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Multichannel Singular Spectrum Analysys MSSA

1) Lag parameter L selection SSA- gﬁ“ﬁfﬂlilﬂliﬂ“ of PCA

Multichannel signal
X = (X;y X5 400y Xy )

Embedded into block matrix X
2) SVD — singular value decomposition of the matrix is performed
X _ USVT 1D-SSA — “Caterpillar”
3) For each singular number s, the matrices are reconstructed
X'=suv',
and signal for every 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
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Results of MSSA for temperature and Sea Level

~60-year component Temperature (HadCRUT4)

Monthly 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

| v ! |
| i |
: L _ Atlantic |
|
[

' Oscnllatloﬁ (W|k'

T T T T

Year year

L=22, parabolic trends preliminarily removed

Sea Level (Church and VWhite)

02

-0.2

°C



Results of non-linear LS-adjustment

~60-year component

l NLSM-fit
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Prediction of the Global Earth Temperature based on cyclic and
polynomial trend made by Alexey Lyubushin in his book
and in his article with L. Klyashtorin

2010
(c) T =69, North Hem.
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Long-term (60-year) changes in Temperature and LOD

- = = = Detrended and inverted temperature changes (HadCRUT4)
Its 60-year component (PC 1)
LOD reconstruction
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Non-tidal LOD and 20-year temperature changes
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Variations in J, from SLR and GRACE
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MSSA of variations in J,
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C,, changes from GRACE and GIA model
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C,, changes from GRACE and GIA model
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Glacial isostatic adjustment GIA model (Paulson 2007)

GIA 01/2003
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The radial velocity of the Earth’s crust movement according to
ITRFi2008, variation range of -74.00 mm/year — 21.78 mm/year

Contour interval of 4 mm / year, red colour - positive values,
blue colour - negative values
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Chujkova N.A., Maximova T.G., Tchesnokova T.S., Grushinsky A.N., Vertical motions of the Earth crust
from ITRF2000, ITRF2005, ITRF2008, ITRF2014 and their comparison. Physical geodesy, Russia, 2016 (in
press)



Table 2. Global characteristics of vertical velocities for different

Earth hemispheres and different coordinate systems.

zS |zEg| zN VS | VEQ | VN | cl10 cll dil [ c20 | Coord
% % % mm/y | mm/y | mm/ly Syst
2.89 11.63  18.71  1.93 -2.01 166 0.02 -014 1.17 2.09 2000
2.89 10.44  17.21  1.93 212 084 038 0.12 0.31 1.19 2000
326 9.92 18.06 -0.35 -0.81 180 071 0.24 1.18  1.37 2005
3.26 10.17 18.15 -0.34  -0.84 139 054 0.35 1.07 1.25 2005

Chujkova N.A., Maximova T.G., Tchesnokova T.S., Grushinsky A.N., Vertical motions of the Earth crust
from ITRF2000, ITRF2005, ITRF2008, ITRF2014 and their comparison. Physical geodesy, Russia, 2016 (in

press)




Table 2. Global characteristics of vertical velocities for different

Earth hemispheres and different coordinate systems.

Z S zEq| zN VS | VEqQ | VN | cl0 cll dil [ ¢c20 | Coord

% % % mm/y | mm/y | mml/y Syst
4.33 1432 22,65 0.18 -1.52 195 047 0.57 -0.27  1.81 2008
4.33 14.32  22.45 0.18 -0.74 174 047 0.25 0.43 1.36  i2008
5.32 2075 2690 -0.31 -2.27 188 1.00 -0.07 -0.11 132 2014
5.32 2075 2646 -031  -152 188 080 -0.09  0.13 1.56 2014

Chujkova N.A., Maximova T.G., Tchesnokova T.S., Grushinsky A.N., Vertical motions of the Earth crust
from ITRF2000, ITRF2005, ITRF2008, ITRF2014 and their comparison. Physical geodesy, Russia, 2016 (in

press)




Eccentric geomagnetic dipole motion (solid lines) and change in the length of
day expressed as angular deviations of rotation (deg: y?) (dashed line.)
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Russian Meteorology and Hydrology Metearologiva i Gidrologiya

No. 8, pp. 1-8, 2003 | UDC 551.324.24+525.35/.37
VARIATION OF THE MASS
OF THE ICE SHEET OF ANTARCTICA
AND INSTABILITY

OF THE EARTH’S ROTATION

N. S. Sidorenkov*, Q. V. Lutsenko®, N. N. Bryazgin**,
E. I. Aleksandrov**, and V. G. Zakharov***

A theoretical series of the Antarctic ice mass variation from 1891 to 2000 is
calculated using astronomical data on the movement of the North Pole and vari-
ation in the velocity of the Earth’s daily rotation. The series is compared with the
data of V. N. Petrov 3] on the annual layers of snow accumulation in Antarctica
and precipitation series at Antarctic stations. It is shown that the theoretical se-
ries agrees well with results of actual snow measurements. It is concluded that
the theoretical series can be used to test the resulis of empirical studies of the tem-
poral variability of the ice sheet of Antarctica and of atmospheric precipitation

in Antarctica.
av n
i O D 2
-~ +F1_C—A_ E(L A) ”-C;(EI A, £) 5in20 cos. ds;
av "
1T 2 J’qu %, f) $in28 sink. ds:

@& 2 C-Ad  2AC-A)

5
8w, =—(1+k) % =—(1 +m% | [, 2, 1) sin’e ds



Changes in the Antarctic Ice Sheet Mass and the Instability of the Earth’s Rotation over the Last 110 Years
N. S. Sidorenkov V Hotine-Marussi Symposium on Mathematical Geodesy Volume 127 of the series
International Association of Geodesy Symposia pp 339-346, Springer 2004

v, -10" = 24149¢ +1337¢, — 21024, — 233874,

v, 10" = 37714¢, + 38208, +1909¢ , —43443¢ .
v, -10"? = —26746(, —87¢ , — 284, — 92687
0=.71436¢, +.02820¢ , +.00414¢  +.25330( .

Here, ¢,, ¢,, ¢, and ¢. — are the averaged fluctuations of the specific

amount of water or ice, g-cm™, in the World Ocean, Antarctica, Greenland
and “the rest part of land™, respectively.

The simple algebraic system (7) enables us to solve not only direct
problems, take known time series of ¢,, ¢,, ¢, and ¢, that is to define the

secular polar motion and variations of the earth's

rotation, but also to solve the reverse problems, i.e. using the pole's
coordinates v, and V;, and of the long-term Earth's rotation velocity
components v,, to compute the unknown global water exchange
parameters ¢, ¢,, ¢, and ¢..


http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/book/10.1007/978-3-662-10735-5
http://link.springer.com/bookseries/1345

lce mass of Antarctica and its reconstruction from LOD and PM
G, gom’

1300 1330 2000

Temporal variations of the specific mass of ice in Antarctica,
g:cm?. 1-the theoretical value; 2 —the empirical value
(Petrov, 1975; Bryazgin, 1990).

Russian Meteorology and Hydrology Meteorologiva i Gidrologiva
No. 8, pp -8 2005 _ LDC 551324 24+525 35737




Contemporary data from GRACE

Averaged signal from GRACE
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\ ;{ Singular Spectrum Analysis of Polar Motion
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. d ChW Amplitude model and forecast

A e ~Chandler wobble amplitude NLSM fit
Period, years  Amplitude Phase (1880)
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Long-term (60-year) changes in Temperature, SL
Chandler wobble envelope and LOD
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60-year variations
LOD inverted
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A possible interrelation between Earth rotation and
climatic variability at decadal time-scale
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Long-term (60-year) historical changes in Temperature

a0 a) Mean winter temperatures in
:i 0.03 Greenland for time interval
i 0.02 i (553-1973) from ice cores
20 0014 Tr (Dansgaard et. Al 1975)

0

b) Temperature anomaly on
Sweden from tree rings of
arctic pine 500-1980 (Briffa et
al. 1990)

Humidity in Southern
California from tree rings of
moutaine pine 6000 B.C.-
1979 (Graybill et all 1994)

Frequency, 1/year

!- — - ' Global temperature
54573“ . anomalies (Lawrimour et al.
- e 2001)

- 4 - | p— 1
1200 1300 1400 1500 1600 1700 1800 1900
Right-hand end ol moving time window of the length 640 years

A.Lyubushin, L. Klyashtorin Short term global dT prediction... Energy and Environment Vol 23 N 1 2012



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

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

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

e J2 from SLR shows long-term trend with maxima in 1970t and
minima in 2005 proved by GRACE data

* There are enough arguments collected to conclude that Earth
rotation and Climate Changes are interrelated

* LOD could be connected with climate stronger then Polar Motion
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