 7 Heo6xoaMMOCTbIO MOCTaBKM
SHeproHocutenem B 3UMHMKM nepuos u3  KasaxcrtaHa, Y3bekuctaHa U
TypkMeHuncTaHa. CTpaHbl BBEpPX MO TEYEHUID MOryT He cneaosaTb COOM0AEHUI0
npasmn paboTbl JIeTHEro pexwumMa C Cepbe3HbiMUM  NOCAeaACTBUAMKU  AN1b
opollaemMoro 3emneaenms n 3KOHOMUKK B LESIOM ANs CTpaH, Jiexawmx BHMU3 No
TeyeHuto. C 3TOM TOYKM 3pEeHUsi, HET HUYero yAMBUTENbHOro B TOM, 4TO
HEeKOTopasi HAaNPSXXEHHOCTb B OTHOLUEHMAX MexXAy CTpaHaMu cywectByeT. XoTs
HOBas WMH@pacTpykTypa byaet apdekTMBHA NpU NEPEKPbITUM TEYEHUS peK W
A06aBUT BO3MOXHOCTM B YMpaB/ieHWU, 4YTO HBMSETCA >XU3HEHHO BaXXHOM
HeobxoAMMOCTbIO, npeogoneTtb B  Oyaywem  npenaTtcTBus Ha  NyTwU
pernoHasibHOM UHTEerpaumu.

HapawmBaHue noTeHuuana

MpoeKkT onpeaenun HauWoHalbHble OpraHuMsauumM UM 5 - 8 3KCcnepToB M3
Ka»aoM CTpaHbl ANa y4yacTus B TMporpaMMe HapaliuBaHuWs noTeHuuana,
HanpaBnEeHHOro Ha pa3BuTUE HaBbIKOB B rMapOKINMATUYECKOM
MOAENNPOBAHUN. IDKCMNepTbl, NpeacTaBAsioWNE TMAPOMETEOPOIOrnyeckmne
WHCTUTYTbI,  Apyrne  BeAOMCTBA WNU  Hay4dHO-uUCcneaoBaTeNbCKMe
opraHusaumu, OTBETCTBEHHbIE 3a YyMpaBfieHMe BOAHbIMM pecypcaMm W
TEXHUYECKMMM MHCTUTYTaMU Cheunanu3npyolmnecs Ha MoAeMpoBaHUU U
MHMOPMALMOHHbIX cucTteMmax. lNpoekTHass KOMaHAa OpraHuM3oBasia HECKObKO
CEMMHaApoOB no npobsieMaM W3MEHEeHUs KaMMaTa B CTpaHax, W 6binu
npurnaweHbl 3KCNepTbl W3  PasfM4YHbIX MWUHUCTEPCTB, aKaAeMUYecKux
MHCTUTYTOB W APYrMX NpPOEeKTOB. BbICTynneHusi, caenaHHble  3KcnepTamu
npoeKkTa W HauMOoHas/bHbIMM OpraHamMyM BNacTWU NpeacTaBuaM MHGOPMaUUIO Mo
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U3MEHEHWUIO KNUMaTa, ero BAUSIHUS Ha YyrnpaBfieHWe BOAHbIMM pecypcamu U O
BO3MOXHOW CTpaTernu aganTtauunu.

HauuoHanbHble 3KCNepTbl, MNOAYyYUIM OT TMpPOEeKTa MOLUHblE KOMMbHOTEPSLI
HOYyTOYKM, nporpamMmHoe obecneyeHne n apyroe obopynosaHme, Heobxoanmoe
ANs MOAEeNNUpPOBaHUA U yrpaBneHmns nHdopMaumnen. MexayHapoaHble 3KCnepThl
BENU noaroToBKY HauWMOHaNbHbIX  3KCNepToB AN MCNOJSIb30BaHUA
KTIMMaTUYEeCKUX AaHHbIX n MoAenMpoBaHus (pa3ykpynHeHwue, R
nporpamMmMmpoBaHune), ruaposiormnyeckoro mogenuposaHua (PCRaster) w
mMoaenunpoBaHue pacnpegenenmnsa soabl (OMNBP).HaunoHanbHble sKkcnepTbl 6yayT
npoao/mkaTb paboTy npoekTa, HanpuMep, Mo HauMOHANbHOM LWKasie C MOMOLLbIO
6onee nogpo6bHbIMU CTATUCTUYECKUMWN CCbINTIKAMN.
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1. MOAEJINPOBAHUE USMEHEHUNA KJTIUMATA

1.1. O6wWwime nonoXkeHusa

Temp Response (°C)

Prec Response (%)

B 4-m poknage 06 oueHke MIMUK no LeHTpanbHO-A3MATCKOMY PpernmoHy
nporHo3mpytotca 6onbwme kanmmatudeckne usMmeHeHus, (Christensenetal.
2007). PucyHok 1-1 noka3blBaeT MpPOrHo3vpyeMble U3MEHEHUs TemrepaTypbl
(BepxHUN psp) M ocagkm (HMXHUA pagd) Mexay 1980-1999 u 2080-2099
nepuogamm ansa cueHapuma AlB MOL kak cpegHee u3 21 rnobanbHbIX
knumatunyecknx mogenen (FKM). LUndpbl npuBeaeHsl Ans rogosBbixX, ¢ Aekabps
no despanb (AAD) n c noHa no aeryct nepumoabl (MWA). B ropax lMamupa,
noBbilWeHWe TemnepaTypbl A0 4 rpagycoB B 2100 roay B COYE€TaHUU C
YMEpPEHHbIM YyBeJIMYEHMEM O0CAAKOB HABNAKTCHA MPOEKTHbIMU. [loBblleHHAsd
TemnepaTtypa npuMBoAUT K 6onee BbICOKMM NOTPebHOCTSIM 3BanoTpaHcnupauum
N nepeBelIMBAET YMepeHHoe yBenumyeHme ocagkos. B LleHTpanbHOM A3um
o4YeBMAHO, TrAe OCYLWeCTBAsSeTCs CefibCKOXO35INCTBEHHOE MPOWU3BOACTBO,
KnuMmaT byaeT cywe v xapue.

Annual
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®durypal-1. MI'OUK 4 OTyeT no oueHke pesynbTtaTtoB ansa Asum (Christensenetal. 2007).

Kak nokasaHo Ha PucyHke 1-1, B 6yaywiem MOryT nNpou3onTU 3HaAYUTeNbHble
U3MEHEHNA B KAMMaTUYecKux ycnosuax. Onsa Toro, 4tobbl MMETb BO3MOXHOCTb
OLEHUTb BO34ENCTBME WU3MEHEHWN KIMMaTa Ha ruaposiormyeckue ycrioBus Wt
pauMoHasibHOEe UCMNOoSIb30BaHME BOAHbIX PeCypCOB MEeTeopOosIorM4YeCcKnx AaHHbIX
He TpebyeTcqa. Habniogaemblie gaHHble HeO6X0AMMbI ANS OUEHKM HacToswero /
KAMMaTta B NpOLWIOM, U NPOrHO3bl HA OCHOBE MOAENMPOBaHUS MOAENn KanmaTta
AA0T Nydlwmne oueHkKn ans 6yayuwmx KnMMaTtuyecknx ycnosui. B aTom npoekTe
TakK Ha3blBaeMbl 6a3oBbi (AaHHble HabnoaeHnn) nepuos - 310 2001-2010
rogbl, 1 Ha 6yaywmn nepmoa Ao/KeH 6biTb paccMoTpeH nepuoa 2011-2050.
Mmaponorvyeckue Moaenu, NpMMeHseMbIX B 3TOM NpoekTe TpebyloT B KavecTBe
BXOAHbIX HenpepbliBHble BpPEeMeHHble psAabl OT CYTOYHOW TeMmnepaTypbl W
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exeaHeBHble aaHHble 06 ocaakax. Bce aaHHble A0MKHbI 6bITb B €ANHON CeTKe,
nokpbiBalLwern obnactn npoekTa.

1.2. O6paboTka AaHHbIX NO KAMMaTY

1.3.

O6paboTka W aHanuM3a 601bWKMX METEeOPOSIOrMYECKNX W NAPOSIOruYecKnx
AaHHbIX TpebyloT COBpeMeHHble aHanuTuyeckue cpeactsa. B 3ToM npoekTe
obpaboTka HabnwaeHWM 3a KIMMATOM U KJAMMaTU4eckue nMporHosbl, B
OCHOBHOM, OCYLUEeCTBAAEeTCa C nomouwblo 43blka R cpeabl (http://www.r-
project.org/). R saBnaetca 6ecnnaTtHbIM MporpaMMHbIM obecneyeHnem Ans
CTAaTUCTUYECKNX BbIYMCIIEHNIN N KOMNbIOTEPHOW rpadukn. Kcnonb3oBaHne R B
nocnegHee BpeMsa  pacwWMpuiocb W CTano  MNoYTWM  CTaHgapToM  Ans
CTAaTUCTUYECKNX BblUMCIEHN U 06paboTkm AaHHbIX. OH MoOXeT paboTaTb Ha
pas/INYHbIX ONepauMOHHbIX CUCTeMax, Takux kak nnatdopmax UNIX, Windows
n MacOS. 3710 npoekT GNU (npoekT no cBob6oAHOMY pacrnpoCTpaHeHuo
nporpaMmMmHoro obecnevyeHus, NpuM. NepeBoAYnKa), KOTOPbIM NOAOO6EH S3bIKY U
cpeae S, u kotopble 6bin paspaboTaHbl B Bell Laboratories (6biBwasa AT&T, B
HacToswee BpeMsa Lucent Technologies) xoHoM Yambepcom c konneramu. R
obecneunmBaeTr MHOrve BWAbl CTaTUCTUYECKUX U rpadumyeckux MeTodoB, U
obnagaeTt WKMPOKMMU BO3MOXHOCTAMU HapawmBaHusa. Hanpumep, ncnonb3sys R
Nerko CTpouTb Auarpammbl n rpadpukn, B TOM 4YuUCAe MaTeMaTuyeckue
obo3HaveHnsa wn Qopmynbl. R AoCTyneH Kak cBobogHoe nporpaMMHoe
obecneyeHne B cooTBeTCcTBUM C ycnoBuaMm GNU Free Software Foundation,
General Public License B BMAEe MWCXOAHOro KoAda. JTO O3HAYaeT, 4YTO HeT
YCT@QHOBOK W/IN 3KCMyaTauMOHHbIX pacxoAoB, CBA3aHHbIX C R.

R cnpoekTnpoBaH B 061acTu COOTBETCTBYIOLWEr0 KOMMNbIOTEPHOIO SA3biKa, U 3TO
NO3BONSAET NOSIb30BATENSAM YBENNUYMBATDL AOMONHUTENBHYIO OYHKUNOHANbHOCTD,
onpenensas HoBble YHKUMU. [N KOMMbTEPU3MPOBAHHbLIX CIOXHbLIX 3ajad,
koabl C, C + + 1 ®opTpaH Koabl MOryT 6bITb YCTAHOBMEHbl U AN HA3blBAEMOIo
BpeMeHn 06paboTkn (NporoHa nporpamMmbl). R BkAo4vaeT B cebs MnosiesHyto
dyHKUMIO, HanpuMmep, TaKyl Kak: 3ddekTmBHas o06paboTka A[aHHbIX U
XpaHeHne, KOMMJIeKT orepaTtopoB JAJ19 pacyeToB MO CeTKe, B YaCTHOCTMW,
MaTpuL, a TakKXe XOpowo pasBuUTbIA, NPOCTOM U 3SPPEKTUBHbLIA A3bIK
nporpamMMmMpoBaHnsl, KOTOpPbIK BKA4YaeT B cebs YyCNOBHbIA  UWKA
onpeaensieMbln NoOAb30BaTeNieM PeKYpPCUBHbIX YHKUMA U CpeacTBa Bxoaa WM
BbIXoAa.

R MOXHO paccMaTpumBaTb KakK cpeay, BHYTPUM KOTOpPOM peasnin3oBaHbl
CTaTUCTUYEeCKne MeToabl.R MOXeT ObITb Nerko yBenmyeHa dyepes nporpaMmMHble
naketbl. ECTb OKONO BOCbMM NaKeTOB, CHabXeHHbIX pacnpegeneHneMm R, w
6bonee Toro, AOCTYNHbIN 4epe3 ceMenctBo CRAN (Comprehensive R Archive
Network-BcecTtopoHHsAss R ApxmBHasa CeTb) NHTepHET-CanToB, OXBaTblBaOLWMX
OYeHb LWWPOKUIM CNEKTP COBPEMEHHOW CTaTUCTUKKM (MCTOYHMK: http://www.r-
project.org/).

ObyuyeHne nporpammmpoBaHutd R 6bIN10 OAHWUM U3 TrNl@aBHbIX MHCTPYMEHTOB
CO34aHuUs NoTeHumana KOMMNOHEeHTbl B aHHOM npoekTe. Onsa cnywaTtenen 6binm
BBeZEeHbl OCHOBbI R, a TakXXe WHCTPYMEHTbl, A1s1 CO34aHMS MPOCTPaHCTBEHHOWM
WHTEPNOAALUMM U YMEHbLUeHUs MacwTaboB XyAWKUX CLeHapueB KIMMaTUYeCKnX
OAHHbIX.

OcHoBa kK/iMMarTa
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Habop 6a3bl AaHHbIX, nNpuUBEeAEHHOWM B 3TOM  NpoekTe  BK/tOYaeT
CpeAHeCyTO4YHYI TeMnepaTypy, CYTOUHYH) MaKCUMalbHYHO U MUHUMAJIbHYIO
TemnepaTtypbl, U exeaHeBHble AaHHble 06 ocagkax 3a 2001-2010 roabl. bnok
Temnepatyp B rpaaycax LUenbcusa, a ang ocagkoB MM/geHb. [nowaab
nokpblTnsa: ot 57,12083 ° B.A. A0 78,92083 ° BOCTOYHOW AOArOTbl U OT
34,10833 ° c. W. [o 49,90833 ° ceBepHOW LWNPOTbl. [pocTpaHCTBEHHOE
pa3pelwieHne coctasnseT 0,2 x 0,2 rpagyca. OTO O03HA4aeT, YTo HAabop AaHHbIX
coctasnseT 109 ctonbuoB X 79 cTpok. KoopanHaTbl NepBOn BeNMYMHbI TaKOBbI,
UTO 3HauyeHue Cc LeHTpoM B 57,22083 ° E, 34,20833 ° N, a BTOpoe 3HauyeHue Ha
57,42083 ° E, 34,40833 ° c.w. lNocnegHne aBa 3HA4YEHUS OTLEHTPUPOBAHbI Ha
78,62083 ° E, 49,60833 ° c.w. u 78,82083 ° E, 49,80833 ° N (Hanpumep,
durypa 1-2)

OaHHble No BbinagaeHuo ocaakoB (Purypa 1-2) 6bi1M MHTEPNPETUPOBAHDI

no 6u-nMHeMHoOM wHTepnonsuMm C paspeweHmem cetkm 0,2 ° x 0,2 ° u3
PERSIANN 0,25 ° HEWpOHHOM CeTM Ha OCHOBE [JaHHbIX 0CaAKOoB
(http://chrs.web.uci.edu/) (Adleretal. 2003; Huffmanetal. 2009; Hsuetal.
1997; Sorooshianetal. 2000). OueHka PERSIANN ocagkoB OCHOBaHa Ha
WHpOpMaunmn TekcTypbl obnaka Mo AaHHbIM AJIMH BOSH MHMpaKpacHOro
n3nydyeHmsa (— 10.2-11.2 MKM). I3TW AaHHbl€ MNOJYYEHbl U3 reocTaunMoOHapHbIX
CNYTHUKOB M OBHOBNAKTCA C noMmouwbio 60nee BblICOKOKAYECTBEHHbLIX OLEHOK
0CaakoB HU3KOOpOUTaNbHbLIMK MacCUBHbLIMMU CBEpPXBbICOKOYACTOTHbIMU
Aatumkamum (Hsuetal. 2007; Sorooshianetal. 2000). CHMXeHME OTK/IOHEHUA U
COXpaHeHMe MNpPOCTPAHCTBEHHbIX W BpPeMeHHbIX  KN306paxKeHUs C BbICOKUM
paspeweHueM, PERSIANN ocagku KOpPpPEeKTUPYHKTCA Ha OCHOBE MnpoeKkta Mo
FnobanbHon Knumatonorum OcagkoB (MIFKO) ¢ 2,5 °  exeMecsAYHbIM
pa3speweHnem (Adleretal. 2003; Huffmanetal. 2009). OTcyTcTBME AaHHbLIX B
oueHke PERSIANN 3arnoJiHEeHbI OLLeHKOM NMacCUBHbIX 0CagKoB
CBEPXBbICOKOYACTOTHbLIMX BOJIHAMU C LIAroM no BpeMeHun Kaxable 30 MUHYT. B
nocnegywouweM ware, JAaHHble TpynnupyroTcs B Macwtabe po 2,5 °
eXeMeCA4YHO W MomnpaBOYHbIM  KOIMDDUUMEHT BbIYUCNSETCS Ha OCHOBe
cooTHoweHna ocagkos [MIMKO v ocagkoB PERSIANN B cetke 2,5 °. 3710T
KO3 dMUMEHT MCNONb3YETCS ANS pacyeTa AoXAeBbiX o0caakos PERSIANN
0CaAKOB B TMPOCTPaHCTBEHHbIX W BPEMEHHbIX MacwTabax (B 4ac),
NOKpbIBaKOWKMUX B TeyeHne 2,5°. KOHEYHbIM NpoOAYKT npeaocTaBfseTcs
nonb3oBaTensaM B TedeHue 3-4ac U C paspewieHunem 0,25°.

Habop aaHHbix MNIKO (Adleretal. 2003) ucnonb3yeTca A9 HacTponkn 6asbl
AaHHbIX PERSIANN rnobanbHOro exemecssyHoro adanumsa MnoBEepXHOCTHbIX
0CaAKOB C paspelwleHneMm Ha 2,5 ° wnpotbl U 2,5 ° gonroTbl. [aTta Hayana - ¢
aHBapsa 1979 ropa. ObbeanHeHHble AaHHble MO ocaZkaM BK/KOYalT B cebs
OLEHKM HU3KOOPOUTanbHbIX CNYTHUKOBbLIX CBEPXBbICOKOYACTOTHbLIX AaHHbIX,
AaHHble HabnwaeHns WH@pakpacHOro cnekTpa CAyTHUKa C Fe0OCUMHXPOHHOM
opbuTbl M HaseMHble HabnwaeHWs  paTtuMkamMu AoxXAas. Bblcokass TOYHOCTb
HM3KOOpPbUTaNbHbLIX HabnaeHUn ncnosiblyerca B Kanubposke nnu
IOCTUPOBKE MOBTOPSAIOLWMXCA TEOCUHXPOHHbIX WH@paKkpacHbiX HabnwaeHWn.
N3MepeHnss CBepXBbICOKOYACTOTHbIX BOAH CTann AOCTYMHbIMW TOJSIBKO C
cepeauHbl 1987 ropa, a A0 3TOr0 MCMOMb30BasiUCb TOMbKO WMHEpPaKpacHble
HabnogeHnsa. 2T HabnwageHnsa  6blin OTKaANMGpoOBaHbl C  MOMOLUbLIO
CBEPXBbICOKOYACTOTHbIX BOJIH HAa OCHOBE aHanu3oB, AOCTYMHbIX B 6onee
nosgHuve roabl. CrpynnuMpoOBaHHbIN  CAYTHWUKOBBIM  MPOAYKT, HaKoHeLU,
ajanTupyeTcsa nyTeM aHanusa goxzaemepa. B Habop AaHHbIX apxmBa BKIKOYEHbI
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TakK>XXe OoTA€NlbHblE MNOoNd BBOAA, KOM6VIHVIpOBaHHaF| CNyTHUKOBa4d OLEHKa, U
OLIEHKHN MOrpewHOCTN And KaXaoro rnons.

CornacHo npeaBapuTenibHOMY aHanmly ana 2006 u 2007 roaoB AaHHbIe
PERSIANN naBanu CJ/INLLKOM BblCOKUe 3Ha4vyeHnaan4
HEKOTOPbIXNPeACTaBNAWMX  MHTepecchep, MO CpPaBHEHUIO C Ha3EeMHbIMU
HabnogeHnamn. Mo 3ToM nNpuyMHe 3a 3TK ABa roga 6bln UCMoNb30oBaH Habop
AAHHbIX, NONy4YeHHbIX oT Mmuccum MUKTO  (Muccma um3sMepeHus Konu4decTsBa
Tponuyeckmnx  ocaakoB)(http://trmm.gsfc.nasa.gov/). MWUKTO  aBnsaetcs
coBMecTHOM Muccmen Mexay HACA mn JAXA. OHa 6buia 3anyweHa 27 Hosbps
1997 ropa BTaHerawunme (AnNoHUs) v HabnwAaeT 3a KOJMYECTBOM OCAAKOB B
Tponmkax. MUKTO sasnsetrca dactbto Muccum HACA Ha nnaHeTe 3eMns.
NHCTpYyMeHTHI MUKTO Bknwo4arT B cebsa CBEpXBbICOKOYACTOTHbIM 610K
dopmupoBaHma wusobpaxenmin (TMI), papap ocagkoB (PR), BuAUMBbIA W
nHdpakpacHbln  ckaHep (VIRS), obnako M wusnyvawwas 3sHepreTmyeckas
cuctema 3emnm (CERES) m patumk oTtobpaxeHusa rpososoro paspsga (LIS)
(cM., HanpuMep, Kaushiketal. 2010).

[daHHble NOo BbICOTE HaJ YPOBHEM MOpsS UHTepnonsuum DEM_15s AaHHbIX B
pa3peweHunn 0,2 ° x 0,2 ° (durypa 1-3). KoopaunHaTtbl npeacraBnstoT cobon B
paBHOW CTeneHW, KakK ANns TemnepaTypHbiX M A0S AaHHbIX BbliNajatowmx
0CaAKoB. 3TW AaHHble HeobXxoAuMbl ANst MNPOCTPAHCTBEHHOM WHTEPNOASLUMU
TeMnepaTtypsbl.
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durypal-2. CpegHerogoBble ocagku B nepuog 2001-2010 rr (Mm / roq), OCHOBaHHbIe Ha
PERSIANN (http://chrs.web.uci.edu/) 1 TRMM (2006, 2007) AaHHbIX.
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durypael-3. [laHHble 0 BbicOoTax (METPOB Hag ypOBHEM MopS).
CepbleKOHTYpblyKa3blBalOTrPpaHULbICTPaHbI

TeMnepartypHble [aHHble BKAK4YalT B cebsa exeaHeBHble MUHMMAalbHbIE,
MaKCuUManbHble U cpeaHue TemnepaTypbl (rpaaycel Lenbcust)). HaeceHHbI Ha
ceTky Habop pAaHHbIX, HeobxoauMbIX ANA npoekTa, 6bln nNonyyeH nyTem
MHTEPNONSAUNN N3MEPEHHbIX AAHHbIX Ha METEeOpPOSIOrMyYecKkmnx craHumax e 0,2 °
X 0,2 ° . NHTepnonauus 6bina caenaHa Cc UCMosib30BaHMEM MPOCTPAHCTBEHHbIX
METOA0B MHTEPMONAUMN U3BECTHbIX KaK "KpuUrnHr' (Hanpumep, Ripley 1981).
Teopus, nocne MHTEpNoONsUMM KpUrnMHra OCHOBbIBaeTcs Ha pabote [l. Kpura.
OTOT MeTo4 LWWMPOKO TMpPUMEHsieTCs TakKXe B MeTeoposiorMyeckon wu
KnMMaTuyeckon npaktuke (HanpuMmep, VenaldinenandHeikinheimo 1997;
Haylocketal. 2008). KpurnHr npeacrtasnsieT cobon NpoOCTPaHCTBEHHbLIM MeToA
MHTEpPNonsiunMmM, KOTOPbIA  AaeT  HaWuayylWwun  AMHENHbIN  0H6BEKTUBHbIN
nokasartesib HeHabnodaeMbiX BeNWYMH. DTOT MeToA4 TaKXe [aeT OUeHKy
ancnepcmy ownbku NporHosa. DTOT MEeTo MHTEpPrnonsiuMmM MOXeT Y4YUTbiBaTb
BHELLUHME BO34ENCTBUS, KaK CBOMCTBO MECTHOCTU UM BbICOTbI.

MporpaMMHbIA MHCTPYMEHT, MPUMEHSEMbLIA B 3TOM MNpPOeKTe R OKpyxatolen
cpeabl, 6bin co3gaH ANs CTaTUCTUYECKUX BblYMCIEHUM U rpadukn. TodyHee
34ecb npuMeHseTcAaR-nakeT nog HasBaHueMm "gstat ". laker " gstat " 6bin
3anporpamMmmmpoBaH Pebesma (2004).

TemnepaTypa O4Ye€Hb CWUIbLHO 3aBUCUT OT BbICOTbl, 4YeM 6o0nee BbliCOKOE
pacnonoxeHunetem 0b6bIYHO XONOAHeesBNAeTCA TemnepaTtypa. BoT noyemy, B
3TOM npoekTe Obl1 UCNoSb30BaH panvoH BbICOTbl ANs MNPOrHO3UMPOBAHUSA
NPOCTPAaHCTBEHHOrO0  M3MEHeHuUa  TemnepaTtypbl. B KauyecTtse npwumepa
pe3ynbTaTbl, MOJIyYEHHbIE WIONEe, SAHBApe W CpeAHeroAoBble TeMmnepaTypbl
npueeaeHsl Hadurype 1-4.
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durypal-4. Uonb, AHBapb 1 cpegHeropgoBas (2001-2010) temnepatypa (° C) Ha ocHoBe
M3MepeHUl, NPoBeAEHHbIX Ha CTaHUMN HAOMIOAEHUA U MHTEPNONMPOBaHHbIX MO cCeTKke A0
0,2° *0,2 °, ucnonb3ya metoa nHTepnonauum Kpurudra.

[lpoBepKaKadyecTBaKpurmHra

KayecTBO WHTepnonnpoBaHHOM 0651aCTM 3aBUCUT OT HaAIN4YUSA  UCXOAHbIX
AaHHbIX (HabnwaeHnn), CBOMCTB MECTHOCTU, TaKMe KakK M3MEHeHWe BbICOTbl U,
eCTeCTBEHHO, 06bACHEHME 3aBUCUMOCTU, HanpuMmep, TeMnepaTypbl OT BbICOThHI.
KonnuyectBo CcTaHuun HabnoaeHUn Ans UHTEpPNonsauuMM AN TeKyllero rnpoekTta
6b110 HebONbLWMM, B TO BPpEMS KaK paclUMpeHHOoe MPOCTPAHCTBO WU C/IOXHOCTb
panoHa YUUTbIBANUCH. YT06bI noNy4yunTb OLEHKY 3¢ PeKTUBHOCTH
NpUMeHsieMoro MeToAda KPUruHra WHTEpnoOaMPOBAHHbIE AaHHble  6blnn
NpoBepeHbIANS  KaXxAoro AHS NyTeM pacyeTa  Koppensuum  mexay
HabnogaeMbiMn U A0 6AMXKaWWwero okHa CeTKM pacyeTHOW TemnepaTypbl A1s
KaXxaoM pacnosioXeHon cTtaHumm (durypa 1-5). [lo 60MblWIMHCTBY AHEN
Koppenauma coctaBuna Bbilwe 0,95, YTO MOXXHO paccMaTpuBaTb KaK XOpPOLUYH
CXOAMMOCTb MO YKa3aHHbIM Bbille NPUHATLIM BO BHMMaHue npobnemam.
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durypal-5. Koppensauusa mexay Habnogaemon u npeackasaHHOW cpeaHecyTOYHOM
TeMnepartypoi. Kaxxgasa Touka - COOTHOLUEHME HbIHELHero ogHoro AHs,
paccunTaHa Ansi Bcex AOCTYMNHbIX CTaHUMWA HabnoaeHus.

[lncnepcus KDUIMHra B Kayecrse nokasartens HEeornpeaeaeHHoCTu!
MPOrHO3UPYEMbIX 3HAYEHUM

Pa3Hnua MoxeT 6bITb MCMONb30BaHa TakXe B KayecTBe MHAMKATOpa KadecTBa
WHTepnonsaumnu. YemM MeHblle pasHuua, TeM Jydlle WHTepnoaMpoBaTb MONS.
CpepHee, MakcuMManbHoe N MUHUMANbHOE OTKIOHEHUS MO MHTEPNOANPOBAHHOWN
cpeAHecyTO4YHOM TemnepaType MOXHO yBuaeTb Ha (durypa 1-6).Jmcnepcuu
npeackasaHHbiX 3HayeHun O6binnM aydwmmm BO6AM3M CTaHUMKM HabnwaeHus.
Jucnepcnun B HOro-BOCTOYHOM Yrily KpuruHra obnactu 6binn nHorga 6onbinmm,
YTO YyKasblBaeT Ha OWMOBKM [aHHbIX MO FOPHOMY panoHy C 60nblWUMK
nepenagamm BbICOT. TeM He MeHee, Ka4yeCTBO MHTEpnoOSIMpOBaHHbIX MoNen
MOXHO CYMTATb OTHOCUTENIbHO XOpPOLUMM, MNOC/e TOro Kak 6blin B34Tbl BO
BHMUMaHMe OrpaHnyeHunsi, CBA3aHHble C NPUro4HOCTbIO AAHHbIX.
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durypal-6. 95% npoueHTHOe pacnpeneneHne U cpegHsas AUCNepcUs UHTepPNoIMPOBaHHOMN
cpenHecyTo4Hou Temnepatypbl (° C)

KnuMmartnuyeckue cueHapum

[IporHo3si byAylilero KiuMara Ha OCHOBE MOAENMPOBaHUS C UCMOSIb30BaHUEM
aTMocdepHon moaenu rnobansbHoro knumata (MIrK). 3T coBpeMeHHble
cocTtosHua Bceobbemnowen MOL, ¢ MogynsamMm MoaenmpoBaHuUst MOPCKUX U
CyXOonyTHbIX 6buocdep 1 MOPCKOro Nbaa ABASAKTCA UHCTPYMEHTaMu Ans
N3y4yeHus NpoLusioro, HacToswero n byayuwero knMMaTa. PaspelueHne Takmx
MOL, sasnaetca, Kak npasunio, 100-300 kM (IPCC 2007). [Ang pervmoHanbHbIX
nccnenoBaHM NpoCcTpaHCTBEHHOE pa3pelwweHne MOL, Ao cux nop aBnseTcs,
A0BOJIbHO rpyboi, a TakxXe He BCe npoueccobl B 06nactu cywa-mope-atmocdepa
MOryT 6bITb NONHOCTbIO NPUHATLI BO BHMMaHue. MNMpocTpaHCcTBeHHas, bonee
noApobHas oueHKa, MOXET ObITb NoJsly4YeHa C NMOMOLLbLIO PermMoHasibHbIX
Knumatunyeckmnx mogenen (PKM) n ctatuctmyeckne Metoabl pa3yKpynHeHus
pe3synbtatoB MOL. Tem He MeHee, paxe ana PKM npoucxoasaTt npoueccsl,
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KOTOpble MOryT TOSIbKO 6bITb MPUBNN3NTENBHLIMU, a TakKXe U CTaTUCTUYecKne
MeToAbl MMEKT CBOM OrpaHmnyeHus. HeonpeneneHHOCTb, CBA3aHHas C
KNMMaTUYECKNUMU CLLeHapMsSMN MOXKET B KaKOM-TO cTeneHn bbiTb NpUHSTa BO
BHMMaHWe, UCMOJIb3YyA He TOJSIbKO 04HY, a Heckosibko MOL| B kauecTBe
MaTepuana Beoammoro ans adpdekta Mogenen. B aToM npoekTe Mbl NMPUMEHUNN
pe3ynbTaTbl U3 NATU oTaAeNbHbIX MOLL.

Heobxognmoctb mogenupoBaHuss MOL 6biin B34Tbl C MHTEpHETa M3 apXxuBa
MynbTW  MoAenbHOro Habopa  AdaHHbIX 13  [lporpammbl  BceMupHOro
NccnepoBaHus Knumata (NBUK) MpoekTa CpaBHeHUA(B3auUMHOro)
Knumatnyecknx Mogenen (NMCKM-3). B uenom 6bi10  3arpyxeHo 19
KIMMaTUYeCcKnx Moaenem. IDTU  Moaenm OTHocaTca K Habopy MOLU,
ncrnonbsyembix MMUK npu coctasneHmn rnobanbHoro mMacwrtaba nporHo30s.,
onybnmnKkoBaHHbLIX B 4-M Aoknaje no oueHke. bonee nogpobHas nHdopmaums o
mMoaensx npueegeHa B MMUK (2007) Tabnuua 8.1. U3 19 Moaenen, HakoHel,
naTb MoAaenen 6binn BbibpaHbl 4519 UCNOMb30BaHUA B AaHHOM npoekTte (Table
1-1).

Kputepun otbopa 3TUX Moaeneu 3aKjyanace B TOM, 4TO WUX
NMPOCTPAHCTBEHHOE pa3pelweHne 6bino 1,9° mnu Bbilwe, a Moaenu 6binn
pOXAEeHbl B pa3HblX CTpaHax. 3JTO rapaHTUpPYeT, 4YTO MoAenun SABASKTCA
AENCTBUTENbHO CaMOCTOSATENIbHbIMU  MOAENsAMU, W 3TOT MNyTb MNOAYyYEHUS
pe3ynbTaTtoB, MNyTEM WCMNONb30BaHMA B MacwTtabe 3TUX MoAeNbHbIX
n3o6paxkxeHnn, oxBaTblBaeT MNPOrHO3bl Pa3IMYHbIX KIIMMATUYECKNX U3MEHEHUN.

CGCM3(T63) KaHaacKkumit LeHTp 1.9° x1.9°
KLIMAK MOAEeNMpoBaHMA U aHain3a

no knmMaty, KaHaga
CNRM-CM3 Météo-France, ®paHuus 1.9° x1.9°
HLMW
ECHAMS5/MPI-OM UHcTuTyT Makca MnaHka no 1.5°x1.5°
UMMM MeTeoposnioruun, N'epmaHus
MIROC3.2(HIRES) LleHTp nccneanosaHus 1.1°x1.1°
MMUK KnnMaTnyeckmnx cucrtem

(TOKMNCKMIN YHUBEPCUTET),

AnoHuns
NCAR-CCSM3 HaunoHanbHbIN LEHTP Mo 1.4° x 1.4°
CMKC nccnenosaHuo ATmocdepsl,

CLUA

Ta6bnuual-1. FnoGanbHble KNMMaTU4YeCKne Moaenu, ucnorb3yemMmblie B I'IpoeKTe.

[TpomomkUTeNbHOCTE (ha3bl MOTETUICHUS U TEMITBI TIOTEIICHUS OYIyT 3aBUCETh OT
KOJIMYECTBA U XapakTepa aHTPOIOreHHBIX BBIOPOCOB. B olleHKax u3MEHEHUs
KauMara OOBIYHO OPUKJIAOHBIX CIOCHApUEB M3JIOKCHBI B MIDOWUK  gokiage
(Nakicenovicetal. 2000). Breiopocst CO; u kymynstuBHble armochepubie CO,B
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ckonnenTpupoBannbsienno A2, Al u Bl cuienapusim nmokazansl Ha ®urype 1-7.11pu
cueHapuuBl, MupoBas skoHOMHMKA OyJIeT HalpaBJIeHa Ha YCTOMYMBOE Pa3BUTHE U
pocT HaceneHHsT B Mupe OyneT BBIPAaBHUBATHCA. [Ipu cuenapum A2
noTpeOuTeNbCKoe O0IMIECTBO, B KOTOPOM SHEPTUSl B OCHOBHOM TNPOM3BOJIUTCS 32
CUET MCKOIAeMOro TOILIHMBA (YTO MPUBOIUT K BBICOKHM BBIOpOCaM) U HacelleHHE B
mupe Oymyt Obictpo pactu. Crenapuii AlB nexur mexmy A2 u Bl.Ouenku
kounentparuu CO, B armocdepe mocturaer B 2100 roxy amamasoHa ciieHapueB
Bl u A2, u nocturayt u3 550 uacteit Ha mmwumon a0 850 yacteil HAa MHUIUTHOH,
COOTBETCTBEHHO.

1000

- A2
© T 900 e
5 30 3 — B1
2 / e /
O 25 7 S 800
3 A 5 /
® 20 - = 700 7
[0}

.g //’\ 2 /A
» 15 — S 600
S
8 10 o 500 s
S \\

5 ~ 400

0 300

2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100

Year in common calendar Year in common calendar

durypa 1-7. a) Bbiopocbl CO;, n 6) coBokynHas KoHueHTpauma CO, B atmoccepe SRES
cueHapunA2, A1B n B1 (Nakicenovicetal. 2000).

MoaenunpoBaHue, UCNosib3yemMoe B 3TOM MPoOeKTe, OCHOBAHO Ha AlB cueHapuu

Bbl6bpocoB. 1o cueHaputo BbibpocoB AlB nporHo3upyeTtcss pocT rnobanbHOM
TemnepaTtypbl Ha 2-3 ° C A0 KOHUa 3Toro cronetma (Figure 1-8).
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®durypal-8. FnobanbHble BbIGpockl GHG (B [TCO2-3KkB) B OTCYTCTBME CTpaTerMm B obnacTtu
knumaTta (cnesa): unnocTpauum wectn SRES cueHapueB (uBeTHble NUHUM) U 80+ti
NPOLIEHTUNNYHM Auana3oH cueHapueB onyonukoBaHHbIM Ha4dMHaa ¢ SRES (v nocne SRES )
(cepoe none). MNMpaBascdurypa: CnnowHbIe NIMHMM MOKa3bIBalOT HECKONbKO rnodanbHbIX
CpenHMUX 3HaYeHUN NPU3eMHOro notenneHus ans cueHapueB A2, A1 u B1.Po3oBasa nuHus
nm3obpaxaetr anbTepHaTUBY, B KOTOpOW armocdepHble KOHLEHTpauuuM OocCTarTcs
HeusaMeHHbIMM Ha ypoBHe 2000 roga. [lonocbl B mMpaBoM 4YacTU PUCYHKa MOKa3bIiBalOT
Haunyylwyro OLEHKY (CMSIOLWHAA JIMHUA B KaXXQ0MMNOJIoce) U BEPOATHbLIA AMana3oH, KOTopbIn
oueHUBaeTcA Mo wectu cueHapuaMSRES wmapkepa 2090-2099rr. Bce Temnepatypbl
oTHocsATCA K nepuogy 1980-1999rr. (MTIUK2007).
1.5. Pa3ykpynHeHue KJIMMaTU4YeCKuUX cueHapues

Mepexoa KAMMaTUYECKUX CUEHapueB W3 KPYMHOM peweTkn rnobanbHbixX
KnMMaTuyecknx mogenem Kk 0,2° ceTke 6blN0 caenaHo nyTeM MNpUMEHEeHUs
BbICOKOro paspeweHuns (0.2° * 0.2°) Habopa p[aHHbIX OCHOBAaHHbLIX Ha
HabnogeHnax. OueHKa BeNWYMHbI M3MeHeHUst 6blIn OCHOBaHbl Ha MeToae,
M3BECTHOM KaK "Aenbta naMmeHeHua"™ (Arnell, 1996), raoe BeiM4MHA U3MEHEHUd
npeanosiaraeTcd KakK pasHuua Mexay KOHTpPOSleM MOAENIbHOro KiauMmata W
cueHapuem gencteytowero. LWarn, npeanpuHsaTble B pasyKpynHeHns 6binu:

1. PacueT u3MeHeHUA cpeaHen TemnepaTypbl U exefHEeBHble OTK/IOHEHUS
TeMnepaTypbl M OCAAKOB Ka)XAOro Mecdua, Mexay KOHTPOJSIbHbIMU, TeKyLnMHn
(1971-2000) n cMoaennpoBaHHbIMK B byayuiee (2046-2065);

2. PaccuyeTHble u3MeHeHMsa 6blin aobaBneHbl K HabnwgaeMbiM 3HAYEHUAM
TemnepaTtyp n ocagkos B 2001-2010rr pna npeacrtaBfeHUsa cueHapua 2011-
2050rr.

Bbln  NMpuUMeHeHbl WM3MeHeHUs abCoNTHOW TeMmnepaTypsbl
Llenbcuio), a TakxKe 0CcaiKu CBA3aHHbIE C n3MeHeHueMm (%0).

(B rpagycax no

Ona Toro, 4ytobbl yyecTb BO3MOXHble W3MEHEHUS B WU3MEHEHWUU CYTOYHbIX
TemnepaTtyp B byaywem KnuMmaTte, Mbl pacCMOTPENN U3MEHEHUS eXEMECSUYHYI0
CpeAH TemnepaTtypy W exeaHeBHble OTK/IOHeHUst TemnepaTypbl. CyTOYHble
Temnepatypbl (Twe) ©OblIM paccuuTaHbl No HabnwgaembiM (2001-2010)
3HayeHusaM Temnepatypsbl (Tpre) MO pOPMYNE,
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B KOTOpoi AT- NpOrHoO3MpyemMoe CpefHEMECSYHOE MOBbIWEHWE TeMMNepaTypbl U
paccuuTbiBaeTCs AN KaXAOro  KaneHAapHOro  Mecsiud.or skeVOT pre —

CTaHAapTHble OTK/IOHEHUS CpeAHEeCYTOYHOW TeMnepaTypbl pacCyMUTbIBAOTCSA 3@
KaXxAbl KaneHaapHbl Mecsl Ha OCHOBe TeMnepaTypbl, MOJSlyY4EeHHbIE W©3
mMoaenn moaenuposaHus ansa 6asosoro (2001-2010) nepuoga (pre)(npen) v Ha

6yaywmnn nepuon (ske). Tyre- CpeaHssa MecsiyHass TemnepaTtypa B
HabnoaaeMbIX JaHHbIX.

CyTo4Hble 3HayeHus ocagakoB (Pse) 6blNM paccuyuTaHbl Mo HabnwaaeMbiM
(2001-2010) cyTOYHbIM 3Ha4YeHUsM ocafKoB (Ppre) NO POpPMYSIE:

, @

B KOTOpOM AP - cpefHee MNpOrHo3upyeMoe U3MEHEHUE eXeMeCAYHbIX 0CaAKOB
B npoueHTax (%), paccuymTbiBaeTCAa AJIA KaXAO0ro KaneHaapHoro mecsaua, a (t)
lwar no BpeMeHn (AeHb).

Ecnu cMoaenunpoBaHHble MecsiUHble ocagku Oblnn B KIMMaTUYeCcKoi MoAesinoun
CUTyauuu Ha ypoBHe MeHee 1 MM/Mecsily, AP stremitsya k nulyu, poskolku
NCNOSb30BaHNWE B TMNPOUEHTHOM W3MEeHeHUW npueBeno 6bl K HepeasibHbIM
M3MEHEeHNAM ocaaKkoB (Hanpumep, B C/y4yae ynpaBneHuUs MOAeMpOoBaHUEM
MOOEe/IMpOBaHMUE  eXeMeCAYHblIX 0CaAkKoB 3HayeHuna 0,005 MM U B
mMoaenuposaHun 6yayuwiego MoOAeNnuMpoBaHUS MeCs4YHbIX ocagkoB 0,5 MM,
cnepoBaTtenbHo, AP 6bin1 661 9900%).

CraTuctmyeckme MeToAbl pasyKpynHEHMsS 4acTO NPUMEHSIOTCSA, NOCKOAbKY OHMU
TpebyloT MeHbLue BbIYNCNUTENBbHbIX ycunum, yeMm AVHaMuyeckmne
pasyKpyrnHeHUs, OHW npeanaratT BO3MOXHOCTb A9 TECTUPOBAHUSA CLEeHapueB
Ha MHOrme AecaATUNeTUS WNU AaXxe BeKa W BKIYalT B cebs BO3MOXHOCTb
NCMoNb30BaTb «aHcamMbnb»  pe3ynbTatel MOLU. [Ona  CTaTUCTUYECKOro
pasyKpynHeHUsi AJIMHHbIX BpPEMEHHbIX psaoB HeobxoauMblx HabnaeHun,
MOXHO TaKXe O0CBefOMUTbCA MOXEeT /M  KIMMaT CcerogHawWwHero AHs,
n3obpasnte 6Gyaywue ycnoeus. [AuHaMmyeckoe pasyKpyrnHeHne SBseTcs
dum3nyeckn 060CHOBAHHBLIM MNOAXOAOM W, HaNpuMmep, BKAK4YaeT B cebs
MHOXEeCTBO 06paTHbIX CBsA3er B KauMaTtuyeckon cucrteme. OgHako 3TOT METon
CWNbHO 3a@BUCUT OT TrpPaHU4YHbIX YCI0BMK, onpegensiembix MOL, wn OH
YyBCTBUTENEH K NapaMmeTpusaumu, ucnonbdyemon B PKK ans pasykpynHeHus.
OH Takxe TpebyeT MHOIMo BblYUCAUTENBHbIX PECYPCOB U YXe B 3TOM CMbIC/ie He
MOXeT 6bITb MPMMEHEH B AAaHHOM MpOoeKTe.

Pe3synbTaTtbl paGOTbI no MoaeJINMpPoBaHUIO UBMEHEHUA K/IMMaTa

CornacHo pe3ynbTataM cpegHerofoBad TemnepaTtypa, N0  MNpPOrHosam,
BO3pacTeT MPUMEPHO Ha TpW rpagyca U MU3MEHeHWda roA0BOro KoJiMyecTBa
0CaAKoB B TeyeHue 6nmxanwmx 40 net oyeHb Manbl (Ourypa 1-9). Koraa Mol
CMOTPUM H acCe30HHble M3MeHeHMs aTMOCGEpPHbIX OCAAKOB, YyXe cyXasi Hro-
3anagHasi 4aCTb CTAHOBATCA ewe cywe, u ocobeHHO B NneTtHuin nepuos. B
HEKOTOpPbIX MecTax B ropax o0cCcagkm MoryT yeennuutbcd. OAHaKo ecCTb
OTKJ/IOHEeHUA OT Moaenu K mogenun (durypsl 1-9BandC). [Moscrogy nogHUMeETCS
cpeaHsia TemnepaTtypa B roay. CunbHenwee noTenseHne sBUTCS B ropax u B
CeBepHbIX panoHax obnacTu.
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Koraa nokasaTtenb U3MEeHEeHUs, AaHHbIN Ha durype 1-1, aBnsSieTCs KayeCTBEHHO
CpPaBHMMbIM C NOKa3aTesieM U3MEHEHUIN, NpuBeaeHHbIX Ha durype 1-9 , MOXHO
BMAETb, UTO oObuwMe 4YepThbl Te XKe caMble, T.e. YMEHbLUEHME 0CAAKOB B TeYeHMue
JIeTHero cesoHa B ropax CcoBMagdalT B TO Xe BpPeMsa C MNOBbILLEHWEM
TemnepaTtypbl. B sHBape ocaakm 6yayT yBennumBaTbCs B 60MbLIMHCTBE CTpaH
pernoHa 3a UCK/IIYEHMEM CaMbIX KOXHbIX parioHOB. Pe3ynbTaTtbl, NpuBeAEHHbIE
Ha Figure 1-9 HecyT 6onee noapobHyt0 MHpopMauuo. K TOMy xe Hago XopoLlo
MOMHUTb, 4YTO XOTH MOAE/SIM YKa3blBalOT Ha W3MEHEeHUA B oOcadkax Aans
HEKOTOPbIX 3aCYLUIMBbLIX PErMOHOB Aa)e 6onblie, 4yeM Ha 20%, 3TO O3HA4YaeT,
YTO B peanbHOCTU MPAKTUYECKN HE U3MEPUMbIX M3MEHEHWUN, KaK KOJMYeCTBO
0CafKOB B 3TUX permoHax ABNATCA MU3EPHbLIMN.

[MporHo3mpyeMoe wn3MeHeHue O3HayaeT, HanpuMmep, 4TO TeMnepaTypHbie
n3oTepMbl 6yayT ABUraTbCA Ha CeBep M BBEPX MO CPaBHEHUID C NPOLIbIM UK
Tekywmm knaumaTtom (durypa 1-10). Hanpumep, B dHBape pacyeTHas usorepma
-10 C °, no nporHosaMm, nepemecTtutcaHa 150-200 KM Ha ceBep B TeyeHue
6nmxanwmnx 40 net. [loBbileHWMe TeMnepaTypbl O3HA4aeT, 4YTO u3oTepMma
0°CaBMXeTCs BBEepX B FOpHble pamoHbl, U 3TO npuBeaeT K 6onee 6biCTpoMy
TassHWUIO NEeAHUKOB.
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Annual Tavg Change(Celsius) btw.1971-2000 and 2046-65  Annual Precipitation Change(%)btw.1971-2000 and 2046-65

January Tavg Change(Celsius) btw.1971-2000 and 2046-65  January Precipitation Change(%)btw.1971-2000 and 2046-65

60 65 70 75

July Tavg Change(Celsius) btw.1971-2000 and 2046-65

60 85 70 75 60 65 70 75

®durypal-9. CpegHne nameHeHusi Temnepatypbl (° C) 1 BbinageHus ocagkoB (%) roguyHbix (A),
AHBapckux (B) u wuwonbckux (C) Mexay OCyLeCTBNEHHbIX MNyTeM MoaenupoBaHusa (nepuopg
mopgenupoBaHusa: 1971-2000) u mogenupoBaHusa byaywero (NsATb nepvonoB mogenupoBaHus: 2045 -
2065). Pe3ynbTaTbl OCHOBaHHble Ha NPOBEAEHHbIX OMNbITax C UCMOJNIb30BaHMEM NATU MoAeren AaHbl
B Tabnuue 1.
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800
600
400
200
0
60 65 70 75 60 65 70 75
January mean temperature 2041-2050 January mean precipitation 2041-2050
120
100
80
- 80
40
20
0
60 65 70 75 60 65 70 75
July mean temperature 2041-2050 July mean precipitation 2041-2050
120
100

60 65 70 75 60 65 70 75

®urypal-10. CpegHue 3Ha4eHus B 2041-2050 exxerogHbix (A), AHBapckux (B) n nronbckux (C)
Temnepatyp (° C) u ocagkoB (MM). 3Ha4YeHUS ABMAIOTCA CPEAHUMU U3 NATU KNMMaTUYECKUX
mogenen (Tabn. 1), ucnosb3yemMbiX B NPOEKTe.
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Pe3iome paboT Nno MoaenMpoBaHMNIO UBMEHEHUW KuMaTa

KnuMmatnyeckme AaHHble, KOTOpble AO/MKHbI MPUMEHATLCA B MMAPOSIOrMYECKOM
MOLENUPOBaHUN  BKNKOYAKOT exXedHeBHble cpeaHue, MaKCuMasbHble «
MUWHMMasibHble TeMnepaTypbl U exeaHeBHble AaHHble 06 ocagkax No ceTke
0,2°* 0,2°, nokpbliBawwen cTpaHbl LleHTpanbHOM A3umn. Ba3oBbin ypOBEHb
ocagkoB 2001-2010 rogoB U WHTEPNOJIMPOBaHHble 3HAYeHUA TeMnepaTypbl
6a3npyeTcs Ha OCHOBE W3MepeHHbIX AaHHbIX. MCXoaHbIM YypOBEHb OCaAKOB
OCHOBAH Ha Tak Ha3biBaeMbixX aaHHbIX PERSIANN, 3a uckntodeHneM 2006-2007
rofoB, KOTOpble OCHOBaHbl HA TRMM gaHHbIX. MporHo3bl 6yayuiero knmMmaTa Ha
nepmon 2011-2050 6binn o6paboTaHbl C MCMNOb30BAHUEM MSATU Pa3NUYHbIX
moaenen rnobanbHoro knumata. [aHHble 6blM pa3yKpyrnHeHbl A0 MJOTHOW
CeTKM C WUCNOoSIb30BaHWEM CTAaTUCTUUECKUX MEeTOAO0B YMeHblueHMs MacliTaba.
[JeAaTenbHOCTb N0 HapawmBaHUIO MOTeHUMasna BKJ/IKYAKT MNPOU3BOACTBO
yyebHbIX MaTepuanoB M npoBeAeHWe CEMWHAPOB M Mpe3eHTauum no TakuMm
BonpocaM, Kak: cbop AaHHbIX Mo rnobanbHOMY KAuMaTy, MoAenupoBaHue
KnmMmaTa, NMpOCTPaHCTBEHHAAN MHTEPNoNsums, CTaTUCTUYECKoe pasyKpynHeHue
n R nporpamMmMmupoBaHue. YdyebHble M™aTepuanbl 6blin  AOCTaBfeHbl ANs
NCnonb3oBaHUA cTaxepamu lNMpoekTa. Te xe npeaMeTbl 6blN BKIKOYEHbI TaKXe
B NpOrpamMMy 3aK/lOUUTENIbHOMO CEMMHapa MnpoekKTa.

Pabota no MoAenMpoBaHMIO W3MEHEHWNW KauMaTa nNpou3BoAWIACE  MyTeM
Habopa AaHHbIX, KOTOpble 6blNM WCMONb30BaHblI 3aTeM B MMAPOOrMYECKOM
MoAennpoBaHun. BbiBoabl B npoekTe 6blin npeactaBneHbl A8 MNpowioro w
HacTosWero KnMMmaTa, W UM3MEeHeHus, KoTopble byayT MeTb MecTo B byayLuem.
Takune uU3MeHeHUs B pa3HblX 4acTax baccerHa ApanbCKoro mops u 6yaywumx
FOPHbIX JIeAHUKOB O4YeHb pa3HOObpa3Hbl SABMASETCA K/YEBbIM pe3ysibTaToM
(durypa 1-11). byaywmne wnsMeHeHus B TeMmnepaType U oOcagkKax SABNAKTCHA
BaXXHbIMW aKTOpaMn, BO3LAENCTBUS KIMMATUYECKUX U3MEHEHUN BMecTe C
peYHbIMK NOTOKaMu, Hanpumep, Ha  cOouMaNbHO-2KOHOMWYECKME ¢
sKosiormyeckue rnpobnemel.
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®urypal-11. lmaBHeAWMA BONpOC Npyu MoAenuMpoBaHUM paboThbl, 3TO NpeAckasaTtb cyabOy
ropHbiX NegHWKOB B BEPXOBbAX BOAOCOOPHLIX GaccerMHoB. 3a mocnegHue
ctonetnsiB LleHTpanbHOM A3uM A3bIKM NOYTM BCEX [LOOSIMHHBLIX JeOHUKOB
otrctynunu (NE TagxukucraH, Kypymabl pernoH, GoogleEarth).
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2. TFOPHASA CPEAA

2.1.

2.2.

Feorpacdpus

Fopbl UeHTpanbHoOn A3ummn (TaHb-LlaHb u [amMup) ABASKOTCS reosnormdecku
AoBosnbHO w™MonoabiMu (540 - 250 MnH. net). OHM  O4YeHb BbICOKME,
OCTPOKOHEYHble, U KpYTOCKNOHHble. CaMble BbICOKME nukM B baccenHe
Apanbckoro Mmopsi aTo TaHb-LlaHckme ropel 4acto 4000 - 5000 M mn ¢ 7000 M
nukamn. [opbl Mammpa B 6accenHe ApanbCKOro Mopsi BK/AOYalT B cebs
HEeCKOJIbKO MWKOB, KOTOpble aBnATCs 6onee 7000 M. CaMblil BbICOKMA MUK -
370 NWcmanna CoMoHun ( 6b1BlIMIA NUK KOMMYHM3Ma) BbICOTON 7495 M.

NeaHvkun B 6acceiiHe ApanbCKoro Mops 3aHuMMaloT 18128 KM?, , U UrpatT OHU
BaXHYl0 pOAb B TMAPOJOrMM, TaK KAaK OHW MNOCTABNASAKT Tanyl BoAy M B
TeYyeHMe 3acCyLIMBbIX NEeTHUX MecsaueB. opHble negHUKK BKIKOYaoT B cebsa: 1)
Hebonblwre neaHMKOBbIE LMPKU, MOKOSALWMECS HA AOBOJSIBHO KPYTbIX FOPHbIX
CknloHax; 2) bonbwure neagsiHble WaNKKW OXBaTblBA€T rOpPHble BEPLUMHDI,
CBfI3@aHHble C AONMHHBbIMW JleAHMKAMU, Y3KMe W  AJINHHbIE A3bIKWM NbAa,
cTekatowme B N-obpa3Hble 40NUNHBI.

MpoueHTHOe COOTHOLWeHMe naowaan onegeHeHuss ABYX  BOAOCHOPHbIX
6accenHOB CywecTBeHHO oTnun4vaeTcs. JlegHukn AMy-Llapbu oxBaTbiBaeT 15500
KM? (2% oT nnowaan) m 1,800 km> - Coip-Aapbu (0,15% ot nnowaamn). Cambie
6onblne NegHUKM HaxoasaTcs B ropax MNamupa B TagXnKuUcTaHe.

JlegHKn TpaHCNoOpTUPYIOT AebpuCHbIe OTNOXEHUS, KoTopble o06pa3ytoT
MoOpeHbl B 60OKOBOW 4acCTWU U MO KpasiM niegHuKa. bokoBble MOpeHbl 3aHUMaloT
Kpas negHuka. TepMmHan Mnn B KOHeL MopeHbl OpMUPYIOTCS B NOAOLIBE UK
3aBepliatowern 4actn negHuka. CpeauHHble MOpeHbl 06pa3ylTcsa, Koraa ABa
pa3HbiX NOTOKa fbAa, TEKYT B OAHOM HanpasfieHUn, o6beanHAaTCa ¢ 60KOBOM
MOpPEHON M Kaxxaass obbeanHeHHas B COBOKYMHOCTM 06pa3yloT MOpPEHHOoe rnone
B cepeanHe 06beAMHEHHbIX MOTOKOB. Bbile ynoMSHYTbIM NIe4HUKOBbLIN MYyCOp
MOXET O6blTb O4YeHb TONCTbIM 6/M3KO K Kpak neaHuka, U 3To npuBedeTr K
3aMenneHnio TassHus nbga. [MoCKONbKY NeAHUKOBbIM £A3blK  MOKPbIBAETCS
MYCOpPOM, TPYAHO onpeaenunTb, rae HaxoauTcs ero akTUYecKuin Kpam.

CBuaeTenbCTBO TassHUSA JIeAHUKOB

Xopowo WM3BECTHbIN aKT, 4YTO NeAHWUKU [OCTUIIN CBOEro MakKCUMyMa B
ronoueHe 1850-x rogoB Kutuzov&Shahgedanova 2009). B 6onbwunHCTBE
NeAHNKOB KOHEYHYI MOPEHY, MNMOKa3blBAaKLWY MAKCUMalbHYK MPOTAXEHHOCTb
negHWKa, MOXHO SICHO YBMAETb B AONWHaX. JIeAHUKU OTHOCUTENbHO 6bICTPO
pearvMpylT Ha W3MeHeHuMe KnumMmaTa (TemnepaTtypa, OCaAKW, BIAXHOCTb W
obnaydHocTb). Ecnu cHeronap (Hakonnenus), MNOAAEPXMBAKLWMA COXpaHeHue
nefHWKOB COKpallaeTcs, WIN ecnn ecTb yBesnyeHue notepu noaa (abnaums),
3TW pe3ynbTaTbl NpuUBEAYT K cnagy fefHuKa unu obwemy UCTOHUYEHUIO MaccChl
nbAa (WNu TO U ApYroe), Kak NnpaBuio, B Te4EHNE HECKOJIbKUX NeT .

Bce negHWKM MMEOT CBOK COBCTBEHHYH AMHAMUKY, U 3TO ABNAETCA O6LWMM,
YTO MHOrAa MX KpaeBble 4acTW OTCTynanu, a B ApYyrue BpeMeHa HacTynanu.
Heckonbko neaHUKOB WMENW nepuoabl OuYeHb 6bICTPOro MNpoABUXKEHUS,
Ha3bIBAEMOro CKA4YKoM. DTU NIEAHUKN AEMOHCTPUPYIOT HOPMasbHOE ABUXEHUE,
noka BAPYr OHW HE HAUMHAKT YCKOPATb, @ 3aTEM BO3BPALLAIOTCA K CBOEMY
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MpeXXHeMy COCTOSAHUIO. BO BpeMsA 3TUX CKA4yKOB, NeAHUK MOXeT AOoCTUraTtb
CKOpOCTM ropasgo 6onblwen, 4YyeM HoOpMasnbHas CKOpPOCTb, @ Kpasi MOryTt
npoaBurateCs panbwe. Hanpumep, Measexuh negHuMK B TafXXUKUCTaHe
nepmoanyecKkn nepeMeLlaeTcs BHU3 Kaxable 12-15 ner.

Kak TONnbKO rMoBbilWaeTcs TemnepaTtypa, nMo4YTM BcCloay Habnwpaetcs
OTCTYyMnNeHne NeaHWKOB B FOPHbIX AONMHAX, 4YTO ABNAETCd OAHUM U3 CaMbIX
3aMeTHbIX CMMBOJIOB rnobanbHoOro norensieHus. O6was KapTWUHa
pacrnpoCTpaHEeHHOW peueccun SBNASEeTCS OAHO3HAYHOW M OTpa)kaeT XOopoLo
NU3BECTHOe CBMAEeTeNnbCTBO rnobanbHOro notenneHusa. Immerzeel un coasT.
(2010) npepnonaratT, 4YTO cuTyaums B A3nn ABNSETCA HAMHOrO CJ/I0XHee.
XoTd, Kak npeacrasnserca obwas notepa nbga B 3TOM pernoHe, a B
HEKOTOpbIX pervmoHax Ha 6onblWKX BbICOTAX, TakuMX Kak KapakopyMm
MoKasblBalOT YBeNuyeHue, M HEeACHOCTb B OTHOWEHWW TEMMNOB W3MEeHEeHUA
ABMAETCA 3HAUYUTENIbHbIMU

NeaHnk ®epyeHko 6onblON NnegHMK Ha NaMupe B LeHTpasibHOM Tag)XUKUCTaHe
Ha BbicOoTe 2900 - 6300 M. JleAHWK ANUHHbLIN N Y3KWUIA, B HacTosilee BpeMs 77
KM B AJIMHY U nnowaabio 6onee 649 kM. 3TO caMblii NPOTSXKEHHbIN NeAHUK B
MUpe 3a npenenaMmu nosiIApHbIX pernoHoB. MakcMManbHasg MOWMHOCTb JleaHuKa
coctaBnser 1000 meTpoB, a o6beM neaHunka degyeHKO U ero OTBETB/IEHUMN
oueHunBaeTtca B 144 km® (Aizen&Aizen 2010). KpoMKa 3TOro nefH1Ka oTCTynnna
Ha 1 KM 3a 70 nert.

B TeyeHne nocnegHux 50 net B 3anmagHoMm [llamupe, rniowanb OoNnefeHeHUd B
baccenHe pekun laHOXK cokpaTunacb 6onee yem Ha 25-30%. B BocTo4yHOM
MamMunpe, knuMat XosioAHEE W TasgHuWe NeAHUKOB MpoOUCXOAUT MeHee
WHTEHCMBHO, 4YeM BO BCeX JApYrnx TrOpHbIX panoHax pervoHa. CpeaHas
CKOpPOCTb OTCTynneHust 1-2 m/rog, B TO BpeMS KakK B HEKOTOPbIX CNy4yasx 3TO
MOXeT 6bITb A0 100 M / roa.
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durypa 2-1. OTcTynneHue negHMKoB B BOCTOYHOM TsiHb-LLlaHe, Kbiprbi3cTaH, nokasbiBaloT
ycKopeHue TeHaeHUumn, ocobeHHo nocne 1940r (Kutuzov&Shahgedanova 2009).

NepHukn B ropax TaHb-LLlaHa v lMaMupa OTCTYynarwT M TeEMMbl OTCTYNJieHUs
BaApbMpYOT B 3aBUCMMOCTM OT pervoHa W BpeMeHu. KpynHenwun Temn
oTcTynneHmna 6bin1 obHapyxeH B CeBepHoM TsaHb-LlaHe, rae naowaau
onefeHeHusa cokpaTuaucb Ha 30-40% BO BTOpoOM nosoBuHe 20-ro Beka.
[anblwe Ha BOCTOK W tOr TeMMbl TasgsHWUA NefHUKOB 6blin MeanieHHee, TeM He
MeHee, YCKOpeHue OTCTYMeHUs negHmnKa 6b110 OTMEYEHO B BOCTOYHOM [lamumpe
Cc 7,8% no cpaBHeHU ¢ 1978-1990 go 11,6% no cpaBHeHUO ¢ 1990-2001
nepuoaos. JlegHukn notepsnn 12,6% (0,33% / rog) ux nnowaau 3a nepuos
1965-2003rr. Manble negHVKN yMeHblwunucb 6onbwe, yem cpegHue (Figure
2-1) (Kutuzov & Shahgedanova 2009).

bbino noacumtaHo, 4TO NneaHukn B bHaccemHe Cobip-Lapbu notepsnu 149% oT
obuwero nx obbema 3a nocnegHue 60 net, n 15-40% ob6bbvema byaeT NOoTEPSHO
B 6nmxanwune 40 net (Siegfried et al., 2010). B sToM goknage ™Mbl 6yaem
mMoaenupoBaTb 6o0siee TOYHO CKOpPOCTb NfAaBneHus neaHnkoB B 6HaccenHe
ApanbCcKoro Mops.

Pabota no ™MoaenupoBaHWUIO B 3TOM MNpPOEKTEe MOoKaXeT, 4YTo Npou3onaeTr C
neagHMKaMm u CToKOM B 6nmxanwume 40 net. B HacTosweMm [OKyMeHTe
nokasaHo, 4YTo HebosnbliMe neasHble Wankn ocobeHHo B TaHb-LLaHe ncyesHyrT,
a TaKXe pe3Ko YMeHbWUTCHA negHukoBas Tanasd Bogda (Figure 2-2). BaxHo
OCO3HaBaTb, YTO MOTENJIEHNE KAMMaTa U TasgHUEe JNIEQHUKOB YXe MNpOoUCXOAMT,
ocobeHHo nocne 1940 roga. O4eBMAHO, YTO CyLLEeCTBYeT TEHAEHUNS YCKOpEHUS
TasgsHWSA NeAHNKOB.
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durypa 2-2. [eomopchonormyeckme AaHHble, KpaeBble MOpPEHbI yKa3biBalOT Ha Gonblinin
pasmep negHMKa, NOKasbiBaeT, YTO NEOHWUKU YXKe CYLEeCTBEeHHO OTCTYNuUnIu B TeyeHue
nocneaHux 150 net (KA3 / KI'3 rpaHuua, r. Anmatbl; GoogleEarth).

CtuxuiiHble 6eacTBuA, ycyrybneHHble M3aMeHeHMeM KauMmaTta

CoBpeMeHHasi neaHMKoBas nynbcauus, nMpopbiB 06pa3oBaHHbIX  N€AHUKOM
AamMb noanpyaHbIX 03ep U cenesBble NOTOKM Bbi3Bann 6osbline Katactpodbl B
LleHTpanbHON A3uKW. MHOro4YmcneHHble perynspHble KonebaHus NpOTAXEHHOro
nefHMKa TakXe MOXeT yrpoxaTb WHMPACTPYKType, COOpPYXEHUsM 1
nMyLiecTBy. JleAHUKU pas3IMYHON FeOMEeTpUn, PacCrnosiIOXKEHHblIe B PasIMYHbIX
KNMMaTUYeCKnX pexumax, O6yayT no-pasHoOMy pearMpoBaTb Ha W3MeHeHUs
Knumara.

HoBble npunegHuKoBble o03epa MOryT 6biTb 06pa3oBaHbl, KOraa, BO3MOXHO
neasiHoe s4po MopeHbl co3gact aamby nepepn 6bICTpO OTCTynaroWMM A0STUHHBIM
negHunkoMm (durypa 2-3). Takue o3epa MoOryt umetb 6onbwon ob6veM BoAbl WU,
Korga pyxHeT TMJIoTMHA, MOXET TMPOU30ONTU KaTacTpoduyecKnin naBoaoK.
NHTepBeHUMNS MO 3alunTe OT NaBoAKOB HeobxoauMa B panMoHax, KoTopble 6biin
onpefeneHHbl KakK Haxoadwmecs B YSA3BMMOM MOJSIOXKEHMM OT  yuepba,
HaHECEHHOro NaBoAKOM.

durypa2-3. NMpuneagHukoBoe o3epo MeTpoB B KbiprbizcTaHe cchopmmpoBanoch B
pe3ynbTaTe TasgHuA negHuka. boiBwme 150 net Ctapble KpaeBble MOpPeHbI 3a npeabiaylume
150 net nepekpbinu o3epo (GoogleEarth).

CHeroBsas iMHUA noBbicUTCAa Ha 200-300 MeTpoB B cpeaHeMm Ao 2050 (durypa
2-4). CKNOHbl BO3BbIWEHHOCTEN, KOTOpble BCcerga bbinm nokpbITbl CHEroMm 6yayT
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noasepraTbCs 3p03un. TassHMEe BEYHOW Mep3/10Tbl B BbICOKMX ropax caenatoT
CKJIOHbl HecTabunbHbIMU, N 3TO byaeT reHepupoBaTb ONOMA3HU U cenn (durypa
2-5). Takne 6eacrtenst MoryT 6biTb OnacHbl A4Na noceneHn n MHGpPacTpyKTypbl
BHM3 NO Te4YyeHuto. Pe3ynbTaTbl MOAENMPOBAHMS HE YKa3blBalOT Ha YBESIMYEHMe
BO3HMKHOBEHWUSI BECEHHUX HaBOAHEHMW B 6yayuweM, HO B CBS3M C POCTOM
cenen, nocneacTems HaBOAHEHUS BepOATHO, b6yayT 6onee kaTtacTpoduyecknmm,

YyeM paHblue.
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durypa 2-4. BbIcOKoe NPoCTpaHCTBEHHOE MONoXeHWe KNMMaTU4YeCKUX cHeroB (B cpeaHem T

=0° C) M ero pocCT B pe3ynbTate UAMeHeHUA Knumara B paﬁOHe nccrnegoBaHuA.
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®durypa 2-5.Poct Be4HOM Mep3noThbl B BbICOKOropbe 0OHaXaT HOBble 06nacTu Ansi 3po3vu.
MoaTomy, onon3Hu 1 ceneBbie NOTOKU CTanu o6bIYHbIM ABIEHWEM B BEPXHUX YacTAX
ropHbix xpe6ToB (CeBepHbin MakuctaH;GoogleEarth).
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