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Mass change trends for Russia from GRACE 



Global  Climate Change 
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Hiatus 



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

1) Lag parameter L selection  
 

 Multichannel signal 
 
  
 Embedded into block matrix X  

Multichannel Singular Spectrum Analysys MSSA 

3) For each singular number s
i
  the matrices are reconstructed 

 
 
 
 
and signal for every component is obtained by Hankelization 
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SSA- generalization of PCA 

PC1, PC2, PC3… 

1D-SSA – “Caterpillar” 

                                                
 
 
 
 

2) SVD — singular value decomposition of the matrix is performed 
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Results of МSSA for Temperature and Sea Level 

L=22, parabolic trends preliminarily removed L.V.Zotov, GSTM 



Results of MSSA for temperature and Sea Level 

L=22, parabolic trends preliminarily removed 
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Atlantic 
Multidecadal 
Oscillation (Wiki) 



Results of non-linear  LS-adjustment 

~60-year component NLSM fit 

Component Period, years Amplitude Phase (1880) 

T, HadCrut4 65.0 0.1 oC -16o 

SL, Jevrejeva 60.7 12.4 mm 117 o 

SL, Church and White 55.3 4.1 mm 170 o 
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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  

http://alexeylyubushin.narod.ru/Geophysical_Monitoring_Systems_Data_Analysis_Book_Rus.pdf 



Long-term (60-year) changes in Temperature and LOD 
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Non-tidal LOD and 20-year temperature changes  
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Variations in J2 from SLR and GRACE 
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SSA results 
for J2 

Years                      Zotov, Balakireva, 2016 

Initial data 
Trend 
Annual 
Semiannual 
20-years 
10-years 
8-years 

1.082635 
 
 
 

1.082637 

1.082636 

MSSA of variations in J2  



C20  changes from GRACE and GIA model 

 Trend from Paulson 
GIA model 1.68e-011 /year 
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Months since 2003 
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C20  changes from GRACE and GIA model 



Glacial isostatic adjustment GIA model (Paulson 2007) 

                                        



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.  
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Table 2. Global characteristics of vertical velocities for different 

Earth hemispheres and  different coordinate systems.  
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Eccentric geomagnetic dipole motion  (solid lines) and change in the length of 
day expressed as angular deviations of rotation  (deg. y-1) (dashed line.) 

 

Sidorenkov et al. 





CGAO  2338721021337241491011

1  , 

CGAO  4344319093820377141011

2  , 

CGAO  92682887267461012

3  , 

..... CGAO  253300041402820714360   

Here, O , 
A , G  and C  – are the averaged fluctuations of the specific 

amount of water or ice, g·cm
-2

,
 
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 O , A , G  and C , 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 1  and 2  and of the long-term Earth's rotation velocity 

components 3 , to compute the unknown global water exchange 

parameters O , A , G  and C . 

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 
 

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


Temporal variations of the specific mass of ice  in Antarctica, 
g∙cm-2.    1 – the theoretical value ;     2 – the empirical value  

(Petrov, 1975; Bryazgin, 1990).  

Ice mass of Antarctica and its reconstruction from LOD and PM 



Contemporary data from GRACE 



Singular Spectrum Analysis of Polar Motion 
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ChW Amplitude model and forecast 
~Chandler wobble amplitude NLSM fit 

Period, years Amplitude Phase (1880) 

~80-year сomponent 83.44 42.6 mas 40.8o 

~40-year component 42.0 54.6 mas -101.5 o 

mean 134.8 mas 

3-layer Neural Network with (7, 7, 1) neurons 
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Long-term (60-year) changes in Temperature, SL 
Chandler wobble envelope and LOD 

4D MSSA with L=22 years, parabolic trends preliminarily removed 

r=0.78±0.03 r=-0.92±0.01 
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Geodesy and Geodynamics, China, 
Volume 7, Issue 3, May 2016, Pages 216–222 
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A.Lyubushin, L. Klyashtorin  Short term global dT prediction…  Energy and Environment Vol 23 N 1 2012  

Long-term (60-year) historical changes in Temperature  

a) Mean winter temperatures in 
Greenland for time interval 
(553-1973) from ice cores 
(Dansgaard et. Al 1975) 
 

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

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

d) Global temperature 
anomalies (Lawrimour et al. 
2001) 
 
 

~60 years 



Conclusions 
• We extract natural variations in global Earth temperature 

(HadCRUT4) and Sea Level (Jevrejeva, or Church and White) since 
1850. Global worming trends (~0.7o 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 

• Chandler wobble envelope is correlated with  ~60 –year sea level 
changes 

• J2 from SLR shows long-term trend with maxima in 1970th  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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P. Brueghel the Yonger Landscape with a Bird Trap (1565), Tokyo museum of Western art 

Thank you! 



Greenland winter 
temperature 
reconstructions 
(553-1973) based on 
18O isotope  
(Dansgaard, 1975) 
 
Its autoregressive 
spectrum and  
time-frequency  
analysis 
estimated by 
Alexey Lyubushin in his 
book 

http://alexeylyubushin.narod.ru/Geophysical_Monitoring_Systems_Data_Analysis_Book_Rus.pdf 
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