FCG duHckan KoHcanTuHrosas Ay
Foynna Ltd. duHaNbHLIU OTUET

COBMECTHO C YacTtb 1
o byayuiee Boabl

o ®UHCKMI1 MEeTeoposiIorn4ecKmii Pe3sioMme & U3MeHeHue
| neTumyT KAMMaTa

A3unaTtckmun baHk PaszButusa

BoaHble pecypcbl U Agantauum
NMHTepBeHUun B LleHTpanbHON M
3anagHoun A3um

TA 7532

UoHb 2012

Finnish Consulting Glroupdjg FUtU reWater % FMI



TA 7532: Water and Adaptation I nterventions in Central and West Asia
Part | - Executive Summary & Climate Change

CopeprxaHue

PE3IOME 4
1. MOZAE/TIMPOBAHVE USMEHEHUN K/IUMATA 11
1.1. 06wwun 11
1.2. 0O6paboTka AaHHbIX O KInMaTe 12
1.3. Ba30BbIK KAnMaTt 12
1.4. CueHapuun kaumaTa 17
1.5. MenkomacwTabHbin of cueHapuin kKnumaTa 20
1.6. Pe3ynbTaTbl MOAENMPOBAHUSA MO U3MEHEHUIO KSIMMaTa 21
1.7. Pe3ioMe no MogennpoBaHUIO U3MEHEHUAKIMMaTA 24
1.8. Ccbuikmu 25
2. FOPHASA CPEQA 26
2.1. Teorpadwus 26
2.2. [lpun3Haku TasgHUA NegHUKOB 26
2.3. CtmnxunHble 6eacteus ycyrybneHHble naMeHeHneM KanmaTa 28
2.4. Ccbinku 31

CINMNCOK ®dUryp

durypa 1-1. MUK 4 OTyeT no oueHke pesynbtaToB And A3sum (Christensen et al.
2007 ) e 11
durypa 1-2. CpegHerofosble ocaaku B nepunog 2001-2010 rr (MM / roa), OCHOBaHHbIE
Ha PERSIANN (http://chrs.web.uci.edu/) 1 TRMM (2006, 2007) AaHHbIX. .. 14
®urypa 1-3. [aHHble 0 BbICOTax (MeTpoB Haj ypoBHeM Mops). Cepble KOHTYpbI
YKA3bIBAKT FPAHULIBI CTPAHDBL. ..ttt anee e 14
Q®urypa 1-4. Uonb, aHBapb 1 cpegHerogosas (2001-2010) Temnepatypa (° C) Ha oCHOBe
N3MepeHUin, NpoBeAEeHHbIX Ha CTaHUUM HabnaeHnii U1 MHTepNoINpoOBaHHoOE
no cetke o 0,2 ° *0,2 °, ucnosb3ysa MeToA UHTepnonAunnKpuruHra. ..... 15
®urypa 1-5. Koppengauusa mexay HabniogaemMon 1 npeackasaHHOM cpefHeCcyTOYHOM
TeMnepaTypon. Kaxaas Touka - COOTHOLIEHME HblHELWHero 04HOro AHs,
paccumMTaHa Ang BCeX AOCTYMHbIX CTAHUMN HABMIOAEHUS ..o, 16
durypa 1-6. 95% NpouUEHTHOe pacrnpesieHne U CpeaHsas aucnepcmns NHTepnoMpoBaHHOMN
CpeaHeCcYTOUHOM TEMMEPATYPDI (° C) . 17
®urypa 1-7. a) Bblbpocbl CO, n 6) cookynHaskoHueHTpaumsa CO, B atMocdepe SRES,
cueHapuun A2, A1B u B1 (Nakicenovic et al. 2000). .....coceviiiiiiiiiiiiians 19
®urypa 1-8. 'nobanbHble BbiI6pockl GHG (B I'T CO,-3KB) npu OTCYTCTBUUCTpATErum B
obnactn knmmaTta (cnesa): nantcTpaunm wectuSREScueHapueB(UBETHbIE
NHUK) 1 80 NpOLEHTHOro AMana3soHa cueHapueB onybanMKOBaHHbLIX HauyuMHas
¢ SRES (1 nocneSRES ) (cepoe none). (MIMBUK2007)...cceiiiiiiiiiiieaanenns 19
Q®urypa 1-9.CpegHue nsameHeHusa Ttemnepatypsbl (° C) n BbinageHUs ocagkos (%)
roguyHbix (A), asHBapckux (B) n nionbckux (C) ocyLlecTBAEHHbIX NyTeEM
MoaenupoBsaHusa (nepuwod mogenunposaHuda: 1971-2000) n mogennpoBaHus
byaywero (NaTb NepnoaoB MoaennpoBaHus: 2045 -2065). PesynbtaThl
OCHOBaHHble Ha NPOBeAEHHbIX OMbITax C NCMONb30BaHNEM NATU MOoAenen
OAHDBI B TAOJIULLE T .. ettt et e et e et et e e e mamames 22
Ourypa 1-10. CpegHue 3HayeHus B 2041-2050 exerogHbix (A), sAHBapckux (B) u
unonbcknx (C) Temnepatyp (° C) M ocagkoB (MM). 3HayeHUa SBNAIOTCA



TA 7532: Water and Adaptation I nterventions in Central and West Asia
Part | - Executive Summary & Climate Change

CpeAHMMK M3 NATU KAMMATUYecKnx Mmogenen (tabn. 1), mcnonb3yembiX B
npoekTe.. . e .23
Ourypa 1-11. Ba)KHeVILUVIVI Bonpoc an Mop,enMpOBaHMM no npep,cr<a3aHmo cyp.b6b|
FOpHbIX JIeAHUKOB B BEPXOBbAX BOAOCOOpPHLIX HaccerHoB. 3a nocnegHue
CTONETUNSA, A3blKKM MOYTU BCEX AOJIMHHbLIX NegHUKOB B LleHTpanbHoOW A3umn
OTCTYNNAN (NE TamKUKUCTaH, KypyMAabl pPEerunoH, Google
Earth)... i 24
Ourypa 2-1. OTCTYI'IJ'IeHVIe J'Ie,CI,HVIKOB B BOCTOYHOM Ts:le LIJaHe KprFbIBCTaH rnokasbiBaeT
yCKOpeHue TeHgeHunmn, ocobeHHo nocne 1940r (Kutuzov & Shahgedanova,
20000 . o 27
durypa 2-2. eomopdonormyeckme gaHHble NMoOKasbiBalOTHa HalNUME KPAaeBblX MOpPEH,
KOTOpble CBMAETENbCTBYIOT O H60/ee KpyrnHbIX pasMepax fefHuKa, KoTopble
OTCTYNW/N B OCHOBHOM B TeyeHue nocregHux 150 net (KA3 / KI'3 rpaHuua,
r. Anmartbl; Google Earth)............ e 28
durypa 2-3. NpunegHMKoBoe 03epo I'IeTpOB B KprFbI3CTaHe cq)opMMpOBanOCb B
pe3ynbTaTe TadHug negHuka. boiewure 150 net CTapble KpaeBble MOpPeHbl 3a
npeabiaywme 150 net nepekpbiin 03epo (Google Earth)................ooll. 29
durypa 2-4. BbICOKOE MPOCTPAHCTBEHHOE TMOJIOXXEHUE KIMMATUYECKUX CHEroB (B
cpegHeM T = 0° C) M ero pocT B pe3y/ibTaTe M3MEHEHUS KMMaTa B pailioHe
nccnenoBaHus.. ..30
durypa 2-5. PocT BeuHoM Mep3no1'b| B BblCOKOFOpbe 06Ha>|<aT HOBble o6nac1'w LI,J'IFI
3po3un. MNMo3ToMy, ONOA3HN N Cenn CTann 06bIYHbIM SB/IEHMEM B BEPXHUX
yacTax ropHbix xpebTos (CeBepHbili MaknctaH; Google Earth).................. 30

CrNMNCOK TABJINL

Tabnuua 1-1. MNobanbHasa KNMMaTnyeckas Moesnb, UCNOSb30BaHHas B NpPOeKTe. ....... 18

ABBPEBUATYPA N COKPALLEHUA

ABP A3naTtckumin 6aHK pasBUTUS
BAM BacceriH Apanbckoro mops
YKTOP YcoBepLEeHCTBOBAHHbBIA KOCMUYECKUN TEPMO3IMUCCUOHHBIN N OTpaXKatoLum

paanomMeTp (Terra cnyTHUKa)
NCUAY3P  WNHunumaTtuea cTpaH LleHTpanbHON A31K NO ynpasfieHUo 3eMenbHbIMU

pecypcamum
LAC CtpaHbl LleHTpanbHoM A3nn
LAP Pecnybnunku LleHTpanbHoO A3nmn

LUAPVNBEB LlenTpanbHo-A3natckas PernoHanbHaa NHdopmaumoHHasa basa BogHoro

lMpoekTa

OKWN OTaen KNMMaTUYECKUX UCCNeAoBaHUN (YHMBepcUTeT BOCTOUHOM AHMUN,
obnapatenb 6a3bl AaHHbLIX MO KAMMATY)

OBOC OueHka BO34ENCTBMSA Ha OKpYXatloLwwyto cpeay

OKI ®uHckaa KoHcanTuHroBas rpynna

oMU OUHCKNIA METEOPONIOMMYECKUIA UHCTUTYT

rAM eHepanbHaa apaMTUBHasa Moaensl

Ro nobanbHbIN 3KOMOrMYecKkmMin oHg,

rc leorpacdunyeckas MHGOpMaLMOHHasa cucTtema

oK FnobanbHas oueHka neasHbIX nofen n3 KocMoca

GPS Feorpaduryeckas cuCTeMbl NO3ULMOHUPOBAHMUSA (CNYTHUKOBAS)

rBri nobanbHOe BOAHOE MapTHEPCTBO

MUWNC3P MexxayHapOoAHbIA LLEeHTP NCCeAoBaHNI CeNbCKOX03SMCTBEHHbIX
3aCyLNMBbIX PaiOHOB
MKYP MexrocyaapcTtBeHHass KOMUCCUSA MO YCTOMUMBOMY paseutuio (MOCA)



TA 7532: Water and Adaptation I nterventions in Central and West Asia

MKBK
MOA
Moy
MIMRNK
nyBpP
MODIS

MO
HMO
OK
CYK
HWL,
YY3P

TL
RMM

IOHEMN
Bb
onsp

BMO

Part | - Executive Summary & Climate Change

MexrocyaapcTBeHHas KOMUCCUSA MO KOOpANHaUuM BoaocHabxeHunsa (MOCA)
MexayHapoaHblin doHA AN ApanbCKoro Mops

MexayHapoaHble (PMHaHCOBbIE yUYpexaeHUs

MexayHapoaHas rpynmna 3KCrnepToB Mo U3MEHEHUIo KnMmaTa
NHTerpupoBaHHOE ynpaBneHne BOAHbLIMU pecypcamu

CnekTpopaanomMeTp ¢ nsobpaxeHmem cpegHero paspeweHuns (Aqua/Terra
CMYTHUK)

MOHUTOPUHI U OLeHKa

HenpaBuTenbCTBEHHbIE OpraHM3auuu

OueHka KayecTBa

CucrtemMa ynpaBneHus KayecTBoM

Hay4Ho-nHpopMauMoHHbIN UueHTp MOCA

YcTonumneoe ynpasneHne 3eMesfibHbIMU pecypcamMm MHMOOPMaLVOHHOM
CUCTEMbI (NporpaMMHbI koMnoHeHT NCLIAY3P)

PykoBoauTens rpynnbi

Muccusa nsmepeHns KonnyecTsa TPonmyeckmux ocagkos
(MHOrocnyTHUKOBbIA aHann3 0CcaZKoB)

Mporpamma OOH no okpy»atowlen cpeae

BceMupHbI BaHk

OueHka W NnaHWpoBaHMe BOAHbIX PecypcoB (MoAeNMpoBaHMe CUCTEMBI,

pa3paboTtaHHoi CTOKrOIbMCKMM MHCTUTYTOM MO OKPY>KaloLlen cpene)
BceMmnpHas meTeoposiornyeckas opraHmsaumns



TA 7532: Water and Adaptation I nterventions in Central and West Asia
Part | - Executive Summary & Climate Change

PE3IOME

O6wan mHdpopmMaums O NpoeKTe

LleHTpanbHasa A3us aBNseTca OAHMM W3 permoHoB B Hawmbonbllen cTeneHu
CTpajawouwen oT nocneacTBUM U3MEHEeHUS KAauMMaTa Ha Npupoay U 3KOHOMWKY.
3aknounTenbHbin oTyeT no npoekty ABP / TA 7532: «Boaa v agantauus
WHTepBeHUMN B LleHTpanbHOM 1 3anagHon A3uun" onucbiBaeT nccnenoBaHme, B
KOTOpOM pa3paboTaHbl MoAenn Mo BO3AENCTBMIO W3MEHEeHWUs KamMmaTa Ha
BOAHbIE pecypcbl U CTUXUNHbIe 6eacTBus B 6accerntHe ApanbCKOro Mops.
Knumat npownoro 6bls1  BOCCTAHOBAEHC WCMOSIb30BAHMEM  AA@HHbIX U3
rnobanbHoM 6a3bl AaHHbLIX KAuMMaTa, COCTaB/ieH C MCNOJIb30BAaHWEM MOJIEBbIX
AAHbIX U CMYTHUKOBbBIX HabnwoaeHnn. Heckonbko MexayHapoAHbIX MPOrHO30B
U3MEeHEeHNa KauMaTta 6blnn UCNoNb30BaHbl A8 MOAENMPOBAHUSA W3MEHEHUI
TemnepaTypbl, 0CaAKOB, JIeAHUKOB, CHEXHOro MOKpoBa W peydHbiX cOpocoB B
6yaywem no 2050 roga. MogenmpoBaHue byayuwero rmaposiormm pek nomoraetr
NnJaHMpoBaTb yrpaB/iieHne BOAHbIMU pecypcaMn Npu pPacCMOTPEHUU CEJTIbCKOro
XO38MUCTBA, r’MAPO3HEPreTUKHU, OKpy>xatoLiemn cpenbl n ropoACKMX
KOMMYHabHbIX YCIYT.

YnpasneHne BOAHbIMU pecypcamMn B pernoHe LleHTpanbHOM A3un CTankMBaeTcs
c 6onbwmmn npobnemamun. Maponornyeckne pexuMbl ABYX OCHOBHbIX pek
pernmoHa, Cbip-Hapbs n AMy-[apbsl, ABAAOTCA CNOXHbIMU N YA3BUMbIMU K
N3MeHeHUto knmMmaTta. Ncnonb3oBaHne BoA03ab6OPOB  CENbCKOXO3SMCTBEHHbIX,
NPOMbIWIEHHbIX U BbITOBbIX MNOTpebuTenen COKpaTUIOChb, MOTOKM B PanoHbI
HMXEe N0 TeYEeHUK  YMEeHbLUMIUCH, pe3ynbTaTtoM SBUACS  TSXENbIN
sKosormdyeckun  ywepb.  AOMUHUCTPATUBHO-UHCTUTYUMOHANbHasa  cucrtema
ynpaBneHusa parMeHTUpoBaHa KOHTPOSIEM LUECTbD HEe3aBUCUMbIMKU CTpaHaMu,
4acTo C NpPOTUBOpPEYaALLMMU LeNSMN,

dopmupoBaHue cTtoka Ha obeux pekax - Cobip-Oapba u AMmy-Lapbs - MAET B
OCHOBHOM 3a CYeT TasHUs CHEeroB W NefHMKOB. BnusHue notensieHns KnuvMmaTta
Ha 3T K/KO4YEeBble rMAPOSIOrMYecKme npoueccbl He AO0CTAaTOYHO MOHATHbI WU
NO3TOMY MPOBOAATCS NUWb (pparMeHTapHoe cMardyeHme v agantauums. B To
BpeMS KaK M3MEHEeHWUs YpOBHEW 0CafKoB TPYAHO npeackasaTtb B OGyayulem,
eCTb TBEpAOEe MHEeHWe, 4YTo cpeaHss rnobanbHasa TemnepaTtypa nosbiwaeTrcd. B
pe3ynbTaTte, 60sblue ocaakoB byaeT BbiNadaTb B BUAE AOXAEN B BEPXOBbAX U
obbeM nbpa B ropax TsaHb-llaHa w [lMamumpa, ckopee BCero, coKpaTsaTcs.
MepBbll M3 Ha3BaHHbIX MOB/NSIET HA CE30HHOCTb CTOKA, B TO BpEMs Kak,
nocnegHUn, No KparWHen Mepe, BPEeMEeHHO YBEeSIMYUT CpeaHerofoBOM CTOK.
Kpome TOro, mu3MeHeHMe B O0CafgKax MOXeT co034aTb AOMNOJIHUTENbHbIE
npobnembl. [llocneacteuss ewe He 6bUIM  CTpaTermyeckn  A0OCTATOYHO
onpeaeneHbl KOIMYECTBEHHO, U CTpaTernn agantaums U CMArdyeHust He UMesnu
MecTa.

KoHeuHoOM uenbio NnpoekTa ABNSEeTCS coaencTeue ctpaHam LleHTpanbHon A3um B
NOAroTOBKE HALMOHasIbHbIX CTpaTernm, rMoAUTUKN U UHBECTULMOHHbBIX MJ1aHOB
No YCTOMYMBOCTM K WM3MEHEHUI0 KauMmata u agantaunn. HebnaronpusaTtHoe
pas3sutue cobbITUM B 3TOM reonosIMTUYECKOM BaXXHOM U XPYMNKOM perunoHe,
TpebytoT CpPOYHOro BHUMaHWNS MeXAyHapoAHOro coobuiecTsa.
MexancumnamHapHble UcCcneaoBaHUs MOryT OKa3aTb CEepbE3HYK MOMOLWb B
NPUHATUM pEeLleHUs B pernoHe 4S9 Nydwero ynpaBieHUs pUCKOM U pellueHunun

4
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CMAryeHna m agantauunmn CTpaTeFMVI K HeratTMBHbIM NnocneacrtBndM M3MEHEHUA
KnMmaTta.

NeaTesIbHOCTb MO NPOEKTY

B npoekte, npownblh  KAMMaT O6bll PEKOHCTPYMPOBAH C MCMNOJSIb30BaHUEM
AaHHbIX M3 rnobanbHOM 6a3bl  AaHHbIX KIMMaTta, COCTABNEHHbIN C
MCNONb30BaHMEM TMOJIEBbIX WM CMNYTHUKOBbLIX HabnwoaeHnn. ECTb HECKONbKO
MeXAYHapoAHbIX MNporpamMM, reHepupytowme CNyTHUKOBbIE KAMMaTUYECKME
AaHHble N0 MUPY, U 3TU AaHHble MOryT ObiTb 3arpyXeHbl U3 WHTepHeTa.
Heckonbko MeXAyHapoAHbIX YHUBEPCUTETOB WM Hay4YHO-UCCNeAoBaTEeNbCKMX
opraHmsaumn cobpann KOMMJIEKC CueHapueB W3MEHEeHUs KauMaTa W
MPOrHO3MpoBaHUsa kKauMata B 6yayweM. [aTb pas3nuyHbIX cueHapueB Obin
MCNoNb30BaHbl AN MOAENUPOBAaHUSA WU3MEHEHUW TemnepaTypbl, OCAAKOB,
NefHMKOB M CHEXHOoro nokposa B byaywem o 2050 roga. PesynbtaTtbl 6yayTt
MPUMEHATLCSA B Pa3BUTUM YCTOMUMBOCTM K MU3MEHEHUID KAMMaTa M cTpaTernmu
ynpaBaeHnUss pUCKamMm Ha pernoHasibHOM, HaunoHalbHOM N 6acCeMHOBO-PEYHOM
YPOBHSAX. B AeaATenbHOCTb NpoeKTa BXOAUT:

1) C6op CyLLecTBYHOLWMX MNOJSEeBbIX 3anncen U HoBble CYTHUKOBbIE AaHHble MO
KNMMaTy, rmaposiorMm n 3emMnenonb30BaHNS B LieNsiX BOCCTAHOBAEHUS NPOLUIon
N HacTosawen 06CTaHOBKMN;

2) pa3paboTka MeToAO0NOrMK, OTHOCALMXCA K PpasyKpYnHEHU CueHapueB
U3MEHEHUa KauMmaTa, FMAPOSAOrM4YecKoro MoAenmpoBaHWUs, TasiHMe NefHUKOB,
OLEeHKa BO3AENCTBUSA Ha KIUMAT, YS3BMMOCTb K/iMMaTa U aHa M3 pUCKOB;

3) MopgenupoBaHue 6yaywero ruaposiorMm pek U  BblgB/ieHne npobnem
ynpaBneHusa BOAOW YyuUUTbIBasd CeNbCKoe XO35NCTBO, IUAPOIHEPreTuKy,
OKpY>KaKLLYIo cpeay U MyHuuunanbHble cnyX6bl N0 BOAOCHAa6GXEHUI0;

4) TporHo3 ¢QopMMpPOBaAHUSA OMNACHOCTEN, BbI3BAHHbLIX M3MEHEHWEeM KauMmaTa
TaKuUX, Kak HaBOAHEHWS, 3aCyXn, cenun, onossHn u obeansl;

5) lMpeacrtaBneHve npeanoXeHWn No aganTauum UMHTEPBEHLMW U NOBbILWEHWUIO
noteHumana B UensxX MOBbIWEHUS YCTOMYMBOCTU K WU3MEHEHWUID KaumaTta B
pas/INYHbIX pernoHax;

6) PasBuTMe noTeHumMana B 06NacTM WUCMONb30BaHUA W MPUMEHEHUS
rMMAPOKIMMATUYECKMX MoAenen B pernoHe.

HacTtoawmn ot4yeT npeacrasnsder cobon [ABYCTOPOHHEE MOAEMpPOBaHHOE
nccnenoBaHue No oueHKe BO34ENCTBUS UM3MEHeHMs KauMaTa paaun byayuiero
Hanuuma BoAbl B pedHbiXx 6accenHax  AMy-Aapbun n Cbeip-Aapbu. Yactsbl
OMNUCbIBAET PEKOHCTPYMPOBaHHbIE MOCNeACTBMA WU3MEHeHUs KauMmata B
baccenHe n Yactb || dokycnpyeTca Ha BO3AEUCTBUM U3MEHEHUS KnuMaTta Ans
AanbHenwero @OpMUPOBAHUSA CTOKA B FOPHbIX BEpXHUX 4yacTax 6accenHos.
MporHo3mpyemble NOCTYNNEHMUSA U3 BbllLecToAwWwen Yyactu baccenHa, B panoHbl,
pacrnosioXXeHHble BHMU3 MO Te4yeHUto CNYXXWUT BXOAOM ANa  MoAenwu
pacnpeaeneHnsa BoAabl, pa3paboTaHHble B OLEHKe BOAHbIX PpecypCoB U CUCTEMbI
nnaHunposanusa (OMNBP) ansg mogenvpoBaHus NoTpebHOCTM B BOAE N PeCypCOB B
HMU30BbAX obnactn (Yactolll). Bo3gencreue byayuwero N3MEeHeHUA
TeMnepaTtypbl W BbiNaAeHUs OCAAKOB ANA Hanuumsa wn notpebHocTen BOAbI
6blNn cMOAENNpPOBaHbl U PacCMOTPEHbI C BO3MOXHbLIMW MepamMu aganTtauuun.

MporHosbiM3MEeHEeHUAKANMaTa
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Knumatnyeckme AaHHble, KOTOpble AO/MKHbl MPUMEHATLCA B rMAPOSIOrMYeCcKOM
MoAeNMpoBaHUn BKtOYANM cpeaHe-exeaHeBHble, MaKCMMasibHble "
MUWHMMasibHble TeMnepaTypbl U exeAHeBHble AaHHble 06 ocaakax Mo ceTke
pa3mepoM 0,2 °- 0,2 °, nokpbiBawwen cTpaHbl LleHTpanbHon A3mun. C ogHOM
CTOpPOHbI, rMaponornyeckoe moaennposaHue TpeboBano AaHHble MO KAMMaTy
Ha CcerogHsAWHWA f[eHb - Ana  KanubpoBku Mogenu-npoekumn 6yayulero
KnuMmaTa - Ana mogenuvpoBaHumsa B byayweM. [JaHHble, HAHECEHHbIe Ha CEeTKY M
npeacrasnsowmne COBpeMeHHOe cpefHe-exXeAHeBHble, MaKCUManbHble U
MWHMMasibHble TemnepaTypbl, 6bi1M  Npou3BeneHbl MNYTEM  Ha3eMHbIX
HabnogeHnn 3a Temnepatypon (2001-2010 rr.) u KpuakuHra (pasbuenHue
NpoCTpaHcTBa Ha 6/10kM (PUKCUMPOBAHHOIO pa3Mepa WM pacyéT umccnenyemoro
napamMeTpa B KaxaoM 6noke no BbibpaHHOW MoAenu BapuorpaMmbl -
npuM.nepesoaunka) uHTepnonsumn. CoBpeMeHHble eXefHeBHble AaHHble Mo
ocagkaM 6binm  ocHoBaHbl Ha PERSIANN CnyTHMKOBbIX AaHHbIX, 3a
nckndeHnem 2006-2007 ropoB, KoTopble 6blaM  OCHOBaHbl Ha TRMM
CNYTHMKOBbIX MO ocaakaM. MNporHo3bl 6yayuwero knmmata Ha 2011-2050 6binun
o0bpaboTaHbl C MNOMOLWbBLID MOAENUPOBaHUSA NATU  PasINYHbLIX  MoAesen
rnobanbHoro knumata npoekta IPCC's CMIP3 (IPCC International Panel for
Climate Change). [nobanbHble MMUTAUMOHHbLIE MoAenu Ansa byaywero 6biu
YMeHblUeHbl B pa3Mepe A0 MJOTHOW CETKWU, UCMONb3yS CETKY COBPEMEHHbIX
KNMMaTUYECKNX AaHHbIX N METOAOM U3MEHEHUS AeNbThl.

MopenupoBaHue Ha 6ase rnobanbHbIX KNMMaTUYECKUX MoAenen npeanonaraer,
yTO cCpegHerogoBas TeMmnepaTtypa 6yaer pactm B LleHTpanbHO-A3MaTCKOM
permoHe TrMpuUMEPHO Ha Tpu rpagyca B TedeHue Onmxkanwmx 40 ner.
CunbHeNwee noTensieHne NpPOrHO3MpPyeTcs B ropax, U B CEBEPHOW 4acTu
LleHTpanbHOn A3uMn. Ha exerogHOM OCHOBE MW3MEHeHMs 0CajKoB, Mo
nporHosam, b6yaet HebonbwmMm B TedyeHue bGnmxkanwmx 40 net. CywectByeTt
Bapuaums OT Mogenu K ™moaenu, ofHako, 60/bLMHCTBO KIMMATUYECKNX
MoAenen npeanosaratoT, UYTO yXe B CyxXOM tro-sanagHom 4yactn LleHTpanbHoMn
A31n CTaHeT elle cywe oCobeHHO B NIeTHMIW Nepuo, U YTO B HEKOTOPbIX MecTax
B ropax KOJIMYeCTBO 0CAAKOB MOXeT yBEIMYNTLCS.

Okpy>«awouian cpeaa B ropax

NenHukn 3aHmmatoT 18128 kMm%, oT 6acceiiHa Apanbckoro mMops. OHM urpatoT
BaXXHYI pOJib B rMAPONOrMU, TaK KaK reHepupyroT Tasyr BOAY B TeyeHue
3aCyWNmMBbLIX JIeTHUX MecsiueB. [OpHble negHuKW BKAKOYaKT B cebsa: 1)
MeneHbkUn  UMPK  NEeAHMKOB, MOKOSLWMXCA Ha AO0BOSIbHO KPYTbIX FOPHbIX
CKNOHax; 2) bonbwue negsHble LWankym MNOKpbiBalOWME roOpHble BEpLUUHDbI,
CBSI3@aHHble C [AOJIMHHbIMKM NeAHUKaMKW, Y3Kue U  AJIMHHblE $3bIKW  NbAa,
ctekatowme B N-obpasHble 40NHBI.

MpoueHT naowaan oneaeHeHus ABYX BOAOCOOpPHbIX HGacCenMHOB CyLEeCTBEHHO
oTnunuaetcs. JleaHukuAmy-lapby oxsaTtbiBaeT 15500 KM (2% OT nnowaan) u
1,800 kM? - Cobip-Aapbu (0,15% o1 nnowaan). Camble 6onblinve NeAHUKM
HaxoaaTcs B ropax lNMNamupa B TagXUKUCTaHe.

NepHunkn B ropax TaHb-LLUaHa u MNMamupa oTCcTynatoT, a macwTabbl OTCTYyn/1eHns
MEHSAITCS MexXxay  permoHaMm W BpeMeHHbIMM nepuogamun.  KpynHenwas
BeNMUYMHa OTCTynneHuns 6bina 3apeructpuposaHa B CesepHoM TdAHb-llaHe, rae
naowanun onegeHeHns cokpatunacb Ha 30-40% B TeyeHne BTOPOW MOMOBUHbI
20-ro Beka. TeMnbl OTCTYNAEHUS NeaHUKOB 6blNn MeasieHHee B yAalleHUU Ha
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BOCTOK W tOI, TEM HE MeHee, YCKOpPEeHMe OTCTYyn/1eHns negHmka 6bls1o oTMeyeHo
B BOCTOYHOM [lamumpe c 7,8% no cpaBHeHuto ¢ 1978-1990rr. no 11,6% no
cpaBHeHUtO ¢ 1990-2001rr. nepunogom. JlegHukn notepanm 12,6% (0,33% /
rog) ux B 1965r. obnactu B nepmnoa 1965-2003 rr. OgHa M3 uenen npoekTta
SIBUIOCb MPOrHO3MpOBaHME TasHUA NeAHUKOB B OyayuweM C MUCnonb30BaHMEM
MoAeNnnpoBaHUs BO34ENCTBUS U3MEHEHUS KIMMaTa Ha ropHble rMApPOAoruu.

HoBble npuneaHunkoBble o3epa 6yayT co3aaHbl, Korga, MoxeT 6biTb, neasHoe
AApO MoAenu co3pacTt 3anpyay nepes 6bICTpo OTCTynakWMMU  AOSIMHHbLIMU
negHnkamn. Takume o3epa MoryT uMeTb 6onbwon ob6bem BOAbl U, KOraa pyXxHeT
namba, MoOXeT npou3onTKM KaTacTpodumyeckoe HaBoaHeHne. Heobxoanma
3aWmMTa OT BO3MOXHbIX HaBOAHEHWM B 30HAX, HAXOASALWMXCA B YSA3BUMOM
MOJTOXEHUMN.

CHeroBas nnHMA nogHmMmeTtcsa B cpeaHeM Ha 200 - 300 metpos o 2050 roaa.
CKNOoHbI XONIMOB, KOTOpble Bceraa 6blnm nokpbiTbl CHErom, 6yayT noasepratbCs
3po3mMn. TassHMe BEYHOW Mep3/0Tbl B BbICOKMX ropax caenakwT CKIOHbI
HEeYyCTONYMBbLIMK, U 3TO ByaeT reHepmpoBaTb OMON3HM U cenn. Takme 6encTeums
MOryT ObITb OnacHbl ANS MNoceneHun N UHEPPaCTPyKTypbl BHMU3 MO TEYEHMUIO.
Pe3ynbTaTbl MOAENMPOBAaHUS He YKa3blBAalOT Ha YyBe/IMYEHME BO3HMKHOBEHUS
BECEHHUX HaBoAHeHWM B GyayuwleM, HO B CBSAA3M C pPOCTOM cCenen, nocnencTems
HaBOAHEHUSI BeposATHee Bcero MoryT 6biTb 6onee kKaTtacTpoUUeCKUMU, 4eMm
paHbLUe.

f'maponorns paMmoHoB BBEPX MO TEYEHUIO

Boinin  pa3paboTaHbl  pacTpoBble  OCHOBbl  BbICOKO  AeTaIM3UpPOBaHHbIX
KpnocdepHo-ruapoaormyeckmux Mogenemn Ans BblecTosawmx yactenm Amy-apbm
n Coip-Oapbu. BeBepx no TeyeHuto rmaposiornss M posb CHera v nibga UMeKT
pelwakmulee 3HayeHue A58 MNOHMMAHUS BO3AENCTBME  Ha panoOHbl HUXKHEro
TeyeHus. Bo3gencTBns WU3MeHeHus KauMaTa Ha rMApoOSOrUlD BEpPXHEro
Te4yeHUs MoAenupyeTcs C BbICOKOWM AeTanusauuen, BKIOYAs AUMHAMUYeCcKune
U3MEHEHNA B JlefHMKAX W CHEXHOM nokpose. Bknaa oT TasgHMA NefHUKOB,
TasgHWA CHera, AO0XAeBblX 0CaAKOB M 6a30BOro CToka B LEesioOM Bcero obbéma
CTOKa onpeaensieTcs Moaenbio. 2Ta Moaesnb bbiia oTkanmbpoBaHa Ans MCTopuu
otyeTHoro nepmoga (2001-2010), ¢ MCNONIb30BAHMEM WUCTOPUWN KITMMaTUYECKUX
AaHHbIX W HabnwgeHnn nputoka B BoaoxpaHunuwe. KannbposaHHas Moaenb
6bina BnocneacTteMm dopcmpoBaHa B YMeHbLEHHOM MacwTabe ¢ 6yaywmmu
TemMnepaTypHbIMM W  0OCaAKOBbIMM  CLEHapUsIMK ana  cueHapus AT1B,
OCHOBAHHOIro Ha NATW pasnnyHbiX Mogensax nobanebHon Lupkynsumun (MOLL)
3a 2011-2050rr.

Pe3ynbTatbl rMaponorMyeckoro MoaesnvpoBaHUS paVIOHOB BBEPX MO TEYEHUIO
BK/1HOYAOT CneaytoLlee:

PaspabotaHHasas Mogenb, cnocobHas UMUTUPOBATb MOJIYYEHHbIN NYTéM
HabnogeHNMn CToOK U MOXeT ObiTb MCNOAb30BaHa AN U3YYEHUS BIUSHUS
M3MEHEHUNI KNnuMaTa Ha rmaposormMyeckun UnKI.

Ectb 6onbwine oTnmuma B poaM CTOKa Tanon BOAbl ANS CO34AHUSA  peYHbIX
b6accenHoB AMy-Lapbu n Cbip-Aapbn. Tanas Boaa nmeet 6onee BbICOKUA BKag
B (popMmpoBaHme cToka baccenHa pekn AMy-[lapbu rno cpaBHeHUtO ¢ 6accemnHoM
peku Coip-dapbwu.
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OueHb BepoATHO, YTO 06BLEM neaHnka Ha MNamumpe wn TaHb-LLlaHe Ha ropHbIX
xpebTtax cHu3unTcsa ¢ 45 no 60% Kk 2050 roay.

CocTaB 4eTblpex KOMMOHEHTOB (OpMMPOBAHUSA CTOKA (KOSMYECTBa BbIiNAaBLUMX
0CaAKoB, TasiHUS CHera, TasHUSA neaHukoB, 6a30BOro noTtoka), B byayliem
CKOpee BCero, M3MeHUTCHA. DTO CepbE3HO MNOBMIMSAET Ha CTOK B LUEJIOM, HO
0C06EeHHO Ha CTOK OT CEe30HHbIX M3MeHeHWUN. [lnMK CToKa CMecTUTCA C NnieTa Ha
BECHY M YMEHbLIUTCA B pa3Mmepax. MoaesnbHbIM NpoayKT, Koraa dopcmpoBaH C
KNMMaTUYECKUMU MPOrHO3amMu, Mpou3BeAEHHbIMU NATbO MoaensMu rnobasnbHOM
umpkynsaummn (MOL) nokasbiBaeT yMeHblleHue (hOpMMPOBaAHUS CTOKa B BEpXHEN
yactn AByx 6accemHoB ao 2050 roga. W3MeHeHMA CUNbHO OTIMYAOTCS B
npocTtpaHcTee. @doOpMMpOBaHME CTOKA CHMXAeTCa Hambonee 3HaA4UUTENbHO B
BEPXOBbSAX OTCTYMNIeHNS NeaHuKa.

O6bwunin obbemM rogoBOro CToka B parOHbl BHM3 MO TEYEHUIO, KaK OXuaaeTcs,
cokpaTuTcea Ha 22-28% no Cboipaapbe 1 26-35% no AMy-Lapbe Kk 2050 roay.
CunbHelwee yMeHblUeHWe peyHOro CToKa OXWAAeTcs ANs MO34HUX  NIeTHUX
MecsiueB (aBrycT, ceHTs6pb, OKTA6pb), rAe NpUTOK B panoHbl BHM3 MO TEYEHUIO
yMeHbLUaeTCcs NpUMepHo Ha 45% Ans obonx 6accenmHoB pek.

YnpasneHue BOAHbIMU pecypcaMu BHU3 MO TEYEHUIO

NHcTpyMeHT oueHkn OlMBP (WEAP) v nnaHvpoBaHWe BOAHbLIX PpecypcoB
(MopgenuvpoBaHmne cuctembl, paspaboTtaHHoM CTOKIo/IbMCKMM MHCTUTYTOM MO
oKpyXatwuien cpeae) 6bl1 MCNOMb30BaH B KavyecTBe KOMM/IEKCHOW OCHOBbI AN4
6anaHca cnpoca M nNpeasioXeHus U MoAeNMpoBaHMA cueHapueB ajanTtauum B
peydHbix 6accenHax Amy-Lapbun un Cbip-Lapbn. HexBaTka M BO34AeNCTBUME BOAbI
6blNn oueHeHbl Ha ypoBHe baccenHa Ans Tekywen n byaywen cutyauun. JTa
MoAenb CBfA3aHa co34aHa ANd  WUCTOPUYECKOro 3TasioHHoro nepwuoga (2001-
2010), wucnonb3yowas Moaenupyembln MPUTOK C BEpXHUX vacten 6baccenHa,
NCTopuyeckne pAaHHble, Kacawwmecs KauMMmaTa, CebCKOX039MCTBEHHOMo
3eM/1enosib30BaHUs, HAaceneHusa. W CTPYKTYpbl ynpasieHns BOAHbIMU pecypcamm
B NoaobHbIX BOAOXpaHWUIMWAX M KaHanax. Mogenb kanubpyeTcss C MOMOLLbIO
HabnogaeMblX MPUTOKOB BOAOXpaHWULWA, OTTOKa M obbeMa, U BnageHu B
Apanbckoe Mope. Bnocneactesuu, kanubpoBaHHas ™Mogenb @QopcupoBaHa C
YMeHblEeHHbIMM B MacwTtabe cueHapusmMu byaywmx TeMmnepaTyp, W OCAAKOB
Ang  cueHapma A1B, OCHOBaHHbLIA Ha MNATU pasfIMYHbIX MoAensx rnobanbHOM
umpkynaumm  (MOU) B 2011-2050rr. ”  COOTBETCTBYHOLIME  TMPUTOKMU,
obpasoBaHHble MOAeNblo A1 palOHOB BBEPX MO TEYEHMUIO.

OCHOBHbLIMM  naesMun pe3ynbTaTOB UCCNeaAoBaHUA MOAENTNPOBAHUA BHU3 MO
TEYEHNIO ABAIOTCA:

+ PaspaboTaHHble Moaenu MOryt UMMUTMpoOBaTb B HabniwpaembiX MNOTOKaxX
YpPOBEHb BOAOMOJSIb30BaHMA W MOryT ObiTb MCNOAb30BaHbl  ANS U3YYeHUS
BNIMSAHUS UBMEHEHUS K/1MMaTa Ha BOAHblIE pecypcCbl B permoHe.

+ CywecTtByloT 6onbline pasnnuns B posan Tanow Boabl Ans HopMUpOBaAHMUSA
CTOKa B peuyHblix b6accenHax Amy-Lapbu un Cbip-Adapbn. Tanas Boga uMmeet
6onee BbICOKMM BKNag B CTOK B 6GacceHe AMyaapbuM NO CpaBHEHWUKD C
b6accenHoM pekun Coipaapbs.

« BExxeroaHbln o6wmr cnpoc Ha Boay B 6accenHe Cbhipaapbn yBeNMUYMBAETCS Ha
3,0 - 3,9% B 2050 roay. ExeroaHbln HeyaooOBMETBOPEHHbLIA CNpPOC
yBenmuymneaeTcs € 8,8% B HacToswee BpeMsa o 31,6 - 39,7% B 2050 roay.
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« BExerogHasa o6bwasa notpebHoCTb Ha Boay B ©bHaccenHe AMy-[apbu
yBennumneaeTtcsa Ha 3,8 - 5,0% k 2050 roay. ExerogHass HeyaoBneTBOpE&HHas
notpebHocTb yBenuumeaetcs C 24,8% C HacToswero BpeMeHn Ao 45,8 -
54,5% k2050 roay.

+ O6bwasa npoTsXKeHHOCTb ApanbCKOro MOpS COKpATUTCS MpUBNN3NTENbHO C
17000 kM? B HacTosiee BpeMs Ao 13800 kM? k 2050 rogy. Pasnuumsa mexay
CeBepHoM 4acTbto UM KOXXHOWM 4YacTbio 03epa nopaxatT. CeBepHas 4acTb uMeeT
noteHuman, 4Tobbl pacwWMpuUTbCA MNPUMEPHO Ha 72% B YCI0BUSAX
NpOrHo3mpyemMoro nputoka (Ho 6yaeT MeHblle npuToka BoAbl B KOXXHOW 4acTum
03epa), B TO BpeMs Kak KOHasa 4yacTb 03epa COKpaTUTCHA NpUMepHO Ha 38%.

Crpatermm apgantayuum

Ona npeofoneHns HblHeWwHen un byayuwen HexBaTKM BOAbl B CTpaHaxX ecCTb
uenbin psa BapuaHTOB B UX pacrnopsiXXeHuu, 4Ttobbl pearvposaTb U
ajanTmpoBaTbCa. OTWM NnapaMmeTpbl MOryT ObiTb CBeAeHbl B TpPU OCHOBHbIE
KaTeropuu: (i) pacwmpeHue noctasok, (ll), noBbileHne NMpPon3BOAUTENIbLHOCTHU
Tpyaa, u (lll) cokpaweHune cnpoca. [ns Kaxaorm Ku3 3TUX Tpex KaTeropui
TUMWNYHbIE BapuaHTbl 6bI/IN U3yUYeHbl, pe3y/ibTaTbl AaHbl B CNeAYWMX paMKax:

Llenb TexHonorus
PacwupeHue BogocHabxeHus A: ToBbllWeHne noTeHumana BoAOXpaHUIma
lMoBblWweHne B: YnyuJweHne cenbCKOX039MCTBEHHOM
MPON3BOANTENBbHOCTMW: NpaKTUKU

C: TloBbllWweHNe NOBTOPHOIO UCMOb30BaAHUSA
BOAbl B OpOLIAEMOM 3eMnegennm

D: lNMoBblWeHMe NOBTOPHOIO MCMNOJSIb30BAHUS
BOAbI ANst 6bITOBbLIX HYX/,

CokpalieHune cnpoca: E: CokpauleHune opoLwaeMbixX naowagen

F: CokpalleHne BHYTpEHHEro crpoca

G: Jedununt opowleHus

Kaxkablh M3 3TUX BapuaHTOB CBSA3aH C onpefeneHHbIMU npeaenbHbiMU
3aTpaTaMmn Ha eauHuuy, HauuHas ¢ US $ 0,02 3a M® ans ynyudlweHus MeToaos
BEeAEHUS Ccenbckoro xo3aictea Ao $ 2,00 3a M® B cnyyae CoKpalleHus
NOCTaBOK BHYTpeHHero cnpoca. [NMoHATHO, B ciyyae Bbibopa nepBoro BapuaHTa,
CaMOro AewesBoro, HO B TO e BpeMsi OH He MOXeT 6blTb AOCTAaTOYHbIM ANS
npeoAosieHns HeXBaTKN BOAbl MOSTHOCTbIO, a 6onee foporne BapuaHTbl AOKHbI
CTaTb MOCTOM ANd TMpeoaosieHUs HexBaTKu BoAbl. [lpn  paHXuUpoBaHUU
BapuMaHTOB ajanTauuMm K UX 3aTpaTaM Ha eauHUUY KOHKPETHOW CTpaHbl
NOCTPOEHblI BOAHblE KpWBble NpefesnbHbiX 3aTpaT. Wcnonb3oBaHuMe KpuBOM
CTOMMOCTM  Hanymsa  BOAbl  OrpaHUYMBaeTcsa CpaBHeHMeM (HUHAHCOBOW
CTOMMOCTM Mep AN NOKPbITUSA 3TOM HEXBATKU. BaXHO OTMETUTb, YTO 3TO MOXET
OTNIMYATbCA OT 3KOHOMUYECKMX wusgepxek ang obwectBa B uenoM. Kpusas
3aTpaTt Mo3TOMY [AOJ/DKHA pacCcMaTpuBaTbCA KaK Mepa pPYKOBOACTBa AJid
CpaBHeHUSA (GDMHAHCOBbIX 3aTpaT A1 NPUHATUS pELLUEHUN.

BOMBWWHCTBO 3KOHOMUYECKUN 3P PEKTUBHbLIX aAanTauMOHHbLIX Mep NpoBepsATCA
B CEe/IbCKOXO3SIMCTBEHHOW MNpakTuke, aeduumte  OpOWEHUs, YBEUYEHUID
NOBTOPHOIO WCMOMIb30BaHUSA BOAbl B CENIbCKOM XO3SIUCTBE W COKpaLLeHWUIo
opowaembix nnaowanen. KpoMme TOro, Mepbl, MPUMEHSEMble B CeIbCKOM
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XO38UCTBE 4ABAAKOTCA ropa3go 6onee 3Pp@PeKTUBHbIMM C  TOYKM 3peHus
COKpalleHUsi HeyaO0BNEeTBOPEHHOI0 cnpoca, nMOTOMY 4TO BHYTpPEHHee
notpebneHne BoAbl B 6accerHax SABMASETCA HE3HauUUTEeNbHOM MO CPaBHEHUIO C
NCMonb30BaHMeEM BOAbl A/19 CeNnbCKOoro Xxo3sincTtea. [lpuMeHeHne caMom
3aTpaTHOM ajanTauMOHHOM Mepbl 3aKpoeT HeAoCTaTOK BOAbl M CTOMMOCTb
coctasut 1,730 mnH.gonn. CWA B roa k 2050 rogy. lNokpbiTMe HepocTaTka
BOAbl, BbI3BaHHbIX TOJIbKO U3MEHEHWEM KnmmaTa byaet ctoutb 550 MnH. gonn.
ClWABrog 2050 roay.

* BoNbWKMHCTBO 3KOHOMUYecKn 3 deKkTUBHbIX Mep agantauunm (l), ynydweHue
CeNbCKOX03AMCTBEHHOMN npakTuku, (I1) aeduumt opowenus, (I11) yBennueHue
NOBTOPHOrO UCMOSb30BaHUA BOAbl B CENbCKOM X03aUcTBe, U (1V), cokpalweHune
opollaeMbIx naowanen.
+ 3aTpaTbl Ha MOKpbITUE BCEro HeaoTaTka BoAbl (43000 MAH.M%) oueHMBaOTCS
BUS $ 1730 mnH. B rog B 2050 roay.
e[1OKpbITUE AOMNOSHUTENbHOM HEXBATKM BOAbl, BbI3BAHHOM TOJ/IbKO U3MEHEHUEM
knuMmaTta (25.000 MnH. M%) 6yaeT ctoutb 550 mnaH. gonn. CLUA B roa k 2050
roay.

Mpooomxkawoweecas CTPOUTENbCTBO HOBbIX MAOTUMH B Kblprbi3cTaHe u
TagxukuctaHe paobasnsgeT HAMNPsHXKEHHOCTb B CJOXMBLUENCS  CUTyauuu.
CoBeTckasi 2pa , COOTBETCTBYOLWAS MJaHy rnMApO3HEpPreTUYeCcKnx rnpoeKkToB
Kambapatal n Il B Kbiprbi3cTaHe, M POryHCKOM MNNOTUHbI B TaAXXUKUCTaHe
HaXxo4ATCsl CHoBa B pa3paboTke, B CBSA3M C paclMpeHueM AO0CTyna K AeHbram
MeXAyHapoAHbIX AOHOPOB - Poccuun n Kutasi, MHBECTUPYIOLWNX B 3TU NPOEKThI.
B cTpaHax HuM30BbSA 3TW CO6bITUSA ycununnm 6ecnoKoMCTBO, MOTOMY 4YTO 3TO
MOXeT O03HayaTb, 4YTO CTpaHbl HaxoAswuecss BBEpPX MO TEYEHU MOryT He
CB#A3bIBaATb cebs obsa3aTenbcTBaMm 7 Heo6Xxo0aMMOCTbIO MOCTaBKM
JHeproHocutenem B 3UMMHMKA nepuoad w3 KasaxctaHa, YsbekucrtaHa wu
TypkMeHucTaHa. CTpaHbl BBEpX MO TEYEHUID MOryT He cneaosaTb CO6M0AEHUI0
npasmn paboTbl JIeTHEro pexwumMa C Cepbe3HbIMUM  NOCAeaACTBUAMKU  ANb
opollaemMoro 3emnesenms n 3KOHOMUKK B LESIOM Asl CTPaH, Jiexawmx BHMU3 No
TeyeHUto. C 3TOM TOYKM 3pEeHUsl, HET HUYero yAMBUTENbHOro B TOM, 4TO
HEKOTopasi HAaNPSXXEHHOCTb B OTHOLUEHMAX MexXAy CTpaHaMu cywectByeT. XoTs
HOBas MHMpacTpykTypa byaet apdekTMBHA NpU NEPEKPbITUM TEeYEHUS peK W
A06aBUT BO3MOXHOCTM B YMpaB/ieHWU, YTO HABMSETCH >XU3HEHHO BaXXHOM
HeobxoAMMOCTbIO, npeogoneTtb B  Oyaywem  npenaTtcTBus Ha  NyTwU
pernoHasibHOM UHTEerpaumu.

HapawmBaHue noteHunana

MpoeKkT onpeaenun HauWoHaNbHble oOpraHuMsauumM U 5 - 8 3KCnepToB M3
Ka»aoM CTpaHbl ANA y4yacTus B TMporpaMMe HapalwiuBaHWs MNoOTeHuMana,
HanpaBnEeHHOro Ha pa3BuTUE HaBbIKOB B rMapoOKINMATUYECKOM
MOAENMPOBAHUN. IDKCMepTbl, NpeacTaBAsoOWNE TMAPOMETEOPOIOrnyeckmne
WHCTUTYTbI,  Apyrne  BeAOMCTBA WNM  Hay4dHO-uUcCCcneaoBaTeNbCKMe
opraHusaumu, OTBETCTBEHHblE 3a YyMpaBfieHMe BOAHbIMM pecypcaMm W
TEXHUYECKMMM UMHCTUTYTaMU Cheunanu3npyolmnecs Ha MoAeIMpoBaHUU U
MHMOPMALMOHHbIX cucTtemax. lNpoekTHass KOMaHAa OpraHuM3oBasa HECKObKO
CEMMHaApoOB no npobsieMaM W3MEHEeHUs KaMMaTa B CTpaHax, W 6blnu
npurnaweHbl 3KCNepTbl W3  PasfMyHbIX MWUHUCTEPCTB, aKaAeMUYEeCcKux
MHCTUTYTOB W APYrMX MNpPOEeKTOB. BbICTynneHusi, caenaHHble  3KcnepTamu
NpoeKkTa U HauWMoHaNbHbIMW OpraHamMu BNacTuU NpeacTaBUIM MHGOpMaumlo Mo
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U3MEHEHWNIO KNUMaTa, ero BAUSIHUS Ha YyrnpaBfeHWe BOAHbIMM pecypcamu U O
BO3MOXHOWM CTpaTernu aganTtauuu.

HaumoHanbHble 3KCMepTbl, MOAYYUAM OT MPOEeKTa MOLUHble KOMMblTepbI
HOYTOYKM, nporpamMmHoe obecneyeHne n apyroe obopynosaHme, Heobxoanmoe
ON9 MOoAeNnnpoBaHUA U ynpasneHusa nHdopmaumen. MexayHapoaHble aKCnepThl
BEn NOAroTOBKY HauMOHaNbHbLIX  3KCMepToB  AN4 NCMoNIb30BaHMS
KNMMaTU4ecKnx AAaHHbIX n MoAennpoBaHus (pa3ykpynHeHue, R
nporpamMmmpoBaHue), rugponorunyeckoro MogenuposaHus (PCRaster) w
mMoaenunpoBaHue pacnpegenenmnsa soabl (OlMNBP).HaunoHanbHble sKkCcnepTbl 6yayT
npoao/kaTb paboTy nNpoekTa, HanpuMep, Mo HauMOHANbHOM LWKasie C MOMOLLbIO
6onee NogpobHbIMY CTATUCTUYECKMMU CChISIKAMMW.
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1. MOAE/INPOBAHUWE UBMEHEHUA KJTUMATA

1.1. O6wmMe nonoXxKeHusd

Temp Response (°C)

Prec Response (%)

B 4-m poknage o6 oueHke MIMUK no LeHTpanbHO-A3MATCKOMY PpernoHy
nporHo3mpytoTca bonbwmne kKanmmatudeckne usMeHeHus, (Christensenetal.
2007). PucyHok 1-1 nokasbiBaeT MNpOrHO3MpyeMble U3MEHEHUS TemrepaTypbl
(BepXHUN psp) M ocagkun (HWXKHUA psa) mexay 1980-1999 m 2080-2099
nepnogamm pana cueHapusa Al1B MOU kak cpeaHee u3 21 rnobanbHbIX
Knumatunyecknx moaenen (F’KM). LUudpbl npuBeaeHsl Ans rogosBbixX, ¢ Aekabps
no despanb (OAD) n c noHa no aeryct nepuoabl (MUA). B ropax lMamupa,
nosblilieHWe TeMmnepaTypbl 40 4 rpagycoB B 2100 roay B co4YeTaHuUU C
YMEpPEHHbIM YyBeJIMYEHMEM O0CAAKOB HABNAKTCHA TMPOEKTHbIMU. [loBblleHHasd
TemnepaTtypa npuMBoAUT K 6onee BbICOKMM NOTPebHOCTSIM 3BanoTpaHcnupauum
M nepeBelIMBAET YMepeHHoe yBenumyeHume ocagkos. B LleHTpanbHOW A3um
o4YeBMAHO, TrAe OCYLWeCTBAsSeTCS Ce/IbCKOXO035INCTBEHHOe MNPOW3BOACTBO,
KnuMmaT byaeT cywe u xapue.

Annual
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®durypal-1. MI'OUK 4 OTyeT no oueHke pesynbtaTtoB Ansa Asuun (Christensenetal. 2007).

Kak nokasaHo Ha PucyHke 1-1, B 6yayweM MoOryt npou30ONTU 3HAYUTENbHbIE
U3MEHEHUA B KIMMaTUYecKux ycnosuax. Onsa Toro, 4tobbl MMeTb BO3MOXHOCTb
OLEHUTb BO34AENCTBME WU3MEHEHWUN KMMaTa Ha ruaposiormyeckue ycrioBus Wt
pauMoHasibHOEe UCMNOoSIb30BaHME BOAHbIX PeCypCOB MEeTeopOosIorM4YecKnx AaHHbIX
He TpebyeTcsa. Habnogaemble AaHHble HEOBXOAUMbI ANS OUEeHKW HacToswero /
KAnMaTta B NpOLIOM, U NPOrHO3bl HA OCHOBE MOAENMPOBaHUS MOAENn KanmaTta
AA0T Nydlwmne oueHkn ans 6yayuwmx KnMMaTtuyecknx ycnosmi. B 3Tom npoekTe
Tak Ha3blBaeMbln 6a30Bbl (AaHHble HabnwaeHuit) nepuwon - 310 2001-2010
rogbl, U Ha 6yaywmn nepuod Ao/KeH 6biITb paccmoTpeH nepuog 2011-2050.
Mmaponorvyeckue Moaenu, NpUMMeHsSeMbIX B 3TOM NpoekTe TpebyloT B KavecTBe
BXOAHbIX HeNnpepbiBHble BpPeMeHHble psAabl OT CYTOYHOW TeMmnepaTypbl W
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exeaHeBHble AaHHble 06 ocaakax. Bce gaHHble A0KHbI 6bITb B €4UHON CeTKe,
nokpbiBakLwen ob6nactn npoekra.

1.2. O6paboTka AaHHbIX NO KAMMaATY

1.3.

O6paboTka n aHanu3 60nbWMX METEOPOSIOrNYECKMX WU TUAPONOrnYecKnx
AaHHbIX TpebyloT COBpeMeHHble aHanuTuyeckune cpeactsa. B 3ToM npoekTe
obpaboTka HabnwaeHWM 3a KIMMATOM U KAMMaTU4eckue nMporHosbl, B
OCHOBHOM, OCYLecTBNgeTca C noMowbio A3bika R cpeabl (http://www.r-
project.org/). R gaBnsetrca 6ecnniaTHbIM MporpaMMHbIM obecneyeHnem Ans
CTAaTUCTUYECKNX BbIYMCIIEHNN N KOMNbIOTEPHOW rpadukn. Kcnonb3oBaHne R B
nocnegHee BpeMsa  pacwWMpuiocb W CTano  MNoYyTW  CTaHgapToM  Ans
CTAaTUCTUYECKNX BblUMCIEHN U 06paboTkm AaHHbIX. OH MoOXeT paboTaTb Ha
pas/InYHbIX ONepauMoHHbIX cUcTemMax, Takux kak nnatdpopmax UNIX, Windows
n MacOS. 310 npoekt GNU (npoekT no cBo6OAHOMY pacnpoCTpaHEHUIO
nporpamMmHoro obecnevyeHus, NpuM. nepeBoAYnKa), KOTOPbIM NOAO6EH S3bIKY U
cpene S, un kotopble 6blin paspaboTaHbl B Bell Laboratories (6biBwasa AT&T, B
HacToswee BpeMs Lucent Technologies) xoHoM Yambepcom c konneramu. R
obecneuynmBaeT MHOrmve BWAbl CTaTUCTUYECKUX U rpadumyeckux MeTodoB, U
obnajaeTt WKMPOKMMU BO3MOXHOCTAMU HapawmBaHuda. Hanpumep, ncnonb3ys R
Nerko CTpouTb Auarpammbl n rpadukn, B TOM 4YUCAe MaTeMaTuyeckue
obo3HaveHna wn ¢opmynbl. R goctyneH kKak cBobogHoe nporpaMMHoe
obecneueHne B cootBeTcTBUM Cc ycnoemssMn GNU Free Software Foundation,
General Public License B BMAEe MWCXOAHOro KoAa. JDTO O3HAYaeT, 4YTO HeT
YCTAQHOBOK W/IN 3KCNNyaTauMOHHbIX pacxoaoB, CBSA3aHHbIX C R.

R cnpoekTnpoBaH B 06/1aCTU COOTBETCTBYHIOLWENO KOMMBIOTEPHOrO s3blKa, U 3TO
NO3BONSAET NOSIb30BaATENSAM YBEMUYMBATDL AOMONHUTENBHY OYHKUMOHANbHOCTD,
onpenenss HoBble (QYHKUMU. [ONs KOMMNbOTEPU3NMPOBAHHbLIX CAOXHbLIX 3ajad,
koabl C, C + + n ®opTpaH Koabl MOryT 6bITb YCTAHOBMEHbl U AN HA3blBAEMOIro
BpeMeHn o06paboTku (nporoHa nporpammbl). R Bka4vaeT B cebs nonesHyto
dyHKUMIO, HanpuMmep, TaKyl Kak: 3ddekTmBHas o06paboTka p[aHHbIX U
XpaHeHne, KOMMJIeKT OornepaTtopoB AJ19 pacyeToB MO CeTKe, B YaCTHOCTMU,
MaTpuL, a TakKXe XOpowo pasBuUTbIA, NPOCTOM WU 3PPEKTUBHbLIA A3bIK
nporpamMMmMpoBaHns, KOTOpPbIM BK4YaeT B cebs YyCNOBHbIN  UMKA
onpeaensieMbln NoOAb30OBaTeNieM pPeKYpPCUBHbIX (YHKUMA U CpeacTBa BxoAa WU
BbIXoAa.

R MOXHO paccmaTpuBaTb KakK cpeay, BHYTPU KOTOpPOM peasin30BaHbl
cTaTUCTU4Yeckmne mMetoabl.R MoOXeT 6bITb Nerko yBenvyeHa dyepes nporpaMmMHble
naketbl. ECTb OKONO BOCbMM NaKeToOB, CHabXeHHbIX pacnpegeneHneMm R, wu
6onee Toro, AoctynHbin 4epe3 cemenctso CRAN (Comprehensive R Archive
Network-BcectopoHHsAs R ApxmBHasa CeTb) NHTepHET-CanToB, OXBaTblBaOLWMX
OYeHb LWWNPOKUIM CNEeKTPp COBPEMEHHOW CTaTUCTUKKM (UCTOYHMK: http://www.r-
project.org/).

ObyuyeHne nporpammmpoBaHutd R 6bin0 OAHWUM U3 rN@aBHbIX MHCTPYMEHTOB
CO34aHuUs NoTeHumana KOMMNOHEeHTbl B aHHOM npoekTe. Onsa cnywaTtenen 6biaum
BBeZEeHbl OCHOBbI R, a TakXXe WHCTPYMEHTbl, ANs1 CO34aHMS NMPOCTPaHCTBEHHOW
WHTEPNONALUMN U YMEHbLUeHUs MacwTaboB XyAWKUX CLeHapueB KIMMaTUYeCKnX
OAHHbIX.

OcHoBa kK/iMMarTa
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Habop 6a3bl AaHHbIX, NpuUBEeAEHHOW B 3TOM NpoekTe  BK/tOYaeT
CpefHeCYTOYHY0 TeMmnepaTypy, CYTOYHYK MaKCUMalibHYH0 W MUHUMaJSIbHYIO
TemnepaTtypbl, U exeaHeBHble AaHHble 06 ocagkax 3a 2001-2010 roabl. bnok
Temnepatyp B rpaaycax LUenbcusa, a pang ocagkoB MM/geHb. [nowaab
nokpblTnsa: ot 57,12083 ° B.A. A0 78,92083 ° BOCTOYHOW AONrOTbl U OT
34,10833 ° c. w. go 49,90833 ° ceBepHON LWNPOTLI. [poCTpaHCTBEHHOE
pa3pewieHne coctasnseT 0,2 x 0,2 rpagyca. OTO O03HA4aeT, YTo HAabop AaHHbIX
coctasngeT 109 cronbuoB X 79 cTpok. KoopanHaTbl NepBOW BENUYMHbI TaKOBbl,
YTO 3Ha4yeHue Cc ueHTpoM B 57,22083 ° E, 34,20833 ° N, a BTOpOe 3Ha4YeHne Ha
57,42083 ° E, 34,40833 ° c.w. lNocnegHne aBa 3Ha4YeHUsA OTUEHTPUPOBAHbLI Ha
78,62083 ° E, 49,60833 ° c.w. n 78,82083 ° E, 49,80833 ° N (Hanpumep,
Qdurypa 1-2)

OaHHble No BbinaaeHuto ocaakoB (Purypa 1-2) 6bIIM MHTEPNPETUPOBaHbI

no 6u-nMHemMHoOM wHTepnonsuuMm C paspeweHmem cetkm 0,2 ° x 0,2 ° u3
PERSIANN 0,25 ° HeWpOHHOW CEeTM Ha OCHOBE [JaHHbIX 0CaaKoB
(http://chrs.web.uci.edu/) (Adleretal. 2003; Huffmanetal. 2009; Hsuetal.
1997; Sorooshianetal. 2000). OueHka PERSIANN ocagkoB ocHOBaHa Ha
WHpOpMaunm TekcTypbl obnaka Mo AaHHbIM AJMH BOJH MHMpaKpacHOro
n3nydyenmsa (~ 10.2-11.2 MKM). 3TN AaHHblE NOJYYEHblI U3 reocTaunMOHapHbIX
CNYTHUKOB M OBHOBAAIOTCS C NoMoLWbio 6osiee BbICOKOKAYECTBEHHbIX OLEHOK
0CaaKoB HM3KOOPO6UTaIbHBIMMU NacCUBHbLIMU CBEpPXBbICOKOYACTOTHbIMU
Aatumkamu (Hsuetal. 2007; Sorooshianetal. 2000). CHMXeHMe OTKIOHEHUA U
COXpaHeHMe MNpPOCTPAHCTBEHHbIX W BpPEeMEeHHbIX  M306paxKeHUs C BbICOKUM
paspeweHneMm, PERSIANN ocaakm KOppeKTUpPYITCA Ha OCHOBE MNpoekTta no
FnobanbHon Knumatonorum OcagkoB (MNFKO) ¢ 2,5 °  exeMecsAYHbIM
paspeweHneMm (Adleretal. 2003; Huffmanetal. 2009). OTcyTCTBME AaHHbIX B
oueHke PERSIANN 3anoJiHeHbl OLLEHKOM MaccuBHbIX OCaaKoB
CBEPXBbICOKOYACTOTHbIMM BOJSIHAMU C LWIAroM no BpemMeHu kaxable 30 MUHYT. B
nocneaywuweMm ware, AaHHble TpynnMpyroTcs B Macwtabe po 2,5 °
eXeMeCsA4YHO W NomnpaBOYHbIM  KO3IMDUUMEHT BbIYUCNSETCS Ha OCHOBe
cooTHoweHnsa ocagkoe [IKO un ocapkos PERSIANN B cetke 2,5 °. 3T0T
KO3 dMUMEHT MCNONb3YEeTCs ANs pacdeta AoxaesbiXx ocaakos PERSIANN
0CalkoB B  MPOCTPAHCTBEHHbIX W BpeMeHHbIX MacwTtabax (B 4yac),
NOKpbIBaOWKMUX B TedeHne 2,5°. KOHEYHbIM NpoAYKT npeaocTaBfseTcs
nosb3oBaTesiaM B TeyeHue 3-4ac U C paspeweHunem 0,25°.

Habop aaHHbix MNIKO (Adleretal. 2003) ucnonb3yeTca An8 HacTponkm 6asbl
AaHHbIX PERSIANN rnobanbHOro exemecssyHoro adanumsa MnoBEepXHOCTHbIX
0CajKOB C pa3peleHneM Ha 2,5 ° wunpoTtbl 1 2,5 ° gonrotel. [laTta Havana - C
aHBapsa 1979 roaa. ObbeanHeHHble AaHHble MO oCaZAkaM BK/KOYAlT B cebs
OLEHKM HU3KOOPOUTanbHbIX CNYTHUKOBbLIX CBEPXBbICOKOYACTOTHbLIX AAHHbIX,
AaHHble HabnwaeHns WH@pakpacHOro cnekTpa ChyTHUKa C FeOCUMHXPOHHOM
opbuTbl M HaseMHble HabnwaeHMs  paTtunMkamu AoxXxAas. Bblicokass TOYHOCTb
HM3KoOpPbUTanNbHbLIX HabnaeHUR ncnosb3yerca B KanubpoBke nnu
IOCTUPOBKE MOBTOPSAIOLWNXCA TEOCUHXPOHHbIX WHMpPaKpacHbiX HabnwaeHUn.
N3MepeHnss CBepXBbICOKOYACTOTHbIX BOAH CTann AOCTYMHbIMWM TOJSIBKO C
cepeauHbl 1987 ropga, a A0 3TOro WMCNOJSbL30BASINCL TOMbKO WMHMpPaKpacHble
HabnogeHnsa. 2T HabnwgeHna  6blin OTKANMGpoBaHbl C  MOMOLLbBIO
CBEPXBbICOKOYACTOTHbIX BOJSIH Ha OCHOBE aHanu3oB, AOCTYMHbIX B 6onee
nosgHuve roabl.  CrpynnuMpoOBaHHbIN  CAYTHWUKOBBIM  MPOAYKT, HaKoHeL,
ajanTupyeTcsa nyTeM aHanusa goxzaemepa. B Habop AaHHbLIX apxXmBa BKIKOYEHbI
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TakK>XXe OTA€/lbHblE NMOJId BBOAQ, KOM6VIHVIpOBaHHaF| CNyTHUKOBa4d OLEHKa, U
OLIEHKHM MOrpewHOCTN Angd KaXaoro rnons.

CornacHo npeasapuTenbHoMy aHanmly ana 2006 u 2007 rodoB AaHHbIE
PERSIANN hasanu C/TNLLKOM BbiCOKMe 3HavyeHnaans
HEKOTOpbIXNPeACTaBNAWMX  MHTepeccdhep, MO CpPaBHEHUIO C Ha3EeMHbIMU
HabnogeHnamn. Mo 3Ton nNpuuMHe 3a 3TK ABa roga 6bln UCMoONb30BaH Habop
OAHHbIX, NONy4YeHHbIX OT Muccum MUKTO  (Muccmsa u3MepeHuma  KomyecTBa
Tponuyecknx  ocaakos)(http://trmm.gsfc.nasa.gov/). MWUKTO  aBnsaetcs
coBMecTHOM Muccmen mexay HACA mn JAXA. OHa 6buia 3anyweHa 27 Hosbps
1997 ropga BTaHerawmnme (AnoHWs) n HabnwgaeT 3a KONMYECTBOM OCAAKOB B
Tponmkax. MUKTO saensaetca 4yactbto Muccum HACA Ha nnaHete 3eMns.
MHCTPYMEHTbI MUKTO BknoyaloT B cebsa CBepXBbICOKOYACTOTHbLIN 610K
dopmmpoBaHusa wusobpaxenHumn (TMI), pagap ocaakos (PR), BuaAuUMbIA U
WHdpakpacHbln  ckaHep (VIRS), obnako m wusny4awwasa 3sHepreTMyeckas
cuctema 3emnum (CERES) mn paTtumk oTtobpaxeHusa rpo3oBoro paspsga (LIS)
(cM., HanpuMep, Kaushiketal. 2010).

[aHHble NOo BbICOTE HaJ ypoBHEM Mops UHTepnonsauumm DEM_15s aaHHbIX B
pa3peweHnn 0,2 ° x 0,2 ° (durypa 1-3). KoopanHaTtbl npeacraBnsatoT cobon B
paBHOW CTeneHW, KakK ANns TemnepaTypHbiX M ANS8 AaHHbIX BbliNajatowmx
0CafKoB. 3OTW [aHHble HeobXxoAWMbl ANst MNPOCTPAHCTBEHHOM WHTEPNOASLUMU
TemnepaTypbl.
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durypal-2. CpegHerogoBble ocagku B nepuog 2001-2010 rr (Mm / roa), oCHOBaHHbIE Ha
PERSIANN (http://chrs.web.uci.edu/) 1 TRMM (2006, 2007) faHHbIX.
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®durypaei-3. [laHHble 0 BbicoTax (MeTPOB Haj YPOBHEM MOpS).
CepbleKOHTYpblyKa3biBalOTrpaHULbICTPaHbI

TeMnepartypHble [aHHble BKAK4YalT B cebs exegHeBHble MUHMMAnbHbIE,
MaKCuMManbHble U cpeaHue TemnepaTypbl (rpaaycel Lenbcus). HaeceHHbI Ha
ceTky Habop pAaHHbIX, HeobxoauMbIX ANA npoekTa, 6bln nonyyeH nyTem
WHTEPNOAALUMN U3MEPEHHbIX AaHHbIX Ha METeopOosornyeckmx ctaHumsx B 0,2 °
x 0,2 ° . NHTepnonauus 6bina caenaHa Cc UCMosib30BaHMEM MPOCTPAHCTBEHHbIX
METOAOB MHTEPNONAUMM U3BECTHbLIX KakK "KpuruHr" (Hanpumep, Ripley 1981).
Teopus, nocne MHTEpNoONsAUMM KpUrnHra OCHOBbIBaeTcs Ha pabote [l. Kpura.
OTOT MeTo4 LWWMPOKO TMpPUMEHsieTCs TakKXe B MeTeoposiorMyeckon w
KNMMaTu4yeckon npaktuke (Hanpumep, VendldinenandHeikinheimo 1997;
Haylocketal. 2008). KpurunHr npeacrasnser cobon NpoCTpaHCTBEHHbIM MeToq
MHTEpNoONsunMM, KOTOPbIM  AAeT  HaWuAyylWwun  NMHENHbIN  06BEKTUBHbLIN
nokasartesib HeHabnogaeMbiX BeNWYMH. DTOT MeToA4 TaKkXe [aeT OueHKy
ancnepcmy ownbku NporHosa. DTOT MEeToh MHTEpPrnonsiummM MOXeT YYUTbiBaTb
BHELLUHME BO34ENCTBUSA, KaK CBOMCTBO MECTHOCTU WU BbICOTbI.

MporpaMMHbLIA MHCTPYMEHT, MPUMEHsIEMbIA B 3TOM MpoekTe R okpyxatoLwen
cpeabl, 6bin co3gaH ANs CTaTUCTUYECKUX BblYMCIEHUM U rpadukn. TodyHee
3p0ecb npuMeHseTcaR-nakeT nog Ha3BaHueM "gstat ". lMaker " gstat " 6bin
3anporpamMmmmpoBaH Pebesma (2004).

TemnepaTypa O4Ye€Hb CWIbHO 3aBUCUT OT BbICOTbl, 4YeM 6onee BbICOKOE
pacnosioxeHneteM ob6bIYHO XonoaHeeaBNseTCs TemnepaTtypa. BoT nodemy, B
3TOM npoekTe 6b1 MCMNOoNb30BaH panoH BbICOTbl ANS MNPOrHO3MPOBaHUS
NPOCTPAaHCTBEHHOrO  UM3MeHeHuUs  TemnepaTypbl. B kauyecTtBe npuMmepa
pe3ynbTaTbl, MNOJIydEeHHble uWloNe, SHBape W CpeaHeroAoBble TeMmnepaTypbl
npueeneHsl Had®urype 1-4.
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durypai-4. Uonb, AHBapb 1 cpegHeropgoBas (2001-2010) temnepatypa (° C) Ha ocHoBe
M3MepeHUNn, NPoBeAeHHbIX Ha CTaHLUMU HabNOAEeHUA U UHTEePNONMPOBaHHbIX MO CeTKe A0
0,2 ° *0,2 °, uicnonb3ysa meton MHTepnonauumn KpuruHra.

[lpoBepKaKkadyecTBaKpurmHra

KayecTBO WHTepnonnpoBaHHOM 0651aCTM 3aBUCUT OT HAIN4YUSA  UCXOAHbIX
AaHHbIX (HabnwaeHun), CBOMCTB MECTHOCTU, TakMe KakK U3MEHEHWE BbICOTbI W,
€CTeCTBEHHO, 06bACHEHME 3aBUCUMOCTU, HanpuMmep, TemnepaTypbl OT BbICOThbI.
KonnyectBo CTaHUMn HabnoaeHUn Ans UHTEpPNONsaUMM AN TeKyllero rnpoekTta
6b1N10 HebONbLWMM, B TO BpEMSI KaK paclUMpeHHOoe MPOCTPAHCTBO WU C/IOXHOCTb
panoHa YUYUTbIBASTUCD. YT06bI noNy4yunTb OLEHKY 3¢ PeKTUBHOCTH
NpUMeHsieMoro MeToAda KPUruHra WHTEpnoOaMPOBAHHbIE AaHHble  6blnn
NpoBepeHbIANa  KaXxAoro AHS NyTeM pacyeTa  Koppensauum  Mmexay
HabnogaeMbiMn U A0 6aMXKanWwero okHa CeTKM pacyeTHOW TemnepaTypbl Ans
KaXAoM pacnosioXeHon cTtaHumm (durypa 1-5). Tlo 60MblWIMHCTBY AHEN
Koppensauusa coctaBuna Bbiwe 0,95, 4YTO MOXXHO paccMaTpuBaTb KakK XOpOLYHO
CXOAMMOCTb MO yKa3aHHbIM Bbille NPUHATLIM BO BHUMaHue npobnemam.
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®durypai-5. Koppensauusa mexay Habnogaemon u npeackasaHHOM cpeaHeCcyTOYHOM
Temneparypou. Kaxxgas Touka - COOTHOLEHMEe HbIHEeLWHero ogHoro gHs,
paccuuTaHa ans Bcex AOCTYNHbIX CTaHLUMW HabnogeHus.

[lncnepcusa KDUINHra B Kayecrse rnokasarens HEeornpeaeaeHHoCTu1
MPOrHO3UPYEMbIX 3HAYEHUM

PasHnua MoxeT 6bITb UCMONb30BaHa TakXe B KayecTBe MHAMKATOpa KayecTBa
WHTEepnonsaumnu. YemM MeHblle pasHuua, TeM Jydlle WHTepnoauMpoBaTb MONS.
CpepHee, MakcuMManbHOe U MUHUMANbHOE OTKIOHEHUS MO MHTEPNOANPOBAHHOWN
cpeAHeCcyTO4YHOM TemnepaType MOXHO yBuaeTb Ha (durypa 1-6).[Jmcnepcuu
npeackasaHHbiX 3HayeHun O6bian aydwmmm BOGAM3KM CTaHUuMK HabnaeHus.
Jncnepcnun B HOro-BOCTOYHOM Yy KpuruHra obnactm 6oinm nHorga 6onbwmnmm,
YTO YyKasblBaeT Ha OWMOBKM [aHHbIX MO FOPHOMY panoHy C 60AblWUMK
nepenagamMm BbICOT. TeM He MeHee, KayeCTBO MHTEpPnoOSIMPOBaHHbIX MONen
MOXHO CYMTATb OTHOCUTENIbHO XOPOLUMM, MNOC/e TOro Kak 6buin B34Tbl BO
BHMUMaHMe OrpaHnyeHuns, CBA3aHHble C NPUroAHOCTbIO AAHHbIX.
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Purypail-6. 95% npoueHTHOe pacnpeneneHne U cpeaHsas AUCNepcUs UHTepPNoJIMPOBaHHOMN
cpeaHecyTo4yHou Temnepartypsbl (° C)

KnuMmartnuyeckue cueHapum

[IporHo3si byAylilero KiuMara Ha OCHOBE MOAENMPOBaHUS C UCMOSIb30BaHUEM
aTMocdepHon moaenu rnobanbHoro knumarta (MrK). 3Tn coBpeMeHHble
cocTtosHua Bceobbemnowen MOL, ¢ MmogynsaMmm MoaenmpoBaHUst MOPCKUX U
CyXonyTHbIX 6buocdep 1 MOPCKOro Nbaa ABAAKTCA UHCTPYMEHTaMu Ans
NU3y4yeHus NpoLoro, HacToswero n 6yayuwero knMMaTa. PaspelleHne Takmx
MOL ssnsaetcqa, kak npaswnio, 100-300 kM (IPCC 2007). Ang permoHanbHbIX
nccnenoBaHM NpoCTpaHCTBEHHOe pa3pewweHne MOL, Ao cux nop siBNseTcs,
A0BOJIbHO rpyboi, a TakxXe He BCe npoueccobl B 06nactu cywa-mope-atmocdepa
MOryT 6bITb NOMHOCTbIO NPUHATLI BO BHMMaHue. MNMpocTpaHCcTBeHHas, bonee
noapobHas oueHka, MoXeT 6bITb NOyYeHa C MOMOLLbLIO pernoHaNbHbIX
KnumaTtunyecknx moaenen (PKM) mn ctatuctmyeckne Metoabl pa3yKpynHeHus
pe3synbTatoB MOL. TeM He MeHee, gaxe ansg PKM nponcxoaaT npouecchl,
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KOTOpble MOryT TOSIbKO 6bITb MPUBNN3NTENBHLIMU, a TakKXe U CTaTUCTUYecKne
MeToAbl UMEIT CBOU OrpaHmnyeHus. HeonpeneneHHOCTb, CBA3aHHas C
KNMMaTUYECKNUMU CLLeHapMsSMN MOXKET B KaKOM-TO CcTeneHn 6biTb NpUHSTa BO
BHMMaHWe, UCMOJIb3YyHA He TOJSIbKO 04HY, a Heckosibko MOL| B kauecTBe
MaTepuana Beoammoro ans adpdekta Mmogenen. B aToM npoekTe Mbl NMPUMEHUNN
pe3ynbTaTbl U3 NATU OoTAeNbHbIX MOL.

Heobxognmoctb mogenupoBaHuss MOL 6biin B3ATbl C MHTEpHETa M3 apXxuBa
MynbTW  MoAenbHOro Habopa AaHHbIX 13  [lporpammbl  BceMupHOro
NccnepoBaHus Knumata (NBUK) MpoekTa CpaBHeHUsA(B3anUMHOr0)
Knumatnuecknx Mogpenen (MNCKM-3). B uenom 6bino  3arpyxeHo 19
KIMMaTUYeCckux Moaenem. IDTWU  Moaennm OTHocATca K Habopy MOLU,
ncrnonbsyembix MMUK npu coctasneHnn rnobanbHoro Macwrtaba NporHo30B.,
onybnmnKkoBaHHbLIX B 4-M Aoknaje no oueHke. bonee nogpobHas nHdopmaums o
mMoaensx npuesegeHa B MUK (2007) Tabnuua 8.1. U3 19 mMoaenen, HakoHew,
NaTb MoAenen 6blin BblbpaHbl ANS MCNONb30BaHWA B AaHHOM npoekTte (Table
1-1).

Kputepun otbopa 3TUX Moaeneun 3aKyanace B TOM, 4TO WUX
NMPOCTPAHCTBEHHOE pa3pelweHne 6bino 1,9° wmnu Bbiwwe, a Moaenu 6biin
pOXAeHbl B pa3HblX CTpaHax. JTO rapaHTUpPYeT, 4YTO MoAenun SABASKTCA
AENCTBUTENbHO CaMOCTOSATENIbHbIMU  MOAENSAMU, W 3TOT MNyTb MNONAYyYEHUS
pe3ynbTaToB, MNyTeEM WCMNONb30BaHMA B MacwTtabe 3TUX MoAeNbHbIX
n3o6paxkeHnn, oxBaTblBaeT MNPOrHO3bl Pa3/INYHbIX KNNMAaTUYECKNX U3MEHEHUN.

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

no knumaty, KaHaga
CNRM-CM3 Météo- France, ®paHuus 1.9°x1.9°
HLIMW
ECHAMS5/MPI-OM WHcTuTyT Makca Mnaxka no 1.5°x1.5°
UMMM MeTeoposnioruun, N'epmaHus
MIROC3.2(HIRES) LleHTp nccneaosaHus 1.1°x1.1°
MMUK KnnMaTnyeckmnx cucrem

(TOKMNCKMIN YHUBEPCUTET),

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

CLUA

Tabnuual-1. Tmo6anbHbIe KNMMaTU4YecKne Moaenu, ucnonb3yembie B [MpoekTe.

[TpomomKUTeNbHOCTE (ha3bl MOTETUICHUS U TEMITBI TIOTEIJICHUS OYIyT 3aBUCETh OT
KOJIMYECTBA U XapakTepa aHTPOIOreHHBIX BBIOPOCOB. B olleHKax u3MEHEHUs
KauMara OOBIYHO OPUKJIAOHBIX CIOCHApHUCB M3JIOKCHBI B MIDOWUK  gokiage
(Nakicenovicetal. 2000). Boiopocer CO, u xymynstuBHble atMmochepHsie CO,B
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ckoHeHTpupoBaHHblenio A2, Al n B1 cuenapusim nokasansl Ha ®urype 1-7.11pu
cueHapuuB1, MupoBas SkOHOMHKaA OyJIeT HallpaBJIeHa Ha YCTOMYMBOE Pa3BUTHE U
pocT HaceneHuss B MuUpe OyIeT BbIpaBHUBATHCS. IIpu cuenapun A2
noTpeOuTeNbCcKoe O0IIECTBO, B KOTOPOM SHEPTHSl B OCHOBHOM IPOM3BOIUTCS 32
CYET MCKOIIAeMOro TOIUIMBA (YTO MPHUBOJAUT K BBICOKMM BBIOpOCAaM) U HACEJIEHHE B
mupe Oymyt Obictpo pactu. Crenapuii A1B nexutr mexmy A2 u Bl.Ouenku
kounentpamuu CO, B armocdepe mocturaer B 2100 roxy auamasoHa clieHapueB
B1 u A2, u nocturnyt u3 550 ydacreit Ha MuuIMOH A0 850 YacTeil Ha MUJUIMOH,
COOTBETCTBEHHO.

1000

-— A2
© T 900 I
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, NUCnosb3yemMoe B 3TOM MpoeKTe, OCHOBAaHO Ha A1B cueHapum

Bbl6bpocoB. 1o cueHaputo BbibpocoB AlB nporHo3upyeTtcss pocT rnobanbHOM
TemnepaTtypbl Ha 2-3 ° C 40 KoHua 3Toro cronetma (Figure 1-8).
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®Purypal-8. Nmob6anbHbie Bbiopocbl GHG (B I'TCO2-3kB) B oTCyTCTBME CTpaTernm B obnactm
knumarta (cneea): unnioctpaumm wectu SRES cueHapueB (uBeTHble nuHuUM) n 80+ti
NpoLEeHTUNNYM Anana3oH cueHapueB onybnukoBaHHbIM HaydmMHasa ¢ SRES (m nocne SRES )
(cepoe none). MNpaBasdcdurypa: CnnowHble FIMHMM NOKa3bIBAlOT HECKONIbKO rnobanbHbIX
CpeAHNX 3HA4YeHUN NMpu3eMHOro nortenneHus ansa cueHapuweB A2, A1 n B1.Po3oBasa nuHus
ms3obpaxaeT anbTepHaTMBy, B KOTOpOM arMoccepHble KOHLEeHTpauum OCTaroTCA
HeuM3MeHHbIMU Ha ypoBHe 2000 roga. [MMonocbl B npaBOM 4acTu PUCYHKa MNOKa3biBalOT
Haumnyullyo OLeHKy (CNNoLWHasA NMHUA B KaXXA0MNOoJIoce) U BePOATHbIN Anana3oH, KOTOpbIN
oueHuMBaeTcss no wectn cueHapuamSRES wmapkepa 2090-2099rr. Bce Temnepartypbl
oTHocATcA K nepuogy 1980-1999rr. (MT3UK2007).
1.5. Pa3sykpynHeHue KJIMMaTU4YeCKuUX cueHapues

Mepexoa KAMMaTUYECKUX CUEHapueB W3 KPYMHOM peweTkn rnobanbHbixX
KnuMmaTuyecknx mogenenm Kk 0,2° ceTke 6blNO caenaHo nyTeM MNpUMEHEHUs
BbICOKOro paspeweHuns (0.2° * 0.2°) Habopa p[aHHbIX OCHOBAaHHbLIX Ha
HabnogeHnax. OueHKa BeNUYMHbI M3MeHeHUst 6blIM OCHOBaHbl Ha MeToAe,
M3BECTHOM Kak "aenbta nameHeHunsa" ( Arnell, 1996), raoe BennymHa U3aMeHeHns
npeanosiaraeTca KakK pasHuua MexXxAy KOHTPOJZIEM MOAEe/bHOro KiuMaTta W
cueHapuvem gencteytowlero. Warn, npeanpuHSaTble B pa3yKpynHeHust bblnu:

1. PacyeT wu3MeHeHUs cpeaHen TemnepaTypbl U eXefHEeBHble OTK/IOHEHUS
TeMnepaTypbl U OCAAKOB Ka)Aoro Mecsua, Mexay KOHTPOJIbHbIMKU, TeKyLWMMU
(1971-2000) n cmogenupoBaHHbIMK B byayulee (2046-2065);

2. PaccueTHble u3MeHeHuss 6binnM pobasBneHbl K HabnwaaeMblM 3HAYEHUAM
TeMnepaTtyp n ocaakoe B 2001-2010rr A4ana npeacrasneHua cueHapua 2011-
2050rr.

Bbln  NMpuUMeHeHbl W3MeHeHUs abCoNTHOW TeMmnepaTypsbl

Llenbcuio), a Takxke 0CafKu CBA3aHHbIE C U3MEHEHUEM (% ).

(B rpagycax no

Ona Toro, 4ytobbl yyecTb BO3MOXHblE€ WM3MEHEHUSS B W3MEHEHWUU CYTOYHbIX
TemnepaTtyp B byaywem KnuMmaTte, Mbl pacCMOTPENN U3MEHEHUS eXEMECSUYHYI0
CpeaH TemnepaTtypy U exeaHeBHble OTKIOHeHUs TemnepaTypbl. CyTOYHble
Temnepatypbl (Tse) ObliM  paccumtaHbl no HabnwgaembiMm  (2001-2010)
3HayeHusaM TemnepaTtypsbl ( Tpe) MO OPMYIIE,
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T,prea

T () = T;,,.E(t] +aT + (zrﬁ - 1)(T;,,.E¢:t} - T:;J:'a} (1)

B KOTOpoi AT- MpOrHoO3MpyemMoe CpefHEMECSIYHOE MOBbIWEHNE TeMMNepaTypbl U
paccuuTbiBaeTCs AN KaXAOro  KaneHAapHOro  Mecsiud.or skeWOT pre —

CTaHAapTHble OTK/IOHEHUS CpeAHEeCYTOYHOW TeMnepaTypbl pacCyYMTbIBAKOTCSA 3@
KaxAblh KaneHaapHbll Mecsl Ha OCHOBE TeMnepaTypbl, MOJSly4EeHHbIE W©3
mMoaenn moaenuposaHus ansa 6asosoro (2001-2010) nepuoga (pre)(npen) v Ha

byaywmn nepuon (ske). Tyre- CPemHssa MecsiyHass TemnepaTtypa B
HabnogaeMbIX JaHHbIX.

CyTO4YHble 3HayeHus o0cankoB (Pse) ©6blNM paccuyuTaHbl Mo HabnwaaeMbiM
(2001-2010) cyTOYHbBIM 3HAYEHUAM OCaAKOB ( Py) MO popMyne:

, (@

B KOTOpOM AP - cpefHee MNpOrHo3upyeMoe U3MEHEHUE eXeMeCAYHbIX 0CaAKOB
B nMpoueHTax (%), paccymMTbiBaeTCAa AJI9 KaXAO0oro KasjneHgapHoro mecsaua, a (i)
lwar no BpeMeHU (AeHb).

Ecnn cMmoaennpoBaHHble MecCsiuHble ocaaku 6binnv B KNMMaTUYeCKoi MoAennow
CUTyauuu Ha ypoBHe MeHee 1 MM/Mecsiu, AP stremitsya k nulyu, poskolku
NCMoNb30BaHMe B TMNPOLEHTHOM W3MEHEeHUW npuBeno O6bl K HepeasibHbIM
W3MEHEHUAM O0CaaKOB (HanpuMmep, B Ciy4dae ynpasfieHUs MoAeMpOoBaHMEM
MOoAenMpoBaHMe  exXeMeCA4yHbIX O0CagKkoB 3HadeHmd 0,005 MM umn B
MoAennposaHum 6yaywiego MoAenMpoBaHMSA MecCsuHblX ocaakoB 0,5 MM,
cnepoBaTenbHo, AP 6bin1 661 9900%).

CraTuctmyeckne MeToAbl pasyKpynHEHUS 4acTO NPUMEHSOTCSA, NOCKObKY OHMU
TpebyloT MeHbLue BbIYNCAUTENBbHbIX yCUnmn, yeMm AVHaMuyeckmne
pasyKpyrnHeHUs, OHW nMpeanaratT BO3MOXHOCTb A1 TECTUPOBAHUSA CLEeHapueB
Ha MHOrme AecATUNEeTUS WK AaXxe BeKa W BKAYalT B cebs BO3MOXHOCTb
ncnonb3oBaTtb  «aHcaMbnb»  pe3synbTathl MOL. [Ona  CTaTUCTUYECKOro
pasyKpyrnHeHUst AJIMHHbIX BpPEeMEeHHbIX PpsaoB HeobxoauMbix HabnwaeHun,
MOXXHO TaKXe O0CBeAOMUTbCSA MOXeT M  KAIUMaT CcerogHsawHero AHs,
n3obpasnte 6Gyaywme ycnoeus. [AuMHaMmyeckoe pasyKpyrnHeHne SBseTcs
dum3nyeckn 060CHOBAHHBLIM MNOAXOAOM W, HaNpuMep, BKAK4YaeT B cebs
MHOXEeCTBO 06paTHbIX CBsA3er B KauMatuyeckon cucteme. OaHako 3TOT METoA
CWNbHO 3a@aBUCUT OT TrPaHU4YHbIX YCI0BMK, onpeagensemMbix MOL, w©n OH
YyBCTBUTENEH K NapaMmeTpusaumu, ucnonblyemon B PKK ang pasykpyrnHeHus.
OH Takxe TpebyeT MHOIMo BblYMUCAUTENBHbBIX PECYPCOB U YXe B 3TOM CMbIC/ie He
MOXeT 6bITb MPUMEHEH B JAaHHOM MpoeKTe.

Pe3synbTaTtbl paGOTbI no MoaeJIMpPoBaHUIO UBMEHEHUA K/TIMMaTa

CornacHo pe3ynbTataM cpegHerogoBasd TemnepaTypa, MO  MNPOrHo3am,
BO3pacTeT NpUMEpPHO Ha Tpu rpagyca M M3MEeHeHUs roAoBOro KoJn4vecTBa
0caaKkoB B TeyeHue 6nmxanwmx 40 net oyeHb Manbl (Ourypa 1-9). Koraa Mol
CMOTPUM H ace30HHble M3MeHeHUs aTMOC(EpPHbIX OCAAKOB, YyXe cyXasli Hro-
3anagHasi 4aCTb CTAHOBATCA ewe cywe, u ocobeHHO B neTtHuin nepuos. B
HEKOTOpbIX MecTax B ropax o0cCcagkum MoryT yeennuutbcd. OAHaKo ecCTb
OTKJ/IOHEeHUA OT Moaenu K mogenun (durypsel 1-9BandC). [Mosciogy nogHUMeTCS
cpeaHsia TemnepaTtypa B roay. CunbHenwee noTenseHne sBUTCA B ropax u B
ceBepHbIX panoHax obnacru.
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Korga nokasaTtenb U3MEHEHUs, AaHHbIM Ha durype 1-1, 9BNseTCca KayeCTBEHHO
CPaBHMUMbIM C NOKa3aTeNneM U3MEHEHWI, NMPUBEAEHHbIX HA durype 1-9 , MOXHO
BUAETb, UTO 0OOLUME YepTbl TE XE CaMble, T.e. YMEHbLUEHNE 0CaAKOB B TEUYEHME
NEeTHero cesoHa B ropax CoOBMagatT B TO Xe BpemMss C NOBbIWEHUEM
TemnepaTtypbl. B aHBape ocaaku 6yayT yBenmumBaTbCs B 60NbLUMHCTBE CTPaH
perMoHa 3a UCKJIIDYEHNEM CaMbIX HOXKHbIX PaNoHOB. Pe3ynbTaTbl, NpMBEAEHHbIE
Ha Figure 1-9 HecyT 6onee noapobHyO MHPopMauuno. K TOMy xe HaZo XopoLo
MOMHWUTb, 4YTO XOTS MOAENWN YKas3blBalOT Ha W3MEHEHUs B oOcCaaKkax Aans
HEKOTOPbIX 3aCYLUIMBbLIX perMoHoB Aaxe 6onble, 4yeM Ha 20%, 3TO O3HAYaeT,
YTO B PEanibHOCTU MPAKTUYECKN HE M3MEPUMbIX MU3MEHEHWUI, KaK KOIMMUYECTBO
0CaZKOB B 3TUX PErnoHax SABASTCA MU3EPHbIMU.

MporHo3nmpyemoe W3MeHeHMe O3Ha4yaeT, HanpuMmep, 4YTO TeMmnepaTypHble
n3oTepMbl 6yayT ABUraTbCA Ha CeBep M BBEPX MO CPaBHEHUID C NPOLIbIM UK
Tekywmm knaummaTtom (durypa 1-10). Hanpumep, B AHBape pacyeTHas usotepma
-10 C °, no nporHo3aM, nepemectutcsaHa 150-200 KM Ha ceBep B Te4deHue
6nmxanwunx 40 net. [lloBbilweHMe TeMnepaTypbl O3HA4aeT, 4YTO u3oTepMma
0°CaBmxXeTCcs BBepX B FOpHble pamoHbl, U 3TO npuBeaeT K 6onee 6biCTpoMy
TastHUIO NeaAHNKOB.
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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
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July Tavg Change(Celsius) btw.1971-2000 and 2046-65

(=]
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®durypal-9. CpegHue nameHeHusi Temnepatypbl (° C) u BbinageHusa ocagkoB (%) roguyHbix (A),
AHBapckux (B) u wmwonbckux (C) mMexay ocyllecTBNEHHbIX MNyTeM MoaenupoBaHusa (nepuopg
mopgenupoBaHusa: 1971-2000) u mogenupoBaHusa byaywero (NATb NnepMonoB mogenupoBaHus: 2045 -
2065). PesynbTtaTbl OCHOBaHHbIE HAa NPOBeAEHHbIX OMNbITax C UCMONb30BaHMEM NATU MoAernen AaHbl
B Tabnuue 1.
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®urypal-10. CpegHue 3Ha4yeHus B 2041-2050 exxeroaHbix (A), AHBapckux (B) n nronscknx (C)
Temnepatyp (° C) u ocagkoB (MM). 3Ha4YeHUs ABMAIOTCA CPEAHUMU U3 NATU KNMMaTUYECKUX
mopenen (Tabn. 1), uCNonb3yeMbix B NPOEKTE.
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Pe3iome paboT Nno MoaenMpoBaHMNIO UBMEHEHUW KIMMaTa

KnumaTtnyeckne aaHHble, KOTOpble AOMKHbI NPUMEHSATBCA B FMAPOSOrMYECcKOM
MOAENNPOBAHUM  BKJKOYAKT  eXeAHeBHble cpeaHue, MaKCuManbHble W
MUWHMMasibHble TeMnepaTypbl U exeaHeBHble AaHHble 06 ocagkax No ceTke
0,2°* 0,2°, nokpblBawwen cTpaHbl LleHTpanbHOM A3mn. Ba3oBbin yYpOBEHb
ocaakoB 2001-2010 rogoB W WHTEpnosvpoBaHHble 3HauYeHUA TemnepaTypbl
6asmpyeTcs Ha OCHOBE W3MepeHHbIX AaHHbIX. MCXoAHbIM ypOBEHb OCajKOB
OCHOBaH Ha TaK Ha3biBaeMblx gaHHbIXx PERSIANN, 3a mnckniwodeHuem 2006-2007
rofos, KoTopble ocHoBaHbl HA TRMM pgaHHbIX. MporHo3bl 6yayuiero KnMMmaTa Ha
nepmog 2011-2050 6binn o6paboTaHbl C MUCNONb30BAHUEM MSATU Pa3NUYHbIX
mMoaenen rnobanbHoro knumata. [daHHble 6blM pa3yKpyrnHeHbl A0 MJOTHOW
CeTKM C WUCNOoSIb30BaHMEM CTAaTUCTUYECKUX METOAOB YMeHblueHuMs MacwiTaba.
[JesaTenbHOCTb NO HapawMBaHUIO MOTeHUMana BKAKYAKT NPOU3BOACTBO
y4yebHbIX MaTepuanoB M npoBeAeHWe CEMUHAPOB M Mpe3eHTauum no TakuMm
BonpocaM, Kak: cbop AaHHbIX Mo rnobasnbHOMY KAuMaTy, MoAenupoBaHue
KnmMMmaTa, NMpOCTPaHCTBEHHASAN MHTEPNoNsums, CTaTUCTUYECKoe pasyKpynHeHue
n R nporpamMmmupoBaHue. YdyebHble MaTepuanbl 6blin  AOCTaBfeHbl ANS
NCnonb3oBaHUa ctaxepamu lNpoekTa. Te xe npeaMeTbl 6blNN BKIKOYEHbI TaKXe
B NpOrpamMmMmy 3aKJIlOYMUTENIbHOIO CEMMHapa npoekTa.

Pabota no MoAenMpoBaHMIO W3MEHEHWN KauMaTa nNpou3BoAMIACE  MyTeM
Habopa AaHHbIX, KOTOpble 6blNM WCMONb30BaHblI 3aTeM B MMAPOOrMYECKOM
MoAennposaHun. BbiBoabl B npoekTe 6blin npeactaBneHbl A8 MNpoLwioro w
HacTosWero KnmMMaTa, W U3MeHeHUsd, KoTopble ByayT nMeTb MecTo B byayuiem.
Takune uU3MeHeHUs B pa3HblX 4vacTax baccerHa ApanbCKoro mops v 6yaywumx
FOPHbIX JIeAHUKOB O4YeHb pa3HOObpa3sHbl SABASETCA K/YEBbIM pe3y/ibTaToM
(Purypa 1-11). byaywiuve wn3MeHeHUA B TemrnepaTtype W o0cafKaxX HABMAKTCA
BaXXHbIMW aKTOpaMn, BO3AENCTBUS KIMMATUYECKUX WU3MEHEHUN BMecTe C
peYHbIMU noToKaMm, Hanpumep, Ha  cOoUuMaNbHO-2KOHOMUYECKME ¢
s3Kosiormyeckue npobnemel.
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®durypal-11. MmaBHeNwWwnn Bonpoc Npu MogenupoBaHMmN paboTbl, 3TO NpeAckas3aTtb cyaboOy
ropHbIX JIEQHUKOB B BepXOBbsX BOAOCOOpPHLIX GaccenHoB. 3a nocrnegHue
ctronetusaB LleHTpanbHOW A3uMM A3bIKM MOYTUM BCEX AOJIMHHbIX JeAHUKOB
otctynunu (NE Tagxukucran, Kypymabl pernoH, GoogleEarth).
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2. TFOPHAA CPEAA

2.1.

2.2,

Feorpacdpus

Fopbl LeHTpanbHOn A3umm (TaHb-LlaHb u [lamMup) SBASKOTCS reonormyecku
A0BONbHO MonoabiMn (540 - 250 MaH. neT). OHM  OYEHb BbICOKME,
OCTPOKOHEYHble, U KPYTOCK/NIOHHble. CaMble BbICOKME nuku B bHaccenHe
Apanbckoro mopsi 3To TaHb-LaHckme ropel 4acto 4000 - 5000 M n c 7000 ™
nukamn. [opbl Mammpa B 6accenHe ApanbCKOro Mopsi BK/AOYalT B cebs
HECKO/IbKO MWKOB, KOTopble aBnstoTca 6onee 7000 M. CaMbiii BbICOKMW MUK -
370 NWcmanna CoMoHu ( 6biBlWIMA MUK KOMMYyHM3Ma) BbICOTOW 7495 M.

NenHukn B 6acceiiHe ApanbCKOro Mops 3aHMMaloT 18128 KM?, , U UrpaloT OHU
BaXHYl0 pOAb B TMAPOJIOrMM, TaK KAK OHW MOCTABNASAKT Tanyl BoAy M B
TeyeHMe 3acCyLIMBbIX NeTHUX MecsueB. opHble NegHUKM BKAK4YalT B cebs: 1)
Hebonblwmne neaHUKOBbIE LUMPKU, MOKOSAWMECS HA AOBOJSIBHO KPYTbIX FOPHbIX
CknioHax; 2) bonbwure neasiHble WaNKKM OXBaTblBAE€T TOpPHble BEPLUMHDI,
CBfI3@aHHble C AONWMHHbLIMW NIeAHMKAMU, Y3KME U AJINHHbIE A3bIKWM JibAa,
cTekatowme B N-o6pa3Hble A0NUHBI.

MpoueHTHOe COOTHOLWeHMe naowaan onegeHeHuss ABYX  BOAOCHOPHbIX
6accenHOB CyLwecTBeHHO oTaun4vaeTcs. JleaHukn AMy-Lapbu oxBaTbiBaeT 15500
kM? (2% oT nnowaan) m 1,800 km? - Cbip-Adapbu (0,15% oT nnowanm). Cambie
6onblne NnegHUKM HaxoaaTcs B ropax Namumpa B TagXmMKucTaHe.

JlegHKn TpaHCNOpPTUPYIOT AebpUCHbIE OTIOXEHMUS, KoTopble o06pa3ytoT
MOpeHbl B 6OKOBOM 4acCTWU U MO KpasiM negHuka. bokoBble MOpeHbl 3aHUMatoT
Kpas negHuka. TepMmHan Mnm B KOHeL MopeHbl OpMUPYIOTCS B NOAOLIBE UK
3aBepliatowern 4Yactn negHuka. CpeauHHble MOpeHbl 06pa3yloTcsa, Koraa ABa
pa3HbliX NOTOKAa fbAa, TEKYT B OAHOM HanpasfieHUn, 06beanHAaTCa ¢ 60KOBOM
MOpPEHON M Kaxxaas obbeaMHeHHas B COBOKYMHOCTM 06pa3yloT MOpPEHHOoe rnone
B cepeavHe 06beaAMHEHHbIX MOTOKOB. Bbile ynoMSHYTbIM NIe4HUKOBbLIN MYCOp
MOXET O6blTb O4YeHb TONICTbIM 6/M3KO K Kpakw neaHuka, U 3To npuBedeTr K
3aMenneHnio TassHMs nbga. [MoCKONbKY NeAHUMKOBbIM  SA3blK  MOKPbIBAETCS
MYCOpPOM, TPYAHO onpeaennTb, rae HaxoaAnTCs ero pakTuyeckun Kpamn.

CBuaeTenbCTBO TassHUSA JIeAHUKOB

XOopowo WM3BECTHbIN QaKT, 4YTO NeAHWUKU [OCTUIIN CBOEro MakKCuMMyMa B
ronoueHe 1850-x rogosB  Kutuzov&Shahgedanova 2009). B 6onbwunHCcTBE
NefHNKOB KOHEYHYI0 MOpPEHY, MOKa3blBalOLWYy MAaKCUManbHYK MPOTAXEHHOCTb
negHWKa, MOXHO SICHO YBMAETb B AONWHaX. JIeAHUKU OTHOCUTENbHO 6bICTPO
pearmpyloT Ha W3MEHeHWe KauMaTa (TemrnepaTtypa, OCAaAKMW, BJIAXHOCTb W
obnaydHocTb). Ecnun cHeronap (HakonneHus), MNOAAEPXMBAKLWMA COXpaHeHue
negHWKOB COKpallaeTcs, WIN ecnn ecTb yBesInYeHue notepu nbaa (abnaums),
3TW pe3ynbTaTbl NpMBEAYT K cnagy fnefHuKa unu oblemy UCTOHUYEHMIO MaccChl
nbaa (MU TO N APYroe), Kak NpaBwuio, B TEYEHNE HECKOJIbKUX NEeT .

Bce negHMKM MMEOT CBOK COBCTBEHHYH AMHAMUKY, W 3TO ABNAETCA 06LuUM,
YTO MHOrAa MX KpaeBble 4YacTW OTCTynanwW, a B Apyrue BpeMeHa HacTynanwu.
Heckonbko NeaHUKOB WMeNW nepuoabl OYeHb 6bICTPOro MNpPoABUXEHUS,
Ha3bIBAEMOro CKAa4YKoM. DTU NIEAHUKN AEMOHCTPUPYIOT HOPMasibHOE ABUXKEHUE,
noka BAPYr OHW HE HAUMHAKT YCKOPSATb, @ 3aTEM BO3BPALLAOTCA K CBOEMY
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NMpeXXHeMy COCTOSAHUI0. BO BpeMdA 3TUX CKA4uKOB, NeAHUK MOXeT AOoCTUraTtb
CKOpOCTM ropas3go 6onblen, 4Yem HoOpManbHas CKOPOCTb, @ Kpasi MOryTt
npoaBurateCs panbwe. Hanpumep, Measexui negHuMK B TafXXUKUCTaHe
nepmoanyeckn nepemMeLlaeTcs BHU3 Kaxable 12-15 nert.

Kak TONnbKO rMoBbilWaeTcs TemnepaTtypa, nMo4YTM Bcloay Habnwpaetcs
OTCTYrJIeHne JIe4HUKOB B TFOPHbIX AOJIMHAaX, YTO SABMSETCA OAHWM U3 CaMbIX
3aMEeTHbIX CMMBOJ10B rnobanbHoOro noTensieHuns. O6bwas KapTuHa
pacrnpoCTpaHEeHHOM peueccun SBASIeTCS OAHO3HAYHOWM M OTpa)kaeT XOopoLo
NW3BECTHOe CBMAeTeNnbCTBO rnobanbHOro notenneHusa. Immerzeel n coasT.
(2010) npeanonaratT, 4YTO CUTyauus B A3UWU ABJISAETCA HAMHOrMo CJIOXHee.
XoTd, Kak npeacrasnsetca obwas notepsa nbga B 3TOM pernoHe, a B
HEKOTOpbIX pervmoHax Ha 6onblWwKX BbICOTAX, TakuMX Kak KapakopyMm
MOKa3blBalOT YBE/IMYEHNE, U HEACHOCTb B OTHOLIEHWU TEMMNOB W3MEHEHUS
ABNAETCH 3HAYUTENbHbIMU

NeaHnk ®epgyeHko 6onblON NnegHMK Ha NaMupe B LeHTpasibHOM TagXXUKUCTaHe
Ha BbicoTe 2900 - 6300 M. JlegHWK ONMHHbBIA U Y3KUW, B HacTosLlee BpeMs 77
KM B AVMHY U niowaabio 6onee 649 km?. DTO caMblii MPOTSXKEHHbIN NEeAHUK B
MUpe 3a npenenaMmu nosiIApHbIX pernoHoB. MakcumManbHasg MOWMHOCTb leaHuKa
coctaBnser 1000 meTtpoB, a o6beM neaHuka degyeHKO U ero OTBETB/IEHUMN
oueHunsaetca B 144 km® (Aizen&Aizen 2010). KpoMka 3Toro negHuka oTcTynuna
Ha 1 kM 3a 70 nert.

B TeuyeHne nocnegHux 50 net B 3amagHoMm [llamupe, nnowanb OnefeHeHUd B
6accerHe peku lMAHOX cokpaTunacb 6onee yem Ha 25-30%. B BocTtouHOM
MamMunpe, knuMat XosioAHEE W TagHuWe NeAHUKOB TMpoOUCXOAUT MeHee
WHTEHCMBHO, 4YeM BO BCeX JApYrnx TrOpHbIX panoHax pervoHa. CpeaHas
CKOpPOCTb OTCTynneHust 1-2 Mm/roa, B TO BpeMS KakK B HEKOTOPbIX Cly4yasx 3TO
MoxeT 6biTb 0 100 M/ roa.

1850-60s 1880 1900 1920 1940 1960 1980 2000

D— A
&
-200 — e X :a
° * L ] A P# o
¥ :0 oo O A N
600 - A
—&— Chontor + Xm g A
& B Popov . %
-1000 ! pd #K#
& Gregoriev - EU
X
X211
- *
1400 X392
& 304 -
+ 393
-1800 A 34 -
= Kkolpakovsky e

-2200 ¢ 326

30



TA 7532: Water and Adaptation I nterventions in Central and West Asia
Part | - Executive Summary & Climate Change

durypa 2-1. OTcTynneHue negHMKoB B BOCTOYHOM TsiHb-LLlaHe, Kbiprbi3cTtaH, nokasbiBaloT
ycKkopeHue TeHAeHUuu, oco6eHHo nocne 1940r (Kutuzov&Shahgedanova 2009).

NepHunkn B ropax TaHb-LLlaHa v lMaMupa OTCTynarwT M TeMMbl OTCTYNJIeHUS
BapbMpylOT B 3aBUCUMOCTM OT pernoHa u BpeMeHu. KpynHenwunn Temn
oTcTynneHna 6ol obHapyxeH B CeBepHoM TsaHb-LlaHe, rae naowaau
onefeHeHus cokpatuaucb Ha 30-40% BO BTOpoW nosioBuHe 20-ro Beka.
[Janbwe Ha BOCTOK W KOr TeMNbl TasiHUSA NeAHUKOB 6blnn MeasieHHee, TeM He
MeHee, YCKOpeHue OTCTYMeHus negHmnka 6b110 0TMEYEHO B BOCTOYHOM [lamupe
c 7,8% no cpaBHeHunto ¢ 1978-1990 go 11,6% no cpaBHeHuMo ¢ 1990-2001
nepuoaos. JleaHukn notepsann 12,6% (0,33% / roa) vx nsowanan 3a nepuos
1965-2003rr. Manble negHWKU yMeHbwunucb bonblwe, vyem cpeaHue (Figure
2-1) (Kutuzov & Shahgedanova 2009).

Bbbino noacuutaHo, 4to neaHukn B bHaccemHe Cobip-Lapbn notepsnun 14% ot
obuwero nx obvema 3a nocneagHune 60 net, n 15-40% ob6bbema byaeT NnoTeEpsSHO
B 6nmxanwune 40 net (Siegfried et al., 2010). B sTtoM goknage ™Mbl 6yaem
moaenunpoBaTb 6o0siee TOYHO CKOpPOCTb NfAaBneHus negHWkoB B 6HaccenHe
ApanbCKoro Mops.

Pabota no MoaennpoBaHUO B 3TOM MNpOeKTe MOKaXeT, 4YTo npousonaer cC
negHWKaMm wn CTokoM B b6nmxanwme 40 ner. B HacTosweMm [AOKYMeHTe
nokasaHo, 4YTo Hebonbline neasHole Wwankn ocobeHHo B TAHb-LLIaHe ncuyesHyT,
a TaKXe pe3Ko YMeHbWUTCHA neaHukoBas Tanad Boga (Figure 2-2). BaxHo
OCO3HaBaTb, YTO MOTENJIeEHNWe KAaMMaTa MU TasgHWe JIeQHUKOB YXe MPOUCXOAMT,
ocobeHHo nocne 1940 roga. O4eBMAHO, YTO CyLLeCTBYeT TEHAEHUNS YCKOpEHUS
TassHUSA NefHUKOB.
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durypa 2-2. leomopconormyeckne AaHHble, KpaeBble MOPEHbl yKa3biBalOT Ha 60nbLinn
pasvep negHuKa, NoOKasbiBaeT, YTO NEOHUKU yXe CYLEeCTBEHHO OTCTYNUIu B TeyeHue
nocnegHux 150 net (KA3 / KI'3 rpaHuua, r. Anmarbl; GoogleEarth).

CTuxuinHble 6eacTBuA, ycyrybneHHble M3aMeHeHMeM KauMmaTta

CoBpeMeHHasi neaHMKoBas nynbcauus, MpopbiB 06pa3oBaHHbIX  N€AHUKOM
AamMb noanpyaHbIX 03ep U cenesBble NOTOKM Bbi3Bann 6osbline KatacTtpodbl B
LleHTpanbHON A3uKW. MHOrouymMcneHHble perynspHble KonebaHus NpOTAXEHHOro
nefHMKa TakXe MOXeT yrpoxaTb WHMPACTPYKType, COOpPYXEHUsM 1
nMyLecTsy. JleAHUKM pas3IMYHON FeOMEeTpUn, PacrnosiIOXKEeHHble B PasIMYHbIX
KNMMaTUYeCKNX pexumax, OyayT no-pa3HoOMy pearMpoBaTb Ha W3MeHeHUs
Knmmara.

HoBble npunegHuKoBble o03epa MOryT 6biTb 06pa3oBaHbl, KOraa, BO3MOXHO
neasiHoe s4po MopeHbl co3gact aamby nepepn 6bICTpO OTCTynaloWMM A0STUHHBIM
negHunkoM (durypa 2-3). Takue o3epa MOryt umeTb 60nbwon 06beM BOAbI W,
Korga pyxHeT T[JI0OTMHA, MOXET TMNpPOU30NTU KaTacTpoduueCcKuii naBoAaoK.
MNHTepBeHUMNS MO 3alunTe OT NaBoAKOB HeobxoauMa B panoHax, KoTopble 6biin
onpefeneHHbl KakK Haxogawmecs B YSA3BMMOM MOMOXEHUMM OT yuwepba,
HaHECEHHOro NaBoAKOM.

®durypa2-3. NMpunegHukoBoe o3epo MeTpoB B KbiprbizcTaHe cchopmmupoBanoch B
pe3ynbTaTe TasaHuA negHuka. boiBwme 150 net Ctapble KpaeBble MOpPeHbI 3a Npeabiaylume
150 net nepekpbinu o3epo (GoogleEarth).

CHeroBada nnmHUA nosbicntca Ha 200-300 MeTpoB B cpeaHeMm ao 2050 (durypa
2-4). CK/IOHbl BO3BbIWEHHOCTEN, KOTOpble Bcerga 6bsin NOKpbITbl CHEroM 6yayT
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noasepraTbCs 3p03un. TassHMEe BEYHOW Mep3/10Tbl B BbICOKMX ropax caenatoT
CKJIOHbl HecTabunbHbIMU, N 3TO byaeT reHepMpoBaTb OMNOM3HU U cenn (durypa
2-5). Takne 6enctBmsa MoryT 6bITb OMAcCHbI A7 NOCEeNeHUn N MHPPaCcTPyKTypbl
BHM3 NO Te4YyeHuto. Pe3ynbTaTbl MOAENMPOBAHMS HE YKa3blBalOT Ha YBESIMYEHMe
BO3HMKHOBEHUSI BECEHHUX HaBOAHEHUN B Oyayuiem,

HO B CBSiI3M C POCTOM

cenen, nocneacTems HaBoOAHEHUS BepOATHO, byayT 6onee KaTtacTpopUyecKnmu,
YeM paHblue.
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®durypa 2-5.Poct Be4HOM Mep3noTbl B BLICOKOropbe OOHaXaTt HoBble 06nacTu Ans apo3um.
MoaTomy, onon3Hu 1 ceneBbie NOTOKU CTanu o6bIYHbIM ABMEHUEM B BEPXHUX YacTAX
ropHbix xpe6ToB (CeBepHbin MakuctaH;GoogleEarth).

2.4. References

Aizen, V. & E. Aizen (2010). Diagnosis of changes in alpine water storages and
land surface degradation in Pamir mountains and Amu Dar’ya River basin.
Annual, second year progress report. University of ldaho, USA. 20 pp.

Immerzeel, W. W., L. P. H. van Beek, and M. F. P. Bierkens (2010). Climate
change will affect the Asian water towers., Science, 328(5984), 1382-
1385, doi:10.1126/science.1183188.

Available from: http://www.ncbi.nlm.nih.gov/pubmed/20538947 (Accessed 20
July 2011).

Kutuzov, S & M. Shahgedanova (2009): Glacier retreat and climatic variability
in the eastern Terskey-Alatoo, inner Tien Shan between the middle of the
19th century and beginning of the 21st century. Global and Planetary
Change, 69 2009, p. 59-70.

34



