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Global Navigation Satellite System

The International GNSS Service (IGS) Network
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Gravitomagnetic field (Lense-Thirring effect)
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ITRF Realization

Latest version of the International 
Terrestrial Reference Frame (ITRF), 
called ITRF2020, published on 
April 15, 2022.

IGN France is the ITRS Center of 
the International Earth Rotation 
and Reference Systems (IERS), in 
charge of the realization and 
maintenance of the ITRS



The ILRS Process Flow for ITRF 
 Time series of weekly SSC and EOP (X, Y and LOD) estimated over 7-day arcs (15-day arcs 

for the period 1983-1992) 
 SLR data acquired from the global tracking network: LAGEOS, LAGEOS-2, Etalon-1 and 

Etalon-2 
• data span 1983-2020 
• 1983 to 1992 LAGEOS data only 

 Analysis contributors are generally free to follow their own computation model and/or 
analysis strategy but a set of guidelines has been agreed within the ILRS Analysis 
Standing Committee
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ITRF2020: Frame definition

Origin
- zero translation parameters at epoch 2015.0 and
- zero translation rates 
between the ITRF2020 and the ILRS SLR long-term frame over the time-span 1993.0-
2021.0

Scale
- zero scale and
- zero scale rate 
between ITRF2020 and the scale and scale rate averages of VLBI selected sessions up to 
2013.75 and SLR weekly solutions covering the time-span 1997.7 – 2021.0.

Orientation
- zero rotation parameters at epoch 2015.0 and 
- zero rotation rates between the ITRF2020 and ITRF2014 



SLR Scale and Geocenter with respect to ITRF2020

https://itrf.ign.fr/en/solutions/ITRF2020



Monitoring Geocenter Variations

The geocenter motion using SLR data can be estimated using : 

Dynamic method
from degree one unnormalized 
Stokes coefficients

DX(t) = Re * C1,1(t)
DY(t) = Re * S1,1(t)
DZ(t) = Re * C1,0(t)

where Re is the mean terrestrial 
radius

Geometric method
as cartesian coordinate offsets from 
ITRF
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Mass redistribution within the Earth system affects the position of the geocenter relative to a 
crust fixed frame. 
The geocenter motion is defined as the motion of the center of mass of the Earth (CM) with 
respect to the geometric center of figure (CF) of the solid Earth surface.
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CM with respect to ITRF2020 
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The geocenter positions in ITRF2020  
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Polar motion

• The polar motion is the motion of the rotation axis 
of the Earth relative to the crust.
It has two major components : 

(i) a free oscillation with period about 435 days 
(Chandler wobble)  

(ii)  an annual oscillation 

• The Earth Orientation Center of the IERS is in charge 
of the combined EOPC04 series resulting from a 
combination of operational EOP series, each of 
them associated with a given geodetic technique

• The most important mechanism exciting the 
Chandler wobble is found to be ocean bottom 
pressure variations (Gross, 2000)
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https://hpiers.obspm.fr/

The polar motion considered at time scale larger that 10 year, namely 
the low-frequency pole, has an irregular drift in in the direction to 
80 deg West
The slow drift, about 20 m since 1900, is partly due to motions in the 
Earth's core and mantle, and partly to the redistribution of water mass 
as the Greenland ice sheet melts, and to isostatic rebound

Polar motion

Polar motion



*From: «Measurement of the Earth's rotation: 720 BC to AD 2015», (F. R. Stephenson et al. 2016)

• Improved estimates after 1980 wit the use 
of space geodetic techniques

• Seasonal  and annual variations  mainly due 
to changes in the atmosphere

• Decadal and longer-term variations due to 
core-mantle coupling 

• a secular prolongation of the day by about 
1.8 ms in 100 years due to tidal friction and 
long-term mass variations (*)

https://hpiers.obspm.fr/

Length of Day



The non-rotating part of the geopotential is represented as a series expansion 
into spherical harmonics
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The Earth Gravity field
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J2 Time Series from SLR data 

Cheng, M., B. D. Tapley, and J. C. Ries (2013), "Deceleration in the 
Earth's   oblateness", J. Geophys. Res., doi:10.1002/jgrb.50058. 

Satellite Constellation:
LAGEOS-1 and 2,
 Etalon-1 and 2, 
Starlette, 
Stella, 
Ajisai and 
BEC
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The Earth figure axis is the axis of maximun inertia and is represented by the coefficients C21 and S21 
of the geopotential



2012 2014 2016 2018 2020 2022 2024
-2.5328

-2.5326

-2.5324

-2.5322

-2.532

-2.5318
x 10-6 J3

J3 Time Series from SLR data 

NASA GSFC SLR C20 and C30 solutions
LAGEOS-1/2, Stella, Starlette, AJISAI, Larets, 
LARES
LARES  (launch date 2012) contribution vital due 
to its combination of low area-to-mass ratio, 
low altitude, and unique inclination of 69.5°

Loomis et al., 2020, Geophys. Res. Lett., https://doi.org/10.1029/2019GL085488



THANK YOU


	The role of the GGOS network in the definition of high precisio
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Satellite Laser Ranging (SLR)
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Global Navigation Satellite System
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46

