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Amnanus JaHHBIX HaONIONECHWH CBHACTEILCTBYET
00 YBEJIMYEHHH CKOPOCTH II100albHOTO MPUIIOBEPX-
HOCTHOT'O HOTEINIEHHS B MOCHENHUE NeCITHIETH.
g OlEeHKH BO3MOXHBIX TI100aNbHBIX H PETHOHANb-
HBIX H3MEHEHWI NMPOBEJEH aHAIM3 PacyeToB C K-
Matrdeckoil Mopenslo (KM) MPA PAH mpm pas-
JIAYHBIX CIIeHAPHAX.

ITocnennee pecatunerne XX B. XapaKTepU30Ba-
J10CH aGCOIOTHO 3KCTPEeMaIbHBIMH TPATIOBEPXHOCT-
HbIMH TeMIIepaTypaMH, KakK TrjIo0ajbHbIMH, TakK H
1711 OTHENBHBIX NONYIIAPHi, 3a TIEPHOJ HHCTPYMEH-
TaNbHBIX U3MepeHuit ¢ cepenunbl XIX B. [1, 2]. Hava-
10 XXI B. CBUIETENLCTBYET O MPONOIKEHUN HHTEH-
CHBHOTO IJIO0AJIEHOTO MOTEIIEHHS, OTMEYEHHOTO B
nocineqHed yetBepTd XX B. CaMbIM TeINbIM OBLT
1998 r. (mepuop Inb-HuHbO), a YeThIpe NocIeTHe
ropa GpUIH CIENYIOIMME 10 aHoManbsHOcTH (2003 1
2002 r. — BropsiM, TpeThbuM, 2001 r. — YETBEPTHIM, a
2004 r., cyas o IpegBapuTEILHBIM JaHHBIM, — Gollee
aHoManbHbIM, YeM 2001 r.). CaMble Temible (TI0-
6aneHO) 10 net 6ulnu nocie 1987 r. Yxke 6onee 25 et
MOZIPSIY] CPETHETOI0BAsI TIIO0ANBHAS TIPUIIOBEPXHOCT-
Hag remnepatypa (CI'TIT) Bele cpefHel TeMuepary-
peI 30-neTHero 6a3oBoro nepuopa 1961-1990 rr.

CornacEo TpOBEICHHOMY aHaNHW3y JaHHBIX [2]
st 1856-2003 rr. BenMUYHHA MOJOXHTEILHOIO
tpeHpa CI'TIT ysenuunnace 6omnee 4eM BEBOE — OT
0.3 K/100 net pna 100-neTHEero mepmofa B Hayale
psna (1856—-1955 rr.) o 0.7 K/100 neT nns mocnegue-
ro croneras (1904-2003 rr.). Hapsagy ¢ TpeHIOM BbI-
pocina (II0O4TH BABOE) AONSA JUCTEPCHH, CBSI3aHHOM C
mHeHHBIM TpeHgoM, — oT 0.38 mo 0.72 (mourn 3/4).
Cy1iecTBEHHO, YTO TPEHJ NOTEIIEHUs OBICTPO YCH-
JMHBAETCA — HECKOJILKO JIET Ha3ai OH OB OKOJO
0.6 K/100 ner.

AmnanornyHad TEHJEHIMS OTMEYEHA [JIs1 aHOMa-
JTHA CpeNHEerofoBOH W 3WMMHEN NPHHNOBEPXHOCTHOH
TeMIepaTyphbl CeBEPHOTO Noiyiiapus. [Ins aHoMa-

Hucmumym ¢pusuxu ammocghepor um. A.M. Ob6yxoea
Poccuiicxoii Akademuu nayx, Mockea

I 3UMHEH TEMIepaTypbl CEBEPHOTO MNOIYyIIapHs
3HadeHmss 100-neTHero TpeHAa B HACTOMIIEE YkKe
6onbwe 0.8 K/100 net, — Gonee 4em BOBOE NMPEBHI-
IAOT COOTBETCTBYIOIMNE OoueHku 1A 100-neTHUX
HHTEPBAJIOB B Ha4Yaje BpeMeHHoro psna. Ilpu atom
co Bropoi nnosopuHsl 1980-x rogos anoManuu CI'TIT
yXe HaXOJATCs BHE JBOMHOro Auana3oHa cpeJHEKBa-
ppatmyecknx oTkioHeHuH (CKQO) oTHOcHTeNnBHO
CpETHETO peKMMa MU TepBOd MONOBHHBI XX B.
Maxkcumanbable 3HaueHus TpeHaos CITIT orMmede-
HBI B TocnepHue Tpu fecatunerus: no 0.02 K/ron mns
20-netuux uaTepsanos u go 0.04 K/rop gns 10-ner-
HuX uHTepBanos. ITocne 1990 r. 3nayenns 10-neTHHX
Tpenpos CI'TIT okomno 0.3 K/10 net — B 4 pa3za 601b-
me, yeM 71t XX B. B IIETIOM.

B XX B. cymecTBeHHbIE U3MEHEHHS KIUMaTa OT-
MEYeHbl B POCCHICKHMX pETHOHAaX, 0COGEHHO B IO-
cnennne pecstunetd (cM. [3]). Cpegseroposas npn-
HNOBEPXHOCTHAs TeMIiepaTypa ana Poccuu B 1eaom
yBeauuunack 3a cronerue Ha (0.9 K ¢ raubonsmmm
poctoM B Cubupu [4]. IIpn sToM nnst BTopoi nomno-
BuHBl XX B. B CHOHMpH OTMEYEH TeMIEpaTypHbIH
tpeng 3.5 K/100 net. HauGonwiiee noTerienue s
Poccun B iestom otMeyeno 3umoii (4.7 K/100 ner).

Cornacno 5] (cMm. Takxke [1]) ckopocTh pocra TeM-
nepaTypbl CEBEpHOTO MOJYIIAPUs B HOCIETHEE CTOJIe-
THE 3HAYATEIBHO OOIbIIIE, YeM XapaKTepHbIE CKOPOCTH
W3MEHEHHA B TeueHne nocnefunx 2000 ner no naneope-
KOHCTPYKIIM. BhicTpoe norerenne, ocoGEHHO B 1O-
crenHelt yeTBepTH XX B. B Hayasne XXI B., B cpaBHEHIN
C IpefibIRYIIMH NEPHOaMH TPeOYET AETANLHOTO U
Pa3HOCTOPOHHETO aHAJIN3a AHTPONOT'eHHBIX H3MEHE-
Hui knuMaTta. K Hauany XXI B. cogepxanue CO, B
aTMocepe YBENMYHIOCH YK€ HAa TpeTh (OKONO
380 mna! B 2004 r.) 1O CPaBHEHHIO C [OMHYCTPH-
albHBIM ypoBHEM (0K0J10 280 Mita ™).

PesynpTarsl MORETBEHOTO aHATA3A BEIABHIIA CYILIC-
CTBEHHOE pa3iimiKe rio0aibHOro NOTEIICHNs KOHIIA
XX B. n notemnenns 30-x — Hauana 40-x ropos. Io-
TeIUIEHHE B TIEPBOi NOJOBHHE XX B. MOXKHO 00bsiC-
HHATb €CTECTBEHHBIME IPHYMHAMM, CBI3aHHBIMY, B Ya-
CTHOCTH, C H3MEHEHHEM CONHEYHOTO W3JIYYEeHHS H
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Puc. 1. Wamenesns CUTIT (npu 30-NeTHEM CKOMB3AMEM OCPERHCHUH s ieprofia 18602100 rr.) B KM & A PAH npxu pas-
JMYHBIX CLEHAPHAX aHTPONOTeHHSIX H3Merernil B XXI 8. (1 — A2-CO,, 2 - B2-CO,, 3 — A2-GHG, 4 — B2-GHG) B comocTas-
neHuu ¢ pacueTamu Ha ocioBe KMOL (5 — CSIRO B2, 6 — HadCM3 B2) u fanseiMu HaGarofeHuii [2] B MEXTOZOBOH H3MEH-

YMBOCTH (KUpHas Kpusas 7).

ByJlKaHu4YecKol akTuBHOCTH. [foTennenne e KOHIA
XX B. corjacHo MpOBEYEHHLIM pacyeTaM yxe Cylre-
CTBEHHO aHTPOIIOTEHHOE, CBSI3aHHOE C YBEIUYEHAEM
colepXaHHS B aTMoc(epe NapHAKOBBIX Tra3oB
(CIIIN), rnaBabIM 06pa3oM yriekucnoro rasa [1].

3TO NOATBEPXKAAIOT H PAa3IAYMA TEMIIEPATYPHBIX
n3MeHeHmA B aTMocdepe Ha pasHBIX BeicoTax. IIpu
n3MeHeHnH n3iydeHus1 CoNHIa MOTETIEHHE TOJIKHO
6b1710 6B1 OTMEYATHCS HE TOJNBKO Y MOBEPXHOCTH, B
npefienax Tponocdeprl, HO ¥ B 60jee BLICOKHX CIIO-
ax atMoccepsl. IIpd yBeaudyeHnn cofiepxkaHus nap-
HUKOBBIX Ta30B B aTMOCepe NOMKHO TEIIETS Y 1O~
BEPXHOCTH H B Tpomocdepe B IIENIOM, a crpaTocgepa i
Me3ocdepa BHIXONAXKUBAIOTCA. DTO B HACTOSILIEE Bpe-
Ms ¥ IPOMCXOJMT — TPOMOCGEPHOE MOTEIUICHHE CO-
IPOBOAIAETCH CHIIBHBIM OXJIAKJIEHHEM CTpaTocthepsl
1 Me3ocdepbl. Oco6eHHO CHIILHOE CPETHETOIOBOE OX-
naxnenne okono 0.7 K/rog (1 okono 0.9 K/rop 3umoii)
B TeYeHHe NOCNEIHAX JeCITUNETHIl OTMedaeTcs BOIH-
31 Me3onays3sbl [6].

B panHO#t paGoTe MPOBENEH aHANIA3 W3MEHEeHnH C
HCIONB30BaHAeM KimMmaThueckod wmomenmn HOA
PAH (KM U®PA PAH) [7, 8] nia nmeprosa ¢ cepeu-
el XIX B. mo kxonna XXI B. ¢ usmenenuem CIIT
(CO,, CH,, N,0) gna 1860-1990 rr. no maHHBIM
Ha6monenni, a st 19912100 rr. — B COOTBETCTBAN
C pa3NUYHbIMA COBPEMEHHBIMH CIIEHAPHSIMH aHTPO-

JOKNANBI AKATEMHWH HAYK

MOTeHHBIX BosfeiicTemil, B ToM uncne SRES A2 u
SRES B2 (cm. [1]). Ins kaxpnoro u3 cuieHapues (A2 1
B2) 6b1110 IpOBEiEHO [IBa BAPHAHTA PACYSTOB — C H3-
merenueM CIIT (manee — GHG) m ¢ H3MEHEHHEM
TobKO CO,.

KM HN®A PAH - nepBast poccHiicKast Tpexmep-
Has KJIEMaTHYecKas MOfelb, C KOTOpo#l ObUIH Mpo-
BEEHB! YHCIEHHBbIE 9KCIIEPUMEHTHI IPH Pa3IMYHbIX
CLIEHApHUsAX HENMPEPhIBHO MEHSIOIIETOCH aHTPOMNO-
rexnoro so3neiicreus Jist XIX-XXI 88. [8]. Ona oTt-
HOCHTCH K KJIACCy Tak Ha3bIBaeMbIX MOJIENIEH IPOMe-
XyTouHo# crnoxkHoctr [9]. IIpocTpaHCTBEHHOE pas3-
pemenre KM UPA PAH - 4.5° no mmpore 1 6° no
nonrore ¢ 8 cnosmu B arMocepe (1o ypoHs 80 kM),
3 cOsIME B OKERHUIECKOM OJIOKE 7 2 CIIOSMH 17151 CY-
WA, YUHTBIBAIOTCA Takxe 6uoccepHbie 3¢ eKTh H
#3MeHeHuss MOpcKoro nbaa. Mcnonb3yembie B MOfie-
1M NapaMeTpU3aluy MO3BONSIOT 3HAYMTENBHO YBe-
IHYATE 3PPEKTHUBHOCTL YHCTIEHHBIX PACYETOB.

Ha puc. 1 B conocraBieHu# ¢ IMIMPUICCKAMH JaH-
HbIMH [2] IpefcTaBieHbl H3MEHEHHS MEXTOJIOBBIX Ba-
prawyit CTTIT 87, otHocuTenbHo 1961-1990 rT. B KM
HNdA PAH c cepenunst XIX B. fo korna XXI B. mpu
pasznmunbIx cueHapusix maMesenus CIIT. [lns cpas-
HEHMs MPUBEICHBI TaKXKe COOTBETCTBYIOIINE pacye-
THI C UCTIONIL30BAHMAEM KIIMMATHYECKUX Mofiesied 06-
meit mupkyssioun (KMOIT) HadCM3 u CSIRO (cm.

Tom 402 N 2 2005



R

— e et

S

W i

KIMMATUYECKHWE USMEHEHHWS 1 UX OOEHKHU 245

[1, 10]). ITpu cuenapusax SRES B2 u SRES A2 CTTIT
B KM U®PA PAH k cepepune XXI B. MOKET Bo3pac-
TH npaMmepHo Ha 1-1.5 K oTHocuTenbHO 6a3oBoro
pexunmMa 1961-1990 rr., a k koHny XXI B. — mpaMep-
HO Ha 1.5-3 K.

Ha puc. 2 npuBegens! MoenbHBIe olfeEKH 100-11et-
mux TperpoB aHomamuit CITIT 87, B cpaBHeHMH C
OLIEHKaMH 110 JJaHHLIM HabmoeHnil. Benmaraa Tperna
noremienus and nocaenamx 100 net (1904-2003 rr.)
no faHHeIM HaGmopenwni (0.7 K/100 net) naxogurcs
B IHAa30HE MOJIEIbHAIX oneHOK — oT 0.4 K/100 net
(s KMOILL CCSRNIES [1]) mo 0.9 K/100 net (mns
KM UPA PAH u KMOII CCCma (cM. [1, 10))). ITpu
ydeTe asposzonsHoro adpekra onenkd 100-neTHux
Tpengos CITIT ¢ KM VI®A PAH (0.6 K/100 ner)
ONMU3KH K COOTBETCTBYIOIUM OIICHKAM IO JAHHBIM
HaOmronenui. [Jng XXI B. B ies1oM BETHYAHA TPEHA
CI'TIT ouenena B muamnasoHe ot 1.5 K/100 ner (ans
KM HUPA PAH mnpu cuenapuu SRES B2) mo
5 K/100 neT (ma CCSRNIES npu SRES A2).

Baxnolt xapakTepHCTHKOHN KIAMATHYeCKOU CHC-
TEMbI, B JaCTHOCTH UHPKYJISIHOHHOTO PeXHUMa B aT-
Moccepe, IBISIOTCA TaK Ha3bIBa€Mble HEHTPHI Aeii-
ctBas atMocdeps! (UOA). KM MDA PAH B uenom
RocratouHo xopoio BocnpomssopuT LIIA. Cornac-
HO MOJEeNIBHBIM pacyeTaM NpH noremicHun B XXI B.
MOHO OXKHJaTh, B YaCTHOCTH, ociabnenuss Cubup-
CKOT'O MakKCHMyMa H YCHIICHHS AJIEYTCKOrO MAHEMY-
Ma. CHIbHOE PHIIOBEPXHOCTHOE NOTemienne B Cu-
6upy B obnactu BiausiHEA CHOMPCKOTO MaKCHMyMa B
nocnegune TpH gecaranetus (no 0.8 K/10 ner u 6o-
nee) cBsi3aHo ¢ ocnabnenneM atoro IJJA 3uMOIi.

Ha puc. 3 npefcraBieHbl MOJleIbHbIE ONEHKH H3-
MEHEHHIl CpeqHEroJoBOro cToka R, CHOMPCKHX pexk
(O6m, Ennces u Jlensl) u Bonru u ¥Ypana B conocran-
JeHWH ¢ JaHHbIMA HaGmiomeHmit npm 30-merHeM
CKOJIB3SI1IeM OCpeTHEHHHA 1 HOPMHUPOBKE Ha BETNIAHY
croka st 1961-1990 rr. Haubomnee cunbHOE yBENH-
YeHHe PEeYHOT'O CTOKA H BEPOITHOCTH IIPEBBILICHHUS B
XXI B. MAKCUMAJTGHBIX 3HAYEHUH PEYHOrO CTOKA [
XX 8. nony4ueno i Jlens [11]. HanGonsimwe pasnn-
Y B MOJACNBHBIX OICHKAX TCHACHUMH H3MEHCHHS
pe4ynoro croka B XXI B. 1o pa3HBIM CIIEHapHAM OT-
MedeHb! gnd Bonru n Ypana.

CnenaHa oneHKa YyBCTBHTEIBHOCTH ILIOINANH C
TEPMAYECKAMH YCIOBHSIMHE, ONaronpHsATHBIMU [T
CYHIECTBOBaHMsI BEYHOH MEpP3JIOThI — MOTEHIMAILHOR
peuHoil Mep3noTs! (IIBM) [12]. B Tabn. 1 npuBefeHbI
3aBHCHMOCTH Tomiafu cinomrHoi [IBM S (ropMupo-
BaHHOH Ha ee 3HadeHue miA 1961-1990 rr.) qnd cymu
CEeBEPHOro MOJYLIApWs B 3aBUCHMOCTH OT BapHalMil
CITIT no pacueram pgo Konna XXI 8. cKM M1PA PAH
1 ¢ KMOII HadCM3, CSIRO u ECHAM4/OPYC3.
TemmneparypHast TyBCTBHTEIBHOCTE GOJbIIE IS CLE-
HApHEB C MEHBLIIAMM AHTPONOTEHHBIMM 3MUCCHSIME
NapHAKOBBIX I'a30B B arMocgepy (B2-GHG u B2-CO,)
# 60J1ee MENJIEHHBIMH KIIAMaTAYECKAMI H3MEHEHHA-
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Pnc. 2. Mopensnsie ouenkn 100-nerunx tperpos CITIT,
OLEHEHHEIE NO PA3THYHBIM KIMMaTHYECKHM MOJENAM
(I - KM UPA PAH A2-GHG, 2 - KM HU®A PAH B2-
GHG, 3-CCCma A2,4-CCCmaB2,5-CCSRNIES A2,
6 — CCSRNIES B2) B cpaBHEeHNH C OLIEHKAMH 110 JaHHBIM
HaOmiofieHUH (KHpHasi KpUBas 7).

MH U GnHM3Ka IIPH 3TOM K NOJIyYEHHOH IO Tajeope-
KOHCTPYKIHIM {cM. [13]). OneHensl n13MeHeHUSI TITy-
OHHBI CE30HHOrO HpPOTaMBaHMsI B ceBepHOH EBpazun
C HCTIOJNB30BaHHEM MOJENH CE30HHOTO NpOTauBa-

Ta6mmma 1. ITapameTpel uyscTBRTeNbHOCTH (K1) HOpME-
POBaHHON NMJIOMANK CIUIOIIHON TIOTEHOHAIBLHON BEYHOH
MEP3JIO0THI 1 CYIIH CEBEPHOTrO MONYLIapUs K H3MEHEHHIO
rio6anbHOI NPHIOBEPXHOCTHON TeMmiepaTypsl. B cko6-
kax — CKO

Cuenapmii TTapameTp 9yBCTBUTENLHOCTH
Mopens KM UPA PAH
A2-GHG -0.32 (£0.02)
A2-CO, -0.39 (£0.02)
B2-GHG —-0.41 (£0.03)
B2-CO, -0.41 (£0.03)
1S92a -0.35 (1£0.04)
Mopgens CSIRO
B2 ' -0.19 (£0.01)
Mogens HadCM3
B2 —-0.25 (£0.01)
1S92a ~0.24 (£0.03)
Mopnens ECHAM4/OPYC3
1892a l ~0.36 (£0.04)
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Puc. 3. Bapuamuu HOpMHEPOBAHHOI'O CTOKA peK NpH 30-TeTHeM CKOUIb3SLIEM ocpeiHeHrn s neproga 1860-2100 rr. 8 KM
U®A PAH npu pasnHYHeIX CHEHAPUAX aHTPONOTEHHBIX M3MeHeHmH (I — A2-CO,, 2 — B2-CO,, 3 - A2-GHG, 4 — B2-GHG) B

COITOCTaBJIEHHH C MAHHLIMM HaONIONEHHI (KUpHast KpUBas 5).

HASA/MpOMep3aHusl IPYHTa, OCHOBAHHOH Ha MeTope
3KBHBAJICHTHOH TeIutoeMKOCTH (cM. [14]). IIpu mo-
TeIIeHMH K KoHIy XXI B. MOXKHO OXHJaTh yBeJIHYE-
HHsl INTyOHMHBI CE30HHOTO IportamBaHus Ha 20-40%
0e3 yueTa TEIIOM3OIAMOHHOTO 3()(heKTa MoBepx-
HOCTHBIX IIOKPOBOB, NI OTAENIbHBIX PETHOHOB BO3-
MOXKHO 00pa30BaHUE TANIHKOB.

C ucnonwizopanneM KM NP A PAH coenans! Tak-
K€ OLEHKH H3MECHEHHWH GHOJOrMYecKod NMpOXYKTHB-
HOCTH PacTHTEJIBLHOTO IMOKPOBa CYIIM HPH BO3MOXK-
HBIX aHTPOIIOT'€HHbIX U3MEHEHUAX KinMaTa B XXI B.
[15]. CornacHo cpenaHHBIM OLEHKaM IPH TI06aib-
HOM CPEeTHETOOBOM MOTEIUICHAH MOXKHO OXHIATh 3a-
METHOTO YBENHWYECHHs] IEePBHYHOM OHONOTHYECKOn
MPOAYKIAK B JOCTATOYHO MPOTSKEHHOM TIOSICE M-
poT At TeppuTopHd Poccun. OTMedeHB! CYITIeCTBEH-
HbIE€ PETHOHAJBHBIE PA3/IUYAs BO3MOXHBIX H3MEHE-
Hut [15].

Pa6ora BeinonueHa npu noppepxkke POOU (npo-
extel (02-05-64573, 03-05-64955, 04-05-08063-
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ogu_a), ITIporpamme!r PAH u HayusbIx rpaHToB Ilpe-

sumenTa Poccrmy HIIT-1636.2003.5 1 MK-3570.2004.5.
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