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Overview of the ILRS ASC REPRO2020 Effort
•The seven Analysis Centers comprising the 

ILRS ASC worked diligently since 2015 to 
prepare for the development of the SLR 
contribution to ITRF2020.

•This summary provides an overview of the 
work performed and the key results that 
shaped the final product and must be 
understood by SLR analysts using 
ITRF2020, to ensure they obtain the best 
results in their applications.

•We firstly review the main areas of 
modeling updates that resulted in the major 
improvement seen in the SLR contribution 
to ITRF2020.
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SLR - VLBI Scales Systematically Different in ITRF2014
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Credits:   ITRS Center, ILRS ASC Meeting, Oct. 1st, 2019, Observatoire de Paris 

In 2015 ILRS launched 
a multi-year effort to 
address and resolve 
the SLR scale issue:
Station Systematic 
Error Modeling Pilot 
Project (SSEM PP).

VLBI - SLR = 8.8 mm ≈ 1.375 ppb



Pre-Analysis Investigations:
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§ Complete re-evaluation of 
stations’ operating practices and 
recalculation of all station- and 
satellite-specific (time dependent) 
“target signature corrections”

§ Simultaneous estimation of 
station positions and systematic 
errors (weekly resolution) 
adopted

§ Review of station surveys and 
correction of eccentricity errors



New modeling vastly improved the solution:
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• Long-term mean biases for Core stations reduced by > 50% !!! 
• Biases randomly distributed about zero ➠ net effect on scale ≈ 0

2018 2020ILRS – B Combination



Improved Target Signature Corrections
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Rodríguez, J. et al., J Geod 93, (2019). https://doi.org/10.1007/s00190-019-01315-0

OLD
NEW

• These errors introduce a 
direct scale “bias”

• Most stations had 
inadequate modeling 
even at cm-level, e.g. for 
the Etalon satellites

• A non-random 
distribution in the 
network, resulted in 
significant distortion of 
the scale



Identifying changes in station systematic behavior:
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• The 7 AC weekly series were combined for each 
satellite: 
• LAGEOS, LAGEOS 2 and

• Etalon 1 & 2 (combined, common bias)

• Statistically good agreement, with the combined 
series showing even better agreement

• Periods of different station behavior were 
identified in the combined series and in 
consultation with available station logs

• The next step developed a set of mean estimates 
for each period identified, to be used a priori in 
the reanalysis for ITRF2020, resulting in a stronger 
and cleaner solution



Each station series were examined to identify all breaks:
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Mt. Stromlo (7825)Herstmonceux (7840)Greenbelt (7105)



A priori range bias documentation:
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Mt. Stromlo (7825)Herstmonceux (7840)
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NEW SINEX BLOCKS 2020.07.30 11/17/20, 5:33 PM

*        1         2         3         4         5         6         7         8
*2345678901234567890123456789012345678901234567890123456789012345678901234567890
*-------------------------------------------------------------------------------
+MODEL/RANGE_BIAS
*SITE PT SOLN T START_DATE__ END_DATE____ M RANGE_BIAS STD_DEV UNIT
 1873 51  501 L 08:288:00000 08:295:00000 R    -0.0193   0.002    m
 7810 51  501 L 08:288:00000 08:290:54321 R     0.0173   0.002    m
 7810 51  501 L 08:290:54321 08:295:00000 R     0.0183   0.002    m
 7810 60  501 L 08:288:00000 08:295:00000 R     0.0163   0.002    m
-MODEL/RANGE_BIAS

*        1         2         3         4         5         6         7         8
*2345678901234567890123456789012345678901234567890123456789012345678901234567890
*-------------------------------------------------------------------------------
+MODEL/TIME_BIAS
*SITE PT UNIT T START_DATE__ END_DATE____ M __E-VALUE___ STD_DEV _E-RATE__ CMNTS 
 1824 -- us   A 02:084:68460 12:085:00000 T      -24.400   5.000    0.0000 ----- 
 1873 -- us   A 07:059:00000 09:110:00000 T      -21.750  50.000   -0.2600 drift  
-MODEL/TIME_BIAS

*        1         2         3         4         5         6         7         8
*2345678901234567890123456789012345678901234567890123456789012345678901234567890
*-------------------------------------------------------------------------------
+MODEL/TARGET_SIGNATURE_GEOMETRY
*SITE PT SOLN T START_DATE__ END_DATE____ M   COM_CORR STD_DEV UNIT
 1873 51  501 L 08:288:00000 08:295:00000 C     0.1234   0.002    m
 1879 52  501 L 08:288:00000 08:295:00000 C     0.1234   0.002    m
 7810 53  501 L 08:288:00000 08:295:00000 C     0.9373   0.005    m
 7810 60  501 L 08:288:00000 08:295:00000 C     0.0163   0.002    m
-MODEL/TARGET_SIGNATURE_GEOMETRY

Weekly SINEXs now contain the 
systematics applied a priori:



SLR Scale From the ITRF2020 Reanalysis:
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• Upper curve:
• SLR scale from SSEM
• Mean:   +0.42 ppb

• Lower curve:
• SLR scale in ITRF2014
• Mean:   - 0.68 ppb

• Mean difference:

0.42 ppb – ( - 0.68 ppb)  = 1.10 ppb

• ∆SLRNEW – OLD ≈ 1.10 ppb

ITRF2014 SLR series extended beyond 
2014 using the weekly ILRSA ASC product.

ILRSA ITRF2020 scale = +0.42 ppb
ILRSA ITRF2014 scale = - 0.68 ppb

• VLBI - SLR  ≈ 0.28 ± 0.10 ppb
WRT VLBI @ ITRF2014 !!!

∆SLRNEW – OLD



Core Site Position Tests:   ITRF2020 vs ITRF2014
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Evaluation of  ITRF2020 vs ITRF2014
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• New model performed well:
• when used as a priori in the ASI time series for 1993-2020
• when used as a priori for the ILRSA combination time series 1993-2020

• The PSD model fits well the effects of earthquakes on the coordinates
• Improvements in the 3D-WRMS for the core sites
• Improvements in coordinate offsets, for both, core and non-core stations 
• Improvements in the Helmert parameters’ mean values  and scatter:

Scale Wmean
(mm)

σ- WMean
(mm)

Slope
(mm/yr)

σ- Slope
(mm/yr)

vs ITRF2014 2,654 0,069 -0,028 0,009
vs ITRF2020 -0,743 0,063 0,084 0,008



Time Series of Origin Variations in ITRF2020 Reanalysis
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𝑊𝑚𝑒𝑎𝑛 = 0.15 𝑚𝑚
𝑊𝑅𝑀𝑆 = 3.68 𝑚𝑚

𝐿𝑖𝑛. 𝑟𝑎𝑡𝑒 = −0.081 ± 0.012 𝑚𝑚/𝑦

𝑊𝑚𝑒𝑎𝑛 = 1.25 𝑚𝑚
𝑊𝑅𝑀𝑆 = 3.45 𝑚𝑚

𝐿𝑖𝑛. 𝑟𝑎𝑡𝑒 = −0.113 ± 0.012 𝑚𝑚/𝑦

𝑊𝑚𝑒𝑎𝑛 = 0.75 𝑚𝑚
𝑊𝑅𝑀𝑆 = 6.32 𝑚𝑚

𝐿𝑖𝑛. 𝑟𝑎𝑡𝑒 = 0.045 ± 0.021 𝑚𝑚/𝑦

TY

TX

TZ



ILRS ASC  Evaluation - Conclusions
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• The general conclusion reached by all AC/CCs 
based on the performed tests, is that ITRF2020 is 
a significant improvement over ITRF2014. 

• Over the 2015.0 – 2021.0, a period not covered by 
SLR data in ITRF2014, the new model does 100% 
better in Core station position 3D RMS, based on 
the current reanalysis. 

• Based on the ITRF2020 evaluation results, the new 
ILRS contribution limits the systematic scale 
difference to VLBI & SLR  to  0.15 ppb  (~1 mm)

Core Sites’ 3D-WRMS
2015.0 - 2021.0

ITRF2014

ITRF2020

Zuheir Altamimi, IERS DB#74
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LAGEOS  &
LAGEOS 2

Etalon 1 &
Etalon 2

• The ILRS ASC stablished a new analysis 
approach for its contribution to ITRF2020; 

• It will be implemented in the operational 
series after adoption of ITRF2020 (2023);

• The complete SLR series for the 38-year 
period 1983 – 2021 will be reanalyzed; 

• The new bias model (SSEM-X) will be 
publicly available and maintained current 
over the coming years.

From nearly 1 cm ∆Scale(SLR-VLBI) to 1 mm !!!

Summary




