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Milankovitch theory

Berger:

Milankovitch Theory and Climate
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Fig. 1l. Long—term variations of eccentricity, precession, and tilt from 250,000 years
B.P. to 100,000 years A.P. [Berger, 1978c].

States that long-term Climate Change depends on Earth rotation

and orbital motion
What about short-term?



Global Earth temperature
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Global Mean Sea Level

Trend in Total Sea Level from Altimetry

—

Sea Level Rise (mm/yr)

Figure 1. The regional change in sea level based on the 17-year trend from 1993 through 2009 from radar altimeter data from several
satellites. Despite a fairly steady increase in globally averaged sea level rise (see Figure 2, inset), regional- scale changes over this duration
are complicated and generally reflect changes in ocean circulation. Patterns reflecting other geophysical impacts, such as the net input of
freshwater and changes in the gravity field due to loss of land ice, are expected to become clearer as the record length increases.

Josh K. Willisetal Oceanographer 2010
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Temperature-Sea Level Cross-spectrum
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Multichannel Singular Spectrum Analysis MSSA
1) The delay parameter L is chosen. §SA IS a generalization of EOF (PCA)
ultivariate signal
e s x = (T, SL, LOD, Chw)

Incorporated into block trajectory matrix Z

2) SVD — singular value decomposition is performed

X =USV'

3) Matrices for every singular number s, are reconstructed

| T
signal for each component is obtained by Hankelization.

4) Similar signals are grouped into Principal Components (PCs)

PC1, PC2, PC3...
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Results of MSSA for Temperature and Sea Level

~60-year component
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Results of CSSA for temperature and Sea Level

~60-year component Temperature (HadCRUT4)

Monthly values for the AM(? incex, 1856 -2009
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dSL

Temperature and Sea Level rate ==

19 JANUARY 2007 WVOL 315 SCIENCE www.sciencemag.org

1~

A Semi-Empirical Approach to
Projecting Future Sea-Level Rise

Stefan Rahmstorf

| |

|2

- . .. .. .

T A semi-empirical relation is presented that connects global sea-level rise to global mean surface N
temperature. It 1s proposed that, for time scales relevant to anthropogenic warming, the rate of

0

pr oY [ sea-level rise is roughly proportional to the magnitude of warming above the temperatures of the U

~ pre—Industrial Age. This holds to good approximation for temperature and sea-level changes | o

E during the 20th century, with a proportionality constant of 3.4 millimeters/year per °C. When

E 1 applied to future warming scenarios of the Intergovernmental Panel on Climate Change, this

i relationship results in a projected sea-level rise in 2100 of 0.5 to 1.4 meters above the 1990 level. I

J' The initial rate of rise 1s expected to be | F
-7 i | | proportional to the temperature increase | i | 17
dH /dt = a (T — To) (1)

1850 1900 | 2000

where H is the global mean sea level, ¢ is time,
a is the proportionality constant, 7 is the global
mean temperature, and 7, is the previous
equilibrium temperature value. The equilibration



Results of non-linear LS-adjustment

~60-year component NLSM fit _JT4)

Period, years Amplitude Phase (1880) d WhitE)
T HadCrut4 65.0 0.1°C -16°

SL, Jevrejeva 60.7 12.4mm  117° 2t al)
SL, Church and White JEEE] 4.1 mm 170° | —

NLSI

L.V.Zotov, SAl MSU



Results of non-linear LS-adjustment

~20-year component NLSM fit JT4)
~20- Period, years Amplitude Phase (1880) j VVhitE)
(0} - o
NI_SP\! T, HadCrut4 21.3 0.043 °C 55 it al)

SL, Jevrejeva 21.1 5.3 mm -67°
8 Tl SL, Church and White L)z 2.1 mm 430 [ 0.06

Chinese Science Bulletin
July 2010, Volume 55, Issue 19, pp 1963-1967 (hinese |

, Suence |

Date: 11 Jul 2010

- How would global-mean temperature
change in the 21st century?

WeiHong Qian, Bo Lu, CongWen Zhu
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Long-term (60-year) changes in Temperature and LOD

Length of Day (LOD) reconstruction inverted
Detrendet temperature (HadCRUT4) — -4
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Non-tidal LOD and 20-year temperature changes
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Motion of the Earth’s pole
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Singular Spectrum Analysis of Polar Motion

SSA-decomposition of X-coordinate of the pole
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Dynamical model of the
rotating Earth @

LA () = W(E)

o dt

6\

m=mq; +1im,

Y = meass + meotion

Or — 27ch(1 —+ z/QQ)
1
f — — days! —
0 =733 @' Q=175 B

\ / Munk W.H., MacDonald G.J.F., The rotation of the Earth, 1960




Chandler wobble and its excitation
depending on the filter width
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Envelope can be transferred through

6\

the dynamical model @
— T m(t) = P (¢)

eiwct

m(t) =|A()e?Oei@ct  W(D)=E()e?®

E(t)ew(t)e“"P(t) —
=Gic (A(t) + ig OA(L)) + ( — (:—z) A(t)

1
w, = 2nf. O = 27ch(1 —+ Z/QQ) f. =

133 days’ Q :175/




. d Chw Amplitude model and forecast

Sese
Period, years  Amplitude Phase (1880)
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L.V.Zotov, C. M. Bizouard



Phase model and forecast

~Chandler wobble phase NLSM fit
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Excitation forecast

Chandler excitation model with forecast

Real Envelope
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Long-term (60-year) changes in Temperature, SL
Chandler wobble envelope and LOD

60-year variations

LOD inverted
global temperature
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Figure 1. 30 day estimates of /> from SLR (blue line) and its
long-wavelength signature represented by the decadal spectral
band of the wavelet filtering (red line). The uncertainty
estimates (green line) are offset by 10 x 107" for clarity.
Superposed is a quadratic fit (black line) to the 30 day estimates
illustrating the quadratic nature of the long-term trend.
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Variations in J2 can be related to Sea Level change
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Deceleration in the Earth’s oblateness

Minkang Cheng,' Byron D. Tapley,' and John C. Ries'

A+ QR5k/3G

A,==0.2 x 10~ /yr



EI-Nino, AAM and LOD
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Serykh llya
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Why El Nifo is so important?

November-December 1941, at the west from Moscow.
Serykh ”ya César Caviedes, “El Nifo in History: Storming Through the Ages”, 2001



60-year changes in SL, LOD, Temperature and Chandler excitation

LOD inverted
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Can the Climate Change influence
Earth rotation?

Can Earth rotation influence Climate ?

Can any external factor influence both
Climate and Earth rotation

There can be changes in Earth rotation related to
P ~
Changes of the Earth’s moment of Inertia Changes of the relative angular momentum

/ h
External force

L

L.V.Zotov, SAIl MSU



CSSA-based Predictions for Temperature and SL
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Conclusions

* We extract natural variations in global Earth temperature
(HadCRUT4) and Sea Level (Jevrejeva, or Church and White) since
1850. Global worming trends (~0.7°and ~20 cm) were removed.

* MSSA analysis of showed that besides the warming trend there are
quasi - 60, 20 and 10-year oscillations in temperature and sea level

e 60 and 20-year components of temperature are anticorrelated with
LOD

e Chandler wobble envelope is correlated with ~60 —year sea level
changes

e Chandler envelope can be modeled with 83 and 42-years waves
and forecasted

* There are enough arguments collected to conclude that Earth
rotation and Climate Changes are interrelated, this informational
link can help to predict them

Grate Thanks to Dr. Wenbin Shen for support.
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HKypHan Mpupoga, Man, 2014 .

TEOOH3IHKA

MomeHm umnyAbca

ammocagepbl

H.C.Cupopenxos, Kbusyap, J1.B.3otos, I.Cancrein

TMOCED, YACPKHBAEMAA CHION NPUTAKEHHA

3eMH, BPAMACTCA OTHOCHTEBHO 3EMHOI T0-

BEPXHOCTH. (DH3NYECKOM XapaKTEPHCTHKOM
3TOTO [ABIKCHUA CYKHT MOMEHT MMIYIBCA ATMO-
cephl; €ro aHATH3 JA€T BOIMOKHOCTh COCTABHTD
NPEACTABNCHHE O KHHEMATHKE LUPKYAAIHH BO3AYXA
U TIPOTEKAIONIMX B HEM NIPOLECCaX.

Mogenb

Bosaymmbie MacChl ABHAYTCA BIOMb 3MHOI MOBEPX-
HOCTH, KOTOPaA HMEET CepHYEcKy0 OpMY € KpH-
BH3HOM, paBHOI paguycy 3emau R. Ha Mambix Macira-
6ax (/ << R) KpHBH3HO 3eMHON IOBEPXHOCTH MOKHO
npeneOpeyb, [BHAKCHHE MACC PACCMATPHBATH Kak
MI0CKONAPALIENBHOE; 14 €10 OMUCAHHA JOCTATOYHO
HCIOb30BATH 33KOH COXPAHEHHA iMnybea. Ha mac-

MOE €CTh MEPEHOCHON MOMEHT HMIYIbCa aTMOCHe-
Pbl, BO3HHKAIONM H3-32 TBEPAOTENBHOrO BPANICHHA
aTMocgepsr ByMecte ¢ demnelt co ckopoctsio Q. Bro-
o€ CraraeMoe XapakTepH3yeT ABHKCHHA BO3AYXa
OTHOCHTENBHO HEMOABIAKHOM 3eMHOI MOBEPXHOCTH,
T.¢. Berep, M03ToMy h HA3BBAIOT MOMEHTOM HMIYbCA
BeTpOB. M3Menenna a6conoTHOr0 MOMEHTA HMIYb-
€2 aTMoCcephl BO3HHKAIOT, BO-NEPBBIX, H3-32 BapHa-
LI KOMTIOHEHTOB TEH30P3 HHEPILHH aTMOCHE b
(B pesynsraTe mepepacnpejencHus BO3AYUIHBX U
BOAHBIX MACC) U, BO-BTOPHIX, H3-32 KOMEOIHUIT KOM-
TOHEHTOB MOMEHTA UMITY/IbCa BeTPOB. B knurax [1, 2]
N0KA33HO, YTO BKIAJL OCAEAHEr0 HAKTOPa B H3MEHe-
HHA MOMEHT2 HMITYAIbCA 3 MIH B HECKOMBKO Pa3 npe-
BHIIACT BKAAA NepBoro, COOTBETCTBEHHO, B A4TbHEN-
meM MBI COCPEJOTOYMMCA HA BAPHALMAX MOMEHTA
HMIYTbCA BETPOB.

ByjieM monb30BaTHCA 3EMHOI CHCTEMOI KOOPIH-

Hurxoaat Cepzeesuu CudOpenros, doxmaop
DUIRKO-MAMEMAMUNECKUX HAYK, FA6edVIo-
WG RABOPAMOPEEN TAHEMAPHOR {UPKY.AR -
BUU N ZerTN0Ze0PUINNECKUX NCCaedosanui
Tuopomemyenmpa Poccuu. Ocnosnwe pabo-
AL VIOC BRANE W8 3 CCACOOBANUAM Nepas HoMef1-
HOCIRU 6P aueN i 3eMAN, 08 UK EHUR NOTKICO8
1 ZA004.5 HEX 2e0ghu i wecKieX Npoyeccod. He-
oonoxpamuo nyaruxosdics 8 «Iipupodes.

Kpucmuan Busyap (Christian Bizouard),
doxmaop) dcmpoxomMun, compyouus Cayxiu
apawenun 3ewan NMapuxcxon obcepaamo-
Pl 3ANNUMAEMCR NIPHEHUEM B aleni g 3e-
Tk, DEUNEHUR NOMOCOE, NPEUECCU L, HYMA RN
U 2E0PUIUNE CRUX 8OIOYWIe .

Jeonud Barenmunosuu 30mos, xanuou-
UM PUILKO-MAIMEMAMUNEC KUX HAYK, 8-
g waywun i compydnu s locydapemaenno-
20 dCMPOHOMUNECKOZO UHCIMWNYIMA UMENN
NKlmepnbepza Mockascxozo zacydapem-
gexnozo ynusepcumema umenu M.BJIlosono-
cosa. O63acms HAPWHNX unmepecos — spa-
enne 3eMan, 2Pasumayuonnoe Noge, Kal-
MAMUNECKRE UIMEHENUE, Memodw obpabom-
K QaHNNX,

Hasud Caacmefin (David Salstein), dox-
mop Memeaoporozuu, pabomaem & cucmeue
vHccredosanue amuocgehn i OxXpyIR aw en
cpedus (AER) CHIA, dupexmof Cneyuarsiozo
Gopo amuocPepHozo y2a08020 MoMEHMA
Mexdynapodnoii cayxbm apaigenus 3emsy
4 cucmenm omevema (IERS). Pyxogodum ane-
PAMUSHEMN EWNUCTEHURMU MOMEHING 1M~
nyasca ammocepu. Hecnedyem amuoc e fi-
HYIO BUPRYARNUI0, ORHAMURY Cucnemn 3eu-
AR N UFMEHEHUR KauMama.



MSSA of Zonal-AAM has revealed slow
trends in wind and pressure terms

50-2 DE VIRON ET AL.: EFFECT OF GLOBAL WARMING ON LOD

Table 1. Trend in the LOD (in ps/year)

Table 2. Source of the Variation in the LOD at Low Frequency

Model Pressure Wind Current Total  Source Data ALOD
BMRC -1.0 14 0.0 04  Core motion observ. 1-2 ms®
CCCma -10 26 0.1 1.6 Tidal friction observ. 20ys/year
CCSR -0.1 44 0.1 44  Contin, water res, observ. —GyLs/year
CERFACS -02 20 03 22 Post glacial rebound observ. -5 ps/year
CSIRO -08 0.7 0.1 00  Wind AAM CMIP 1.8 1yus/year
ECHAM3 -09 0.7 0.1 0.1 Mass term CMIP ~0.75 ps/year
GFDL -10 0.7 -0.1 04 Sealevel observ. 0.5 ps/year
TAP ~0.6 -1.7 0.1 -22  Glacier observ, 0.4 jus/year
EMD -0.8 37 0.1 29  Earthquake observ. ~0.1 ps/year
MRI -0.6 1.3 0.0 0.7 Ocean current CMIP 0.1 ps/year
NCAR CSM -0.1 09 0.1 09 a L

NRL Y 12 00 ] Not a trend but a decadal vaniation.

HadCM2 -1.6 53 0.0 37

HadCM3 -1.5 20 0.0 0.5

Mean =075 181 0.06 L3 term is given by the mass term of the atmosphere integrated over
0 049 1.77 0.09 1.74

the continent plus the mass term associated with the mean
atmospheric pressure over the whole ocean acting on cach grid

L. Zotov, N. Sidorenkov, C.K. Shum, Multichannel Singular Spectrum Analysis of Axial
Atimosphieric Angular Momentum, Journal of Geodynamics 2014, In press



Multichannel Singular Spectrum Analysis
is a generalization of the principal components analysis (PCA)

1) The delay parameter L is chosen. For each component of a multidimensional time
series the trajectory matrix is constructed. In our case - the channel (component) are
Stokes coefficients Aij (Cij or Sij). Trajectory matrixes for all the components are
embedded into the large block matrix X

Al) At) . Aty ) K=N-L+L

AL A A (&) ) T
xAij - X _[XAl,l’ XAz,l’ XAl,z"" XAij e XAP—LQ’XAPQ]

2) SVD — singular value decomposition of the matrix X is performed

X =USV'
3) Principal components (PC) correspond to every singular number s. The
components with similar properties are grouped and their matrixes are obtained by
multiplying of s; by the first and the second singular basis vectors u,,V;

X'=suv'

4) Signal in each channel is reconstructed from the X' matrixes for each PC by
averaging along the side diagonals (operation of Hankelization).



