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Npeauncnosue

Texauuecknil [TOKYMEHT MeXNpPaBUTEIbCTBEHHON  'PYIIIbI
9KCIepTOB 1O m3MeHeHuto kianmara (MI'DUK), mOCBsIIEeHHBIN
U3MEHEHHIO KJIUMaTa M BOJHBIM pecypcaM, SIBJISIETCS IIECThIM
B cepun Texnmueckux pokymeHToB MIOHMK. On Obln
MOAITOTOBJIEH B COOTBETCTBUHM ¢ TpepoxkenneM Cekperapuara
Beemuproit kimmaTtHieckon mporpammbel — Boma (BKII-Bopa)
1 MeXIyHapoTHOrO pyKOBOJsiIIero komurera Jluanora mo Bope
7 KJIUMAaTy, BLIJBUHYTOM Ha JIeBSTHA[IATON IUICHAPHON CEeCCHU
MI'QUK, xoropas npoxomuna B 2Kenese B ampene 2002 r B Hos6pe
2002 r. B 2Kenese coctosinoch KoHCynbTaTUBHOE COBEIIAHKUE IO
npoGseMe M3MEHEHHsl KJIMMaTa M BOJHBIX PECYpPCOB, KOTOPOE
PEKOMEH/IOBAJIO MOATOTOBUTHh TeXHMYECKUI JIOKYMEHT IO
M3MEHEHHUIO KJIMMaTa U BOJHBIM pecypcaM BMECTO HOATOTOBKHU
CrienuanbHOTO JJOKJIa1a o 3TOH TeMe. TaKoi JOKYMEHT B IEPBYIO
oYepesib JOJIKEH ObLI OCHOBBIBATBCS Ha BbIBOIaX YeTBEPTOro
nokiana MI'OUK 06 onieHKe, a Tak>Ke Ha MaTepHrasie MpefbIAyIux
ny6mukanuii MI'OMK. I'pynna akcnepToB TakxKe pelmsia, 4To
npo6iieMy BOJHBIX PECYpCOB CIIElyeT paccMaTpuBaTh B Ka4eCcTBE
CKBO3HOH TeMbl UeTBepToro fokiaga 06 OleHKe.

B TexHmueckoM IOKYMEHTE paccMaTpHUBaeTCs MpodiieMa IpecHOn
Bojibl. [IpoGuieMa MOBBIIICHUS! YPOBHS MOPSI  pacCMaTpUBAETCS
JUIIb B CHIIy TOTO, YTO OHO MOKET NPHUBECTH K IIOCIEIACTBUSM
IS pecypcoB MPECHOH BOAIbI B MPUOPEKHBIX pailoHax M 3a UX
npenenamu. Kiumart, pecypchl pecHO BOAbBI, GMO(U3NIECKIe
N COOUATBbHO-9KOHOMMNYECKHUE CUCTEMBI KOMIIJICKCHBIM 06pa30M
CBsI3aHbI MexXJy coboil. [ToaToMy u3MeHeHne B JIFOOON U3 9THX
CHCTEM MOXET BbI3BaTh M3MEHEHHE B JIF000M ipyroil. Bompochsl,
Kacarouecs: MpecHon BOJbI, UMEIOT 0CO00 BaKHOE 3HAuYCHHE
ISl OTIpefieJIeHNs KITIOYEBbIX PETMOHAIBHBIX U CEKTOPAJIbHBIX
¢akTopoB ys3BEIMOCTH. TakmM 06pa3oM, B3aUMOCBSI3b MEXTY
U3MEHEHUEM KJTMMaTa U PecypcaMu MPECHOM BOJIbI PECTABISET
0COOBII MHTEPEC JITIS1 YEIOBEUECKOTO OOIECTBA, a TAKXKE NMEET
TIOCJIEICTBUS JIJIs1 BCeX OMOJIOTUUECKIX BUIIOB.

Biopo Tpex Pabounmx rpynn MI'OUK orobpanu Bemymmx
aBTOPOB B COCTAB MEX/MCIUITIMHAPHON FPYIIIBI TAKMM O0Pa30M,
9TOOBI OOECIEeUYNTh PETrHOHANILHBIN M TEeMaTHYeCKuil OajaHc.
Kak u Bce Texnmueckue JokyMeHThl MI'OVK faHHbBINA TOKYMEHT
TakXe OCHOBAaH Ha MaTepualle NpeAbIAyLIUX OfOOpEHHbIX/
IIPUHSTBIX/YTBEPXKAEHHBIX oKnagoB MI'OMK u peneHsuposaics
OJHOBPEMEHHO 3KCIEepTaMH U  IPABUTENbCTBAMHU, IOCIE
YEro IMOCNIEN0Bal OKOHYATENbHbI 0030p, OCYIIECTBIECHHbII
npasutenbcTBamu. biopo MI'DUK peiicTBoBano B KauecTBe
PenakIMOHHOTO COBeTa, 4TOObl oOOecneuuTh HajjexKallee
paccMOTpeHue BEAyLIUMH aBTOPAMU IOJIyYEHHBIX 3aMeuyaHUi
IIPY 3aBEPLICHUY NOArOTOBKU TeXHUUECKOro JOKYMEHTA.

B ampene 2008 r. Ha cBOel TpHWANATH CENbMON ceccnu B bymamermTe
Bropo paccMOTpesio OCHOBHBIE 3aMeYaHMsl, IIOJYYCHHBIE B XOJIC
OKOHYATEJIbHOTO 0030pa npaBuTeabcTBaMu. C yueToOM MHEHUU

W TO3KeJIaHWUH, BhICKa3aHHBIX WieHaMn Biopo, Bemymye aBTOPbI
3aBEepUIMIM HOATOTOBKY TeXHHYECKOTrO JJOKYMEHTa, IIOCIe 4ero
Biopo caskImoHnpoBaio ero nyGInKamnmio.

Msbl BecbMa OJarojapHel BEAyIIMM aBTopaM (MX WMeHa
npuBopATcs B JIoKiaje), KOTOpbIe MIEAPO IOCBSITHIA 3TOMY
llelly CBOe BpeMsl W 3aBEpIIMIN TOATOTOBKY TeXHm4ecKoro
MIOKYMEHTa B COOTBETCTBUH C TpauKoM. MBI TakKe XOTEH
6b1 noOnaropaputh J-pa 2Kanny Ilamtorukod, pykoBoguTens
I'pynnsl TexHudeckon noapep:kku PaGoueit rpynnsr II MI'OUK,
3a ee yMeJloe PYKOBOACTBO B TEUEHHE BCETO MEPHOfia IIOATOTOBKU
JIOKYMEHTa.

Pamxengpa Ilauaypu

-

IIpenceparens MI'OUK
Penara Kpucr

Cexperaps MI'OHK

Ocpanbno Kancnann
Comnpencenarens Paboueit rpynms! 11 MI'OUK

Martrs By

Maptun Ileppn
Comnpencenarens Paboueit rpynnst 11 MI'OUK
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Vonu Paiizanen (®unnsuaus), Txeiimc Pensux (Hopas 3enanpus), ®panuecko Hukomna Ty6bemto
(CIHA/MUACA/Wranus), Puaapa Byn (CK) u Uynnu Las (Kurait)

CopeiicTByromue aBTpbl

xynmun Ap6Gnacrep (Ascrpanus), Puuapy Berre (CK), Ajiry [Hau (CIIA), Kpucrodep Mumnn
(CHIA), JIuapa Moptu (Kanapna), Jleonapn Hepe (bap6anoc), Puuapp Ileitn (ABcrpanus), FMiBona
IMunkcap (ITonpma) u Tom Yun6auke (CLIA).
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ﬂaﬂﬂble nabarooenuii u npoexkyuu Kaumama ofecnequsarom MHO204UCAEHIbLE CBUOCMEeAbCMEA moeo, 1mo
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8030elicmeus Ha HUX 6 pesyabmame U3MEeHEeHUsl Kaumama ¢ muporcomacmmaﬁnbmtu nocaeocmeusamu 04

HenoeeiecKkoo 06u;ecm6a u IKocucmem.

Ha6miopaeMoe B TedeHHe HECKOJIBKAX JIeT TNOTEIUIEHHE
CBA3BIBACTCA Cc HU3MCHCHUAMU B prHHOMaC]HTaGHOM
TUAPOJIOTHYECKOM  IHUKJIe, TaKUMH Kak: yBeJIMYCHUE
cofilepXkaHMsl BOMSIHOTO Tapa B arMocdgepe; HM3MEHCHHE
pekuMa, MHTEHCHBHOCTH M 3KCTPEMAJIbHBIX BEJIMUMH OCAIKOB;
YMEHBIIIEHNE CHEXXHOrO IIOKpOBa M IIMpOKOMAacHITabGHOE
TastHUE JIbjla; U M3MEHEHWs] B INOYBEHHOW BiIare M CTOKE.
e M3MeHeHMi B Ocajjkax XapaKTepHa CyIlecTBEHHast
MPOCTPAHCTBEHHAS U MEXKACKaHas W3MEHUYMBOCTH. 3a 20-¢
CTOJIETHE KOJIMYECTBO OCAJKOB, BBINABIIMX HAa MMOBEPXHOCTh
CyIIW, B OCHOBHOM YBEJIMYMJIOCH B BBICOKMX CEBEPHBIX
IMpOTax, B TO BpeMs Kak ¢ 1970-x rogoB Ha TeppUTOpPUHI
meskay 10 1o. . u 30" ¢. 111 mpeo61aiajio YMEHbIIECHHE OCAJIKOB.
YacToTa CHIIBHBIX OCaJIKOB (MJIH IOJISI OCAJIKOB B pe3yJIbTaTe
CIJIBHBIX JIOXKJCH B OOILIEM KOIMYECTBE OCAJKOB) BhIPOCIA
B OOJIBIIMHCTBE paloHOB (s8epoamuo’). B riaobGaabHOM
Macmrabe, IUIOMAAb CYyIIH, KOTOpas KIIacCU(pUIUPYETCs
Kak oYeHb cyxas, ¢ 1970-x romoB yBenuuusiach Oojiee yeM
BiBOC (6epoamHo). 3HAYUTENBHO YMCHBIIMINCh 3amachl
BOJIbI B TOPHBIX JIE[HUKAX M CHEXXHOM IOKpoBe CeBepHOro
nonywapus. HaOmioganuce ciBuru B oObEME U CPOKax
CTOKa B pe€Kax JIEJHUKOBOI'O MW CHETOBOI'O MNUTaHUs, U
JIefIOBBIX SIBIICHUSX B peKax U o3epax (8vicokaa cmenemb
docmoseprocmu). [2.1]2.

Ilocrpoennsi monenein kmmara At XXI Beka coracyrorest
MeXKAy 000l B NPOTHO3HPOBAHHH YBEJIHYEHHS] OCATKOB B
BBICOKUX IIUPOTAX (6€CbMA 6€POAMHO) U B HEKOTOPBIX YaCTIX
TPONMMKOB, M YMEHbLIEHHS] B HEKOTOPBIX CYyOTPONMMYECKHX
u Gojlee HH3KHX CPeIHELHIMPOTHBIX PernoHax (6epoamuo).
3a mpepienlaMu 3THX PETHOHOB 3HAK M HOPSNOK BEJMYMHbI
MIPOTHO3UPYEMbIX H3MEHEHHIl BapbUPYIOTCS B 3aBHCHUMOCTH
OT MOJIENU, YTO BElET K 3HAYMTEILHON HEONpENeIeHHOCTH
B NpoeKusx ocajgkop’. TakuM 0Opa3oM, MPOEKIUH GYIYIIIX
W3MEHEHNH OCAfKOB MJIsi OfHMX palioHOB Ooliee HamesKHBI,
YeM VI ApYrux. ITo MEpPE YMEHBUICHUS MNPOCTPAHCTBEHHBIX
MaclmITaboB MPOEKINHM, IIOJNydeHHbIE Ha OCHOBE pPa3HBIX
MOJIeJiel, MEeHBIIIE COTIIacyrOTCs IpyT ¢ Apyrom. [2.3.1]

K cepequne XXI Beka, mo nporno3am, cpeJHerofoBoi cToK
PeK u oGecnevyeHHOCTb BONOH YBeJIMYATCSl B pe3yibraTe
U3MeHeHHs] KIMMaTa‘ B BHICOKHUX HIMPOTAX H B HEKOTOPbIX
BJIAXKHBIX TPONNYECKHX PAIIOHAX,  COKPATATCS B HEKOTOPBIX
CyXHX PafioHaX B CPEIHHX IMIHPOTAX M B CYXHX TPOMHYECKHX
paiionax’. MHOTHTE 1OTy3aCylITUBbIC 1 3aCyIININBbIC PAOHBI
(manpumep, Cpean3eMHOMOpPCKUIT OacceliH, 3amnajHasi 4acThb
CIIA, roxHbIe pailoHbl A(PUKHI 1 CEBEPO-BOCTOYHAS YACTh
Bpasuimn) 0co6eHHO MOABEPKEHBI BO3JCHCTBHIO M3MEHEHHS
KJIIMaTa ¥ [0 IPOTHO3aM OyAyT cTpajaTh OT COKpAIleHHS
BOJIHBIX PECYPCOB BCIIEICTBIE N3MEHEHNS! KIMMaTa (8bicokas
cmenenb 0ocmoseprocmut). [2.3.6]

IIporno3npyercsi, 4YTO yBeJINYeHHEe MHTEHCHBHOCTH U
N3MEHYHBOCTH OCAKOB MOBBICHT PHCK HABOTHEHHS W 3aCyXH
BO MHOrHX paiionax. YacToTa CHIIBHBIX OCAKOB (HJIH IOJIS
OCaJIKOB B Pe3yJIbTaTe CIIIBHBIX JOXK/CH B OOIIEM KOINIECTBE
0CaJIKOB) BeCbMa BEPOSITHO BO3pacTeT BO MHOTHX pailOHAaX B
TeyeHne XXI Beka, 4To MOBJIEYET 3a cOOON PICK HaBOJHEHUI,
BBI3BAHHBIX IOX/SIMH. B TO 3Ke BpeMst IIpOTHO3MPYETCs, YTO
YacTh HOBEPXHOCTH CYIIH, Ha KOTOPO B I0O00€E BPEMST MOXKET
HavaThCsl 9KCTpeMallbHAsl 3acyXa, YBEJIHUHUTCS (8epOAmMHO)
MIOMHUMO YCHJICHUSI TeHCHIMH K OOE3BOKMBAHUIO B JICTHHI
[epHoy] BO BHYTPUKOHTUHEHTAJBHBIX pailOHaX, OCOOEHHO B
cyOTpOnuKax, HU3KUX U cpefHux muporax [2.3.1, 3.2.1]

B Teuyenue croseTns 3anachbl BOIbI, XpaHSIIENCs] B JIETHHKAX H
CHEKHOM TOKPOBE, 10 MPOTHO3aM, YMEHBIIATCS, CHIDKAS, TAKIM
06pa3oM, 00eClieYeHHOCTh BOAON BO BpeMs TEIUIBIX M CYXHX
MEePHOJIOB (3a CYET CE30HHOTO C[BUTa B 00'bEME PEYHOTO CTOKA,
TIOBBITICHNSI OTHOIIICHHST 00'heMa 3MMHETO CTOKa K TOIOBOMY H
COKpallieHusi 00'beMa HU3KOTrO CTOKA) B PErMOHAX, CHAOKAaeMbIX
TaQJON BOJOM C OCHOBHBIX TOPHBIX XpeOTOB, Tfe ceilvac
npoXuBaeT Gojiee OHOM INECTOH YacTH HACEJCHUS 3eMd
(ebicorasn cmeneHb docmoseprocmu). [2.1.2, 2.3.2, 2.3.6]

Ozknpaercsi, 4TO MOBBILIEHHE TEMIEPATYPbI BOILI M H3MEHEHHUsI
B 3KCTPeMAJILHBIX SIB/ICHISIX, BKJIIOUAsi HABOJXHEHNSI H 3aCyXH,
OKakeT HeraTHBHOE BO3/IENICTBIE HA KAYeCTBO BOJBI M YCYTYOHT
ee 3arpsi3HeHHe BO MHOTMX (popmax (110 NpHUYMHE HAHOCOB,
NUTATEIBHBIX  BEIIECTB, PACTBOPEHHOTO  OPraHMYECKOrO
yIiepoia, MaTOreHOB, IECTUIUAOB, COJIM ¥  TEINIOBOTO
3arpsi3HEHMs1) C BO3MOXKHBIMU HETaTHUBHBIMH TOCIE/ICTBHSIMU
JUISL 3KOCHCTEM, 3/IOPOBbSI UEJIOBEKA, HAJEKHOCTH CHCTEM
BOJOCHAOXKEHWSI ¥ OKCIUIyaTAallMOHHBIX pAacXoOfloB Ha OTH
CHCTEMBbI (8blcOKas cmeneHb 0ocmoseprocmit). T1oBbIeHnE
YPOBHSI MOPSl PacIIUPUT IUIOMIA/b 3aCOJICHNS TPYHTOBBIX BOJ 1
YCTBEB PEK, UYTO NMPUBEAET K CHIDKEHNIO 00ECIIEYEHHOCTH BOJION
JIOJIEl ¥ 9KOCUCTEM B IPUOPEKHbBIX parioHax [3.2.1.4, 4.4.3]

B rioGanpHOM MacmTade OTpHLATEbHBbIE INOCTEICTBHUS
U3MEHeHHsl  KINMaTa ISl  NPECHOBOJHBIX  CHCTEM
NepPeBelINBAIOT BBITOABI OT 3TOr0 H3MeHeHHs (8biCOKasn
cmenenv Oocmosepnocmu). Ilo mnpornozam, xk 2050
IUIONIaAb CYIIHM, IIOf[BEPXKECHHAS pACTYIIEMY  BOJTHOMY
crpeccy, OygeTr 0Ooiiee 4eM B [iBa pa3a IPEBbILIATH IO/
¢ ocnabeBaromuM BOJHBIM cTpeccoM. PailoHbI, B KOTOPBIX
CTOK, COTJIACHO HPOEKIHUSIM, YMEHBIIAETCs, CTOJKHYTCS C
OYEBHIHBIM CHIDKCHHEM IEHHOCTH YCIYT, IPEOCTABIISIEMBIX
Ha OCHOBE WCIIOJIB30BAHMS BONHBIX PECYpCOB. Y BeJIMUEHUE
o6'beMa rofloBOro CTOKa B HEKOTOPBIX palloHaX MpUBEET K
YBEJIMYEHUIO OOIIero KoJnyecTsa nopasaeMon Boabl. OfHaKO
BO MHOTHX pailOHAaX TakuWe OJaronpusiTHbIE ITOCIEHCTBUS
OyRyT ypaBHOBEIIMBAThCS OTPUIATEIBHBIMU MOCIEACTBUSIMA

! Cwm. BcraBky 1.1.

2 Incpbl B KBPATHLIX CKOOKaX YKa3bIBAIOT Pa3iesibl OCHOBHOM YacTi TeXHIIECKOTo JOKYMEHTA.
3 PaccmaTtpurBaeMble MPOEKIMI OCHOBAHBI HA HAGOPE HE CBSI3AHHBIX CO CMSITYEHUEM TTOCIENICTBHII ClIeHapHeEB, pa3paboTaHHbIX B CIIEIHaIbHOM

nokiage MI'DUK o cuenapusix Boiopocos (CICB).

4 D10 yTBepXKICHHUE HE YUYUTHIBAET N3MEHEHHST HEKIIMMATHIECKUX (hDAaKTOPOB, TAKHAX, KAK OPOIIEHHE.
> DTH MpOeKIMK OCHOBAHbI Ha AaHHBIX aHCAMOIS KIMMAaTHYECKUX MOJENEH C NCIOIb30BaHINEM He CBSI3aHHOTO CO CMSITYCHHEM MOCIIECTBUI
cpeprecpouroro cueHapust A1B CIICB. Paccmorpenue psia peakuuit kiumata 1o cueHapusiv CIICB B cepegune XXI Beka mpepnosnaraer,

YTO 3TO 3aKII0YECHIE IPIMEHNMO JJIsl HIMPOKOTo Habopa CrieHapues.



Peslome

YCUJIEHHSI U3MEHYMUBOCTHU OCA/IKOB M CE30HHBIX CBUIOB CTOKA
JUIST BOJOCHAOKEHNsI, KAUeCTBa BOJIbI M PUCKOB HABOIHEHUI
(8bicokasn cmenenv eepoamuocmu). [3.2.5]

CorlacHO  NPOeKWHsIM  W3MEHEHHsI B  KOJIHYECTBE H
KadecTBe BOMbI, BHI3BAHHbIE HW3MEHEHHEM KIIMMATa, OKAXKYT
HEraTnBHOE BJIWSIHAE HA 0GECHEeYeHHOCTH NMPOTOBOJIHCTBHEM,
NPOI0BOJIbCTBEHHYIO CTAGWILHOCTb, JOCTYII K HPOXOBOJILCTBUIO
u ero mcnoib3oBanme. OXUTACTCS, YTO ITO MPUBEAET K
CHIDKCHHIO  IIPOJIOBOJIBCTBEHHON OE30IIaCHOCTH ¥ POCTY
YSI3BUMOCTH JI7Is1 GEMTHBIX CETBCKUX (PEPMEPOB B 3aCYIUTHBBIX 1
HOJIy3aCyIUIMBBIX PAOHAX TPOIMKOB W METAIENBTaX a3UaTCKUX
" appUKaHCKUX pek. [4.2]

WN3menenne KimMara BiusieT Ha (PYHKIOHHPOBAHME W
IKCIUTyATAIMIO  CYIIECTBYIOIIE BOTHOW HH(PPACTPYKTYphbI,
BK/IIOYASI THPOJHEPreTHKY, COOPY:KEHHsl [isl 3ALUTBI OT
HABOJHEHUI1, PEHAKHbIE I OPOCHTE]IbHBIE CHCTEMbI, a TAKKE
HA MeTOIbI YIPABJIeHHsI BOXHBIM X03siiicTBOM. OTpHIaTeIbHOES
BO3JICHICTBIE KJIMMAaTa Ha MPECHOBOJHBIE CHCTEMbI YCyryonseT
HOCTIE[ICTBUSL IPYTHX CTPECCOB, TAaKUX, KaK POCT HACeJICHUs,
M3MCHEHUSI B OKOHOMHUYECKON JICSITEITbHOCTH, W3MCHEHUSI B
3eMJICTIONB30BAHNN W YPOAHW3AIWS (O4eHb 8bICOKAA CIMeneHb
o0ocmoseprocmu). B rmo6aimsHOM MaciiTabe ToTpeGHOCTh B BOJIE
B IOCJIEAYIOLHE JIECITUIETUSI BO3pacTeT MpeXkie BCEero ms-3a
pOCTa HaceJICHNUs ¥ TIOBBIIICHHST YPOBHS JIOXOMIOB. B perroHansHOM
acreKTe OKMIAIOTCs OOJBIINE N3MEHEHNSI B TIOTPEOHOCTH B BOJIE
IJIST OpOIICHWSI B pe3ylibTaTe M3MEHEHWsl KIIMMarta (8blcoKas
cmenerb 0ocmoseprocmu). [1.3, 4.4, 4.5, 4.6]

CymecTByomne MeToAbl YIPABIeHNs BOTHBIM X03SHCTBOM
MOTYT OKa3aTbCsl HENOCTATOYHO NPUCHOCOGIEHHBIMH,
4YTOOBI NMPEONOJIeTh MOCIEICTBHS H3MEHEeHNs] KIMMara Jis
HAJIe>KHOCTH BOJIOCHAOKEHUS, pUCKAa HABOHEHMI, 3TOPOBBS,
9HEpPreTHKU U BOJHBIX 3KOCHCTeM. Bo MHOrmx wmecrax
METOJbI YIPABJICHUS BOJAHBIM XO3SIICTBOM HE MO3BOISIOT
aJIeKBaTHO CIIPaBUTHCS 1aKe C CETONHSIIIHEN N3MEHUYNBOCTHIO
KJIIMATa, YTO NMPUBOAUT K KPYITHOMY yIiepOy OT HaBOJZHEHUI
u 3acyxu. B kadectBe mepBoro mara 6onee 3(p(eKTHBHOE
UCMONIb30BaHue MH(OPMaUd O TEKyIled N3MEHYNBOCTH
KJIIMaTa B YNpaBIEHNW BOJAHBIMH pecypcaMm OOJIETrduT
aanTanyio K  JIOJITOCPOYHBIM TOCIEACTBUSIM W3MEHEHUS
knuMata. Knnmatudeckue M HekJIMMaTHdecKue (aKTOpBI,
Takue, KaK POCT HAcCeJeHUs] W BO3MOKHOCTH NPUYNHEHUS
yiep6a, ycyryosaT npoOiieMbl B OyAyLIEM (OueHb 6blcOoKAsA
cmenenb 0ocmogeprocmu). [3.3]

M3menenne KiMMaTa noiBepraeT COMHECHNIO TPAJUIHOHHOE
NpeNNoIoKeHHe O TOM, YTO HPOULIBIA ONBIT B 0O0JACTH
THIPOJIOTHH 00eCHeYnT Xopoliee PYKOBOJACTBO IS padoThI B
Ooymymux ycaosusix. IlociencTpust n3MeHEHMs KIMMaTa MOTYT
HOBJIAATH HA HAJEKHOCTh CYIIECTBYIOIINX CHCTEM YIIPABJICHUS
BOJHBIM XO3SIICTBOM U CBSI3aHHOW C BOJHBIMU pecypcamu
nHppacTpyKTypsl. HecMOTps Ha TO, YTO KOJIMYECTBEHHBIC
IIPOEKIMU U3MEHEHUI B KOINYECTBE OCAIKOB,00'bEME PEYHOTI'O
CTOKa U ypOBHE BOAIbI B MacHITabax peuyHbIX OacceilHOB
OCTalOTC HEONPEJEIECHHBbIMU, 6eCbMd  6ePOAMHO, YTO
THAPOJIOTMYECKAE XapaKTEPUCTHKA B OyMyIIeM H3MEHSITC.
B HEKOTOpBIX CTpaHaX M pPETHOHAX pa3pabaThIBAIOTCA
OPOLEAYPHl afanTal¥d W METOAbl YIPaBJIEHHUS PUCKAMH,
B KOTOPBIX YYTEHbl IPOTHO3MpPYEMBIE TUAPOJOTMYECKUE
N3MEHEHVS 1 CBSI3aHHBIE C HIMH HEOIPeleIeHHOCTH. [3.3]

BapuanTsl agantamun, npegHa3HaYeHHbIe AN 00ecneYeHnst
BOJOCHAGKEHHSI B YCPETHEHHBIX YCAOBHAX U B YCIOBHSX 3aCyXH,
TpeOyIoT Ppa3padoTKH KOMIUIEKCHBIX OPHEHTHPOBAHHBIX
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Ha CNpPOC W MpemiokeHHe crparerni. IlepBbie momMoraroT
MOBBICUTh 3(P(PEKTUBHOCTb BOAOINONB30BAHUS, HAMpHUMeEp
IIOCPETICTBOM MOBTOPHOTO  HCIOJB30BAaHMUS  BOJBIL.
PacmmmpenHoe uCIONb30BaHNE 3KOHOMHYECKHX CTHMYJIIOB,
BKJTIOYAs yYeT PacXOOBaHNUS BOABI U YCTAHOBJICHHE I[EHbI Ha
BOJly, 4YTOOBI COJIEICTBOBATh COXPAHEHUIO BOJHBIX PECYPCOB,
Pa3BUTHUIO PBHIHKOB BOJbI W TOPrOBJIE BUPTYAJIbHON BOJO,
obemaeT 3HAYNTENIbHBIE MEPCHEKTUBBI JIJIsI IKOHOMHUH
BOZIbI U TIepepacupefieiieHns] BOABI IS JTOPOTOCTOSIINX
BHJIOB BOAONOJb30BaHMsA. CTpaTeruu, OpPUEHTUPOBAHHBIE
Ha TIpeJIIOKeHNe, KaK MPaBWiIo, IPEANONaraloT yBeIMIeHIe
TOJIE3HOTO 00beMa BOJOXPAHIINI, 3200pa BOJBI U3 BOJOTOKOB
u mepe6Gpocknu BoAbl. KoMIuIeKcHOE yIpaBieHHE BOJHBIMU
pecypcamu obecrieunBaeT BakKHbIE PAMKH JUIST OCYILECTBIICHUS
Mep 1O ajanTamid BO BCEX COUMAIBHO-IKOHOMUYECKUX,
MIPAPOOOXPAHHBIX U aJMAHICTPATHBHBIX cucTeMax. UToObI
KOMIIJIEKCHBIE TIOJIXOMbI ObLTH 3(P(PEKTUBHBIMHA, UX CIEAYET
OCYIIECTBISITh B COOTBETCTBYIONIMX MaciiTadax. [3.3]

MepsbI 1O CMSIr'ieHHI0 NOCTIEACTBHI MOTYT YMEHBIINTH MACIITA0
NOCIEJCTBHIl ITIO0ATHHOTO MOTEIUICHHs /Il BOJHBIX PecypcoB, 4T0 B
CBOIO 0Yepe/lb COKPATHT NOTPeGHOCTH B aganTamn. OHAKO, OHU
MOTYT UMETh 3HAUUTEJIbHbIC HETaTUBHbIE OOOUHBIE 3(P(EKTHI,
TaKue, KaK yBeJIMYeHue IOTPeOHOCTEN B BOJIE IS A TEIIbHOCTI
o O0JeceHuI0/ JIeCOBO3OOHOBIICHUIO WM BbIPAIMBAHUIO
OMO3HEPIeTUIECKUX KYJIBTYP, €CIIU BOJJOXO3SIICTBEHHBIE CUCTEMBI
Ppa3MelleHb], CIPOEKTUPOBAaHbI U YIPABJISIOTCS HEPAIMOHAIBHO.
C npyroii cTOpoHbI, MEpbI B 00IACTH HOIUTUKH 110 YIPABJICHUIO
BOJIHBIMU PEeCypcaMi, HallpUMep HCIIOJIb30BaHUEe T'UIPOILIOTHH,
MOTYT BJIMSITh Ha BbIOPOCHI NIAPHUKOBBIX ra30B. IMApOnIoTHHbI
SIBJISTIOTCS] ICTOYHUKOM BO30OHOBIIsIEMON aHeprun. OfHaKo, OHM
camu IPOM3BOJST BEIOPOCHI TAPHUKOBBIX ra30B. Bemuunna aTux
BbIGPOCOB 3aBUCUT OT KOHKPETHBIX YCIOBUH U PEKUMa paOOThL.
[Pazpen 6]

Yupapienne BOXHBIMH PpPecypcamMi OKa3bIBaeT OYeBHIHOE
BIIMsIHME HA MHOrHe Apyrue cdepbl NOJUTHKH, HAlpUMep
9HEPreTHKY, OXpaHy  3[OPOBbE,  IPOTOBOJILCTBEHHYIO
0€30MacHOCTh U COXpaHeHHe NpHpofbl. TakuM oGpazoMm, Iist
Pa3HBIX BOJO3aBUCHMBIX CEKTOPOB HEOOXOIMMO IIPOBECTH
OLICHKY BapUaHTOB afalTallul 1 CMST'ICHUS HOCHCHCTBHﬁ.
CrpaHbl U PETHOHBI C HU3KAM YPOBHEM JIOXOMOB, BEPOSITHO,
OyAyT HPOJOIKATE OCTABATHCS YSI3BUMBIMA B CPEIHECPOIHOI
HEPCIEKTHBE U MMETh MCHBIIEC BAPHAHTOB YISl ajlallTalin
K MU3MCHEHUIO KJjIMMaTa, 4Y€M CTpaHbl C BBICOKUM YPOBHEM
noxofoB. ClieoBaTeNbHO, CTPATErWH afalTalud CIeayeT
pa3pabarbIBaTh B KOHTEKCTE IIOJMTHKU B OOJIACTH Pa3BUTHSI,
OKpY>Karollei Cpefibl U OXpaHbl 310pOBbsL. [Paznen 7]

Hmeercss psig npoGesioB B 3HAHHAX B IUIaHE HEOOXOIMMBIX
HAO/IIOIEHUI M HAYYHBIX HCCIEOBAHUM, CBSI3AHHBIX c
H3MEeHeHneM KIMMara ¥ Bojon. Haimune qanHbIX HAOIIONeHUI
n JIOCTyl'[a K HUM SBJISACTCA HCOGXOJII/IMBIM HpeJIBapI/ITeHBHBIM
YCIIOBUEM JIJIsl OCYIIECTBIICHHSI a[IallTUBHOTO yIPABIICHUS], TEM
HE MEHee MHOTHE CeTH HaOJIONeHMl coKpalmaioTcs. MimeeTcs
HeO6XOHI/IMOCTI) B yJIy‘-IHIeHI/II/I IIOHUMAHUs " MOJIGIII/IpOBaHI/Iﬂ
H3MeHeHI/Iﬁ KJImMaTa B UX CBSI3U C I‘I/I):[pOIIOFI/I‘-IeCKI/IM UKJIOM
B MaciTabax, COOTBETCTBYIOIIUX TPUHAMAECMBIM PEIICHUSIM.
WHdopmaruu o CBSI3aHHBIX € BOJHBIMU PECYpCaMu MOCIECTBHSIX
M3MEHEHNS KJIMMAaTa HEJOCTATOYHO M OCOOEHHO 3TO KacaeTcs
KayecCcTBa BOJbI, BOMHBIX 9KOCUCTEM M rpyHTOBLIX BOJI, BKJIIO4asa
COIMAJILHO-9KOHOMHUYECKIE  aClIEKThI  OTHUX  IOCJENCTBUI.
HakoHe1, nMmerolyecs: cpejicTBa Jijisi O0JIeryeHus IpoBeieHUsI
KOMINICKCHBIX OLCHOK BapI/IaHTOB aganrTamgyuu v CMATr4YCHUA
TIOCJIC/ICTBUN JIJIS1 PA3HBIX BOJIO3aBUCHMBIX CEKTOPOB SIBJISIFOTCS
HepocTaToYHbIME. [Pazpen 8]
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Paspen 1

BBepeHue k AOKYMEHTY NO N3AMeHeHUIo KnnMmaTta U BOAHbIM pecypcam

1.1 CnpaBoy4Has nHdopmaumsa

Uness o moproroBke crermanbHOn mnyomukammn MIDUK,
MOCBAIIECHHON BOJHBIM pecypcaM W W3MEHEHHWIO KIMMaTa,
BOCXOOUT K peBsaTHanguaTon ceccun MI'DUK, cocrosiBieicst
B 2Kenese B anpesne 2002 r, korga CekperapuaTt BecemupHoi
KimMatudeckoin mporpammbl  — Bopa (BKII-Boga) wu
MesknyHapOHBIH PYKOBONSIINI KoMuUTeT [lmanora mo Boje
u kimMmaTty obpatmiuck K MI'OHMK ¢ mpock60it 0 moAroToBKe
CrienmanibHOTO JIOKJIafja MO TpoOjemMaM BOABI W KJIMMAaTa.
KoHcynpTaTHBHOE CcOBEIaHHE IO TpoOJIeMe W3MEHEHUS
KJIIMaTa U BOJHBIX PECYPCOB, cocTosiBIIeecs B 2KeHeBe B HOsIOpe
2002 r, mpunuIo K 3aKJIIOYEHUIO O TOM, UYTO BBINYCK TaKOrO
pokiana B 2005 r. wnum 2006 1. OyeT uMeTh MaJlo MOJb3bl, TaK
CKOPO KaK JIOJDKEH ObIT MOSBATHCS YeTBEPTHIN IOKITAT 00 OlleHKE
(1O4), moAroToBKYy KOTOPOTO IUIAHUPOBAJIOCH 3aBEPIIMTH
B 2007 r Bwmecro ChoemmaJabHOrO [OKJIaga COBEIIaHUE
PEKOMEHJIOBAJIO TOJATOTOBUTH TeXHUMUECKUWl JIOKYMEHT IO
HM3MEHEHHIO KJIMMaTa U BOJHBIM pecypcam, KOTOPBIN B IEPBYIO
ouepenpb OyzeT ocHOBbIBaThCsl Ha [1O4, HO TakKe BKIIOYATH
MaTepual u3 npeabIaymux myommkanmii MITOMK.

Bropo Tpex Pa6ounx rpymm MIOUMK orobpamm aBTOpOB
B COCTaB MEXKIUCIMIUIMHAPHON TPYNNBI TakuM 00pas3oMm,
YTOOBI 00ECEeYUTh PErHMOHATILHBIN W TeMaTHYeCKUil OayiaHc
7n 9TOOBI OBIIM TPEJCTABICHBI PA3IIMIHbIE COOTBETCTBYIOIINE
IUCOMIUIMHBL. B mopgroroBke sroro TexHMUeckoro JOKyMeHTa
7 B CBS3aHHOM C HHUM IIPOIIECCE PEIEH3MPOBAHMS yIacTBOBAIIN
yuapeskniennss Opranmszanyn  O6benunenubix Hamumit (OOH),
HenpasuTenbcTBeHHble opranmsanuu (HITO) u npepcraBurtenn
COOTBETCTBYIOIMX ~ 3aMHTEPECOBAHHBIX CTOPOH,  BKIIIOYAs
YaCTHBII CEKTOP.

B cootBercTBUM C¢ pykoBopsiumMu npuHuunamu MIDHK

TEeXHUYECKHE JOKYMEHTHI JOJKHBI OCHOBBIBATHCS Ha!

(a) Tekcre [TokianoB 06 oneHKax 1 ClelnuaabHbIX TOKIIAI0B
MI'DUK u Ha MaTepuaje U3 HUTHPYEMbIX UCCIEOBAHUI,
Ha KOTOpBIE 3THU JOKJIaJbl OMUPAIOTCS;

(b) COOTBETCTBYIOIIMX MOJACISAX C WX JONYLICHHSMA |
CliEHapusX, 0a3UPYIOIIUXC HA COIMAbHO-9KOHOMIYECKUX
IPEATONIOXKEHNSX, HMCHOIB30BAaHHBIX B O3TUX MOKJIAfax
MI'OUK B KavecTBE UCXORHON MH(OPMAIHIH.

B nannoM TexHmueckoM JOKYMEHTE YKa3aHHbIE PYKOBOJSIIHE

MIPUHIUIBI COOTIOICHBL.

1.2 Cdpepa oxBaTa

B TexHuueckoM [JOKYMEHTE pPaccMaTpUBAIOTCS TOJBKO
po6iIeMbl IpecHol Bojibl. [TpoGiieMa MOBBIIICHNST YPOBHST MOPSI
paccMaTpHBaEeTCs JIMIIb B CUITY TOTO, YTO OHO MOKET IIPUBECTH
K TIOCIIEICTBUSIM JIJISI PECYPCOB NPECHOH BOJbI B IPUOPESKHBIX
paiioHax; HampuUMep 3acCOJICHHUI0 TPYHTOBBIX Boa. C ydeToMm
TEMbI, KOTOpasi HAXOANTCS B IEHTPEe BHUMAHUS B JIATEpaType,
B JIOKyMEHTE pedb HJIeT B OCHOBHOM 00 M3MEHEHMH KiMMaTa
Ha npotsekeHun X XI Beka, OflHaKO NP 3TOM IPU3HAETCS, YTO
TaxKe eciii KOHIICHTPAIM NMapHUKOBBIX T'a30B B aTMocdepe
CTaOMIN3UPYIOTCS, TTOTEMJICHAUE W TOBBIIICHAE YPOBHS MODS
OyayT npooiKaThes B Tedenue cronerui. [PTL, PIT]

BaxkHocTh  mpecHOR  BOABI ISl CHCTEMbl  HAILETo
KU3HEOOEeCIeYeHUSI IIUPOKO IpU3HAHA, KaK 9TO MOXHO SICHO
BUJIETh U3 MEXJIYHAPOJHOTO KOHTeKcTa (Hampumep, [ToBectka
nHs Ha XXI Bek, Becemupabie (popyMbl IO BOAHBIM IIpOGIEMaM,
OneHka 3KoOcUCTEM Ha Iopore ThicsiueneTuss U Jlokiagn
O pa3sBUTUM MHUPOBBIX BOAHBIX pecypcoB). IlpecHas Bopa
HeoOxofuMa fiysl BcexX (PopM XKHU3HHU M TpeOyeTcsl B OOJIBIINX
KOJIMYECTBAX IMMOYTH [JId BCEX BUIOB ACATCIBHOCTU YCJIOBCKA.
KnmMat, mpecHas Bopa, Onogusndyeckne U COLUAIBHO-
9KOHOMHYCCKUEC CUCTCMbI KOMIIIICKCHBIM O6p330M CBA3aHbI
Mexny coboit. [ToaTomy, n3MeHeHre B 10001 U3 3TUX CUCTEM
MOKET BbI3BaTh H3MEHEHHE B [pYyroil. AHTPONOTeHHOE
U3MEHEHHE KIIMMaTa CO3[1aeT OOIblINEe [ONOJHUTENIbHbIE
3aTpYJHEHHUs Uil CTPaH, KOTOpbIE YXKE CTalIKUBAIOTCS C
Ipo0JIEMOIl YCTOMYMBOTO HMCIOJIb30BaHUsI PECYPCOB NIPECHOM
Bofpl. C mpecHOl BOROWM CBA3aHBI CIEAYIOUIME IMPOOIEMBI:
u30bITOK BOJbI, HEIOCTATOK BOABI U YPE3MEPHOE €€
3arps3Henue. Kaxpas u3 aTux mpo6ieM MOXKET 000CTPHUTHCA
nojg BO3HeﬁCTBHeM U3MCHCHUA KIMMara. cDHKTOpI:.I, CBsI3aHHBIC
C IPECHON BOJOMH, UIPAIOT OCHOBOIOJIATAIONIYIO POJIb CPEeAn
KIIIOYEBBIX PETrMOHAJIBHBIX M CEKTOpPAJIbHBIX q)aKTOpOB
YA3BUMOCTHU. Takum 06pa30M, B3aUMOCBA3b MEXKNYy U3MCHCHUEM
KJIUMaTa M PecypcaMi IPECHON BOJbl BbI3bIBAET OCOOYIO
03a60YEHHOCTh 1 HHTEPEC.

Jo cux nop npoGieMsl BOIHBIX PECYPCOB HE PacCMaTPUBAIINCh
HaJIexXxalnuM o0pa3oM IIpY aHAJIM3€ M3MEHEHHs KinMmaTa |
popMyINpPOBAHAN HOJIUTHKY B OOJIACTH KIMMAaTa. AHAJIIOTHYIHO,
B OONBIIMHCTBE CIyyaeB MNPOOJIeMbl H3MEHEHMs KiuMaTa
HEe paccMaTpUBAJNCh HajulexaliuM oOpa3oM MHpH aHaju3e
BOJHBIX PECYpPCOB, YIpaBICHHM HUMHU U (POPMYJIUPOBAHNN
COOTBETCTBYIOIIEH NOINTHKA. [10 MHEHHIO MHOTHX 9KCIIEPTOB,
BOAa, OOECIEYEHHOCTh BOAON M KadecTBO BOABI OYAyT
OCHOBHBIMH 3aTPy[HEHMSMH M 3afadyaMi Il OOIecTBa B
YCIOBUSIX M3MEHEHHMSI KJIMMaTa; CIeoBaTeIbHO, HEOOXOUMO
yJIy4IlIaTh Hallle IOHUMaHUE CBSI3aHHBIX C 9TUM MPOOIIEM.

Bapaun HACTOSIIETO Texandaeckoro JTOKYMEHTA,
ccopmynuposannbie B fokyMente MI'OUMK IPCC-XXI/Doc.
9%, mpejicTaBIeHbl B 00OOIEHHOM BUJie HUXKE!

®  yIyYIIaTh MOHNMAHHUE B3aMMOCBSI3€H MEXJY €CTECTBEHHBIM
7 BBI3BAHHBIM JICSITEJIBHOCTHIO YEJIOBEKa HM3MEHEHHEM
KIIIMAaTa, €ro MOCIIE/ICTBUSIMY ¥ BapHaHTaAMHI afalTaliy 1
CMSITYEHMSI TIOCIIE/ICTBHI, C OJHOH CTOPOHBL, ¥ IPOOIIEMaMH,
CBSI3aHHBIMU C BOJHBIMHI PECYPCAMH, C APYTON CTOPOHBI;

e  pH(OPMUPOBATH JIMI, ONPEACISIIOIMX IONUTHKY, U
3aMHTEPECOBAHHbIE CTOPOHBI O MOCJEACTBUSIX M3MEHCHUS
KIIIMaTa M BapHaHTax pearupoBaHMs Ha W3MEHCHUE
KJIIMaTa JUIsl BOTHBIX PECYpCOB, a TaKKe O ITOCIEICTBHISIX
JTIST BOJHBIX PECYPCOB PA3jIMYHbIX CLCHAPHEB M3MEHEHUSI
KJIIMaTa 1 BapHAaHTOB PEarnpoBaHys HA N3MEHEHNE KIIMMara,
BKJIIOYAs! CBS3aHHBIE C 9THUM CHHEPTU3M 1 KOMITIPOMICCBL.

Cdepa oxBaTa Hacrosiero TeXHUYECKOro [IOKyMeHTa,
onpenienenHasi B pokymente MIOUMK [PCC-XXI/Doc. 9,
BKJTIOYACT OIEHKY MOCJECTBUI W3MEHEHWs KimMaTa s
TUAPOIIOTHIECKAX TPOIIECCOB M PEKMMOB, a TaKXKe I PECypcoB
IPECHON BOJBI — NX HAJINYMUS, KAUECTBA, BUIOB MCIOIb30BAHUS
U ynpasjeHust uMi. B TeXHIuecKoM JOKYMEHTE NMPUHSTHI BO
BHUMAaHUE TEKYIIUE W MPOTHO3MPYEMbIe KIFOUeBbIe (haKTOPbI
PETHOHATIEHON YSI3BUMOCTH M TIEPCICKTUBBI IS afalTalliu.

¢ ‘Scoping Paper for a possible Technical Paper on Climate Change and Water. Fimeercst o afpecy: http://www.ipcc.ch/meetings/session21.htm.
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Paspgen 1

TexHiuecKknil TOKYMEHT NpefiHa3HAYeH B NIEPBYIO OUepe/b ISl JINII,
OMPENIEIISIFOIMX MONUTHKY, KOTOPbIE BOBJICUEHBI BO BCe cepbl,
Kacarolyecs! YIPaBJIeHUsI peCcypcamMu IPECHOM BOJIbI, N3MEHEHHMS
KIIMMAaTa, CTPATErMYEeCKhX WCCIICOBAHMN, TEPPHUTOPUAIBHOTO
IUTAaHAPOBAHNS 1 COLMATBLHO-9KOHOMIUYECKOTO pasBuTHs. B To ke
BpeMsi OH NpejIHa3HAYEH TAKKe U JUIsl HAyIHOH OOIIECTBEHHOCTH,
paboTaoeil mo mNpoOneMaTUKe WCCIEOBAaHUSI M3MEHEHUs
KJIMMaTa ¥ BOJHBIX PECYpPCOB, U Golice HIMPOKON ayAUTOPHH,
Bkiovast HITO u cpenicrBa MaccoBoit nH(popManym.

ITockonbKky Marepmanl 1Mo TpoOJeMe BOJHBIX PECYPCOB U
U3MEHEHMs KJIMMaTa pa3opocaH 1o BceM pasfiesaM YeTsepToro
noknaga o6 ouenke m O6o6menHoro goknaga MI'DUK, to
TI0JIE3HO UMETh KOMITAKTHYIO U BCEOOBEMITIONIYIO MMyOINKAIHIO,
CKOHIIEHTPHPOBaHHYIO Ha 3TOI TeMe. [To Mepe Heo6xonnMOoCTH
B TeXHMYecKOM JIOKYMEHTe TaKxKe IIPHBOMSTCS CCHUIKHA Ha
TIPENIBIAYIINE AOKIaAbl 00 OIEHKE M CHEeIHAIbHBIE TOKIIANbI
MI'DUK. [lomomHWTENBHBIE MPEUMYIECTBA  HACTOSIIETO
Texamueckoro TOKYMC€HTA COCTOSAT B TOM, YTO COOTBETCTBYIOLIUE
MaTepuajbl B HEM KIIACCH(HIMPOBAHBI, PACIIOJIOKEHbI B
MOpsiIKe IPHOPUTETHOCTH, 0GOOIIEHBI M HHTEPIIPETUPOBAHBI.

Tekcr B HacrosimeM TeXHMYECKOM JOKyMEHTE CTPOro
COOTBETCTBYET TEKCTYy MCXOAHbIX nokiagoB MIDUK. On
oTpaxkaeT cOaJaHCUPOBAaHHOCTb U OOBEKTUBHOCTb OTHX

TOKJIAJIOB, @ TaM, Ifie TEKCT OTIMYaeTcsl, MpecienyeTcs Lenb

HOfiiep>KaTh W/WIN MOSCHUTH Jlallee 3aKIIIOUEHHUs, ClleIaHHbIe

B fokiafax. Kaxkaplil OCHOBHOI NMYHKT COAEPXKHT CChUIKY Ha

noknag MI'OUK. VMicToyHMK NPUBOAUTCA B KBAJpaTHbIX CKOOKaX,

KaK MpaBWIIO, B KOHIE IyHKTA (3a MCKIIOUCHHEM CIIydyaes,

KOI7Ia 4acT! IyHKTa UMEIOT B KAUeCTBE NCTOUYHNKA HECKOJIBKO

nokymeHTOoB MI'OMK, B TakoM ciydae COOTBETCTBYIOIIMH

ucrounnk MI'DMK yka3biBaeTcsi TOCIE COOTBETCTBYIOINIEH
cTpok). VIcHOoNb3yIoTCs CeyoLue YCIOBHbIC 0003HAYCHHSL.

e YerseprsIil fokiaj 06 orenke (JIO4) sisnsieTcst HauGosee
yacro muTupyemon myomukanmeit MITOUK, n ccpimka Ha
HEro MOXET ObITh flaHa, HAPHMEP, B CIEAYIOIIEM BHIE
[PTI, 3.5], uro o3nauaer [JO4, Pabouast rpymma II, gacts 3,
paspgen 3.5. Cm. MI'OUK (2007a, b, ¢, d).

e  Ecnu maTtepuan B34T u3 Apyrux ucrouHunkos MI'OUK,
ucnonb3ytores ciaepyromue cokpanienus: TO (Tperuit
nokian 06 onenkax: MI'OUK, 2001 r, a, b, ¢); CATINKP
(CrenuabHBIA JOKJIAl O IIOCTEACTBUAX W3MCHEHUS
KJIUMaTa JUisi PerMoHOB: YOTCOH u jp., 1997 r), CI-
3N3JIX (CnenumanbHbIl TOKJIAJ MO 3€MIICTOIB30BAHUIO,
U3MEHEHUSIM B 3€MIICTIONIb30BAHUN U JIECHOMY XO3SIIICTBY:
MKBHUK, 2000 r), CICB (CrenuaibHblil JOKIaJ O
cueHapusix BblOpocoB: Hakuuyenosuu u Cyapt, 2000
r); UKB (Technical Paper V — Climate Change and
Biodiversity) (Texamdecknil fokymenT V — M3MeHeHne
KnuMata u GmopasHooOpasme): Gitay et al., 2002) u
COYXY (CnenuanpHbI JOKJIAn OO0 YJIABIMBAHUU U
XpaHeHUW JIByOKHCH yriepopa: Meri u ap., 2005 r).
Takum o6pazom [PTIL, THO, 5.8.3] o3navaer PaGouas
rpymma 11, TpeTtnit okman o6 oneHkax, pasmen 5.8.3.

e  JIONOJHUTENBHO YNOTPEONSIOTCS CIEAYIOME COKPALECHUS
ncrounnkos: P (Pestome), PIT (Pe3rome jyist OJIUTHKOB),
TP (Texauueckoe pestome) u O] (OGOOIICHHbII TOKIIAT),
n Bce oHM oTHOCsTCS K [104, ecim He yKa3aHo UHOE.

CcpLIKn Ha OpUTHUHAJIBHBIC NCTOYHUKUN ()KypHaJII)I,
KHUTH U OT‘{eT])I) NPUBOJLATCA MOCIE COOTBETCTBYIOLIETO
MMpEeNIOKEHUS B KPYTJIBIX CKOOKax.

1.3 KoHTekcT TexHU4eckoro AOKyMeHTa:

counanbHO-3KOHOMU4YeckKkue n
JKoJsiorn4eckue ycrnoBus

B macrosiiem  TeXHMYECKOM — JIOKYMEHTE  UCCIETYIOTCS
B3aUMOCBSI3M ME3KJy W3MEHEHHEM KIMMaTa M pecypcamu
NpecHON BOfbI, omucaHHble B Jlokmagax o0 OleHKe U
Cremmansaeix oknagax MIOMK. 3Tn B3amMOCBSI31 CYIIECTBYIOT
HE M30JIMPOBAaHHO, @ B KOHTEKCTE M BO B3aMMOJICHCTBUH C
COIMATTBHO-9KOHOMIYECKUMI U JKOJOTMISCKAME YCIIOBUSIMIL
B nmaHHOM pasjesie OMUCAHbI OCHOBHBbIE OCOOEHHOCTH 3THUX
YCJIOBHI KaK HaOJIOJlaeMble, TaK U MPOTHO3UPYEMbIE, B UX CBSI3U
C TIPECHOM BOJION.

Ha pecypchl mpecHOM BOfbl BO BCeX MaciuTabax, BKIIOUast
III00AJIBHBIN, OKA3bIBAIOT BIMSIHMM MHOTHE HEKJIMMAaTHYECKUE
dakTopsl (OOH, 2003 ). Oco6o BaskHOE BIMSIHAE HA BOJHBIC
pecypchl ¢ TOYKHM 3pCHHS] KaK KaudecTBa, TaK M KOJIMYECTBa,
OKa3bIBACT JICATEILHOCTh YeNIOBEKa, BKITIOUAs CEIIBCKOE XO3SHCTBO,
V3MEHEHNS B 3¢MIIETIONB30BAHAH, CTPOUTENIBCTBO BOJJOXPAHKIIALL 1
pEryaupoBaHre MX pabOThI, BEIOPOCHI 3aTrps3HSIIONIAX BEILECTB,
00paGoTKy BOJIbI M OYKCTKY CTOYHBIX BOJ. BopononbzoBanue
CBSI3aHO, B MEPBYIO OuYepelb C M3MEHCHUSMH YHCICHHOCTH
HACEJIeHNs], IOTPEOJICHHEM ITIPOIOBOJILCTBUSL (BKITIOYUAs THIIBI
NAIIEBOTO PAIfiOHa), SKOHOMHYECKON ITOJIMTUKON (BKITIOYAst
yCTAHOBJICHHE IIEHbI HAa BOJY), TEXHOJIOTUEN, O0pa3oM KU3HU'
U MHEHHEM OOILECTBAa O LEHHOCTH MPECHOBOJHBIX 3KOCHUCTEM.
JI7st OlEHKM B3aMMOCBSI3M MEKJY WM3MEHEHHMEM KIimMara ¥
pecypcamil IPecHON BOJIbI, HEOOXOMMO PaccMOTPETh BOIPOC O
TOM, KaK Ha Pecypchbl MPECHON BOJIbI BIMSUIA M OYAYT BIMSTh 9TH
HekimMatndeckue daktopsl. [PT1L,3.3.2]

1.3.1 Habnropgaemblie nuameHeHuUs

Ilpu omenkax B THOOaNTBHOM MacmTabe OacceiHbI
KJIacCU(PUIMPYIOTCSl KaK MOJBEPTaIOIINecs: BOTHOMY cTpeccy®,
ecnu 1100 00eceYeHHOCTh BOJIOi Ha AYIIY HAaCEJICHHUS B 9TUX
Gaccertnax Hmke 1000 M® B TOjf (Ha OCHOBE JIOJITOCPOYHBIX
MoKasareJyieil CPeJHEr0JIOBOr0 CTOKa), JINOO COOTHOIIEHHE
3a6opa BOABI K OOBEMY MOITOCPOYHOTO CPETHETOOBOTO
croka Bbiue 0,4. Konuuecrso Bousl MeHee 1000 m® BombI
Ha AyIIy HACEJICHUS B TOJ — 3TO, KaK MPABIIO, OOIBIIE, YeM
TpebyeTcs i1 KOMMYHAJIbHO-OBITOBOTO, IPOMBIIITICHHOTO 1
CeJIbCKOXO3SICTBEHHOTO HCIIONIL30BaHMs. Takue OacceilHbl,
XapaKTepU3yeMble BOTHBIM CTPECCOM, HAXOMISITCS B CEBEPHOM
yactu Adpuku, B CpepuzeMHoMopske, Ha CpepHeM 1 Bikaem
Bocroke, B roxHOW dactm A3sum, ceBepHOul dactm Kwuras,
Azscrpammu, CIIA, Mekcnke, ceBepO-BOCTOYHON YacTH
Bpasunun un Ha 3anmagHoM nobGepexbe lOkHOH AMepuku
(puc. 1.1). TTo oreHKaM, YMCIEHHOCTh HACEJICHHUS, SKUBYIIIETO
B 3THX OacceliHax, Bappupyetcs oT 1,4 1o 2,1 mupy uyenoBex.
(Vorosmarty et al., 2000; Alcamo et al., 2003a, b; Oki et al.,
2003; Arnell, 2004). [PT1I, 3.2]

B JaHHOM KOHTEKCTE UMEECTCs BBUNTY ITOSIBJIEHUE OBITOBBIX HpI/IGOpOB, UCIIOJIB3YIOUIUX BOY, TAKUX KaK NOCYTOMOCYHBIE U CTUPAJIbHBIE

MalllMHbI, MAIIIMHBI [JId IIOJIMBKU 'a30HOB U T.[I.

8 BOJIHbeI CTPECC - 3TO IOHATHUE, UCITOJIB3YEMOE JIJIsI ONTUCAHUS IIOABEP2KEHHOCTI JIIOHefI PUCKY HEXBATKU BOJbI.
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Mpobnemsl co
300pOBbEM B VIHAM
13-3a NPUCYTCTBUS
B FPYHTOBbIX BOAAX
MbiLLbsika 1 pTopa

Karactpodumueckue
HaBOLHEHUs B
Barnagew (B 1998 r.
3atonneHo bonee
70% TeppuTopum
CTpaHbl)

Yuwep6 BogHbIM
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YBEMUYEHUS CONEHOCTH B

MokasaTenb BOAHOro CTpeccar: COOTHOLLEHWe 3abop/Hannyve
cTpecc
orcyTeTeyeT

CTPECC HU3KOW  CTPECC CpefHeil CTPECC BbICOKOI CTPECC O4eHb BLICOKON
VHTEHCMBHOCTM UHTEHCUBHOCTU WHTEHCMBHOCTU WMHTEHCMBHOCTI

0 0.1 0.2 0.4 0.8

CTPECC OTCYTCTBYET/CTPECC HUBKOI MHTEHCUBHOCT
1 obecrne4yeHHOCTb BOAOM Ha AyLLY HacerneHus
<1700m%roq

bacceitHe pek Mioppeit n
LapnuHr

3abop BoAbl: BOAA, UCMOMb30BAHHAS AN OPOLUEHUS,
KWBOTHOBOACTBA, KOMMYHAIIbHO-GbITOBBIX W MPOMBILLTEHHbIX
Lenei (2000 r.)

ObecneyeHHOCTb BOAOW: cpeaHerogoBas obecnevyeHHoCTb
BOOW Ha OCHOBE AaHHbIX 3a 30-neTHui nepuog 1961 - 1990 rr.

Puc. 1.1: IIpumepwvt ce200HAMUMNEN YAIBUMOCLL PECYPCO8 NPECHOU 600bl U YNPABACHUS UMU; HA 3AOHEM NAAHE NOKA3AHA
Kapma 600H020 cmpecca, cocmagaennasn Ha ochose WaterGAP (Alcamo et al, 2003a). Cmompu mekcm 041 ONUCAHUA CBA3U C

uamerneruem kaumama. [PI'TI, puc. 3.2]

Hcnonb3oBanne BOJbI, B YACTHOCTH ISl OPOIISHMS, KaK MPaBHIIO,
YBEJIMYMBACTCSI C POCTOM TEMIIEPaTypbl U YMEHBIACTCS NPH
BBINIAJICHAN OCAJIKOB; OJHAKO JaHHbIC, HEOOXONUMBIC ISt
OIIpEfIeIICHNSI CBSI3aHHOTO C KIIMMATOM JIOJIFOCPOYHOTO TPEHAA
HCIIONIB30BAHUS BOJIbI B TPOIIIOM, OTCYTCTBYIOT. DTO YaCTHYHO
OOBSICHAETCSL TEeM, 4YTO, B OCHOBHOM, BOJONOJIb30BaHUE
00yclaBIMBaeTCs HEKIMMATHIECKUMHU (haKTOpaMH, a TaKKe
HU3KAM Ka4yeCTBOM JIaHHBIX O BOJIOTIOJIb30BAHMH B IIEJIOM, 1
BPEMEHHBIX PSIJIOB IaHHbIX, B yacTHOCcTH. [PT 11,3.2]

OO0ecrieueHHOCTh BOJIOH 3a CYET IIOBEPXHOCTHBIX BOJ H
HErIIyOOKO 3a/leraloIiuX IPYHTOBBIX BOJ 3aBUCUT OT CE30HHbBIX
KOJIeOaHWI ¥ MEKTOfJOBOI N3MEHUNBOCTH CTOKa, a HafIeSKHOEe
BOJIOCHAOKEHNE OIpEMENSeTCS Ce30HHBIME 00beMaMII HA3KOTO
croka. B 6acceiiHax ¢ mpeo6IafalomM CHESKHBIM ITHTaHIEM
0oJiee BBICOKME TEMIIEPATYPhbl BEAYT K YMEHBUIECHHIO CTOKa
U, TaKUM 00pa30M, K COKPAIIECHUIO BOJOCHAOXKEHUS JIETOM.
(Bapuert u ip., 2005 ). [PT1I,3.2]

B paitonax, mopBep>KeHHBIX BOJHOMY CTpecCy, JIOAH ¢
9KOCHCTEMbI OCOOCHHO YS3BIMBI K YMEHBIIICHAIO KOINIECTBA
n GOJIbIIEH M3MEHUYMBOCTU OCAJKOB BCIIEACTBUE M3MEHEHUS
knumata. [Ipumepsl IpuBeieHbI B pa3fiese S.

B GoiblIMHCTBE CTpaH, 3a HCKIIIOUCHHEM  HECKOJBKHX
IPOMBIIIUICHHO Pa3BHTBIX TOCYHAPCTB, B MOCICAHHE JICCSTHICTIS
MCTIONTh30BAHMC BOJ[BI YBENITIIOCH B CBSI3M C IEMOrPa(pIIecKiM
1 OSKOHOMHMYECKUM POCTOM, U3MEHCHUSMHU B 06p336 2KN3HU
U pacIlpeHHEM CUCTEM BOJOCHAOXKEHUs, IIPU 3TOM CaMOU

BaKHOH TIPUYMHON 3TOTO YBEJIMUYEHHs, OE3yCIIOBHO, SIBIISIETCS
UCIIOJTb30BaHNe BOMbI A7IsI opornenus. Ha oporrieHne npuxogmTest
okoio 70 % oob1ero 3adopa Bojibl BO BceM mupe u 6osee 90%
KOJIMYECTBA BOJIbI, TTOTPEOISIEMOro Oe3B03BPATHO (T.e. KOJIMIeCcTBa
BOJIbI, KOTOPOE HE MOKET OBbITh MOBTOPHO HCHOIB30BAHO HITKE IO
teuennio). [PI'l], 3.2]. 3a cueT opomenus BbipabarbiBaetcst 40%
OT 00Iero o0’beMa CelIbCKOXO3SMCTBEHHO! TpofyKimy. (Puiirep
u p., 2006 1). C 1960-x Tof0B IIOIIa/lh OPOIIAEMbIX 3eMETh BO
BCEM MHpE YBEINUMBAJIACH JIMHENHO MPUONIU3UTEIRHO Ha 2% 6
200, a umeHHO co 140 myn ra B 1961-1963 rr. mo 270 muH ra B 1997-
1999 rr, u ceropHs 3aHMMaeT okoJo 18% Bcex oOpabaThIBaeMbIX
3emednsb (Bruinsma, 2003).

HecMoTpst Ha TO, UTO TIOKa3aTel W3MEHEHUS YNCICHHOCTH
HACEJICHNSI B pErmoOHaX 3HAUATCIBHO OTINYAIOTCS OT
rio6GanbHOTO MOKa3aTeNsl, TEMITbI pOCcTa BCErO HACENEHUS YKe
3aMefIIIoTCs. Vicmonb30BaHue BOAbI B TJIOOAIBHOM MaciiTade
BEPOSITHO YBEJIMYMBAETCS M3-32 9KOHOMHUYECKOTO pocTa B
Ppa3BUBAOIINXCS CTpaHaX, HO HaJIeKHbIE TAHHBIC O TOKAa3aTele
aroro ysesmuenust orcyrcTBytot. [PI1L,3.2,5.3]

KauecTBO MOBEpXHOCTHBIX ¥ TPYHTOBBIX BOJ B II€JIOM CHI3MIIOCH
B IIOCICHUE JECATHICTHS IJIaBHBIM OOpa3oM mH3-3a pocTa
CEJILCKOXO3SIIICTBEHHOI 1 mpoMbIiuieHHoN festerabHoctn (OOH,
2006 ). YTOGBI CIIPABUThCS C ITOM MPOOIEMOM, MHOTHE CTPAHBI
(nanpumep, EBponeiickuit Coro3 u Kaunapa) paspaboranu uiu
BBEJIM B JICHCTBHE HOPMATHBHBIC TPEOOBAHMSI B OTHOIICHHUN
CTOYHBIX BOJ U PEKOHCTPYHPOBAIN BOFOOUYNCTHBIE COOPYKEHUS
(FEO-3,2003 ). [PI'II,3.3.2, Tabm. 8.1]
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Paspgen 1

OKOHOMUYECKUI aKLIEHT

CroxxeTHasi nuHus A2

Mwup: audepeHumMpoBaHHbIN
OKOHOMMKE: PEerMoHarnsHo
OpVEHTUPOBaHHAS;

cambli MeSIEHHbIN POCT Ha
Ayuly HaceneHus

CroxxeTHasi nuHua A1

Mup: OpreHTMPOBaHHbI Ha
PbIHOK

OKOHOMMKA: CaMblil BbICTPbIN
POCT Ha AyLlly HaceneHus

Hacenenwue: nuk B 2050 r.,

sarem cnan HaceneHue: NOCTOsIHHO

yBenn4neaeTcs

YnpaeneHwe:
camoobecneyeHue ¢

COXpaHeHWeM MeCTHOM
caMobbITHOCTH

YHgaBneHme: CUINbHbIE
perMoHarnbHble B3aMMOOENCTBIS;

cbnmxeHve 4OXo40B

TexHonorus: TpW rpynnbl
cueHapues:

¢ A1FI: 3HaunTenbHas oons
McKonaemoro Tonnmea

TexHororvs: camoe
MeaneHHoe n Hanbonee
dparmeHTapHoe pasButue

* A1T: Heuckonaemble
NCTOYHUKM SHEeprum

* A1B: paBHOBecne mexay
BCEMM UCTOYHUKaMMU

CroxeTHast nuHus B1 CroxeTHasi nuHusa B2

PernoHanbHbI akueHT

Mwp: KOHBEPreHTHbIV Mup: nokanbHble peleHns

Imob6arnbHas uHTerpaums

OKOHOMUKA: OCHOBaHa Ha OKOHOMMKA: MPOMEXYTOUHbIN
npefocTaBneHnn ycnyr un poct
nHdpopmaumu; 6onee

V H HUWE: NOCTOSAHH
MeafeHHbIN pocT,, yem B A1 fiaceneHie. nocro °

yBenn4neaeTca,

HaceneHnue: Tak xe, kak B A1 HO MeaneHHee, yem B A2

YnpaeneHwe: rnobanbHble
peLueHunst npobnembl
obecneyeHns IKOHOMUYECKON,
coumarnbHON N 3KONOrM4eCcKomn
YCTOMYMBOCTUN

YnpaeneHue: MecTHble 1
pervoHarsbHble peLleHns
npo6nembl oxpaHbl
oKpyxatoLen
cpegbinvironmental
cpenbl 1 coumanbHom

TexHonorus: yuctas u cnpaBeanmMBocTy

pecypcocbeperatoLias
TexHonorus: 6onee GbicTpoe
pasBuTHe, Yem B A2;

MeHee bbIcTpoe, Gonee
pasHoobpasHoe, yem B A1/B1

OKOMOrMYecKnin akLeHT

Puc. 1.2: Kpamkue xapakmepucmuxu 4emblpex ClOMenHbLX
aunui C/ACB (Ha ocrnose Ooxkymenma Haxuwenosuua u
Cyapma, 2000 2.). [PI'l], puc. 2.5]

1.3.2 MpoeKkunn nsmeHeHnmn

1.3.2.1 Cnpasounasn unpopmayun odwezo

xapaxkmepa
B pamkax uetbipex croxetHbIx juanin CICB (CnenuanbHbIi
JOKJIa]T O crieHapusix BbiOpocos: Hakuuenosuy u Cyapr, 2000 r),
KOTOpbIe (POPMUPYIOT OCHOBY JJIs MHOTHX MWCCJIEJOBAHUMN
OPOEKIUIl W3MEHEHHWs KJmMaTa ¥ BOJHBIX pECypCOB,
paccMaTpuBaeTcs psifi BO3MOXKHBIX M3MEHCHUH YHCICHHOCTH
HacCeJIeHNs] 1 9KOHOMHMYECKOI aKTHBHOCTH Ha IPOTSIKEHUN
XXI Beka (cM. puc. 1.2).

Ilo cnenapmsM, KOTOpbIe MPEANONararoT, YTO B MHPOBOM
9KOHOMHUKE OyfeT MOMHHHMPOBATh TIJIOOajIbHasi TOPTOBIS
n oovenuHenns: (Al u Bl), oxmpaercsi, 9TO YUCICHHOCTD
HaCeJICHWs TUIaHEeThI BhIpAcTeT ¢ 6,0 MIIPI YEJIOBEK, KUBYIIUX
CerofHs, 0 MaKCAMAJBHOTO MOKa3aTells B 8,7 MIIPH YEIOBEK
B 2050 r, B TO BpeMs, KaK MO CICHAPUSIM, MPETIONara oM
MEHBIIYIO CTENeHb riiobanu3anuu u coTpyaandectsa (A2 u
B2), oxxkupaeTcst, YTO YNCIASHHOCTD HAcelleHHsl OyIeT pacTu 10
2100 ., u gocTUrHET K KOHIY crosieTusi 10,4 MipH yelloBeK
(B2) u 15 mupp genosek (A2). B nenom Bee cienapun CJCB
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MOKa3bIBAIOT OOLIECTBO C 60JIEE BLICOKOM YPOBHEM JIOXOJIOB,
YeM CerofiHsl, IpPU 3TOM COBOKYIHBIH MHUPOBOU BaJOBOM
HarmoHasnpHbIA nponykT (BHIT) Beipacrer k 2100 r. B 10-26
pas 1o CPpaBHEHUIO C CETOfIHSIIHUM YpoBHeM. Bee cuenapun
MPEANONAraloT COKpalleHNe pa3jMiiil B YPOBHE HOXOJOB
MEXy pa3sHbIMH PErHOHaMH, NMPH 3TOM TEXHOJOTusl OyAeT
TaKOIl e BaXKHO! JBMXKYIIEH CHIION, KaK U leMorpaduyeckue
u3MeHeHus u 9KoHoMuueckoe pazsurue. [CIICB, PIT]

1.3.2.2  Boowuste pecypcot

Oco0blil MHTEpEC YIS IIPOEKIHIl BOTHBIX PECYPCOB, C YIETOM
nnn 6e3 ydeTa M3MEHEHHs KJIMMaTa, BBI3BIBAIOT BO3MOXKHBIE
U3MEHEHUs] B CTPOWTEJIBCTBE M BBIBOIE M3 IKCIUIyaTallUH
IUIOTUH, WH(QPACTPYKTYpe BOJOCHAGXKEHMSI, OYKMCTKE ¥
TIOBTOPHOM ~ WCIIOJIb30BAaHUM  CTOYHBIX BOJI, OIPECHEHMH,
BbIOpOCAX 3arps3HSIOMIMX BEIIECTB ¥ 3EMJICTIONB30BAHMM,
0coOeHHO B oOsacTu opomeHns. He3zaBucnMo OT n3MeHEHUst
KJIIMaTa OKUAAETCs, 9YTO HOBbIE IUIOTHHBI OYIYT MOCTPOCHBI
B Pa3BUBAIOIIMXCS CTpaHaxX s BbIPAOOTKM THAPOIHEPTHH, a
TaK>Ke sl BOOCHAOKEHNMsI, HECMOTPSI Ha TO, YTO MX KOJIMYECTBO,
8epoamHo, OyfieT HeOONMbIIMM IO cpaBHEeHUIO ¢ 45 000 KpyIHbIX
IUIOTHH, KOTOPBIE CYHIECTBYIOT cerofHs. OfHaKO, OCIENCTBUS
BO3MOXKHOTO YBEJIMUEHNSI B OYIyIIIEM CIIpoca Ha THPOIHEPTHIO
He yuntbiBajuch (BcemmpHas xommcenst no mrotuHam, 2000
r; Scudder, 2005). B pa3BUTBIX CTpaHax YKCIO IUIOTUH 8€CbMd
6epPOAMHO OCTAHETCSI CTaOWIBbHBIM, a HEKOTOpbIE IUIOTHHBI
OyAyT BbIBEJICHBI 13 aKcIuTyaTanyy. C yBeImueHIeM BpeMEHHOH
N3MEHUYMBOCTH CTOKAa BCIEACTBAE W3MEHEHHMS KIMMaTa
yBEJIMUEHNE 3alacoB BOMbI, OOECIEUYMBACMBIX IIIOTHHAMH,
MOXKET OBITh IOJIE3HO, OCOOEHHO TaM, Ije 00beM TOJOBOro
CTOKa HE YMEHBIIUTCS 3HAUUTENIBHO. YUYeT IKOJOTHMYEeCKHX
TpeOOBaHUIl K PEryJUpOBAHUIO CTOKA MOXET MPUBECTH K
[bHENIIEMy M3MEHEHUIO peXkuMma paboThl BOIOXPaHWIIHIL
¢ TeM, YTOObI MOKHO ObIIO ObI OrpaHMYHUTH WCIOJTH30BaHMUE
YEeIIOBEKOM BOJIHBIX PECYPCOB. YCWIINS, HaNpaBJlCHHbIC Ha
moctickenne Lleneit B ob6macti pa3BuTHsI, C(DOPMYIMPOBAHHBIX
B exnapanyu teicstuenetust (M/IL cm. Ta6i1. 7), OIKHBI IPUBECTH
K YJYYIIEHHIO MCTOYHMKOB BOAbI M caHumTapuu. B Oymymem
MIOBTOPHOE HCIIONIb30BaHWE CTOYHBIX BOJ W OIPECHEHHE,
BO3MOXKHO, CTAaHYT BaYKHBIMU MCTOYHMKAMU BOJTOCHAOXKEHMS B
MOJTy3acylIUIMBBIX M 3aCylUIMBBIX paifoHax. OfHAaKO, IMEeTCst
P Hepas3pelleHHBIX TNpoOiieM, KacaroIIuXcsl IOCIIEfCTBHUH
UCIIONIB30BAHUST 3TUX HMCTOYHUKOB JUISI OKPYKAIOWIEH Cpefbl,
BKIIIOYast NpOOJIEMbI, CBSI3aHHbIE C BBICOKAM YPOBHEM
NOTpeGIIeHNsT HEPTUH ISl ONpecHeHus. B mepByro ouepensb
HEOOXOAMMO paccMaTpWBaTh APYrHe BapHaHTHI, TaKWe Kak
a(phekTHBHAS NONMUTHKA B OOJACTH YCTAHOBIICHMS IIEHBI Ha
BOAy ¥ CTPATEerHy 3KOHOMHYECKH 3(P(PEeKTUBHOIO YHPABICHUS
cripocoM Ha Hee. [PT'11,3.3.2,3.4.1,3.7]

B Oyaymem, Kak B pa3BUTHIX, TaK W B Pa3BUBAIOIIUXCS
CTpaHaX OXKHJAETCS YBEINYEHNE 00'beMa OUMCTKH CTOUHBIX
BOJ], HO cOpOC OMOTEHHBIX BEHIECTB, TSDKEIBIX METAJIOB U
OpPraHNYECKUX BEIIEeCTB U3 TOYCUHBIX HCTOYHUKOB, 86POAMHO,
YBEIIMYNUTCS. B pa3BUBAIOLUXCA CTpaHax. Kak B pa3BHUTHIX,
Tak W B Pa3BUBAIONIMXCS CTpaHaX BbIOPOC 3arpsi3HSIONINX
MHUKpPOOPraHU3MOB, (HAlpUMep, SHJOKPUHHBIX BEIECTB)
B TNOBEPXHOCTHbIE W TPYHTOBBIE BOABI MOXET YCHIINTHCH,
YUUTBIBasI, 9TO NPOU3BOACTBO M IOTpeOJCHNE XMMHUKATOB,
3a MCKIIOYCHNEM HECKOJIBKUX BBICOKOTOKCHYHBIX BEIIIECTB,
6€pOAMHO, YBEIWYNTCS. YJaJeHHue HEKOTOPBIX U3 ITUX
3arpsi3HUTes el He 00eCnednBaeTCs C IOMOIIBIO CEeTOfHSIIIHEN
TEXHOJIOTMM OYUCTKH CTOYHBIX BOJ. lI3MeHeHme KauecTBa
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BOZIbI MOKET OBITh BBI3BAHO BO3JCHCTBHEM IIOBBIIICHUS
YPOBHSI MOPsI Ha paboOThbI IO OTBOAY JIMBHEBBIX BOJ U cOpPOCY
CTOYHBIX BOJ| B IpUOpekHbIX panionax. [PI'11,3.2.2, 3.4.4]

PaccestHEbIE BRIOPOCHI OMOTEHHBIX BEIIECTB U NECTHIUIOB B
pe3yibTaTe CeNbCKOXO3SICTBEHHON JIESITENbHOCTH, 6€POAMHO,
OyAyT IO-TIPEKHEMY MMETh BaXKHOE 3HAYCHUE B Pa3BUTHIX
CTpaHax W, 6eCbMd 8ePOAMHO, YBEIINYATCS B PA3BUBAIOIINXCS
CTpaHax, cO3jiaBasi, TAKIM 00pa3oM, CEpPhE3HYI0 yrpo3y IS
kKadecTBa Bopbl. CormacHo derblpeM creHapusiM OIeHKH
akocucTeM Ha mopore Thicsiuenerust (2005a) (‘Global
orchestration”  (IloGanmpHOoe  B3ammopeiictBue), ‘Order
from strength’ (Ilopsnok Gmaromapst cuie), Adapting
mosaic’ (Apantupyromasics mo3anka) and “TechnoGarden’
(Texuollapk)), uCMONB30BaHWE Aa30THBIX YAOOpEHWHd B
riobansHoM Macmrade gocturaeT K 2050 © 110-140 muH T,
B cpaBHeHu# ¢ 90 MaH T B 2000 r. CorsacHo TpeM M3 9THX
cueHapueB K 2050 T. yBenmuuTCs HEPEHOC a30Ta B peKax, a Mo
cueHaputo ‘TechnoGarden’ oH cokpaTutcsi (Takke Kak H MO
cuenaputo Bl CIICB MI'OUK) (2005b). [PT'1I 3.3.2]

K umcny namboislee BaskHBIX ONPEEISIONAX  (PaKTOPOB
BOJIONIOTPEOIIEHNS] OTHOCSITCSI POCT YMCIICHHOCTH HAaCEeJICHUS
U OKOHOMUYECKOE pAa3BHUTHs, a TaKXe MEHSIOIIeecs
OOIIECTBEHHOE MHEHHE OTHOCHTENIBHO IIEHHOCTH BOJIBI.
IMocnennuit  pakTOp TNpeAINoNiaraeT, 4YTO MPEeANnoYTeHUue
oTAaeTcss NOTPeOIEHUIO BOMBI JUUISI KOMMYHAIIBHO-OBITOBBIX
7 TIPOMBIIIICHHBIX IeJiell, a He ee WCHOIb30BaHMIO JIJIst
OPOIIEHNS, M YTO BOJIa UCTOB3YyeTCsl 3(h(PEeKTUBHO, BKITIOUAS
pacipeHHoe MpUMEHEHHEe BOJOCOEepEeraoix TEXHOIOTUH 1
ycTaHOBIIEHHUE IIeHbI Ha BoAYy. [Io BceM YeThIpeM ClieHapHsIM
OneHKN 3KOCUCTEM Ha MOpOre ThICSYEIETHSI KOMMYHAJIbHO-
ObITOBOE BopionoTpeOieHne Ha ayuly HacejneHusi B 2050 ©
OyaeT mpuOIN3NTEIEHO OIMHAKOBBIM BO BCEX PETHOHAX MUPA
u cocraBut okojo 100 m*/rop, T.e. OygeT paBHO CpefHeMy
nokasateinto aiust EBponsl B 2000 & ( OueHka 3KocucTeM Ha

nopore Toicsiuenerust, 2005a). [PI'1I,3.3.2]

HOMI/IHI/IpyIOH_[I/IMI/I HECBsI3aHHBIMU C HU3MCHCHUEM KJiIMMaTa
¢pakTopamMu  OyAyIIero  WCIOJB30BAaHUSI  BOABI IS
OpOILICHUST SIBJISIFOTCS: pa3Mep OpoIIaeMON IIJIOUIAfH, BHJL
CEJIbCKOXO3SIFICTBEHHBIX KYJIBTYP, MHTEHCHBHOCTH 3€MIICTEIINS
7 3 HEKTUBHOCTh HUCIONB30BAHNS BOJBI JIJIs1 OpolieHus. B
coorBerctBur ¢ npoekuusivmu PAO (ITpopoBoiabCTBEHHAS 1
cenbckoxossiicrBenHast opranmsanus OOH), passusarommecs
CTpaHbl, Ha JIOJII0 KOTOPBIX NPUXOANUTCS 75% BceX OpolIaeMbIX
3eMeib, OYyAyT, 6epoAmHo, yBEINYMBATH IUIOIIAlb CBOMX
opomaemsbix 3eMenib Ha 0,6% B rop B nepuop o 2030 r, npu
3TOM 3a CUET MHTEHCHBHOCTH 3EMJIEAIENINSI Ha OPOIIAEMbIX
3eMIIX TTOKa3aTellb YPOXKaNHOCTH Bo3pacteT ¢ 1,27 mo 1,41

B rofi, a 3()(peKTUBHOCTh UCIONB30BAHNS BOABI JJIl OPOILICHUS
HOBBICHTCSI He3HauuTesnbHo (Bruinsma, 2003). OTu oneHkn
HE YYNTHIBAIO M3MEHEHHE KIINMaTa, Tak Kak OHO, II0 MHEHHIO
Bruinsma He OKaxKeT BIHMSHHUS Ha CEIIbCKOE XO3SIICTBO B
nepuoy Ao 2030 = B OCHOBHOM yBeJIMYEHHE OpPOIIAeMOMH
IUTOIIAi TIPOM3OUAIET B palloHaX, yXKe MOJBEPKEHHBIX
BOJTHOMY CTpecCy, TAKAX KaK IOXKHasl 4acTb A3HH, CeBepHas
yactb Kwuras, bumwkuuii Bocrok wu ceBepHasi 4acTb
Adpukn. OgHako, 0 BceM ueTblpeM cleHapueM OlLeHKH
9KOCHCTEM Ha MOpOTe THICSUEIETHS] TPEIIoNaraeTcs, 4To
oporraeMasl IUIOUIafb YBEJIWYUTCS HAMHOTO MEHBIIE, IPH
9TOM B riaoOanbHOM MacmTade mo 2050 r. mokasaTenpb ee
pacmmpenus coctaBuT Bcero 0-0,18% B rop. ITocre 2050 ©
mo BceM cueHapusiM, KpoMe ‘Global orchestration” (Tak ke
kak u 1o cueHaputo Al CJCB MI'DMK), npennonaraercs, 9To
pasMep OpolIaeMoil IIOMAAN CTaOWIN3NPYETCs], WM HEMHOTO
cokpaTtuTcs (OLeHKH 3KOCHCTEM Ha IIOpOre ThICSYeNeTHS,
2005a). B paMkax jipyroro McciefoBaHusl C UCIOJIb30BAHNEM
MIEPECMOTPEHHOTO CIIeHAapus HaceJeHusI A2 U HOITOCPOYHBIX
npoekuuit PAO MporHo3upyeTcs: yBeInUeHne B II100aIbHOM
MaciTade opornraemon miomanu 6osnee yem Ha 40% k 2080r,
IIPA 3TOM B OCHOBHOM 3TO KOCHETCS FOXKHOH 4acTdm A3ui,
Adpukn n JlaTnHCKOH AMEPHUKH, TAIe CPETHUIT POCT COCTABUT
0,4% B ropn. (®umep u ap.,2006 r). [PT1I, 3.3.2]

1.4 TInaH fOKyMeHTa

Hacrosimuit TexHHMYecKWil TOKYMEHT COCTOUT U3 BOCBMH
pasnenoB. Ilocie BBepgeHmst Kk Hemy (pasgen 1), cienyer
pasjed 2, KOTOpbI OCHOBAH IVIaBHBIM OOpa3oM Ha OIEHKax
Pa6oueit rpynmsl I 1 B KOTOpOM paccMaTpHBaIOTCsl HAyUHbIE
acleKThl M3MEHEHUsl KJMMara, Kak HabOJoaeMoro, Tak
U TIPOTHO3UPYEMOTO, B €r0 CBSI3M C TUAPOIOTMYECKIMH
nepeMeHHbIMA. Pasmen 3 ColepKuT obmuit 0630p
HaOJIIOlaeMbIX M MPOTHO3UPYEMbIX MOCIECTBUI U3MEHEHUS
KJIMMaTa, CBSI3aHHBIX C BOJHBIMU PECYpPCAMU, U BO3MOKHBIE
CTpaTerny  ajanTanud, Cc(OPMYJIMPOBAHHbIE  TIJIABHBIM
o6pa3om Ha ocHOBe oleHOK PaGouei rpymmer II. 3aTem B
pasnese 4 HofpoOHO paccMaTPHUBAIOTCSI CHCTEMBI M CEKTOPa,
a B pasjielie 5 aHAIM3UPYeTCs peTHOHaNbHbII mofxon. Paspen 6,
OCHOBaHHBIN Ha olneHKax PaGoueit rpymmsl III, oxBaThIBaeT
CBSI3aHHbIE C BOJHBIMH pECypcaMM acHeKThl CMSTYCHUS!
nocieicTBUil. B pasmene 7 paccMaTpHBaroTCS MOCIEACTBUS
M3MEHEHUs] KIIMMaTa JIJIs TOJINTHKY 1 YyCTONINBOTO Pa3BUTHS,
a 3aTeM ClIeflyeT MOCIeJHIA pa3fiel (pasfen 8), MOCBSMEeHHBIN
npobenaM B 3HAHUSAX U MPEIOKEHNSIM 10 AaNbHEHIeNn padboTe.
B TexHuueckoM [JOKYMEHTE UCIOJIb3YETCS CTaHJapTHas
TEPMUHOJIOTHS 110 HEONPEeJIEHHOCTH, yrnoTpebisiemMas B
YeTBepTOM fTOKIaje 00 oneHke (cM. Bcraky 1.1).
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BcrtaBka 1.1: HeonpegeneHHOCTM B COBPEMEHHbIX 3HAaHUAX: UX TPaKTOBKa B TeXHMYECKOM
pokymeHTte [O[1]

PykoBogsme ykazanuss MIT3VIK no oueHke HeonpeaeneHHOCTen® onpeaensitoT OCHOBY AJ1st TPAKTOBKW HEOMNPEAENEHHOCTEN B
OOKyMeHTax Bcex pabounx rpynn (PIN) n B HacTosiLem TeXHNYECKOM JOKYMEHTE. OTa OCHOBA HOCUT LUMPOKUIA XapaKkTep,
nockonbky PI™ oLeHMBalOT Matepuman no pasfnyHbIM QUCLMMIIMHAM M OXBaTbIBalOT pa3HoobpasHble Noaxoabl K TPaKTOBKE
HeonpeaeneHHOCTN, KOTOpblE MOXHO HaMTK B NUTepaType. XapakTep OaHHbIX, NoKa3aTenu u aHanuabl, NCNoNnb3yemble
B €CTECTBEHHbIX HayKax, Kak NpaBuUiio OTNMYAOTCS OT MUCMOMb3yeMbIX MPU OLEHKE TEXHOMOMMYECKOro pa3BuUTUsS Unm B
06LLecTBEHHbIX Haykax. PI™ | KOHLEHTpMpPYeT BHMMaHue Ha nepeoM, PI™ Il — Ha BTopowm, a Pl Il oxBaTbiBaeT Bce acnekTbl
TOro u pyroro.

[ns onucaHnsa HeonpeaeneHHOCTEN NPUMEHSIIOTCS TPY Pa3HbIX NOAX0Aa, MPUYEM Kaxabli chopMynmnpoBaH No-ocobomy.
Bbibop mMexay aTMMK Tpemsi MogxodaMu U B MX pamKax 3aBUCUT, Kak OT XapakTepa MMetoLlencs nHdopMauum, Tak 1
OT 3KCMEPTHOTO CYXXAEHUS] aBTOPOB OTHOCUTENbHO KOPPEKTHOCTM M MOSTHOTbI  HAay4YHOrO MOHMMAaHKS Ha COBPEMEHHOM
aTane.

B Tex cnydvasix, korga HeonpeneneHHOCTb OLEHUBAETCA B KAYECTBEHHOM BbIPAXEHWUM, OHA XapaKTepu3yeTcsi NoCpeaCcTBOM
OTHOCMUTENBHOTO 3HAYEHUS KONMMYECTBa WM KavecTBa [oKasaTenbCTB (T.e. MHOpMauMum u3 Teopuu, HabnioaeHwi
NN MOAENen, yKasblBaloWEe Ha TO, SABMSETCA NN yoexaeHWe unn npeanonoXeHne UCTUHHBIM UM OOCTOBEPHBLIM),
N CcTeneHblo cornacus (T. . CTEMEHbI0 COBMafEeHNsl MHEHWUA B NUTepaType Mo KOHKPETHOMY BbIBOAY). DTOT MOAXOL,
ucnonb3dyetcs Pl 1l ¢ nomowbto psaa He TpedyroLwmx 0ObACHEHUS TEPMUHOB, TakNX Kak: 8bICOKasi CmereHb co21acus,
MHO20 00Ka3ameribCme; 8bICOKasi CmerneHb coanacusi, cpedHUll obbem Ookazamesibcme; CPedHsIsi cmerneHb coaiacus,
cpedHul obbem Ookasamernbecms; u m. 0.

B Tex cnydvasx, korga HeomnpeneneHHOCTb OLEHMBAETCA B MEPBYD O4yepedb B KOMMYECTBEHHbIX MOKa3aTensax c
NCMONb30BaHNEM 3KCMEPTHOMO CYXOEHUS O KOPPEKTHOCTM OCHOBOMONAaralWMX AaHHbIX, MOAENEN WM aHanusos,
NMPUMEHSIETCA Crneaylollas LiKkana CTeneHu [OOCTOBEPHOCTU ANSl BbIPAXEHWUS OLEHEHHOW BO3MOXHOCTU TOro, 4TO
BbIBOA, SIBNSIETCA npaBuiibHbIM. OYeHb 8bICOKasi cmeneHb docmogepHocmu — MuHUMyM 9 13 10; ebicokasi cmeneHb
0ocmoeepHocmu — 8 u3 10; cpedHss1 cmeneHb docmosepHocmu — okorno 5 u3 10; Hu3kas cmerneHb 00CMo8epHOCMU
— okono 2 n3 10; n o4eHb Hu3kas cmeneHb 0ocmosepHocmu — meHee 1 13 10.

B Tex cnyyasix, Korga HeonpeaeneHHOCTb B KOHKPETHBLIX pe3yrnbTaTtax OLEHVBAETCsl Ha OCHOBE SKCTMEPTHOMO CYXXAEHUSsI
M CTaTUCTMYECKOr0 aHamm3a COBOKYMHOCTU [OKa3aTenbCTB (HampuMep AaHHbIX HabnwopgeHWi unu pesynbTaToB
MOZENUPOBaHUS), NMPUMEHSIOTCS CNeAylLMe AnanasoHbl BEPOSTHOCTM OIS BbIPAXEHUS OLEHEHHOW BEPOSITHOCTM
HacTynneHus cobbliTus: ghakmuyecku > 99 %, kpaliHe eepossmHo> 95 %, eecbma 8eposimHo > 90 %; eeposimHo > 66 %,
cKopee 8eposimHo, 4em Hem > 50 %; noymu makxxe 8eposimHo, Kak u Hem 33-66 %, manogeposimHo < 33 %; eecbma
manoseposimHo < 10 %; KkpaliHe MarnoeeposimHO < 5 %, uckr4umernsHO ManoeeposimHo < 1 %.

Pl 1l ncnonb3oBana coyetaHue OLIEHOK LOCTOBEPHOCTU M BeposATHOCTM, a Pl | npeumyliecTBeHHO nonb3oBanach
OLEHKaMKN BEPOATHOCTH.

B ngaHHOM TexHMYEeCcKOM [OKYMEHTE MPUAEPXKMBAIOTCA OLEHKM HeonpedeneHHOCTW, WUCMOoMb3yeMon B MCXOOHbIX
fgoknagax Pr. B Tex cnydyasx, korga 0606LieHHblIe BbIBOAbI OCHOBbLIBAOTCA HAa MHGOPMALMKU 13 OOKNAA0B HECKONMbKMX P,
1crnonb3yemMoe onvcaHne HeonpeaeneHHOCT COornacyeTcsl C TeM, KOTOPOe NMPUMEHSNOCh A KOMINOHEHTOB, B3ATbIX U3
COOTBETCTBYIOLLMX JOKMaa0B.

 Cm. http://www.ipcc.ch/meetings/ar4-workshops-express-meetings/uncertainty-guidance-note.pdf.
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Paspen 2

Habnopaemble M3MeHeHnsa u npoekuyunun M3MEHEeHUN KNMmMaTa B UX CBSA3U C BOOHbIMU pecypcamu

Bopa mpucyTcTByeT BO BceX KOMIOHEHTaX KIMMaTHYECKOMH
cucreMsl (aTMocepa, rugpocdepa, Kpuocdepa, NOBEPXHOCTD
cymn u O6uocepa). Takum 00pa3oM, U3MEHEHHE KIIMMaTa
BO3JICHCTBYET Ha BOAHBIC PECYpChl IOCPEACTBOM psifia
MeXaHI3MOB. B aTOM pasfene oOCy>KmaroTcst HaOIIONEHUs
HEIaBHMUX M3MEHEHHI B CBSI3aHHBIX C BOJIOM IEPEMEHHBIX U
MPOEKIUH OYAYIIUX H3MCHEHH.

2.1 Habniopaemble U3MeHeHUs Knumara

B UX CBA3N C BOOAHbIMU pecypcaMu

Tuponornyeckuil UK HEPA3phIBHO CBSI3aH C M3MEHEHUSIMU
B TeMIepaType M pajualMOHHOM OajaHce aTMOC(epbl.
IMoremenne KIMMATUYECKOW CHCTEMbl B IMOCJICTHHC
NECATWICTHST SIBISIETCS HEOCIOPUMBIM  (paKTOM, UYTO B
HACTOsIIee BpeMs OUYEBHUIHO W3 HAOTIOfICHAI 3a TOBBIIICHIEM
r7106aNbHON CpeiHEll TeMIepaTyphbl BO3yXa 1 OKeaHa, IIMPOKO
pacnpocTpaHeHHBbIM TasiHUEM CHETa ¥ JIbfa, U MOBBIIICHIEM
I06AIBHOTO CPETHETO YPOBHSI MOPst. Y1CTOEe aHTPOMOreHHOE
paJMalliOHHOE  BO3JCHCTBHE HA KJIMMAaT  OICHWBACTCS
MOJIOKUTENLHON  BelnunHOl (3(p(peKT MOoTeIuieHus ), npu
9TOM HAWIYYIEH OLEHKON siBisieTcsl Benmunua 1,6 Br/m? uist
2005 . (OTHOCHTEIILHO BEJIMYMH JIOMHIyCTPUAIILHOTO TIEPHOfia
1750 ). Hanyuineit oneHKo# JIMHEHHOTO TPeH/ia III00aTbHON
MPU3EMHOII TeMIeparypsl siBisieTcsa noremieHue Ha 0,74°C
(8eposmmuwii nuanazon or 0,56 mo 0,92°C), mpu 3ToM B
nocnegaue S0 neT HaOmofaeTcs TeHAEHHs K 0osiee ObICTpOMY
MOTeIIeHNI0. [[aHHbIE HOBBIX AaHAIM30B JIEMOHCTPHUPYIOT
CKOPOCTb TOTEIVICHNS B HIKHUX U CPENHMX CIOSX TPOHOC(hepsl,
CXOKYIO CO CKOPOCTBIO IOTEIUICHUSI Ha IOBEPXHOCTH 3EMIIH.
HWccnenoBanmist, TOCBSIICHHbIE OOBSICHEHUIO MPUYMH U3MEHEHHUS
KIIIMATa, MOKa3bIBAIOT, UTO, 8eCbMd 8€POAMHO, HAOTIOTaeMOe C
cepenuHbl XX CTONETHS MOBBIMICHNE TIO0ATBHBIX CPETHUX
TeMmIepaTyp, OOJNBIIEH dYacThiO, BBI3BAHO HAOIIOaeMbIM
MOBBIIIEHNEM KOHIEHTPAIMil aHTPOIOTeHHbIX MAPHUKOBBIX
ra3oB. B KOHTHHEHTaIBHOM MaciTabe, BepoamHo, B TIOCTIEAHIE
50 et B cpefiHEM Ha KasKJIOM KOHTUHEHTE, KpoMe AHTApKTHIIbI,
MIPOUCXONIAT 3HAYNTENFHOE MOTeIUIeHrne. B oOMmmMpHBIX pailoHax
B mocieniame 50 JeT XOIOoHbIC THW, XOJIOTHbIC HOUM U MOPO3
CTaJ MEHEe YacThIMH, a KapKue JTHW, SKapKrie HOYN ¥ BOJTHBI
Tema yyacruiucs. [PI'L, PIT]

Hab6mrogaeMoe B TEYEHHE  HECKOILKUX  IHOCIETHHX
AECITUIETUN MOTEIJIEHHE KJIMMAaTa HEM3MEHHO CBSI3bIBAETCS C
M3MCEHEHWSIMA B Psijie KOMIIOHCHTOB THPOJIOTIMYECKOTO IAKIIa
W B THAPOIIOTMICCKUX CHCTeMaX, TaKAMM KakK: W3MEHEHWS
pe)KI/IMOB, MHTCHCUBHOCTU U 3KCTpCMa.HBHI)IX BCJIMYMH OCAJKOB;
H_II/IpOKOMaCHITa6HO€ TagHUC CHEra #u JibJa; IIOBBIINICHUC
cofiepKaHMsI BOJSHOIO Tmapa B artMocdepe; yBeIMYCHHE
WCIIApEHUST; M W3MCHEHWS] KOJIMYECTBa MOYBEHHOW BIIArd W
o6bemMa cToka. Bo Bcex KOMIIOHEHTAX THAPOIOTHIECKOTO IHKIIA
HaOJIIOTaeTCsl 3HAYMTENIbHASI €CTECTBEHHAs] H3MEHUNBOCTh — BO
BPEMEHHBIX MacIITabax OT MEXTOAOBOTO IO AECATHIIETHETO, —
n3-3a KOTOpOfI qacTo pr]IHO BbBISBUTH JIOJII‘OCpO‘-IHl)Ie TpeHJIbI.
Jlo cux mop mMeeTcst CyIecTBEHHas HEOIPEeJICHHOCTh B
TpeHJaX TUIPOJIOTUICCKAX ITIEPEMEHHBIX, OOYCIOBICHHAS
GOJBIIIIMI PETHOHAIEHBIMA PA3TMINSIMA U OTPAaHIICHUSIMA B
MIPOCTPAHCTBEHHOM M BDEMEHHOM OXBAaTe CETSMH MOHUTOPHHTA
(Huntington, 2006). Ilo-mpeskHeMy oOcCTaeTcsi HEHNPOCTOMH
MpoOIeMON JOKYMEHTAJIHOE MOATBEPXKACHNE KoJeOaHUul U
TPEHJIOB B KOJIMYECTBE OCANIKOB Haj| okeanamu. [PT'L, 3.3]

ITonumanue n 00 bsICHEHNE HAOJTFOIaeMbIX U3MCHEHUI TaKKe
SIBJISIeTCsl Tpo6eMOol. [IJ1s1 TUAPOIIOrMYECKUX NePEMEHHBbIX,
TaKMX KaK CTOK, BaKHYIO POJIb Ha MeCTaXx MOTYT WIparh
HeKJIMMaTHieckne (hpakTopbl (Hampumep, H3MEHEHHs B
noObIve TOJIE3HBIX NCKONaeMbIX ). PearnpoBanue KinuMaTa Ha
¢pakTOPHI BO3[IENCTBHUS TaKXkKe SIBISETCS CIOXKHBIM. Hampumep,
OJJHO M3 JICHCTBUI IOTJIOAIOIMX a3po30iiell (Hampumep,
TEXHUYECKOTO yIiIepojia) 3aKJI0YaeTCs B YIEP>KUBAaHNH TeIlIa B
A3PO30JILHOM CJI0€, KOTOPOE, B IPOTHBHOM Clly4ae, JJOCTUTHET
MOBEPXHOCTH CYIIHN, 00ycIaBInBasl MCIapeHNe U BbIIEIICHIE
CKPBITOTO Temja Haj TOBEPXHOCTBIO. Takmm oOpasom,
MOTJIOIIAIONINE a3PO30JIM MOTYT B JIOKAJIBHOM MaciTabe
YMEHBIINTh BEIWYUHY HUCIApEHUs U KOJMYECTBO OCAJKOB.
MHorue cBsi3aHHbIE C a3PO30JISIMU TIPOLECChl HE BKIIIOUEHBI
B KJIMMAaTHYECKNWE MOJENN WM BKJIIOYEHBI HECKOIIBKO
VIIPOIIEHHO, a MAacmTaObl WX BO3AECHCTBUI HAa KOJINIECTBO
OCaJIkOB Ha MECTaX B HEKOTOPBIX CIyJasiX Majl0 H3yYCHBI.
HecmoTpss Ha ymoOMSHyThIE BBIIIE HEONPENEICHHOCTH,
MOXHO C(pOPMYJIHPOBATh PSR MPEANONOKEHHUN, KacaloIIXcs
OO'BSICHEHUSI TNPUYMH  HAONIOAAEMbIX  THIAPOJIIOIMYECKUX
M3MEHEHNI, M TaKue MPeANoNoKeHust OyyT cOpMYINpPOBAHBI
[P PACCMOTPEHUH B 3TOM pasfieiie OTAEIbHBIX IEPEMEHHBIX
Ha OCHOBeE OIEHOK, cofepskaiuxcs B [104 [PI1, 3.3, 75.2, 8.2.1,
8.2.5,9.5.4;PI'll, 3.1,3.2]

211 Ocapaku (BKnro4yas aKcTpeMarnbHbIe) U
BOASIHOM nap

AHanm3 TPEHAOB CYMM OCAJIKOB, BBIIAAIOMINX HAa TOBEPXHOCTh
CyIIN, TMPOBOAMJICS C HCHOJB30BAaHUEM psfia KOMIUIEKTOB
MAHHBIX; B YaCTHOCTHU, KOMIUIEKTAa JJaHHBIX [l106anpHON ceTn
UCTOpHYECKUX Kimmarosjornueckux paHubix (I'CUK]T)
(GHCN: Peterson and Vose, 1997), a TakXKe KOMIUIEKTa
MaHHBIX, IIOJYYEHHOTO B pe3ylbTaTe BOCCTAHOBIICHUS
nanHbix 00 ocafkax Ha cyme (ITPEK/JT) (PREC/L: Chen et.
Al.,2002), [I106a1bHOTO MPOEKTa NO KIUMATOJIOTUH OCAJIKOB
(I'TIKO) (GPCP: Adler et al., 2003), Tho6ankHOro HeHTpa
kiumartosioruu ocankoB(I'LIKO) (GPCC: Beck et al., 2005) u
KOMIUIEKTa AaHHbIX OTjena KIMMaTHYECKUX MCCIEeTOBaHMs
Merteoponoruyeckoro 0wopo CoeguHeHHoro KopoiieBcTBa
(OKM) (CRU: Mitchell and Jones, 2005). KommuectBo
OCaJIKOB, BBINABIINX HA MOBEPXHOCTh CYyIIN B TedeHHEe XX
BEKa, B 1I€JIOM YBEJIMYNIIOCh Ha TeppuTopuu Mexay 30°c. 1. u
85°c. 111., HO 3aMETHO YMeHbIIUIOCh B ocnenuue 30-40 et Ha
Tepputopun Mexkay 10°0. . 30°c. m. (puc.2.1). Y MeHblIe HAE
coneHoctn B CeBepHOW ATIIaHTHKE W K FOTY OT 25° 10. IIL
IPEANoJIaraeT AaHaJOTHYHbIE W3MEHEHUSI CYMM OCAJIKOB,
BbINIAaBLINX Hajl okeaHOM. [t Teppuropun mexny 10°c. 1. u
30°c. 1. KOIMYECTBO OCAIKOB 3aMETHO yBeanuuBasiock ¢ 1900
o 1950-e rr, HO cTaNoO coKpalaThes nocie, npuMepHo, 1970 .
B MmacmraGe momymapusi SIBHBIX TPEHJIOB CYMM OCAJIKOB,
BbInafaonmx B OKHOM mosymrapuy Haji BHETPOIMYECKON
JacThIO CyIIW, He HaOmiofjaeTcs. B mepmop HOATrOTOBKH
MaHHOTO JOKyMeHTa OOBSCHEHNE W3MEHEHHUH TIII00aJIbHBIX
OCAJIKOB SIBJISICTCSl HEONpPENENCHHBIM, TaK KaK Ha OCafKU
CHJIBHOE  BJIMSIHAE  OKa3bIBAaIOT  KPYIHOMACIITAOHbIE
NPOSIBJICHUST eCTeCTBEHHON n3menunBocTu. [PT'T, 3.3.2.1]

JIMHEeWHBIN TpeHy WIS TI00aIBHOTO CPENHEro MO JaHHBIM
I'CUK], B mepuop 1901-2005 rr. siBasieTcs CTaTUCTUYECKU
He3HauuMbIM (puc. 2.2). Hu ofHa M3 OLIEHOK TPEHHOB ISt
nepuopia 1951-2005 rr He sBisieTCs 3HAUYUMOU, NMPU ITOM
HaOJIOAIOTCSI  MHOTOYHCIICHHBIE — PACXOKIECHUS  MEXKAY
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Habnropaemble UaMeHeHUsA u npoekunun N3MEHEeHUN KnMmMaTta B UX CBSI3U C BOOHbIMMU pecypcamu

Paspen 2

KOMIUIEKTAMU  JAHHBIX, MOKa3bIBAIOIIAE  TPYAHOCTD
MOHHUTOPUHIA TAKOW BEJMYHMHBI, KAK OCAJIKHU, I KOTOPON
XapakTepHa OOJbIasi M3MEHUYUBOCTh KaK B MPOCTPAHCTBE,
Tak U BO BpeMeHHU. [IoGaibHble U3MEHEHUSI HEJIMHENHBI BO
BPEMEHM M XapaKTEePU3YIOTCS 3HAYMTEILHON JIeCSTUIETHEN
U3MEHYMBOCTBIO C OTHOCHUTEJBHO BIIAXKHBIM HEPHOIOM C
1950-x 1o 1970-x rr, 32 KOTOPBIM MTOCIEOBANIO YMEHBIIICHIE
CyMM ocagkoB. Ha rio6aibHbIe CpElHUEC BEJIUIUHBI
JTOMHHUPYIOIIEE BIUSIHAE OKA3bIBAET KOJIMUYECTBO OCAJIKOB B
Tponukax u cyorponukax. [PT'T,3.3.2.1]

IIpocTpaHCTBEHHBIE XapaKTEPUCTHKH TPEHIOB B TOJOBOM
KOJIMYECTBE OCAKOB IMOKa3aHbI Ha puc. 2.3 ¢ UCIONIB30BaHUEM
nanHbIx craHuuil 'CUK]I, MHTepIOIMPOBaHHBIX B HIMPOTHO-
JONTOTHBIE KBAJIPATHI CETKH pazMepoM 5° x 5°. Ham Gombimeit
gacTeio Tepputopun CeBepHOol Amepukn u EBpasnm, B
COOTBETCTBHM C puC. 2.1, TOHOBOE KOJIMYECTBO OCAITKOB
yBenuunBajgock B TeueHue 105 set, HaumHasg ¢ 1901 r [Ina
nepuofa ¢ 1979 . Mopens Gosee CIOXKHAs, PU 3TOM HJIS
HEKOTOPBIX PAliOHOB OYEBHHA 3aCyIUIMBOCTb (HAIpUMeEp,
18t roro-3anangHon yactu CeBepHoil AMepukn). [iist Gomnblen
vactu EBpasun ni1st o60ux meprofoB UncIo KBaJpaToB CETKH,
MOKA3bIBAIOIINX YBEINICHNAE KOJIMIECTBA OCAIKOB, IPEBBIIIACT
YHCIO  KBAJpaTOB, MOKAa3bIBAIOIIMX WX yMEHBIICHIUE.
Hab6mogaeTcst TeHpeHnuss K 0OOpaTHO HPONOPIMOHAIBHBIM
N3MEHEHWsIM ~ MEXKJly CceBepHOW uacTbio EBpombl  u
Cpenn3eMHOMOPBhEM, KOTOpbIE CBSI3aHbI C M3MEHEHUSIMA B
MaJbHIX KOPPEISIMOHHBIX CBs3siX CeBepoaTiiaHTHIeCKOro
kosieGanust (cM. Takke paspen 2.1.7). [PT1,3.3.2.2]

B IO:xHO1 AMeprKe Bce 6oiiee BIIaskKHbIE YCIOBUSI HAOIIONAINCh
B OaccefiHe AMAa30HKM W FOTO-BOCTOYHOH dYacté FOKHOM
Awmepukn, BKitoydast [Tataronmio, B To BpeMs KaK OTPHIIATEIbHbIE
TPEH/IbI B TOJOBOM KOJIMUECTBE OCAJIKOB HAOIIOAAIICh B Ynin

80N
60°N

40°N

1960 1980 2000

B
2 5 7 9 12 14

Otknonenne B % ot 3navenmii mepuosa 1961-1990 rr.

1940

) - .
4129 7 5 2 0

Puc 2.1: lllupomno-epemennoil paspes cpeoHe20008blX AHOMAAULL
04 0cadkos Hao cyuieti (%) ¢ 1900 no 2005 z22. omnocumenvho
cpeonux snavernuil nepuoda 1961-1990 22. 3nauenusn ycpeonenvt
O BCeM UUUPOMAM U C2AAHCEHBL C NOMOUWDBIO Pusbmpa, 4moobl
YOaaums Koae6aHus CpoKom menee, npumepHo, 6 nem. Llsemosasn
UWKANA ABAACNICA HEAUHELIHOL, a4 cepble YHACMKU NOKA3bL8aIOM
omcymcmaue oaunbtx. [PI'L. puc. 3.15]
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Puc 2.2: Bpemennbie paobL 20008biX 24000AbHBIX AHOMAAULL (MM)
3a nepuoo 1900-2005 2. I1o dannvim I'CUK]] omHocumenvHo
6a306020 nepuooa 1981-2000 22.. CenaxnceHHble ecamunemnie
3HAYeHUA makxce OaHbl 048 Komnaekmos Oamubix ['CUKI]I,

[IPEK/JI, TTIKO, T'IIKO u OKH. [PT, puc. 3.12]

U HEKOTOPBIX YacCTSX 3aMajjHOro moOepeXbs KOHTHHEHTA.
Bapmnamm B KonmmaecTBe ocaikoB B AMma3oHuH, lleHTpansHOM
Awmepuke 1 3amafgHoil yactu CeBepHON AMEPHKH HABOAST Ha
MBICJIb O IIMPOTHBIX U3MEHEHUsAX B XapaKTEPHbIX OCOOCHHOCTSIX
Mmycconos. [PT'1,3.3.2.2]

Cample GoTIbIIIE OTPUIATEIbHBIE TPEH][BI B TOJIOBOM KOJIMYECTBE
ocazkoB ¢ 1901 r. Habromanuch B 3amagHON YacTd A(pPUKA U B
Caxenu (cM. Takke pasfed S5.1), XOTs! TeHJISHIMN K CHISKEHUIO
KOJIYECTBA OCAIKOB OTMEYAJIIICh BO MHOTUX YacTsIX A(PPUKH U
B 1oxHOl yacT Asmu. C 1979 . KomuecTBO 0CafKOB YBEIMYIIOCH B
CaxellbCKOM pernoHe ! JIPYrux YacTsiX TPONMUecKoil AQpuki,
YTO YaCTHYHO CBSI3aHO C BapHAaLsIMU, KOTOPbIE OOYCIIOBIICHBI
PESKUMaMH TaTbHE! KOPPEIISIIIMOHHOM CBSI3U (CM. TaKXKe pasfiel
2.1.7). Ha Goubliiet 4acTu ceBepo-3anajiHoro paiona Vunuu B
nepuop; 1901-2005 rr. HaGmomaeTcsl yBeIMYEHUE KOJIMIECTBA
ocankoB Oojiee yeM Ha 20% 3a CToJleTHE, HO Ha TOM XKe
TeppuTtopuu nocie 1979 r. HabnrogaeTcsi CUIIbHOE COKpallleHHe
KOJIMIECTBa OCajKOB. B ceBepo-3amamHOil yacTn ABCTpaimn
NMEIOTCS PalioHbI, Ile B TedeHHe OOOMX NEPUOJIOB TOfIOBOE
KOJIMYECTBO OCAKOB BO3PACTAIO OT YMEPEHHOTO /IO CHIIBHOTO.
B ceBepo-3anafHOll yacT ABCTpaludl KOJMYECTBO OCAJIKOB
YBEJIMYMIIOCH, HO HAOJIFONAeTCs! SIPKO BbIpasKeHHAsT TEHCHIMST K
€ro CHIDKCHHIO Ha KpalHeM 0ro-3amajie CTPaHsbl, Uil KOTOPOI
XapaKkTepeH CABUT B HANPABJICHUN CHIKCHUSI, IMEBIINI MECTO
npumepHo B 1975 & [PT'1, 3.3.2.2]

PsynccnenoBanmii c UCTIOIb30BAHUEM MOJIEJIE IPEIIIOIaraeT,
YTO W3MEHEHUS] B PAJMAIIOHHOM BO3JIEUCTBHU (KOTOPOE
KOMIUIEKCHO OKa3bIBAIOT AHTPOIOTrEHHBIE, BYJIKAHUYECKHE
U CBSI3aHHBIE C COJIHEYHBIM M3JIyuYeHueM (haKTOPbI) ChITPAIN
OINpEICJICHHYI0 POJIb B HAONIOJAaeMbIX TPEHJIaX CPEHEro
ypoBHsI ocafkoB. OJIHAKO, MOJIENIN KIIUMATa, IO-BUUMOMY,
HEOOUEHUBAIOT PACXOXKAECHUE MEXKAY JaHHBIMU O CPENHEM
KOJIMYECTBE OCAJKOB Ha CyIIe M OICHKAMH MO JaHHBIM
HaGmofiennit. He sicHo, 00yC/IOBJIEHO JIM 3TO HECOOTBETCTBUE
HEJOOLEHKON  pearMpoBaHMsi  HAa  KOPOTKOBOJIHOBOE
BO3JICUCTBME W BHYTPEHHEH W3MEHYMBOCTU  KJIMMATa,
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Puc 2.3: Tpero 20008bix cymm ocaokos, 1901-2005 ze. (6epxuan kapma, % 3a cmoaemue), u 1979-2005 22. (Huncnan kapma, % 3a
Oecamunemue), 6 8UOe NPOUEHMHOU 004l 0m cpeoHell seaudunvl 3a 1961-1990 2z., noay4eHHblIL HA OCHOBE KOMNAECKMA OAHHbIX CO
cmanyuti GHCN. Cepble yuacmku — amo yuacmiu, 20€ 045l 8bIABACHUS HAOEHCHBIX MPEHO08 HeOocmamo4Ho dannbix. [PIT, puc. 3.13]

ommOKaMH B HAOJIOACHMSIX WM COYETaHWEM TOTO M APYrOro.
TeopeTuueckue  cOOOpakKeHMsl IMPERNIONAraloT  TPYAHOCTb
OOHapy>KEHNS BIUSHNAE YBEJINYCHNSI KOHIEHTPAIN MapHUKOBbBIX
ra30B Ha CPEIHUI OKa3aTelb KojmiecTBa ocafkos. [PI'T,9.5.4]

Hab6miogaeTcs mmpokoMacmiTaGHOe —yBEJMUEHHE —4YHcia
CIIy4aeB BBINAJICHUS CHIIBHBIX OCAJKOB (HAIpHMep, BBIIIC
95-ro mpOLEHTHJIS), laske B MeCTax, rje o0Iee KOJIMIECTBO
OCAJIKOB COKPATWJIOCh. DTO YBEJIMYECHHE CBSI3AHO C POCTOM
Coflep>KaHMsl BOJIHOTO MHapa B aTMocgepe U corjacyercs
¢ HaOmomaeMbiM norerieHueM (puc. 2.4). OpHako Ha
CTaTHCTHKY MOXJEBBIX OCA/IKOB JOMHHHUPYIOIIEE BIUSHHE

OKa3bIBAIOT BapualWi B MpEAesiax OT MEXKTOfO0BOTO [0
JECTIIIETHETO, a OLEHKU TPEHfa B IPOCTPAHCTBEHHOM
OTHOUICHUH HeTocleloBaTebHbl (Hanpumep, Peterson et
al., 2002; Griffiths et al., 2003; Herath and Ratnayake, 2004).
Kpome TOro, TOmpKO B HECKOJBKHX PErMOHaX MMEIOTCS
pSAbl  JTAHHBIX TIPHEMIIEMOrO KadecTBa M JOCTaTOYHOMN
JUIMHBI, YTOOBI HAAEKHO OICHUTH TPEHAbl B BbHINAJCHAN
9KCTPEMAIIBHOIO ~ KOJIHWYecTBa 0OcagkoB. CTraTHCTHYECKN
3HAYMMOE YBEIMYCHNE YUCIIAa CIy4YacB BBIMAJCHUS CHIIBHBIX
ocajkoB Habrofanock B EBpone u CeBepHoit Amepuke (Klein
Tank and Konnen, 2003; Kunkel et al., 2003; Groisman et
al., 2004; Haylock and Goodess, 2004). Ce30HHbBII XapakTep
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Puc 2.4: Bsepxy nokasarvt Habao0aemvle mpenowvl (% 3a decamuaemue) 3a 1951-2003 22., kacaroujuecs 00aU O4eHb BAANCHBIX OHell 6
06uem Koaudecmase 20008bLx 0cadko8 (95-i npoyenmuas u 8blie). B cepedune 0.5 24006a4bH020 20008020 KOAUHECMBA OCAOKO8 NOKA3AHO
UBMEHEHUe O0AU O1eHb BAANCHBIX OHell 8 00LeM KoauHdecmeae 20008blx 0cadkos (% no cpasHeruto co cpedrell seauduroll 3a 1961-1990 2e.,
cocmasasioueti 22.5%) (coeaacno Alexander et al, 2006). Bhu3y nokasanvt pe2uohvl, 20€ HeNPONOPUUOHANbHBLE USMEHEHUS 6 CUALHBIX
U O4EHb CUAbHBIX 0CAOKAX OblLAU OOKYMEHMAALHO OPopMaeHbl AUb0 Kak yeeaudeHue (+), AubOO Kak ymeHvlieHuee (-) O CPaBHeHUIo ¢
UBMEHEHUAM 6 200080M WU CE30HHOM KoAUu4ecmae 0cadkos (Hosble Oantble Ha ocHose Groisman et al, 2005). [PIT, puc. 3.39]

U3MEHEHUI BapbUpyeTcs B 3aBucuMocTd orT Mecta: B CIIA
caMoe 3aMETHOC YBEJIMYCHHE 4YHCIA CIyYacB BBINAJCHUS
9KCTPEMANIBHBIX OCAJIKOB HAOIIOIaeTCsl B TEIUIBIN CE30H, a B
Esporne — B xonopubiii (Groisman et al., 2004; Haylock and
Goodess, 2004). [TanpHedee paccCMOTPEHNE PErHOHAIBHBIX
U3MEHEeHuI mpejcTasjieHo B pasneie S. [PTT 3.8.2.2].

TeOpeTI/I‘{E‘:CKI/Ie ucciegoBaHusAa n nuccienoBaHuAa C
HCIIOJIb30BAHUEM MOI[GJIeﬁ KiImMaTa IIOKa3bIBAKOT, 4YTO
pn  KJInMare, KOTOpBIfI CTAaHOBHUTCA TECIJIEEC BCICICTBUEC
INOBBIIIEHU KOHOEHTPAUUU NMapHUKOBBIX Ia30B, OXUACTCA
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Oojblllee  YBEIMYEHHE  OKCTPEMAlbHBIX  OCAIKOB  IIO
CpPaBHEHHIO CcO  cpefHMM moka3zaTeneM. CrefgoBaTelbHO,
AQHTPONOrEHHOE BIIMSHUE JIerdye OOHAPY>KUTh, BEPOSTHO, IPU
9KCTPEMAJIbHBIX, @ HE CPEJJHUX OCAfIKaX. DTO OO BSICHACTCS TEM,
YTO SKCTPEMaJbHbIC OCANIKH 3aBHCSAT OT HAIWYHS BOJSHOTO
mapa, B TO BpeMsl KaK CPe[HUIl YPOBEHb OCAJJKOB 3aBUCHUT
OT CHOCOOHOCTH aTMocdepbl H3/Iyd4aTh B HPOCTPAHCTBO
JUTMHHOBOJIHOBYIO 9HEPIUIO (BBIICISIEMYIO B (hOpME CKPBITOrO
TeIvIa IpU KOHJCHCAIMK BOJSIHOTO Tapa), a 3Ta CHOCOOHOCTh
OrpaHMYMBAETCA  WU3-3a  YBEINYECHUS KOHIEHTpalx
MAPHUKOBBIX Ta30B. B CcBOEll COBOKYNHOCTH pe3yNbTaThl
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HCCIIeIOBAHUII HAa OCHOBE HAONIONCHUHA W MOJEJIHPOBAHUS
BeJIyT K OOIIEMY 3aKIIOUYEHUIO O TOM, YTO YaCTOTa CHIIBHBIX
0caJIKOB (HJTH UX JIOJISI B pE3yJIbTaTe CHIIBHBIX JIOK/IEN B 00IIeM
KOJIMYECTBE OCAJKOB), 6eposamHo, BbIpocia B KOHIe XX
Beka HaJ{ OOJIbIIeH YacThIO CYIIH, U YTO ITOT TPEHJ, CkKopee
6€POAMHO, 4em Hem, He oboliencss 6e3 aHTPOIOTEHHOTO
BKJIaja. BeJII/I‘-II/IHy aHTpOHOFeHHOFO BKJIaJla Ha JaHHOM JTalle
oteHnTh HeBO3MOXKHO. [PT'T, PT1,9.5.4,10.3.6, Y3B, 10.1]

Nmerorcss nmaHHbIe HAOMIOAEHWH O POCTE WHTCHCHBHOU
TPONMYECKON IMKIOHWYECKON akKTHBHOCTH B CeBepHOH
ATtnanTtuke npubausntensHo ¢ 1970 r, 4yTO cormacyeTcs c
MOBBIIICHUEM TEeMIIepaTyphl IMOBEPXHOCTH TPOMUYECKUX
mopeit (TTIM). EcTh TakKe MPeIoiOXKeHNs O TOBBIIICHUH
WHTEHCUBHON TPONMYECKON IMKJIOHHICCKON aKTHBHOCTH
B psific IPYIUX PErMOHOB, XOTS COMHEHUH B OTHOIICHUH
KayecTBa 3TUX  JaHHBIX  Oojpmnie.  MHoropekamHast
M3MEHYMBOCTh M KA4eCTBO JIAHHBIX O TPONMMYECKUX IUKIIOHAX,
MOJIYYEHHBIX IO PEryJsipHbIX CIHYTHUKOBBIX HaOIIOfCHUI,
HauaBmmxcsi okoio 1970 r, YCIOXHSIOT BbISIBIICHHE
TONTOCPOYHBIX TPEHIOB TPOIMMUYECKON NUKIOHAICCKOH
aKTUBHOCTH. SIBHOTO TpEHAA €XKErOoflHbIX KOJUYECTB
TPONUYECKUX LMKIOHOB HE CYIIECTBYET. AHTPOIOrE€HHbIE
(akTOpBI, cKOpee 8epoamHO, Hem Hen, BHECTH CBOW BKJIAN B
HaOIIIoflaeMblil pOCT MHTEHCUBHON TPONUYECKON aKTUBHOCTH.
OpHaKO SIBHOE YBEJIMUYEHUE [OJIM OYEHb CUJIBHBIX IITOPMOB
nocine 1970 © B HEKOTOPBIX PEruoHax SIBJISIETCSI ropasfo
0oJiee 3HAUUTEJILHBIM [0 CPABHEHUIO C TEM, UYTO UMUTHPYIOT
CyILIECTBYIOIIME MOJiesn Ha 3ToT nepuof. [PT'T, PTT]

CopiepxkaHue BOJSIHOTO Iapa B Tporocgepe HOBBICHIOCH B
MOCJICTHUE IECATUIICTHUS, YTO COTJIACYeTCs ¢ HAGJIIOlaeMbIM
MOTEIJIEHKEM W IOYTH IIOCTOSSHHOM  OTHOCUTEILHOMI
BIIaxKHOCTBIO. OOImee comepskaHWe BOASHOTO TIapa B
BEPTHKAILHOM CTONIOE Hajl OKeaHAMH 3eMHOTO IIapa B IEPUOJ
¢ 1988 mo 2004 rr. noBwIcuiioch Ha 1,2 + 0,3% 3a gecaTuneTue,
YTO COTJIACYeTCsl C M3MEHEHUSIMH TEMIIEPATYPhl ITOBEPXHOCTH
MoOps. MHOrme wucciefoBaHus IIOKa3bIBAIOT —YBEJIUYCHUE
KOJIMYECTBAa BJIATH B TMPHU3EMHOM CJIOe aTMOc(epbl, XOTS
MMEFOTCS PETHOHAIBHBIC PA3IIINS U PA3TIIMUAS MEKY THEBHBIM
U HOUYHBIM BpeMmeHeM. Kak W g JpyruX KOMIIOHEHTOB
THIPOJIOTHYECKOTO IIUKJIA JUIsI BOJSTHOTO Napa B atMocdepe B
MacirTabax OT MEKTOIOBOTO /10 JICCATUIIETHETO XapaKTePHbI
CYIIIECTBEHHbIC BapHalWd, HO HAOJIONAeTCsl TEHJICHIUS K
3HAYATEILHOMY TIOBBIIICHUIO €ro COfep>KaHWs Kak Haj
MHpPOBBIM OKEaHOM, TaK W HaJ HEKOTOPHIMH YYaCTKaMHU
cymm B CeBepHOM momymapuu. [TockoapKy Habmroaemoe
nosbimenne TIIM, eepoammo, GONbIIEN YacThIO BBHI3BAHO
aHTpOHOFeHHbIMI/I q)aKTOpaMI/I, TO 3TO CBI/II[eTeJII)CTByeT
O TOM, YTO aHTPOIIOICHHOE BIIMSIHUE BHECJIO CBOW BKJIAJ
B MOBBIIICHUE COJIEPXKaHNS BOJSHOrO Iapa B aTMmocdepe
Ham okKeaHamu. OpHako, Ha MOMeHT mnoparorosku 104
Oo(pUIIaTEHOTO UCCIENOBAHNS C IEIbI0 OO BSICHEHNS IPUINH
9TOrO MOBBIIIEHNsI He TpoBoAmIIock. [PT1,3.4.2,9.5.4]

21.2 CHer n matepukoBbIn nea

Kpnoctepa (koTopyio 06pasyioT CHET, Jefi I Mep3JIbIil TPYHT)
XPaHHUT OKOJIO 75% BceX MUPOBBIX PECYPCOB IPECHOI BOJib1. B
KIIMMATHYECKON cucteMe Kprocepa 1 U3MEHEHHS €€ COCTOSHUS
KOMIIJIEKCHO ~CBsi3aHbl C M3MEHECHUSMU IIOBEPXHOCTHOIO

SHEpreTHYeckoro OajaHca, THAPOJIOTNYEeCcKOro IWKIa ¢
ypoBHs Mops1. Boitee ofHOI 111ecTOl HaceJeHusI 3eMITN SKUBET
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Puc. 2.5: Bpewmenwnoii psad aumomasuu (OMKAOHEHUS OM
00120CPOHHO20  CPeOHe20) — meMnepamypvl  NOAAPHO20
npuzemnoz2o 6o3oyxa (A u E), naowaou ce3zonHoMep3n020
epyuma 6 Ceseprom noayuwapuu (CIT) (B), naowadu cHexcHoz20
nokposa 6 CII 6 mapme-anpeae (C) u 2106aabHblil 6a1AHC MACCHL
neonukos (D). Cnaownotl kpacrou aunuett Ha D o6o3nauen
KYMYAAMUBHDLU 2400AAbHBLIL OANAHC MACCLL NEOHUKOS8;, UHAYe
2080p5, 9MA AUHUSL OMOOPANCAET CRAANCEHHDBLIL BPEMEHHOLL PAO.
[Aoanmuposano us PI'l, Y3B, 4.1]

B 6acceilHaX peK JISAHUKOBOrO WU CHEroBoro nurtanus (Stern,
2007). [PIIL, 3.4.1]. Ha pucyuke 2.5 moKa3aHbI KacaroIuecst
Kpuocepbl  TPEHAbI, KOTOpPbIE  CBUJECTEILCTBYIOT O
3HAQUUTEIBHOM COKpAIllEHWH 3allacoB JIbJa BO MHOTUX €€
kommnoHeHTax. [PI'], rnaBa 4]

2.1.2.1 CHeixcnolii nOKpo8, mep3awtii 2pynn, 03epHbulil
u peunoii neo

CHexXHbII TOKPOB YMEHBIIWICS B OOJBIIMHCTBE PpallOHOB,
0coGeHHO BecHOW W yeToM. [lo pesynbraTtaM CIyTHHKOBBIX
HabmoeHnit 3a 1966-2005 rT. cHeXXHBIN NOKpoB B CeBepHOM
nosymrapny B KoHrle 1980-x TofoB exxeMecsTaIHO, KpoMe HOSIOpsT
u fieka0psi, yMeHbIIalCs B cpefiHeM Ha 5% B rof. Camoe 3aMeTHOe
yYMEHBIIIEHHE CHEXKHOTO MOKPOBa B ropax Ha 3amaje CeBepHoil
Awmepuxu u B llIBefinapckux Asblax oTMeuyaeTcsl Ha HeOOIbIINX
BbIcoTax. B I0XHOM nosmymapui HEMHOTOUNCIICHHbIE JIMHHBIC
psiapl HAGNIONEHMIT WM KOCBEHHBIE IOKa3aTeld, KOTOpbIe
UMEIOTCS B HAJIMYMY, CBUICTENILCTBYIOT JTMOO 00 YMEHBIICHUN
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Puc. 2.6: Kymyaamusrniil cpeOHULL YOeabHbLUL 6AAaHC MACChL (@) U KYMYAAMUBHBLL NOAHbLL Oaaanc maccol (b) AeOHUKO08 U nedsAHbLX
WANOK, paccHumartwliic 0aa b6oavuwux pe2uoros (Dyurgerov and Meier, 2005). Baaauc maccot aedHuka — amo 6aranc mexcoy
HAKONAEeHUeM U nomepell Maccbl AeOHUKA 8 medeHue 2U0PoaoU1eck020 200a. CpeOHUll yOeabHblll OANAHC MACCbL — MO NOAHbLIL
b6ananc maccol, NOOEAEHHBLU HA CYMMAPHYIO NAOWAOL NOBEPXHOCHU 6CeX AeOHUKOG U NeOAHbIX UWANOK DeUOHA, U OH NOKA3bleaem
UHMEHCUBHOCMb USMEHEHUS 8 Coomeemcmayouem pezuone. Ioanwiil 6aranc maccobt npedcmasaeH 6 8ude 8Kaadd Kaxcoo20 peuona

6 nogvluerue ypoeua mopa. [PI'T, 4.5.2, puc. 4.15]

CHEXKHOTO IIOKPOBa, MO0 06 OTCYTCTBHM W3MEHEHUIl 3a
nocnepuue 40 et u 6onee. [PT1,4.2.2]

Jlerpamanyss BEYHOH MEp3TIOThI M CE30HHOMEP3JIOro T'PYHTa
BeJIeT K U3MEHEHHSIM B XapaKTepUCTUKAX IIOBEPXHOCTH CYILH U
B JIpeHaXXHBIX cucTeMaXx. Ce30HHOMEP3IbIil TPYHT BKIIIOUAET B
cebs Kak 3aMep3aloyil/OTTaNBAIOIINI B 3aBICUMOCTH OT CE30Ha
CJION TIOYBBI B pailoHaX, He MOJBEPXKEHHBIX BEYHON MEp3JIOTe,
TaK W AKTHUBHBI CIOH TOYBBI MOBEPX BEYHON MEP3IOTHI,
KOTOpBIl OTTaMBAET JIETOM U 3aMep3aeT 3UMOIL. MakcuMabHas
OIIEHOYHAs IJIOAfb CE30HHOMEP3JIbIX TPYHTOB B palloHax, HE
OXBAa4YEeHHBIX BEYHOW Mep3noToil, B CeBepHOM IOINyIIapuu
yMmeHbImiach 3a nepuop 1901-2002 rr. npubnusutenbHo Ha 7%,
TIpUYeM BECHOH yMeHblIeHne gocturaino 15%. MakcnmarnbHast
TOJIIINHA CE30HHOMEP3TIbIX IPYHTOB B EBpasmm c cepennHbl
20-ro cromerust yMeHbIUMIACh NMpUOMM3UTENbHO Ha 03 M. B
pe3yabTaTe MOTEIVIEHNST 3MMOI U OOJIbIIIEN TIIyOMHBI CHEXKHOTO
nokposa. 3a nepuop, 1956-1990 rr no pesyabTataM M3MepeHuUil
Ha 31 cranmum B Poccum cratmcrmyecku 3HauMMasi TIyOUHA
TasHAS cocTaBmia 21 oM. Pyl HaGmroneHnit B IpyIuX pernoHax
CIIMIIKOM KOpPOTKH Juisd aHaimu3a TpeHaoB. C 1980-x rr B ApkTHKe
OTMEYaeTCsl POCT TEeMIepaTypbl B BEPXHEM CJIO€ BEYHOM
Mep370ThI, focturatomuil 3°C. HarpeBanue BeYHON MeP3IIOThI
7 Jerpajjanysi Mep3jioro TpYyHTa SIBISIIOTCS  pe3yJIbTaToM
pocra TeMIepaTypbl BO3AyXa JIETOM M U3MEHEHMI TIIyOMHbI 1
MPOJIOJKUTEIBHOCTU 3aJIeraHusi CHEKHOTro mokposa. [PI'L, 4.7
riaBa 9]

Jlnst maT Havania JieflocTaBa W Hadasa JIefloxofa Ha peKax
W O3epaX XapaKTepHa 3HAUYUTEJIbHAs MPOCTPAHCTBEHHAS
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N3MEHYMBOCTh. Ha OCHOBaHMM WMEIONMXCS YCPETHEHHBIX
panHbix o CeBepHOM mnousyliapuu 3a nociegHue 150 jer
Hayajo JieflocTaBa 3ajiepXXuBaiock Ha 5,8+1,9 gHell 3a cro
JIeT, a JIeOXOf| HaunHaucs Ha 6,5+1,4 Hell paHbIIe 3a CTO JIeT.
J171s1 OIIeHKU TPEHAOB ONyOJIMKOBAHHBIX JAHHBIX O TOJIIIMHE
PEYHOTO W 03€pHOro IbjJa HejocTaTouyHo. VccienoBanust
¢ uCrmollb3oBaHWMeM Mojfenell (Hampumep, Duguay et al.,
2003) mOKa3pIBAIOT, YTO OOJBIIEH YACTHIO M3MEHYMBOCTh
MaKCHUMyMa TOJIIIMHBI JIbAa ¥ JaThl Hadvajga JIe[loXoAa
00ycIIOBIIeHa N3MEHEHUSIME B KOJTMYECTBE CHEXKHBIX OCAJIKOB.
[PTT, 4.3]

2.1.2.2  JleOnuku u nedsanvie WAnNKu

Y JegHUKOB W JefiTHBIX Ianok B CeBEepHOM INONIyIIApHU 1
[TaTaronnu B cpefjHEM 3a MOCJIEJHAE MOJIBeKa HAOIIOaeTCst
yMEpEeHHOE, HO BEChbMa IIOCIIENOBATEIbHOE YBEIMUCHHE
060poTa Macchl U CyllecTBeHHOE yBeiaudyeHnue tasHus. [PIT,
452, 46.22.1] B pesyaprare OOJblllasi YacTh JICIHHUKOB
U Je[ITHBIX IIANOK MOBCEMECTHO Tepstia Maccy (puc 2.6)
¢ pacrymein ckopoctsio: ¢ 1960/61 rr. o 1989/90 rr. moTepst
cocrapisuia 136 = 57 T't/r (B 9KBUBaJIGHTE YPOBHSI MOPSI
(BYM) 0,37 + 16 mm/T), a B ipomekyTKe Mexay 1990/91 rr. u
2003/2004 rr. ona cocraBmita 280 = 79 I't/r (B 3YM 0,77 £ 0,22
MM/T). OGImMpHas NOTepsl Macchl JIEHUKOB IMPEIOaraeT,
MO-BUAMMOMY, OOIIMPHOE MOTEIUICHNE B KAYeCTBE OCHOBHOMN
IIPAYMHBI, XOTS B TPOIMKAaxX M3MEHEHHWs! IOKa3aTessl BiIarn
B aTMocepe TaKXKe MOTJIH, BEPOSITHO, BHECTH B 3TO CBOH
BKiIaA. FMerorcs okas3aTenbeTBa, UTO 9TO TasiHUE, 6eCbMd
6epoAmHO, CIIOCOOCTBOBAJIO HAOJIIOAAEMOMY IIOBBIIIEHAIO
ypoBHs Mopst. [PT'], 4.5, ra6n. 4.4.,9.5]
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OO6pa3oBaHne 03ep TNPOUCXOAUT IO Mepe OTCTYIUICHUs
SI3BIKOB JIEAHUKOB OT KPYIHBIX MOpPeH Majioro je{HIKOBOro
nepuopa (MJII1) B KpyThIX TOPHBIX MAacCHBaX, BKIFOYas
Iimanan, Al u Anbnbl. IMeroTcst 60JbIasi BEPOSITHOCTD
3aTOINICHUH B Pe3yiIbTaTe MPOPbhIBA 3THX JIC[THUKOBBIX O3€P.
[PI'T, 1.3.1.1, Taba. 1.2]

21.3 YpoBeHb MmopA

[106anbHbIN cpefHAll YPOBEHb MOPSI MOBBIIIAETCS M IMEETCS
8bLCOKAA CMENneHb 00CMOBEPHOCHIL, ITO CKOPOCTD MOBBIIICHUS
YBENIMIMIACh B MPOMEXyTKe Mexny cepemumHonn XIX m XX
BeKkoB. CpefiHsisi ckopocTh coctabisuia 1,7 = 0,5 mm/r B XX
Beke, 1,8 + 0,5 mm/r B niepuop 1961-2003 rr. u 3,1 + 0,7 MM/T B
nepuop 1993-2003 rr. HensBecTHO, BbI3BaHa JIi 60Jiee BbICOKAsI
ckopocth B Trepron 1993-2003 rr mecsATuneTHEN H3MEHUHBOCTHIO
WM yBEJIMYEHNEM B paMKax 0oJjiee JOJITOCPOYHOTO TPEHJA.
C mpoOCTpaHCTBEHHON TOYKM 3pEHUs] WM3MEHEHHWEe OYeHb
HEOJIHOPOJIHO; Hampumep, B nepuop 1993-2003 rr. ckopocThb
TIOBBIIIEHNST B HEKOTOPBIX palloHax MpeBbIIaia rirodaabHoe
CpefiHee MOBBIIIEHNE B HECKOIBKO pas3, B TO BpeMsl KaK B [PYTuX
paiionax ypoBenb Mopsi causmiicst. [PT'T, 5.P]

B omenkax BKIaOB B JOJTOCPOYHOE W3MEHEHWE YPOBHS
MOpsl UMEIOTCs HeolpefeiaeHHoctd. B nepuop 1993-2003rn
BKJIQJl B pe3yibraTe TemioBoro pacumpenus (1,6 + 0,5
MM/T), TIOTepU MAacChl JIC[HMKOB M JefstHbIX Iramnok (0,77
+ 0,22 mM/r) m morepu Maccel 'penmangckoro (0,21 + 0,07
mm/ront) u Aurapkruueckoro (0,21 + 0,35 mm/rop) JefstHbIX
UTOB B cymme cocraBuiu 2,8 + 0,7 MM/t i1 aTOro nepuopa
CyMMa OTHX KJINMAaTHIECKHX BO3IEHUCTBHH COOTBETCTBYET
HETIOCPEJICTBEHHO ~ HAOJIOlaeMOMY  MOBBIIICHUIO  YPOBHS
MOpsI, JaHHbIE O KOTOPOM MPWBEJICHBI BBINIE, B Ipefeax
MIPACYIIMX HaOIIOfieHnsIM HeomnpeneaeHHocTed. I1o onenkam,
mis GoJiee MpopoInKuATeNbHOro mepuopa 1961-2003 . cymma
KIIMMAaTHYECKNX  BO3JICHICTBUI  MEHbIIE  HAOIIOIAEMOro
0011Iero noj’beMa ypoBHs Mops; ofHako 1o 1993 r cucrema
HaOmrofieHnin Oblla MeHee HafiexkHa. {1 o6omx mepuonoB
BKJIAJ] TEIUIOBOTO PACIIMPEHUS] W JIEAHUKOB/IEASHBIX IIANOK
Gornplie  BKIaga ['peHnaHfckoro W AHTapKTHYECKOrO
JESHBIX IMUTOB. bBosblme BeIWYMHBI MOTPEIIHOCTH IS
AHTapKTHUKI O3HA4YalOT HEONPEJIeIEHHOCTh B OTHOIICHUN
TOTO, KaKoe BO3JeHCTBAE AHTapKTHKa OKa3aja Ha ypOBEHb
MOpsI — TIOJIOXKHTEJIBHOE WM OTpHIareibHoe. [ToBblmenne
YPOBHSI MOpPSI COTJIAcyeTcsl C MOTCIUICHUEM, U WCCIIEOBAHUS
C WCIONIb30BAaHMEM MOJIEJIell TOKa3bIBAIOT, 4YTO, 6eCbMd
6€pOAMHO, PEaKNysl Ha aHTPOIIOTEHHOE BO3JICIICTBHE BHECHA
CBOII BKJIaJl B TTOBBIIIIEHNE YPOBHSI MOPSI BO BTOPOH MOJIOBUHE
XX Beka; OffHaKO, TIPUCYyIINe HAOMIONCHUSIM HEONPENeIeHHOCTI
B COYETAHWM C HEJOCTATKOM HaJIeXallX HCCIEeOBAHMI,
O3HAYAIOT, YTO KOJMYECTBEHHYIO OIEHKY AHTPOIOTEHHOTO
Bo3ziericTBYs aTh TpyaHo. [PT'T, PIT,5.5,9.5.2].

IToBblIeHNE ypOBHA MOpsl TOTEHIMATIBHO OKa3bIBaeT
BO3JICHICTBIE Ha INpPHOPEXKHbIE pPaHOHbI, HO €r0 HPUYKUHBI
He Bcerya siCHbl. [J106anbHbIl pOCT 3KCTPEMANIBHO BBICOKUX

ypoBHe#l Bopbl mocie 1975 T cBA3aH Kak C IMOBBIIMICHHEM
CpeHero YpOBHS MOps, TaK U KPyNMHOMACIITaGHOM
MEXKJEKaHON M3MeHYnBOCThIO KimMmata (Woodworth and
Blackman, 2004). [PT'IL, 1.3.3].

214 EBanoTpaHcnupauus

HemnocpencrBennbie N3MEpEeHHsI ¢akTHUECKON
€BaNOTPAaHCIIUPALMKA Hajl Cyllell B II00AIbHOM MaciiTabe
OYEHb OI'PAHUYCHBI, IPH 3TOM TI00aIbHAS AaHAIATHIECKAs
NpoayKIys'® 3aBUCHT OT THUIIA aHAJIM3a ¥ MOXKET COJlepsKaTh
KpYIHbIE MOTPEIIHOCTH, W CIEAOBATeIbHO He TPUTOfHA
nnst aHanusa TpeHAoB. COOTBETCTBEHHO, MMEETCS Majlo
JIUTEPATyphl, TOCBSILEHHON HAOIIOaeMbIM TPEHAAM KakK

q)aKTI/I‘IeCKOIjl, TakK U HOTEHHI/IaJII)HOﬁ JBallOTpaHCIUpAlAN.
[PTI,3.3.3].

2.14.1 Hcnapenue u3 wawu ucnapumens
TpeHI[LI, yKa3bIBalOIMue Ha YMEHBUOICHUE B TEYECHUE
IIOCIICTHUX HeCHTHHeTHﬁ, BBISIBJICHBI Ha OCHOBaHHUH"

MAaHHBIX PEAKUX HAONIOJCHNA 3a HCIApEeHHEM U3 Yalln
ucnapuredns (McnapeHue, u3MepsieMoe Ha OTKPBITOI BOTHON
NOBEPXHOCTH M3 YAIIH UCIIAPUTENS - KOCBEHHBIN II0KA3aTelb
MOTEHINAIBHON 3BallOTpaHCIUpanun), nposefeHHbIx B CIIA
(Peterson et al., 1995; Golubev et al., 2001; Hobbins et al.,
2004), Maaun (Chattopadhyay and Hulme, 1997), ABcrpanuu
(Roderick and Farquhar, 2004), Hooit 3enangun (Roderick
and Farquhar,2005), Kurae (Liu et al.,2004; Qian et al.,2006b)
u Tamnanpe (Tebakari et al., 2005). 3mepenne ucnapenust
U3 dYallll HUCHApUTEIsl He OTOOpaxkaroT (PaKTUIECKYIO
spanorpaHcnupanuio (Brutsaert and Parlange, 1998), wu
TPEH/bI MOTYT OBbITh OOYCJIOBJICHbI CHIKEHUEM NPU3EMHOM
corevnoi paguanuu (B CILLA u HeKOTOPbIX YacTsx EBpornbl
n Poccuu) U coKpaleHneM MpOIOIKATEIBHOCTH COMHEYHOTO
cusiHasi B Kurae, 4TOo MOKeT OBITh CBS3aHO C POCTOM
3arpsI3HEHHs BO31yXa U COlepXKaHms a3po30iiell B aTMocdepe n
yBenmueHneM obaunoro nokposa. [PT'1,3.3.3, BcraBka 3.2]

2.14.2 ®Darxmuueckan 3sanompancnupayus

B THO cooOmanock, 4YTo 00beM  (PaKTUUECKON
9BANOTPAHCIIUPALMHA YBEJINUHUIICS BO BTOPOH IIOJIOBUHE
XX Beka B OOJBIIMHCTBE 3acynuInBBIX paitoHoB CIIA 1
Poccun (Golubev et al., 2001) u3-3a Gonblero KoiauyecTBa
MOYBEHHON BJIAaTU BCIIEICTBUE YBEJIMYEHHSI CyMMbI OCAaJIKOB
U BO3poclIell MOTPeOHOCTH B aTMOC(EPHOH Bjare mocie
MOBBILIEHNUS TeMIlepaTypbl. Mcronb3yst nanHbie HaOIIONCHU
3a OCajKaMH, TEeMIIepaTypod, NPHU3EMHOU COITHEYHOU
pajmanpeil B YCIOBHSX OONAYHOCTH W KOMIUIEKCHYIO
Mojienb noBepxuoctu cyum, (Yen u nip. (Qian et al. (2006a))
OOHAPYKUJIU, YTO TII00AIbHAS 9BANIOTPAHCIIUPALINS HA CyIlIe
CTPOrO COOTBETCTBYET U3MEHEHHSIM B KOJHMYECTBE OCAKOB
Ha cyue. [l1o6ajibHOEe KONMYECTBO OCaIKOB JOCTHUIJIO MUKA B
Hayvaie 1970-x rr, 3aTeM HECKOJIbKO COKPaTUIIOCh, B OCHOBHOM
B TPONHMKax, a B BBICOKMX INMUPOTAX KOINIECTBO OCAIKOB,
BBITIABIINX Ha CYIIY, B IIEJIOM BO3pOCio. MI3MeHeHns B 00 beMe

10 AHanmuTHIecKOl MPOAYKIMEN UMEHYIOTCS OIEHKH KOJIEOAHMII MPOILTOro KIMMATa, MOMyYeHHbIE MOCPEJICTBOM BKITIOUYEHHS Psifia TAHHBIX
HaOIIofleHNT B MOJIENTh TTPOTHO3a MOTOfibl MM KJIMMAaTa TaKUM 00pa3oM, KaK 3TO AeJaeTCs Ha PEryIspHOI OCHOBE JIsl Hayalla MOATrOTOBKH
€XEJTHEBHBIX NIPOTHO30B MOTOfbL. TaK Kak OIlepaTHBHBIE CHCTEMbI MPOTHO3a/aHajIW3a KIMMaTa C TeUeHHEeM BPEMEHH Pa3BHBAIOTCS, ObLI
BBINOJIHEH Ps/T IOBTOPHBIX aHAJIM30B, B paMKaX KOTOPLIX UMEIOIINECS TaHHbIE HaGJ’lIO)leHI/Iﬁ BBOJIWJIACH B €IUHYIO CUCTEMY, IIPU 3TOM YCTPaHAINCH
JIOKHBIE CKAUKH WM TPEHJIbI, BEI3BAaHHBIE M3MEHEHHsIMI B 6a30B0il cucreMe. [IpenMyIecTBo ciucTeM aHanm3a 3aKIII0vaeTcsl B TOM, YTO OHI
popMHpPYIOT TI00aNbHble MOJIs, BKIIOYAIOIe B ce0si MHOTO NapaMeTpoB, KOTOpbIE HENOCPEACTBEHHO He HalOumonamuch. [loTeHnuanbHbIi
HEJTOCTaTOK COCTOHT B TOM, UTO BCE OIS IPEJICTABIISIIOT COOOI cOUeTaHNe TaHHBIX HAOIIONEHNI I MOJIEJIeN, ¥ ITIsl PETNOHOB/IepEeMEHHBIX, 1O
KOTOPBIM MaJIO AAHHBIX HAOIIOfIEHNI, OHH, GOJTBIIEN YaCThIO, MOTYT OTOOPaXKaTh KINMATOJIOTMUECKIE BENNIINHBI 630BOI MOAEIIH.
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9BANOTPAHCIIIPALIIN 3aBHUCIT HE TONBKO OT MOCTYIUICHUS BJIard,
HO TaK»Ke OT HaJIn4¥sl SHEPruu 1 npu3emMHoro Betpa. [PI'], 3.3.3]

K gapyrum akropam, OKa3bIBalOIIMM BIUSHHE HA
(hbakTHUECKYIO 3BANOTPAHCIHUPALNIO, OTHOCHTCS IIPSIMOE
BO3/IelICTBHE OOOTAIICHHON YIIIEKUCIBIM ra30M aTMocdepbl
Ha (PU3UOJIOTHIO pacTeHuil. JIuTeparypsl, MOCBAIICHHON
3TOMY IPSIMOMY BO3JICHCTBHIO M €T0 CBSI3H C HAOJIIOIaeMbIMU
TpeHJaMH  3BallOTPAHCHHUpAIMU, HE CYIIECTBYET, XOTS
BO3JIEUCTBHSI Ha CTOK oTMevanuch. [PI1,9.5.4]

TomoBeIe 006BEMBI 3BANOTPAHCHMPANUN YACTHYHO 3aBUCHT
OT MPOROJIKUTEIBPHOCTH THepuopa Beretamuu. B 104
TIpeJICTaBIEHbl CBUJIETENILCTBA HAOIIOaEMOro YBEJIUYCHHUS
MIPOIOJKUTEIILHOCTH IEpUOfia BereTalu. JTO YBEJINUCHNUE,
KOTOpoe OOBsICHAETCs] 60ojlee paHHUMH CPOKAMH TTOCIIEJTHIX
BECEHHMX MOpPO30B M 0oJjiee TO3THUMH CPOKAMHU OCEHHUX
MOpO30B, COBEPIICHHO OYEBHIHO B PAOHAX C YMEPEHHBIM
kimmaToM B EBpasun (Moonen et al.,2002; Menzel et al.,2003;
Genovese et al., 2005; Semenov et al., 2006) u Ha Goyblen
yactu CeBeproit Amepuku (Robeson, 2002; Feng and Hu,
2004). [PT'IL, 1.3.6.1]

21.5 MNouBeHHas Bnara

Psijibl McTOpUYEcKUX JJAHHBIX O COlEpXKaHWU BIIArW B TOYBE,
MOJTyYeHHbIE MOCPEAICTBOM M3MEPEHNUI B TOUYKE, UMEIOTCS B
HAJIMYUX TOJBKO ISl HECKOJIBKUX PETMOHOB, M YaCTO JJIMHA
aTtux psiaoB ovyeHb Mana. [PI'l, 3.3.4] Aunanusupys naHHbie
6o1ee yem 600 cTaHII, PaCTIOIOKEHHBIX B MECTaX C OOIIBIINM
pazHooOpa3ueM THIOB Kimmara, Po6ok m ap. (Robock et
al (2000)) BBISIBHIM JOJITOCPOYHBIA BO3PACTAIONIMN TPEH]
copiep>KaHus BIIark B BEPXHEM cJIoe MOuBBI (TIyomHOl 1 M)
B JICTHUI TIEPUOJ JUISI CTAHIMH C CAMBIMHA JIIMHHBIMH PSIIaMA
HaOJIOICHNUH, KOTOPbIE B OCHOBHOM HaXOMIITCsI HA TEPPUTOPHAN
6nmBrrero Coserckoro Coro3a, Kuras n nieHTpanbHON 9acTn
CHIA. B coOTBEeTCTBUM C CAMBIMH AJIMHHBIME PSIIaMH aHHBIX,
NMEIOIIMMUCS Ha YKpanHe, B IEJIOM OTMeYaeTcsl yBeJInIeHne
Cofiep>KaHusl BJIard B BEPXHEM CJIOE MTOYBBI, XOTS B IOCIIE/IHIE
JecsITHIIETHs 3TO yBelnueHne Meree 3ameTHo (Robock et al
2005). ITepBOoHAYANIBbHBIN TTOJXO/ K OLIEHKE NOYBEHHOW BJIaru
3aKIIIOYAlICsl B TOM, YTOOBI pacCYMTaTh 3HAUCHUS MHAEKCA
uHTeHcuBHocTH 3acyxu [lammepa (MU3II) no paHHBIM
HaOJIIOJIGHNI 3a OcajikaMM M TemiepaTypoil. V3meHenwus,
kacaromqecs MBI, paccmaTpuBatoress B paspene 3.1.2.4.
[PT'T, BcraBka 3.1,3.3.4]

21.6 CTtokK 1 pacxon Boabl B pekax

Bounbloe umcno uccnefoBanuil ObUIO MOCBSILEHO BBISBICHHIO
MOTEHIMABHBIX TPEHJOB  BEJIMYMHA pacxofia BOABI B
pekax TedeHme XX BeKa B MacmTabax, BapbUPYIOIIUXCS
OT BOfOCcOOpHOTO OacceifHa MO Bcero 3eMHOro Imapa.
B pe3ynbpTaTe HEKOTOPBIX WHCCIENOBAHUII OOHAPY>KEHBI
3HAYUTENbHbIC TPEHABl HEKOTOPBIX MOKa3aTeJell PedyHOro
CTOKa, a [Jpyrue IpOJEMOHCTPUPOBAIN CTaTUCTUYECKU
3HAYNMBbIE CBSI3W C TPEHAMHU TEeMIIEpaTypbl M KOJIMYECTBA
ocaikoB. OJTHAaKO MHOTHE HCCIETOBAHNMS HE BBISBIIN HIKAKIX
TPEHJIOB M HE CMOTJIM OTAEIUThH MOCIEACTBHN KoJieOaHMIT
TeMIepaTypbl U KOJUYECTBA OCAJAKOB OT IOCIEACTBUH

AQHTPOIIOIeHHOI'O BO3[[eHCTBUS Ha OacceilH. MeTtoposorus,
KOTOpasi UCMOJIb30Bajach ISl BBISIBJICHUS TPEHJOB, TaKKe
OKazalla BIWSHHE Ha pe3ynbrarhl. Hampumep, pa3iamdHbie
CTaTUCTHYECKIE METOBI MOTYT JIaTh pa3JIMIHbIC TOKA3aTEIIH
3HAYUMOCTH; Pa3JIMUHbIe NEPUOJbl HAOIIOEeHH (OCOOEHHO
CPOKM MX Hayajia ¥ OKOHYaHMsI) MOTYT IMPUBECTU K Pa3HBIM
MOKa3aTeNisiM  U3MEHEHUN; HEBO3MOXHOCTh OOECICUYUTh
B3aUMHYIO KOppeJsIMI0 MexJay OacceliHaMH  MOXKeT
BBI3BATh IIEPEONEHKY 4YHNCIa BOJOCOOPHBIX OacCeiiHOB,
XapaKTepU3yeMbIX 3HAUNTEILHBIM M3MeHeHeM. Erme oM
OrpaHMYCHUEM I aHalll3a TPEHJOB SBISETCS HAJIIMIne
COTJIACOBAHHBIX M MPOBEPEHHBIX B IIJJaHE KA4eCTBA TAHHBIX.
Wmeromuecss  psabl MaHHBIX HAOJIOACHWN Ha CTaHIUSIX
IS U3MEPEHUs] YPOBHS BOJbI OXBAaTBIBAIOT TOJBKO [IBE
TPEeThUX OOIIEH AaKTUBHO JPCHUPYEMOW IUIOMIAIA CYIIIH,
4acTo cojiepkar nmpobesibl U UMerOT pasuyio piuny (Dai and
Trenberth, 2002). HakoHel, aHTPOIOreHHOE BO3JICHCTBHE
OKa3aJio BIMSHUE Ha PEXKMUMBI PEYHOTO CTOKa B peKax BO
MHorux 6accernax. [PT'1,3.3.4,9.1,9.5.1; PI'I1, 1.3.2]

B rno6anpHOM MacmiTabe MMEIOTCS IaHHbIE O Oosiee MU
MeHee YeTKON KapTHHEe N3MEHEeHnI 06'beMa rojloBOro cToka,
IpY 9TOM B OJHUX pailOHaX OH YBEIMYMBaeTCs (Hampumep
B BBICOKUX IIMPOTaX M Ha OOJBIIMX Y4acTKaX TEPPUTOPUN
CIIA), a B ipyrux (Takux, Kak HEKOTOpbIE pailOHbI 3aNafHOM
yactn AdpuKY, I0KHAs 4yacTh EBpombl M camasi roXHast
vacth HOxHOI AMepukn) — ymenbinaercs (Milly et al., 2005,
1 MHOTHE JIPYTHe HMCCIEe/OBaHMsI B MaciTabe BO{OCOOPHOTO
OacceiiHa). Bo MHOTUX 4acTsX MHpa MEKTOfJOBble BapHallu
o06beMa PEYHOTO CTOKa TaKKe HAXONATCS TOJ| BIMSHUEM
KPYIHOMAaCIITaOHBIX KJIMMaTHYECKUX HPOSIBIICHUI],
cBsi3aHHbIX, Hanpumep, ¢ DHCO, CAK u mopiensio TCA! . B
onpuom u3 uccrnenoBanuit (Labat et al., 2004) yrBepxkaanocs,
yTo B TedeHHe 20-ro CTOJETUS CyMMAapHBIN TJII0GATBHBIN
CTOK yBeqmumBajcs Ha 4% B pacdeTe Ha IOBBIIICHHE
TeMnepatypsl Ha 1°C, mpu 3TOM HaOIIORAINCh PETHOHATBHbIE
Bapualiy 3TOTO TPEHAAA, OTHAKO 3TO YTBEP:KACHUE BbI3BAJIO
cnopel (Labat et al., 2004; Legates et al., 2005), koTopsie
CKOHIIEHTPUPOBAJINCH Ha BONPOCAX BO3JIEHCTBHI HAa CTOK
HEKJIMMAaTHYeCKNX (PaKTOPOB M BIIMSHUS HA PE3YIbTaThI
HEeOOJIBIIOTO YKiciIa TOYEeK IOIY4YEeHUs NaHHbIX. [eHen u fp.
(Gedney et al (2006)) o6 bsicHuIn MacIITaGHOE YBEINUCHUE
ob6bema cToka B XX BeKe B OCHOBHOM CACpP>KMBAHHEM
9BaNOTPAHCIIUPALN B pesyubrare YBEIIMYCHUS
koHnenrpanuu CO, (KOTOpble BIMSAIOT HA YCTBUYHYIO
NPOBOJMMOCTE), XOTS JIpyTHe CBHJICTEIBCTBA  TaKOM
B3aMMOCBSI3H HAlITH TPYAHO, U B pasfeine 2.1.4 mpefcTaBieHsbl
JloKa3aTeIbCTBA YCHICHUS 3BanoTpaHcnupanun. [PTIL, 1.3.2]

Tpengpl B 00beMe CTOKAa HE BCETAa COIJIACYIOTCA C
N3MCHCHUAMHU B KOJIHUYECTBEC OCAJKOB. 9TO MOXeT OBbITh
BbI3BaHO OIPAaHUYEHUSIMU B JaHHBIX (OCOOEHHO 3TO KacaeTcsl
OXBaTa JaHHBIMHI 00 OCajikax), aHTPONOTEHHBIM BO3JICHICTBHEM,
TaKNM, HaNOJNHCHNE BONOXpPAHWIHII (KaK B cilydac C
OCHOBHBIMH pekamMn EBpasmm), WM KOHKYPHPYIOIINMHI
BO3/ICACTBUSMU M3MEHEHMII OCajKOB M TEMIIEpaTypbl
(kak B HIBemum: cm. Lindstrom and Bergstrom, 2004).

OJIHaKO HAMEIOTCS 3HAYUTENbHO Oojiee HAJIC>KHbIC U O6HII/IpHI)Ie
MaHHBIC, CBUACTEJILCTBYIOIIUC O TOM, CPOKH PEYHOTO CTOKa

" CoorsercreenHo YHCO = Dub-Hunbo - I