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Introduction

Earth orientation parameters comprsing variations of both the position of the rotational pole and the spin rate are
precisely observed by modern space geodetic techmiques for several decades already. Moreover, optical astrometric
observations extending back in tfime over more than 100 years provide even carmy information about the mass transport
and mass distribution processes acting on Earth at historical times that might be explored to quantify slow and subtle
variations in the Earth's climate. This working group will study the various contributors of the global and interactively
coupled chimate sysiem o the ohserved changes of the Farth's onentation on ime-scales from days to centenmials, 10 will
explore possibilibies to validate numerical climate models and 1ts individual components by means of pssessing the
angular momentum budget and the associated torques. The working group will further invesngate predictive limits of
various Earth system state and flux variables in order to aid short- and long-term prediction of polar motion and changes
in the length-of-day, and might ultimately oster the incorporation of Earth Orientation Parameters inle conl@mporansous
global re-analyses of the Earth Svstem by means of data assimilation.

https://www.dropbox.com/s/u8pfpvbvgozglcn/ToR_ICCC_2020.pdf
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of the Earth rotation theory Euler equations of solid body rotation
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Chandler wobble

Centrifugal potential
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Euler-Liouville equation for polar motion

Geodetic excitation Geophysical excitation

i dp(t) ~

olar motion trajectory o dt ‘|‘P(t) — Xtﬂt(t):
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» The period and O of the Chandler
wohble are estimated from 5LH and
GRACE data
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models were also used
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Improved geophysical excitations constrained by polar motion
observations and GRACE/SLR time-dependent gravity
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ABSTRACT

At seasomal and intraseasonal time scales, polar motions are mainly excited by angular momentum
fluctuations due to mass redistributions and relative motions in the atmosphere, oceans, and continental
water, snow, and ice, which are usually provided by various global atmospheric, oceanic, and hydro-
logical models (some with meteorological observations assimilated; e.g., NCEP, ECCO, ECMWE, OMCT and
L5DM erc.). Unfortunately, these model outputs are far from perfect and have notable discrepancies with
respect to polar motion observations, due to non-uniform distributions of meteorological observatories,
as well as theoretical approximations and non-global mass conservation in these models. In this study,
the LDC (Least Difference Combination) method is adopted to obtain some improved atmospheric,
oceanic, and hydrological/fcrospheric angular momentum (AAM, OAM and HAMJCAM, respectively)
luncrtions and excitation unctions (termed as the LDCegsm solutions ). Various GRACE [(Gravily Recowvery
and Climate Experiment) and SLR (Satellite Laser Ranging) geopotential data are adopted o correct the
non-global mass conservation problem, while polar motion data are used as general constraints. The
LDCesm solutions can reveal not only periodic fluctuations but also secular trends in AAd, OAM and
HAM/CAM, and arc in better agrecment with polar motion observations, reducing the unexplained
excitation to the level of about 5.5 mas (standard derivation value; about 1/5—1 /4 of those corresponding

to the original model outputs).
& 2017 Institute of Seismology,. China Earthguake Administration, etc. Production and hosting by Flaoewier
B.V. on behalf of KeAil Communications Co., Ltd. This is an open access article under the CC BY-J0 -0
license (http://creativecommons.orgflicenses by-mc-nd SEO) ).
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Moftion of the Earth's pole
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CLIMATOLOGY 20186 © The Authors, some rights reserved;
exclusive licenses American Assodation for
Climate-driven polar motion: 2003-2015 Ve Peheomacrmecnt; of Sk, Dtotriknted
under a Creative Commons Attribution
. . . . MorCormrmercial License 4.0 (O BY-MNCL
Surendra Adhikari* and Erik R. lvins 10.1126/5ciadh 1501693

Earth's spin axis has been wandering along the Greenwich merdian since about 2000, representing a 75 eastward
shift from its long-term drift direction. The past 115 years have seen unequivocal evidence for a guasi-decadal pe-
riodicity, and these motions persist throughout the recent record of pole position, in spite of the new drift direction.
We analyze space geodetic and satellite gravimetric data for the period 20032-2015 to show that all of the main
features of polar motion are explained by global-scale continent-ocean mass transport. The changes in terrestrial
water storage (TWS) and global cryosphere together explain nearly the entire amplitude (83 = 23%) and mean di-
rectional shift (within 59 = 767 of the observed motion. We also find that the TWS variability fully exphins the
decadal-like changes in polar motion observed during the study perod, thus offering a clue to resolving the long-
standing quest for determining the origins of decadal osdllatons. This newly discovered link between polar motion
and global-scale TWS varability has broad implications for the study of past and future dimate.

Adhikari, Iwvins, Climate driven polar motion: 2003-2015, Sci. Adv., Vol. 2, No. 4, p. 1501693, 2016,

doi:10.1126 /sciadv. 1501693
*or—7T 1 T T 7 T T T 1 20

_Eﬁ & '= Elaa

Year

Fig. 1. Observed pole position data. Mean monthly polar motion excitations (black lines) derived from the Gmed.ailj.r wvalues after remowving semi-
annual, annual, and Chandler wobbles. Smoothed solutions (Blue lines) reveal quasi-decadal varability in the corresponding component of the 20th-
century linear trend (dashed red lines). Cyan shadows in the background cover our study period, over which the drift direction deviates (solid red lines)

from the long-temm linear trend. EGUZ2018-10300 | Orals | G2.1/CL4.20/CR8.6/GD11.6/GM11.10/NH11.17 | | Highlight
Toward a Unified Theory for 20th Century Secular Polar Motion
Erik vins, Surendra Adhikari. Lambert Caron, Bernhard Steinberger, John Reager,. Kristian Kjeldsen, Ben Marzeion, and Eric
Larour
Wed, 11 Apr. 11:45-12:00. Room -2.32
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Singular spectrum analysis of polar motion
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Variable Chandler and Annual Wobbles in Earth’s Polar
Motion During 1900-2015

Guocheng Wang' + Lintao Liu' + Xiaoging Su” -

Xinghui Liang' + Haoming Yan' * Yi Tu® - Zhonghua Li" -
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Amplitude and phase variations of Earth’s Chandler wobble under continual
excitation

Benjamin F. Chao®-P*, Wei-Yung Chung?®

1 Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan
B Department of Earth Sciences, National Central University, Chungli, Taiwan
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Fig. 1. (a) The x and y components of the Hipparcos polar motion series (for the
period 1899.7-1992.0) concatenated with EOP-CO1 (for the period 1992.0-2010.0)
for the total span of 110 years at 5-day intervals. (b) The Chandler wobble series m(t)
obtained from (a) after removing the least-squares estimates of the annual wobble
and a linear trend.



Chandler wobble: two more large phase jumps revealed

Zinovy Malkin and Natalia Miller
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Filtered Chandler wobble and its envelope
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Panteleev’s corrective filtering allowed to reconstruct
Chandler excitation

It is a regularizing algorithm of “Generalized selection”
type giving the one-parameter family of solution,
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Angular momentum — geophysical excitation

Mass term Motion term

H(t) = H™(t) + H™(t) = [ p(r, ) x [Q x r + v(r,)]dV.
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Module of the absolute AAM ECMWF wind term
in the Chandler frequency band
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Module of the absolute AAM ECMWEF pressure term
in the Chandler frequency band
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Comparison of excitations for Chandler wobble
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AIRS Water Vapor 8-day Gridded data
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ECCO model ocean angular momentum OAM mass term

mean 1993-2010
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Tidal variations and LOD

IERS zonal tide model




Wavelet-scalogramm of LOD

Magnitude Scalogram
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20-NeTHAR KOMNOHEHTa KoNEGaHKWE TEMNepRaTYREI

WIBNEWEHEAR M3 DaHHeE HadCRUTA 1 VCpeOHeHHBIR LOD
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Atmospheric angular
momentum and LOD % |
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El Nino fingerprint in LOD, acceleration of the Earth since 2015

Length of day change
Observatoire de Paris - SYRTE
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Global mean temperature and Sea level rise

Global sea level
CISIRO
- — — — — parabolic trend
+—— Jevrejeva et al
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Temperature prediction based on cyclic and polynomial trends model =

AHANH3
Lyubushin A.A. and L.B. Klyashtorin, Short term global DT - HAHHBIX CHCTEM
prediction using (60-70) - years periodicity, Energy & TEOOU3MYECKOIO
Enviroment, Vol. 23, No. 1, 2012. n JKONOTHYECKOTO
- MOHHTOPHHTA
3 e o ioed @
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Puc. 1.1. Lluknuyeckuit Tpeuj rio6aibHOi TeMnepaTypHO#H aHoManuu (/), MeX-
rofoBbie Bapuauuu d7 (2) v noseneHre TpeHAa Ha 2000-2030 rr. (3)
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Climate Change Attribution Using Empirical Decomposition of Climatic

Data
Craig Loehle' and Nicola Scafetta

‘mate Change Asribuson Using Empirical Decompesition aff Climasic Data The Opem _drmospheric Science Jowrnal, 2001, Folume 5 77
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Cross-spectrum of Sea Level and temperature T
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60- 20- 10-year variations of the Global temperature and Sea level,
Extracted by MSSA

L.V.Zotov, SAl MSU

~—  Temperature anomaly (HadCRUT4)

——— Sea Level anomaly (Church and White) ~—— "' Sea Level anomaly (Jevrejeva et al.)
_~60-netian xomnonenTa (TK 1) : 49 —~B0-neTHaR xomnoHeTa (1K 1) ot
10 ! ! ) N L R . 1 = oy s
| 0.2
— 0 9
— 02
04
1880 1900 1920 1840 1960 1480 2000 185 1800 1920 1840 190 1980 2000
~20-neTHss xomnovewTa (MK 2) ~20-neTHan xomnodesra (MK 2)
8 — 0,08 8 —
4 ? | J | _"
o o004 ¢ ' — 0.04
| | |
o 0 B | 050 | | | 0
< 2 3 | : | : 0 5 2_4 _'} | | : | - L
3 | | | | | e 004 J | | | | 004
T | ' | I I | ' =3 | - | | ‘ L
Al ! i I 1 I Il L [ I 4
i L A N A TR TR s S T am
1880 900 1920 1040 19€0 1980 2000 1880 1600 1920 1840 1940 1680 2000
~10-neTHRA xoMmnonenTa (MK 3) o ~10-neTHan xomnorexTa (MK 3)

= 0~ \
: 1 | | | | '
| | | | |
2 I | i I I I
} I Il L !
— I | | I | 1 C B
121899 WD , WM ., 1040 60 130, 300 ! 1600 1820 1940 1 18 2000 X




EGU2020-4643

An 8-year cycle in the rate of
the global mean sea level

EGU2020: Sharing Geoscience Online
EGU G3.2 Session, 6th May 2020 Anny Cazenave
L. Moreira, H. B. Dieng, A. Cazenave, H. Palanisamy, F. Paul, D. Caceres and B. Decharme
International Space Science Institute (ISSI), Bern, Switzerland




Atlantic Multidecadal Oscillation AMO
and 60-year temperature changes
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A satellite era warming hole®
equatorial Atlantic Ocean

Hyacinth Nnamchi’, Mojib Latif', Noel Keenlyside’ and Wonsun Park’
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WHICH FACTORS DETERMINE VARIABILITY AND
PREDICTABILITY OVER THE NORTH ATLANTIC REGION?

ocean

stratosphere greenhouse gases

local weather ; ’
and feedbacks Arctic sea ice
land surface processes

North Pacific precursors
and snow cover

tropical processes

© Domeigen / Wollert
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Long-term LOD and other factors

Earth dipole magnetic moment (detrended)
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Moon
moves

away

Earth’s Moon attracts
rotation tidal bulge

\< ; 3.6 cm/year

2.2 ms/century %

Tidal bulge
attracts Moon

Earth
slows down
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Does an Intrinsic Source Generate a
Shared Low-Frequency Signature in
Coherent interannual and decadal EGrih’S Cllmate Gnd ROthlon the?

system
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Jet Propulsion Laboratory, California Institute of Technology, | Private Researcher, Santa Monica, California

Olivier de Viron Received 11 March 2015; in final form 24 October 2015
Royal Observatory of Belgium, Brussels, Belgium

Received 13 December 2002; revised 2 February 2003; accept

ABSTRACT: Previous studies have shown strong negative correlation be-
tween multidecadal signatures in length of day (LOD)—an inverse measure of
Earth’s rotational rate—and various climate indices. Mechanisms remain elusive.
The Earth’s Clin_late: processes are ir_lsufﬁcie:nt to explain_nbﬂewet_i rotational variability,
Variable Rotation leading many to hypothesize external (astronomical) forcing as a common source
for observed low-frequency signatures. Here, an internal source, a core-to-
climate, one-way chain of causality, is hypothesized. To test hypothesis feasi-
bility, a recently published, model-estimated forced component is removed from
an observed dataset of Northern Hemisphere (NH) surface temperatures to isolate
the intrinsic component of climate variability, enhancing its comparison with
LOD. To further explore the rotational connection to climate indices, the LOD
anomaly record i1s compared with sea surface temperatures (SSTs)—global and
regional. Because climate variability is most intensely expressed in the North
Atlantic sector, LOD is compared to the dominant oceanic pattern them—th&‘
Atlantic multidecadal oscillation (AMQ). Results reveal that the LOD-related
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Presentation Paper

Jia-Cheng LIU, N. CAPITAINE

Testing the improvement of the lau precession using different Jz varigtion with ime

Presentation Paper

journges?2

Véronique DEHANT and RotaMut team

Progress in understanding nutations

Elnaz NAGHIBL, S.A. KARABASOV ] ADA

R

Excitation of the Earth's Chandler wobble by the North Atlantic double g

Mikolay SIDORENKOV, E. DIONIS, C. BIZOUARD, L. ZOTOV

Decadal fluctuations in Earth's rotation as evidences of lithospheric

gsthenospere

Leonid ZOTOV, C. BIZOUARD, N. SIDORENMKOV

On the variability of the Chandler wobble

Jan VONDRAE, C. RON
Determination of FCN parameters from different VLBl solutions, considering

geophysical excitations

José Manuel FERRANDIZ, R.5. GROSS, A.ESCAPA, ). GETINO, A. BRZEZINSKI, R.
HEINKELMAN

Joint Working Group on Theory of Earth rotation and validation

ge=p1esen

httpsf/syr

es 2019

er 2019 - PARIS



EGU2020-10437

The intriguing relation between
Earth's rotation, geomagnetism,
and climate at multidecadal time

scales

Sébastien Lambert
SYRTE, Observatoire de Paris - Université PSL, CNRS, Sorbonne Université, LNE

European
Geosciences
Union
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Correlation

Results: LOD vs SST

Correlation SST/LOD for -4-yr Lag
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both, the lag is negative when LOD precedes SST. | confirmed here the significant correlations between LOD

and SST concentrated along North Atlantic (see Marcus 2016) with a small lag of a few years.
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Essential Climate Variables

 OCEAN BIOGEOCHEMISTRY




GCOS currently specifies 54 ECVs:

Surface: air temperature, wind speed and direction, water vapour, pressure, precipitation,
surface radiation budget

ATMOSPHERIC Upper_—air: temperature, wind speed and direction, water vapour, cloud properties, Earth
radiation budget, lightning
Composition: carbon dioxide, methane, other long-lived greenhouse gases, ozone,
aerosol, precursors for aerosol and ozone

Physics: temperature: sea surface and subsurface; salinity: sea surface and subsurface;
currents, surface currents, sea level, sea state, sea ice, ocean surface stress, ocean
surface heat f ux

Biogeochemistry: inorganic carbon, oxygen, nutrients, transient tracers, nitrous oxide ,
ocean colour

Biology/ecosystems: plankton, marine habitat properties

OCEANIC

Hydrology: river discharge, groundwater, lakes, soil moisture,evaporation from land
Gryosphere: snow, glaciers, ice sheets and ice shelves, permafrost

TERRESTRIAL J Bjosphere: albedo, land cover, fraction of absorbed photosynthetically active radiation,
leaf area index, above-ground biomass, soil carbon, fire, land surface temperature
Human use of natual ressources: water use, greenhouse gas fluxes




Conclusions

Climate signals present in excitations of LOD and PM
Mass term can be accessed through GRACE and GRACE-FO

Water cycle is very important, hydrological and glaciological changes can
even shift the axis of the Earth

Sea level, related to both figure of the Earth and climate can have forward
and backward links to Earth rotation

Atlantic Ocean gives evident input into Earth temperature variations, which
are correlated with Earth rotation velocity on 60 yr scale

If we can predict climate and ERP together better, then separately, then
there is “Granger causality” between them

We should promote Climate and Earth rotation working group and our
ideas. Very few scientists understand importance of this interdisciplinary
scientific field
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Vasily Shuleikin 1895-1979

N
Russian oceanographer academician V. Shuleykin mentioned importance of the mass redistribution studies for Earth Rotation
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Declination of the Moon in Dec 2019 (geocenter)
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Tidal Earth rotation velocity changes, after N. Sidorenkov
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Report of the WHO-China Joint Mission
on Coronavirus Disease 2019 (COVID-19)

16-24 February 2020

6000
S : : : Wuhag
s000 Ghina’s National Infectious Disease Information System (IDIS), COVID-19 cases m Confirmed
O dinical diagnosed
4000 - ¥ OSuspected
23 O Asymptomatic
in
3000 4 | 4o
id
2000 | s
0
1000 -
0 +——
o
6000 7




Annular solar eclipse will occur on June 21, 2020
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