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Milankovitch theory

Berger: Milankovitch Theory and Climate
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Fig. 1ll. 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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Temperature-Sea Level Cross-spectrum

temperature - sea level FFT{EG 'E'{'FLJ T}}
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Singular Spectrum Analysis SSA — “Caterpillar”
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SVD - decomposition
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1D SSA example
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Multichannel Singular Spectrum Analysis CSSA

1) The delay parameter L is chosen. SSA is a generalization of EOF (PCA)

x=(T,SL,LOD,Chw)

Incorporated into block trajectory matrix Z

Multivariate signal

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...



Results of MSSA for Temperature and Sea Level
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Results of CSSA for temperature and Sea Level

~60-year component Temperature (HadCRUT4)

mMonthly values for the AM(? incex, 1856 -2009

|1y

| |
I I
| | |
| 0 _|I | | I‘ iy | | II
I I
I I

|
i,\ A 'r!. i
I } ]Ij

-l"'" '1...'-
m’

,  Multidecadal

| |
| i |
: L _ Atlantic |
|
[

' Oscﬂlatloﬁ (Wlk'

T T T T

Year year

L=22, parabolic trends preliminarily removed

Sea Level (Church and VWhite)

02

-0.2

°C



dSL

Temperature and Sea Level rate ==

19 JANUARY 2007 VOL 315 SCIENCE www.sciencemag.org
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A Semi-Empirical Approach to
Projecting Future Sea-Level Rise

Stefan Rahmstorf

| |

2

[ . . .. .
A semi-empirical relation is presented that connects global sea-level rise to global mean surface 1.1
0 p p g g
temperature. It is proposed that, for time scales relevant to anthropogenic warming, the rate of
) p propo pog g
'_.,'::-1. [ sea-level rise is roughly proportional to the magnitude of warming above the temperatures of the

pre—Industrial Age. This holds to good approximation for temperature and sea-level changes | (D-J
during the 20th century, with a proportionality constant of 3.4 millimeters/year per °C. When
1 applied to future warming scenarios of the Intergovernmental Panel on Climate Change, this

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

J' The initial rate of rise 1s expected to be | ’_
2 i | | proportional to the temperature increase | i | 7
dH [dt = a (T — To) (1)

1650 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 1170 2t al)
SL, Church and White JEEE 4.1 mm 170° | —

NLSI

L.V.Zotov, SAI MSU



Results of non-linear LS-adjustment

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

SL, Jevrejeva 21.1 5.3 mm -67°
8 Tl SL, Church and White [P{ok3 2.1 mm -43°

Chinese Science Bulletin
July 2010, Volume 55, lssue 19, pp 1963-1967 G‘IanSE \

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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CSSA-based Predictions for Temperature and SL
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Motion of the Earth’s pole

PD trajectory

(t) =x-1ly




Singular Spectrum Analysis of Polar Motion

SSA-decomposition of coordinate of the pole
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. d Chw Amplitude model and forecast

oo
Period, years  Amplitude  Phase (1880)
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Dynamica

rotatl

model of the
ng Earth

i dm(t)

o. dt

- m(t)

oc =27 f.(1 4+ 1/2Q)

f_l

¢ = ——= days'

433

Q=175

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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Length of day (LOD) variability

LOD observations




18.6 year period of orbital nodes regression

/ \ max £28°
ecliptic !

Moon orbit is between ecliptic and equator, Moon orbit is above the ecliptic,
Klt does not have large inclinations / Its inclinations can be high
1997, 1988,
2015 2007

L.V.Zotov, SAI MSU



Non-tidal LOD and 20-year temperature changes

20-year componnet of temperature changes
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Atmospheric Angular Momentum wind term spectra

EAAM wind spectrum
_ 1 100 I terrestrial frame

Mikalay 5. Sidorenkoy YWILEY-VCH
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The Interaction Between
Earth’s Rotation and
Geophysical Processes
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C. Bizouard, L. Zotov, N. Sidorenkov Lunar influence on atmospheric angular momentum,
Journal of Geophysical Research: Atmospheres, 2014, Wiley, DOI: 10.1002/2014JD022240



Long-term (60-year) changes in Temperature and LOD

Length of Day (LOD) reconstruction inverted
Detrendet temperature (HadCRUT4) — -4
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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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20-year changes in Sea Level and UT1-UTC

1500 —

UT1-TA| (non-tidal,
detrended)

20-year :oompon net
of Sea Level Rise




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

I A h
External force

L

L.V.Zotov, SAl MSU



Conclusions

e We extract natural variations in global Earth temperature (HadCRUT4) and
Sea Level (Jevrejeva, or Church and White) since 1850. Global warming 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 Joint MSSA analysis of temperature, sea level, Chandler wobble envelope and
LOD extracts similar 60 and 20-year oscillations in all mentioned time series

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 60-year component of Sea Level Rate (derivative) is correlated with
temperature component. Similarities are well seen on the plots with LOD as a
derivative of UT1-UTC and Chandler wobble as a derivative of excitation.

e 20-year components in Earth rotation and Climate characteristics could be
related to the 18.6-year cycle of Moon orbital precession

e There are enough arguments collected, to come to the conclusion, that Earth
rotation and Climate Changes are interrelated

L.V.Zotov, SAI MSU






20-year changes in SL, LOD, Temperature and Chandler excitation
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EI-Nino, AAM and LOD
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VISSA 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 jus/year)

Table 2. Source of the Varation 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 fction observ. 2yis/year
CCSR -0.1 44 0.1 44  Contin, water res, observ, —byus/year
CERFACS =02 20 03 22 Post glacial rebound observ. =5 jus/year
CSIRO -0.8 0.7 0.1 00  Wind AAM CMIP |.81jus/year
ECHAM3 -09 07 0.1 0.1 Mass term CMIP —0.75 ps/vear
GFDL -10 0.7 -0.1 04  Sealevel observ, 0.5 ps/vear
TAP -0.6 -1.7 0.1 =12 Glacier observ, 0.4 jus/year
EMD -0.8 37 0.1 29  Earthquake observ. ~0.1 ps/year
MRI 06 13 0.0 0.7 Ocean current CMIP 0.1 ps/year
NCAR CSM =0.1 09 0.1 09 a e

NRL 0] 1 00 L1 Not a trend but a decadal vanation.

HadCM2 -16 53 0.0 37

HadCM3 =15 20 0.0 05

Mean —0.73 151 0.08 L13 " 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 each grid

L. Zotov, N. Sidorenkov, C.K. Shum, Multichannel Singular Spectrum Analysis of Axial
Atmospheric 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) A) At | K=N-L+1
Xn, = A AR At X:[XALUXAZ,“X X X XA ]T

Aij A].,Zlu’ A‘J R | AP—].,Q’ PO

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).



HKypHan Mpupoga, Man, 2014 .

TEO®PHIHKA

MomeHm umnyabca

ammocaghepbl

H.C.Cunopenkos, K.busyap, J1.B.3o1os, I.Cancrein

TMOC(DEPA, VICPKHBIEMAA CHIOH NPUTAAEHHA

JeMmu, BpAmAcTCA OTHOCHTEABHO 3EMHOM N0-

BEPXHOCTH. DHIUYECKOH XAPAKTEPHCTHKOMN
ITO0 IBHAKCHHA CNYAHT MOMEHT HMIYIBCA ATMO-
cipephl; €ro aHATHI JAET BOIMOKHOCTH COCTABHTH
NPECTABACHHE O KHHEMATHEE LHPKYANHH BO3IYXA
H NIPOTEKAONIAX B HEM NIPOLIECCAX.

Mopgens

Bosaymile MACCEL ABUKYTCA BAOMb 3EMHOI NOBEPX-
HOCTH, KOTOpasA HMeeT chepHyeckyio dopMy ¢ Kpi-
BU3HOMN, paBuoi panuycy Jemmu K. Ha Maneix Macira-
6ax (! << R) KpHBA3HO 3eMHO I NOBEPXHOCTH MOKHO
npenedpedd, AEHACHHE MACC PACCMATPHBATH KaK
MIOCKOMAPANENbHOE; 14 €10 ONHCAHHA OCTATOYHO
HCIO/IB30BATH 33K0H COXPAHENHA uMnyabca. Ha Mac-

MOE €CTh NEPEHOCHON MOMENT HMIYILCA aTMOC(e-
Db, BOHUEAIOIMHEA H3-32 TBEPAOTEABHOIO BPAMECHHA
atMocepsl BMecTe ¢ emnert co ckopoctsio £, Bro-
poe CIATaeMOE XAPAKTCPHIYET ABHACHHA BOILYXA
OTHOCHTENBHO HEMOJBMKHON 3eMHON NOBEPXHOCTH,
1. BeTEp, M03T0MY h HAIHBAIOT MOMEHTOM HMIYILCA
BeTpoB, HaMenenus a6conoTHOre MOMEHT HMITYIb-
€2 ATMOCEPH BOSHHUKAIOT, BO-TEPBEIX, H3-31 BAPHI-
LA KOMIOHEHTOR TEH30DA HHEPIHK ATMOCHEPh
(B pesyasrate nepepacnpeecHus BO3AYIHAY |
BOAHBIX MACC) W, BO-BTOPBIX, H3-31 KoneOauit koM-
MOHEHTOR MOMEHTA UMIYILCA BeTpoB. B kuurax 1, 2
NOKA3AH0, YTO BKIAA MOCIEAHETO (DAKTOPA B HIMEHE-
HUA MOMEHTA HMIVIIBCA Je MK B HECKONBKO Pa3 npe-
BHIMAET BENA] NEpBoro. COOTBETCTREHHO, B JAMbHEN-
EM MBI COCPEOTOYHMCA HA BAPHAIMAY MOMEHTA
UMY BCA BETPOB,

Bynes nonp3oBaThed 3EMHON CHCTEMOH KOOPIH-

Huxoaan Cepzeean CudDpeNos, dokmo
Gz KO- M W EM A NS RN RAVE, 38801 -
§gIE AAGOPAMOPIEn IWTAR EMAPH o | UKy -
il zerdozeodiiEay e ckily Nocaedodd Huli
Tuaponemyenmpa Poccun, Ochodnwe Hado-
MGG 3100 @R IE FRL N ECTSI D8AN UAM Nepas Houef-
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