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MOTIVATION
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GOALS for CRF and TRF:

• Accuracy: 1 𝑚𝑚 (𝟑𝟎 𝝁𝒂𝒔)
• Stability: 1 𝑚𝑚/year (𝟑𝟎 𝝁𝒂𝒔/𝒚𝒆𝒂𝒓)

TRFs

The ITRF is based on the combination of
solutions from the four space geodetic
techniques, with each new release
incorporating updated data and models.

EOPs

The current conventional EOP series,
IERS 14 C04, is based on a monthly
combination of the EOP estimates
obtained by the analysis centers of each
space geodetic technique.
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OBJECTIVES
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Assess the consistency among the conventional TRF and EOP through the

analysis of VLBI data, taking different TRF as alternative settings in the analysis.

This study evaluates if the TRF selection has a significant impact on the

consistency of the estimated EOP and assesses its agreement with the

conventional EOP series.

Current study is an extension and continuation of the work developed by Belda, S. et al. “On the consistency of the current conventional EOP series and the celestial and terrestrial reference
frames”, in Journal of Geodesy (2017), Heinkelmann at al. “The consistency of the current conventional celestial and terrestrial reference frames and the conventional EOP series” (2014), and
Heinkelmann at al. “How consistent are the current conventional celestial and terrestrial reference frames and the conventional Earth Orientation Parameters?”, in REFAG 2014 Springer (2015)



DATA ANALYSIS
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PROCESSING PARAMETERS
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RESULTS 
CASE A: TERRESTRIAL REFERENCE FRAMES

ITRF2014 & ITRF2020:
• Solutions are consistent and similar between each other.
• ITRF2020 results have improved comparing with ITRF2014 ones.

VTRF2020
• Exhibit considerable shifts and drifts results for the all EOP set.
• Registering for the 𝚫𝔁𝒑𝒐𝒍 and 𝜟𝒚𝒑𝒐𝒍 drifts of 𝟏𝟖𝟒. 𝟓 𝝁𝒂𝒔/𝐲𝐞𝐚𝐫

and −𝟏𝟒𝟔 𝝁𝒂𝒔/𝒚𝒆𝒂𝒓, respectively.

ICRF3 TRF
• Second highest results are observed in this TRF.
• Particularly for the 𝚫𝔁𝒑𝒐𝒍 and 𝜟𝒚𝒑𝒐𝒍 drifts of 𝟗. 𝟗 𝝁𝒂𝒔/𝐲𝐞𝐚𝐫

and 𝟏𝟐. 𝟑 𝝁𝒂𝒔/𝒚𝒆𝒂𝒓, respectively.
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EOP residuals and uncertainties
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EOP residuals and uncertainties

ITRF2014 and ITRF2020:
• Similar and consistent results

VTRF2020:
• Large residuals and uncertainties when compared with the other TRFs results.
• High residuals in 2011 can be related with the discontinuities present in some stations due to the Tohoku event.
• The source for the general high order of magnitude of the results could not be found and further analyzed.
• VTRF2020 results were removed from further plots, for the sake of clarity.

ICRF3 TRF:
• Presents periods of non-negligible residuals and uncertainties, specifically between 2008-2017.
• Further analysis on the cause of these behavior was pursued.
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CASE STUDIES

• ITRF2014 and ITRF2020: Present high quality data

• TSUKUB32 and KASHIM34 stations were among most of the
sessions that presented high poor quality. Both stations
presented discontinuities within its coordinates defined by
the TRF.

• Considering the stations discontinuities, three case
studies were defined (Tab. 6)
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SHIFT AND DRIFT
CASE 2

ITRF2014 & ITRF2020:
• Solutions are consistent and similar between each other.
• As in case 1, ITRF2020 results have improved comparing with ITRF2014 ones.

ICRF3 TRF
• Drift decreased for 𝛥𝑦𝑝𝑜𝑙, 𝛥𝑋, and 𝛥𝑌 of 4.6 𝜇𝑎𝑠/year, 0.2 𝜇𝑎𝑠/year and 0.4 𝜇𝑎𝑠/year, respectively.

• WRMS decreased for the all EOP set.

VTRF2020
• EOP residuals w.r.t. IERS 14 C04 remained significant and non-negligible.
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WRMS 
EOP estimated vs IERS 14 C04

• ITRF2020 has the smallest WRMS for all EOP set, independently of the case study.

• ITRF2014 and ITRF2020 have considerable differences for 𝚫𝔁𝒑𝒐𝒍 and 𝚫𝒚𝒑𝒐𝒍 with 𝟐𝟐. 𝟐 𝝁𝒂𝒔 and 𝟖. 𝟔 𝝁𝒂𝒔, respectively.

• WRMS are bigger for ITRF2014 and ITRF2020 in Case 2.

• WRMS much smaller for ICRF3 TRF in Case 2, more specifically for Δ𝓍𝑝𝑜𝑙 and Δ𝑦𝑝𝑜𝑙.
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EOP residuals and uncertainties
CASE 3: ICRF3 TRF

Stations with discontinuities in the ICRF3 TRF removed. 25 stations were excluded.

CASE 1 vs CASE 2:
• Significant decrease in the WRMS for ICRF3 TRF can be observed, specially for Δ𝓍𝑝𝑜𝑙, Δ𝑦𝑝𝑜𝑙

CASE 2 vs CASE 3:
• Only for Δ𝓍𝑝𝑜𝑙 a considerable improvement is achieved in the WRMS (63.8 𝜇𝑎𝑠).



FINAL REMARKS

| REFAG 2022 | mariana.cs.moreira@a-raege-az.pt | 14

ITRF2014 and ITRF2020
• Solutions are consistent and similar between each other.
• Majority of the results are consistent with the GGOS goals
• ITRF2020 results have improved comparing with ITRF2014 ones.

• WRMS improvement of 17% and 7% was attained for 𝚫𝔁𝒑𝒐𝒍 and 𝚫𝒚𝒑𝒐𝒍, respectively.

ICRF3 TRF
• Existence of discontinuities that affect the results is clear.

• WRMS reduction of 25% and 50% was reached for 𝚫𝔁𝒑𝒐𝒍 and 𝚫𝒚𝒑𝒐𝒍, respectively, between Case 1 and Case 2.

• Benefits of removing all 25 stations with discontinuities is not evident.
• The degradation of the network surpasses the improvement of removing the problematic stations.

“Why achieve the same EOP using different ITRF was not possible?”
• Poor ITRF network
• Insufficient number of suitable radio sources (VLBI)
• Incompleteness of the theory/models
• Inconsistency between techniques
• Different Time domain of data

• ICRF3 <2015
• ITRF2014 <2014
• ITRF2020 <2020



FUTURE STEPS
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• Extend the analysis for years prior to 2002.

• Compare the similarity transformation vs VLBI ERP differences.

o To assess if the EOP differences determined in Case A can be attributed to the differences in

orientation of each frame.

• Cooperate with BKG team, that provided the VTRF2020, to further analyse VTRF2020 results.
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ANALYSIS STRATEGY

| REFAG 2022 | mariana.cs.moreira@a-raege-az.pt | 19

WEIGTHED ROOT MEAN SQUARE (WRMS) and WM

• Analise the EOP estimated with different TRFs using 
IERS 14 C04 as the EOP apriori

WEIGHTED LEAST SQUARE (WLS)
SHIFT AND DRIFT

• Analise the EOP residuals w.r.t. IERS 14 C04 between 
solutions using different TRFs for the computation of 
EOP 

• Values adjusted to a Linear Trend, computed by WLS: 
• Shift (referred to epoch J2000.0) 
• Drift 
• Error of fit assessed by the WRMS

• 𝑒𝑜𝑝1: EOP from the VLBI analysis using the different settings
• 𝑒𝑜𝑝2: EOP apriori
• ҧ𝑥: EOP values
• 𝑁: their number 
• 𝜎: formal uncertainty 
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SHIFT AND DRIFT
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EOP residuals and uncertainties
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EOP residuals and uncertainties
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EOP residuals and uncertainties

ITRF2014 and ITRF2020:
• Similar and consistent results

VTRF2020:
• Large residuals and uncertainties when compared with the other TRFs results.
• High residuals in 2011 can be related with the discontinuities present in some stations due to the Tohoku event.
• The source for the general high order of magnitude of the results could not be found and further analyzed.
• VTRF2020 results were removed from further plots, for the sake of clarity.

ICRF3 TRF:
• Presents periods of non-negligible residuals and uncertainties, specifically between 2008-2017.
• Further analysis on the cause of these behavior was pursued.
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WLS WRMS
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WLS WRMS

• VTRF2020 has the biggest WRMS values of all TRFs tested
• Second highest values are observed for ICRF3 TRF
• ITRF2014 and ITRF2020 present the smallest values
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WRMS and WM: 
EOP estimated vs IERS 14 C04

• ITRF2020 has the smallest WRMS for
all EOP set, independently of the case
study.

• ITRF2014 and ITRF2020 have
considerable differences for Δ𝓍𝑝𝑜𝑙 and

Δ𝑦𝑝𝑜𝑙 with 22.2 𝜇𝑎𝑠 and 8.6 𝜇𝑎𝑠,

respectively.
• WRMS are bigger for ITRF2014 and

ITRF2020 in Case 2.
• WRMS much smaller for ICRF3 TRF in

Case 2, more specifically for Δ𝓍𝑝𝑜𝑙 and

Δ𝑦𝑝𝑜𝑙.
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WRMS 
EOP estimated vs IERS 14 C04

• ITRF2020 has the smallest WRMS for all EOP set, independently of the
case study.

• ITRF2014 and ITRF2020 have considerable differences for Δ𝓍𝑝𝑜𝑙 and

Δ𝑦𝑝𝑜𝑙 with 22.2 𝜇𝑎𝑠 and 8.6 𝜇𝑎𝑠, respectively.

• WRMS are bigger for ITRF2014 and ITRF2020 in Case 2.

• WRMS much smaller for ICRF3 TRF in Case 2, more specifically for
Δ𝓍𝑝𝑜𝑙 and Δ𝑦𝑝𝑜𝑙.
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EOP residuals and uncertainties
CASE 2
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EOP residuals and uncertainties
CASE 2
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EOP residuals and uncertainties
CASE 2



| REFAG 2022 | mariana.cs.moreira@a-raege-az.pt | 31

EOP residuals and uncertainties
CASE 3: ICRF3 TRF
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EOP residuals and uncertainties
CASE 3: ICRF3 TRF
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EOP residuals and uncertainties
CASE 3: ICRF3 TRF

• Stations with discontinuities in the ICRF3 TRF removed. 25 stations were excluded.

• Case 1 vs Case 2: Significant decrease in the WRMS for ICRF3 TRF can be observed, specially for Δ𝓍𝑝𝑜𝑙, Δ𝑦𝑝𝑜𝑙

• Case 2 vs Case 3: only for Δ𝓍𝑝𝑜𝑙 a considerable improvement is achieved in the WRMS (63.8 𝜇𝑎𝑠).



SPACE GEODETIC TECHNIQUES
| PRODUCTS |
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