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TeyeHMA B OKeaHe
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Teopna MunaHKoBUu4a

Berger: Milankovitch Theory and Climate
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Fig. 11. Long—term variations of eccentricity, precession, aad tilt from 250,000 years
B.P. to 100,000 years A.P. [Berger, 1978c].
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[1BnxKeHune nontoca: X — KoopanmHaTa U TOYHOCTb
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CuHrynapHoi CnekTpasnbHbl AHaNU3
ABUKEHUA NONOCA
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CneKTp ABUXeHuAa nontoca n dmnnotp NaHTeneesa

PM amplitude spectrum
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I1nHammn4yeckaa moaenb
BpalleHnAa 3emnu
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YaHanepoBckoe KonebaHue n ero
BO30OyKaeHune

reconstructed Chandler excitation
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AAM BeTpa B HaHANepOBCKOM AMana3oHe
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AAM pasneHuna B HaHANepoOBCKOM AMana3oHe
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N3meHeHuns NPUAOHHOIO AaB/1eHUA CBA3dHbl C UISMEHEHUAMU MaACCbI
- C TASHMEM NIeAHMKOB CYyLUM,
HEeCTeEPUYECKUMN U3MEHEHUAMM YPOBHA MOPA

CM eqH20

Mo gaHHbIM cnyTHUMKOB GRACE
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Mapo-atmochepHoe Bo3byKaeHue

Chandler excitation

from geodetic PM
OAM filtered in time domain
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BekoBble UaMeHeHUs rpas. nons 3a 7 net no gaHHbIM GRACE
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TpeHAa ABUXeHUA NoNKCa
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TemnepaTypa  TpeHa ABUKEHUA NONOCA
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30Ha/IbHbI NepeHOocC Yr10BOro MOMeEHTa B aTmocdepe
BETpoOBas COCTaB/soLLan
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ATmocdepHoe BamnaHmne Ha LOD Ha nepnogax meHblle roaa
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OKeaHunyeckoe sanaHume Ha LOD n ENSO
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MpogonkutenbHocTb cyToK (LOD)
M 30HA/IbHbIW NPUNNB

LOD observations
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CKNOHEeHUA NyHbl MeHAoTCA B 18.6 —neTHem umkne
perpeccum y3nos opbuTbl
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[1BuxeHune JIyHbl 1 30HaNbHbIN MPUNNB
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[1BuxeHune JIyHbl 1 30HaNbHbIN MPUNNB
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H.C. CnaopeHKoB BblABUraeT rmnoTtesy :

JIYHHbIM NPUANB OKA3bIBAET BANUAHNE HA aTMmochepy,
aKcTpemymbl LOD cooTBeTCTBYIOT AHAM CMEHbI
METEeOpPON0OrMYEeCKMX XapaKTepUCTUK

B Mapurkckon obcepBaTtopun (Bizouard, Zotov)
HaWAEeHO NOATBEPXKAEHME TOTO, YTO

JIYHHbIV NPUANB BAUAET Ha BETPOBYIO KOMMOHEHTY
- YI10BOro MOMeHTa aTMmocdepbil.

Ecnun JlyHa BO34ENCTBYET Ha NPOLLECChbl B OKeaHe n aTmocdepe,
3TO MOXET NepeaaBaTbCs BPaLWEHMIO 3eMIN Yepe3 OTHOCUTENbHbIN
YINOBOW MOMEHT



Banaet nm JlyHa Ha aTmocdepy ?
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MoryT In U3AMeHeHnA KAnmaTta BANATL
Ha BpalleHne 3emnmn?

MoxeT nun BpaleHune 3emMam BANATb Ha
Knmmart

N3meHeHUsa BO BpalieHUn 3eMIu MoryT 6biTb Bbi3BaHbl
M3memeHnAMU MOMEHTA NHEPLUU l, N3meHeHnAMU OTHOCUTENIbHOTO

I Yr10BOro MOMeEHTa
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CnyTHMKoOBble mnccum no HabawgeHuro 3a 3emnen NASA
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CeHTA0pbL 2012 — NCTOPUYECKUN MUHUMYM NbAOB APKTUKMU
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[loTepsa macchol B ['peHnaHanm 1979-2009

Melt Day Anomaly
(difference from 1979-2009 average)
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U3ameHeHUs TemnepaTtypbl B AHTapkTnage 1957-2006 r.
LIA. RadarSat, EOS AMSR, POES AVHRR
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Honronepuoguyeckue nuameHeHus CO, B Tponocdepe
no AaHHbIM UH( pPaKpacHoro atmocdepHoOro
papapa AIRS Ha GopTy cnyTHMKa Aura
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PocT koHueHTpauun CO, B Tponocdepe
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U3meHeHus KOHUEeHTpaunum BOOAHOro napa B atmocdepe
no AaHHbIM AIRS Ha 6opTy cnyTHUKa Aura
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U3meHeHnsa KOHUeHTpauuu BoAAHOro napa B atmocdepe
no AaHHbIM AIRS

AIRS Water Vapor
initial data without trend
PC 2 - annual trend
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NMpumepsbl rMobanbHbIX AaHHbLIX
O6navyHoctb, MODIS, XI 2009 OTpaxeHHana paguauma, CERES, XI 2009
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AHomanua temnepartyp B 2013 B cpaBHeHuM C
1951-1980

2013 Temperature Anomaly
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Matbin otyeT IPCC “USMEHEHNA KTMMATA 2013”

MpeaBapuTenbHas Bepcusa yTeepaeHa B CTokronibme 26 ceHtabps 2013 .

Paa HadCRUT4 nonyyeH M3 gaHHbIX NO TeMnepaType okeaHa v CyLUu
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CUHIYNApHbIN cneKkTpanbHbi aHanuns (CCA)
AaHHbix HadCRUT nocrne cHATMA TpeHaa
PC 1 - 60-neTHAss KOMNOHEHTA

temperature reconstruction
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PC 2 - 20 neTHAA KOMMOHEHTA
TemnepaTyp

PC 2 ~ 20 year-cycle HadCRUT3
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PC 3 -10 netHAa KOMMNOHEHTA
TemnepaTyp

PC 3 - decadal HadCRUT3
PC 3 - decadal HadCRUT4
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U3ameHeHus rnobanbLHOro ypoBHSA MOpS
change 199210 201011
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CxogHble CCA- KOMNOHEHTbI B YpOBHE MOpPA U TemnepaTypax
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HadCRUT nocne cHATUA TpeHaa U
NPoAONKUTEeNbHOCTb cyTOK LOD
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Koppenauusa

0:43:0.55 Kak oHM MOryT 6biTb B3aUMOCBA3aHbI ?

Bonpoc noctasneH yxe K. Jlambekom B moHorpadum 1980 .



20-neTHAA KOMMNOHEHTA B TemnepaTtype u
YaHaneposBcKoe BO3bOyKaeHMe
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20-neTHMe Bapmaummn temnepaTtypsl, YPOBHA MopA,
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-JlIeTHer KOMMNOHEeHTbI
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Cnabenwmnim cConHeYHbIN UMK ¢

Cycle 24 Sunspot Number Prediction (2013/07)
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11,300 Years
Shaun A. Marcott ef al.
Science 339, 1198 (2013);

LTI =Y =l 2T

A Reconstruction of Regional and Global Temperature for the Past

AVAAAS DOI: 10.1126/science. 1228026
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HekoTopble aHepreTuyeckme oUeHKu

YBenunyeHue Temneparypbl OkeaHa

(BepxHue 0-700 m) ~0.1°3a 50 net
OHeprusa ans Harpesa 1023 I 3a 50 net
[TonHas norrowaemaga coriHeydHast Heprus ~4*10%* [ B roq
[ToTepu aHeprn B YaHanepoBckomMm KonebaHum 2*1013 apr/c
YBenundeHune nonyocu J1yHHOM opbuTol 4 cm/rog
[TpuTOK rpas. aHeprum ot yaaneHusa JlyHol 4*10%° spr/c
Bapuauum yrnoBoro MomeHTa atmocdepbl 1022 3pr/c

1 apr/c ~=3 Ox/ron,



JHepreTnyeckmnm banaHc

Energy consumption per year

7.2 TW 32 TW
m

Hydro Geothermal

86,000 TW

870 TW 15 TW

&
_- Global
Solar Wind Consumption

JlyHHO-ConHeyHas npunmeHasa aHeprma 3.7 TBT

[Ona HarpeBa cnosi okeaHa B 1 kM Ha 0.1° 3a 50 neTt TpebyeTcs
1023 [k =0.28*1017 kBty =28INBT1 - 4= 3.2 TBT'T

UTo B ~5 pa3 MeHbLUe 3HepronoTpebrieHns YenoseyecTsa
(130 MNBT*4=15TBT1*r)




Revisiting the Earth’s sea-level and energy budgets from 1961
to 2008

John A. Church,' Neil J. White,' Leonard F. Konikow,” Catia M. D(}mingues,3
J. Graham Cogley,* Eric Rignot,>® Jonathan M. Gregory,”® Michiel R. van den Broeke,’
Andrew J. Monaghan,'” and Isabella Velicogna™®

Table 2. The Earth’s Heat Budget”

Component 19722008 19932008
Shallow ocean (0—700m) 112.6 459
Deep ocean (700-3000m) 497 20.7
Abyssal ocean (3000m-bottom) 30.7 12.8
Total ocean storage 193.0° 79.4
Glaciers (Latent only) 3.0 1.7
Antarctica (Latent only) 1.4 0.8
Greenland (Latent only) 0.7 0.6
Sea ice 2.5 1.0
Continents 4.7 2.0
Atmosphere 2.0 1.2
Total other storage 14.2 7.3
Total storage 207.2 86.7
Solar + Ozone + well-mixed GHGs 1461.7 709.6
Energy consumption 13.0 6.5
Volcanic (GISS) —207.8 —14.6
QOutgoing radiation -3434 -199.3
Total forcing 923.6 502.2
Total forcing - Total storage 716.4 415.5

“The integrated changes in the heat storage and the radiative forcing are
. . - 2 ~ . . . ~
in units of 10°*' J. The total forcing minus the total storage is the amount of
energy that must be balanced by the aerosol cooling (or other climate

GEOPHYSICAL RESEARCH LETTERS, VOL. 38, L18601, doi:10.1029/2011GL048794, 2011



BbiBOAbI

N3meHeHna Knmmara npPUBoAAT K USMEHEHNAM B OKEaHE, aTN\och)epe, YTO
yepes obmeH momeHTOM UMMNYZ1bCa MOXET NnepenasartbCA BpaLlleHUo 3emnun

MepepacnpeneneHme macc NeAHUKOB MOXKET BAUATb Ha TEH30P MHEPL UK
3emnun. BepoATHbIM pe3ynbTaTtom NocneneHMKoOBOro NoAHATUA U
noTenaeHna aBaAeTcA TPpeH B ABUKeHMe nontoca B popme “Knrowkn”

Mocne cHatna TpeHaa notenneHuna, CCA rnobanbHoOM TemnepaTypbl U
YPOBHSA MOPA NOKa3biBatoT cxogHble 60, 20 n 10 — neTHMe KonebaHmA

60-neTHUe N3MeHeHMs TeMnepaTypbl U YPOBHA MOPA KOPpPeanpoBaHbl CO
CKOPOCTbIO BpalLleHUA 3emMan n AThaHTUYECKMM AeKaaHbiM KonebaHnem

YaHanepoBcKoe BO3OyKAeHME MMeeT aMNINTYAHYI0 MOAYAALUMIO, CXOAHYHO
¢ 20-n1eTHUMN KOMMNOHEHTAMM YPOBHA MOPA U TEMNEPATYP U CUHXPOHHYIO C
18.6-NeTHUM UMKNOM perpeccum y3noB opbuTbl JIyHbl

BO3MOXXHO, pO/ib aCTPOHOMMYECKNX GAKTOPOB, K Npumepy, 18.6-netHero
LMKNA NpUAnBaA HegooueHeHa. JlyHa moxKeT bbITb OTBETCTBEHHA 33
N3MEHEHMA aTMOCPEPHON N OKEAHNYECKOMN LMPKYAALMM U KOCBEHHO BAUATD
Ha BpaweHue 3emnn n Knmmar.

Bonbwoe Yyncno GakTopoB N HEIMHEMHOCTb 3aTPYAHAET MOAENNPOBAHNE
KMMaTa U BpalleHna 3eman.
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P. Brueghel the Yonger Landscape with a Bird Tap (1565), Tokyo museum of Western art




