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Data |

e 24h VLBI sessions VIEF 708
. . USN} 4779
e Datum free normal equations in
SHA} 5523
SINEX format

. . OPA}- 5747
» Station coordinates and EOP val. 5706
IAAL- - 4545
. GSF} 5590
10 ACs (5 s/w packages) submitted GEZ 6003
SINEX files including sessions from casl 4770
1979 until Dec. 31, 2014: BKG| pa—
AUS| = , ‘ J ‘ ‘ | 4565

Contributing Ana|y5i5 Centers (AC) 1980 1985 1990 1995 2000 2005 2010 2015

Year
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Data Il

ITRF2014
submitted included

Software Operational AC

AUS Geoscience Australia, Australia OCCAM under review yes no

Federal Agency for Cartography and yes yes

BKG Geodesy, Germany Calc/(nu)Solve yes

CGS Centro di Geodesia Spaziale, Italy Calc/(nu)Solve under review yes yes
DGFI German Geodetic Research Institution OCCAM yes no no
GFz German Research Center for Geosciences  VijeVS under review yes yes
GSFC Goddard Space Flight Center, USA Calc/(nu)Solve yes yes yes
IAA Institute of Applied Astrometry, Russia Quasar yes yes yes
NMA Norwegian Mapping Authority, Norway Geosat no yes no
OPAR Observatory of Paris, France Calc/(nu)Solve yes yes yes
SHAO Shanghai Observatory, China Calc/(nu)Solve no yes yes
USNO US Naval Observatory, USA Calc/(nu)Solve yes yes yes
VIE Vienna University of Technology, Austria VieVS under review yes yes
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Data Il

Various problems appeared within the data analysis at the ACs, e.g.
- different axes offset or eccentricity files used,
* problem with writing routines,
* parameter naming,

which have all been solved.

Original IERS CfP contained data until 2014.0. Analysis of additional

year 2014

» Analysis consistent to previous years not possible for all ACs
— complete reprocessing necessary for 3 ACs.
* Inconsistencies in the variance factors (next slide).

« AC AUS data excluded from combined solution (station
accuracy, bug fixed).
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Data IV

« Data quality inconsistencies found and corrected
(variance factor)

2—s ___~_ Red: original session-wise variance factors.
SHAO : session-wise variance factors after
re-processing.
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Data V

Station participation (> 10 observed sessions)
Overall 158 different stations.

HART15M

KATH12M—
WARK12M |— YARRA12M
YEBES40M{— HOBART12
DSS13[= BADARY
ZELENCHK[= VERAISGK
METSAHOV|— DSSE5A
SVETLOE[— VERANMZSW
GIFUNM [ CTVASTJ
SYOWA[— TIGOCONG
TIGOWTZL[= TSUKUBS2
AIRA= CHICHI10
MIAMIZO[— SINTOTU3
NRAOZO|— YEBES
KOGANEI— NYALES20
CRIMEA— KASHIM11
MK-VLBA{— URUMQI
SC-VLBA= MIZNAO10
GGAOT108|— KOKEE
BR-VLBA[— FORTLEZA
QV-VLBA[— OHIGGINS
KP-VLBA NL-VLBA
PARKES[— HN-VLBA
TRYSILNO[ SANTIA1Z
LA-VLBA[— YLOW7296
MATERA[— FD-VLBA
HOBART26[— KASHIM34
NOTO[— MARCUS
FORTORDS = —| WIDE85_3
DSS565— =y PIETOWN
DS815— v | SESHAN2S
MEDICINA— —| DS845
PENTICTN |— oe| HARTRAQ
YAKATAGAI— ALGOPARK
KODIAK|— SOURDOGH
KWAJAL26[— SNDPOINT
GILCREEK[— KAUAI
KASHIMA[ ELY
BLKBUTTE[— RICHMOND
PINFLATS[— YUMA
PRESIDIO|— PT_REYES
VNDNBERG— FORT_ORD
MOJAVE 12— WETTZELL
HATCREEK|— PLATTVIL
MON_PEAK— QUINCY
TIDBING4|— JPL_MV1
GOLDVENU|— MARPOINT
ONSALAE0|— > | WESTFORD
EFLSBERG= HRAS_085
HAYSTACK[— OVRO_130
= NRAO_140
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Data VI

VS Station distribution.
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Analysis |

session-wise
SINEX files

!

Epoch Transformation
(mid-session, 12h UT)

EOP (E), Station
Coordinates, Source
Positions (C)

«----{ VTRF, ITRF

Exclude i
AC h Transformation on equal Outlier test
f apriori station coordinates sources
A ‘ ¥
% +
| v c
W -
Da‘tum _ Out!ler test
Adjustment stations £
l '
. . Outlier test
Individual solution EOP
v
Variance-component-
estimation (VCE)
VS
Data-
center,
- Accumulated combined www
E solution ccws.kabund.de
SINEX Outlier Test BKG
Combi Stations Combi '[‘)/Ef
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Parameter:

« Station Coordinates

« Earth Orientation Parameters
(X-, Y-Pole + rates, dUT + LOD, dX, dY)
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Analysis |

Hypothesis:

Improved statistics for a combined solution compared to the
Individual solutions.

Combination on the level of normal equations with predefined
analysis conventions (models, absolute terms, etc.).

Major differences to IVS ITRF2008 contribution:
« Transformation on 12h UT for all parameters
(ITRF2008: mid-session)
* Improved outlier test
(static / fixed threshold — dynamic / LMS)
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Analysis Il

Major differences to IVS ITRF2008 contribution (cont.)

e Solid Earth Tide, Pole Tides:
IERS Conventions 2003 — IERS Conventions 2010
* Nutation:

IAU2000A (without Free core nutation) — IAU2006 (without
Free Core Nutation)

« Gradients:
MacMillan(1995) with wet VMF1 — Chen-Herring Gradients
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Analysis IV

Major differences to IVS ITRF2008 contribution (cont.)

e Source positions:

Constrained on ICRF1+Ext.1 or individual CRF — constrained
on ICRF2 a priori position (defining sources)

Major differences to IVS routine (rapid / quarterly) combination:

* Non-tidal atmospheric loading not applied (annual / semi-
annual model applied a posteriori)

 Dedicated IVS ITRF2014 axis offset information file
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Results |
Station Coordinates

15 r
BKG —
Improvements around 1990s: TTZELL East S
&
* More VLBI stations. € T
E 5T
- Larger network size. 2 \
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* More sources observed.
'10 ,I
-15

1980 1985 1990 1995 2000 2005 2010 2015

% Federal Agency for
e Cartography and Geodesy

S. Bachmann | IVS contribution to the ITRF2014 | IVS GM 2016 | 15.03.2016 | Page 13



Results Il
Station Coordinates
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Results Il
EOP

Internal comparison w.r.t.

combined solution
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Results IV
EOP

WRMS of the differences w.r.t. combined solution

VIE dUT:
Offset (PWL) — offset +
drift

dUT, LOD

-
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I
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Possible cause of
elevated WRMS.:

Change of
parameterization within
the combination process
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— under investigation for 0
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Results V
EOP

WRMS of the differences w.r.t. combined solution

X-Pole (+rate), Y-Pole (+rate)
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Results VI
EOP

External comparison w.r.t. IERS-08-C04
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Results VI
Scale - Internal comparisons

Single combined session w.r.t. VTRF2014 (black)
Annual signal 1979-2015.0 (purple)
Annual signal 1979-2009.0 ( )
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Results VI
Scale - External comparison

Single combined session w.r.t.:
« DTRF2008 (blue)

* |ITRF2008 (red)

« VTRF2014 (black)

1 —— DTRF2008
; —— ITRF2008
Iy \ : VTRE2014
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Scale [ppb]
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% Federal Agency for
e Cartography and Geodesy

S. Bachmann | IVS contribution to the ITRF2014 | IVS GM 2016 | 15.03.2016 | Page 20



Results IX
Scale - External comparison cont.

1 . ‘
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Results X
Scale

14 parameter Helmert Transformation between VTRF2014 and
DTRF2008 / ITRF2008:

HT DTRF2008 ITRF2008

Parameter Positions  Velocities (per yr) Positions  Velocities (per yr)
T, [mm] 2.1 (x0.8) -0.5 (z0.8) -0.8 (x0.6) -0.4 (x0.6)
T, [mm] 0.1 (+0.8) 0.6 (+0.8) 0.6 (+0.6) 0.4 (+0.6)
T, [mm] 1.1 (£0.7) 0.2 (x0.7) -1.1 (x0.6) 0.1 (x0.6)
R, [mas] -0.03 (x0.03) -0.006 (+0.03) -0.02 (x0.02) -0.008 (+0.02)
R, [mas] 0.06 (+0.03) 0.002 (+0.03) -0.01 (+0.02) 0.006 (+0.02)
R, [mas] -0.12 (x0.03) 0.006 (+0.0.3) 0.01 (x0.02) 0.012 (+0.02)

Scale [ppb] 0.11 (+0.11) 0.02 (+0.11) 0.44 (+0.09) -0.02 (0.09)
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How to access to data and results? |

Retreat: “Low visibility of IVS results”

 All AC + combined contributions are available in the IVS data
centers (BKG, CDDIS, OPAR)

« A paper on this subject will be published in the Journal of
Geodesy:

Bachmann, S et al. ,IVS contribution to ITRF2014"
(accepted)

* Preliminary results: IAG Symposia REFAG2014 (DOI
10.1007/1345 2015 _136)

* IVS GM 2016 Proceedings
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10.1007/1345_2015_136

How to access to data and results? Il

‘. . ‘ CONTACT IMPRINT ENGLISH
) Combination Center I
Presentation of results :

on the (newly
designed) IVS
Combination Centers om0

Welcome to the CCIVS, hosted by the Federal Agency for Cartography and Geodesy

Rapid Quarterly FAQs

IVS EOP Format
.
website: e s e
- Digital Object Identifier
Bid for AC
H H ITRF2014
« Time series 0
The IVS contribution for ITRF2014 consists of a set of SINEX files with combined datum free normal . The normal contain station i and
Timeliness earth orientation parameters and are combined using contributions of 9 IVS Analysis Centers.
. .
station coordinates
)
[ = DOl I A data DOI has been to the IVS to ITRF2014. the dataset includes a direct appreciation for the work involved in such a

baselines, EOP,

For the IVS contribution to ITRF2014, this appreciation extends to the whole chain of data acquisition: VLBI stations, Correlators, Data Centers, operational Data

Service Analysis Centers, and Combination Centers

scale > stonap

¥ Glossary
- . The metadata describing the dataset in detail can be found following the assigned 80/GF: 2
L I n d IVI d u al a n d » “Nothnagel, A; International VLBI Service for Geodesy and Astrometry (IVS); 2015: The IVS data input to ITRF2014. International VLBI Service for Geodesy and

combined results

EVentS Links Location The dataset can be found in the IVS data center at BKG, OPAR and CDDIS:

. Baseline Rapid Plots ftp:livs.bka.bund.de/pub/VIbIITRF2014/daily_sinex/ivs2014al
* Link to data DOI R

ftp:/fivsopar.obspm.frivibillTRF2014/daily sinex/ivs2014al

is.gsfc.nasa. iITRF2014/daily sinex/ivs2014al

ccivs.bkg.bund.de

Print JRecommend page
© Federal Agency for Cartography and Geodesy 2016

— VS GM 2016 Poster
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ccivs.bkg.bund.de

How to access to data and results? Il
Data DOI - Citable data

Dataset

Cite as:

n
The IVS data input to ITRF2014 @

Released

Nothnagel, Axel; International VLBI Service for Geodesy and Astrometry (IVS); et al. (2015): The IVS data input to ITRF2014. International VLBI Service for
Geodesy and Astrometry, GFZ Data Services. http://doi.org/10.5880/GFZ.1.1.2015.002

Data Files A

sinex_v2.0_documentation_pdf.zip 86997 B
vtes

Data download via OPAR (FTP)

Data download via BKG (FTP)

Data download via CDDIS (FTP)

Data download via the Combination Centre IVS

License: CC BY 4.0

Data Description

Bachmann, 5., Messerschmitt, L., & Thaller, .
(2015). IVS Contribution to ITRF2014, Interna-
tional Association of Geodesy Symposia
doi:10.1007/1345_2015_136

Related Work
IsNewVersionOf

Bockmann, S., Artz, T., & Nothnagel, A. (2009).

VLBI terrestrial reference frame contributions to
ITRF2008. Journal of Geodesy, 84(3), 201-219.
doi: 10.1007/500190-009-0357-7

References

Schuh, H., & Behrend, D. (2012). VLBI: A fasci-
nating technigue for geodesy and astrometry.
Journal of Geodynamics, 61, 63-80.

doi: 10.1016/j.j0g.2012.07.007

Behrend, D. (2013). Data Handling within the In-
ternational VLBI Service. Data Sci. 1., 12(0),
WDS81-WDS84, doi:10.2481/ds].wds-011
http://www.iers.org/IERS/EN/Organization/Analy-
sisCoordinator/sinexFormat/sinex.html

http://www.iers.org/IERS/EN/Publications/Techni-
calNotes/tn36.html

https://wwuw.iau.org/static/resolutions
/1AU2006_Resol1.pdf

Find More Research Data

http://bib.telegrafenberg.de/find:
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Abstract

Very Long Baseline Interferometry (VLBI) is a primary sp: detic technique for g

precise coordinates on the Earth, for monitoring the variable Earth rotation and orientation with highest
precision, and for deriving many other parameters of the Earth system. The International VLBI Service for
Geodesy and Astrometry (IVS, http://ivscc.gsfe.nasa.gov/) is a service of the International Association of
Geodesy (IAG) and the International Astrenomical Union (IAU).

M
0

The datasets published here are the results of individual Very Long Baseline Interferometry (VLBI) ses-
sions in the form of normal equations in SINEX 2.0 format (http://www.iers.ora/IERS/EN/Organization
/AnalysisCoordinator/SinexFormat/sinex.html, the SINEX 2.0 description is attached as pdf) provided by
1VS as the input for the next release of the International Terrestrial Reference System (ITRF): ITRF2014.
This is a new version of the ITRF2008 release (Backmann et al., 2009).

For each session/ file, the normal equation systems contain elements for the coordinate compenents of all
stations having participated in the respective session as well as for the Earth orientation parameters
(-pole, y-pole, UTL and its time derivatives plus offset to the IAU2006 precession-nutation components
dX, dY (https://www.iau.org/static/resolutions/IAU2006_Resol1.pdf). The terrestrial part is free of datum.
The data sets are the result of a weighted combination of the input of several IVS Analysis Centers.

The 1VS contribution for [TRF2014 is described in Bachmann et al (2015), Schuh and Behrend (2012) pro-
vide a general overview on the VLBI method, details on the internal data handling can be found at
Behrend (2013).

Dataset Contact

Heinkelmann, Robert; GFZ German Research Centre for Geosciences; robert.heinkelmann(_at_)afz-pots-
dam.de

Keywords

Very Long Baseline Interferometry, VLBI, International VLBI Service for Geodesy and Astrometry, IVS,
International Terrestrial Reference Frame, ITRF2014, Earth Orientation Parameters, EOP, precession, nu-
tations, Earth rotation, dUT1, length of day, LOD, polar motion, IVS-SINEX-ITRF2014

GCMD Science Keywords

EARTH SCIENCE > SOLID EARTH > GEQDETICS
EARTH SCIENCE > SOLID EARTH > GEODETICS > COORDINATE REFERENCE SYSTEM > GLOBAL COOR-
DINATE REFERENCE SYSTEM

More Metadata

is019115: view inline / download xml
datacite: view inline / download xml
dif: view inline / download xml
escidoc: view inline / download xml

« 10.5880/GFZ.1.1.2015.002
» Established at GFZ, Germany

» Abstract, Keywords, contact

* Links to data files in IVS data
center (freely available)

* Meta data / data description

 Etc.

Reference:

"Nothnagel, A.; International VLBI Service for Geodesy and Astrometry (IVS);
2015: The IVS data input to ITRF2014. International VLBI Service for Geodesy and
Astrometry, GFZ Data Services."
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http://pmd.gfz-potsdam.de/panmetaworks/showshort.php?id=escidoc:682020

Conclusion
What we have learned

A lot...

Collecting data always takes longer than expected [..]

* Improvement of weighting strategies of the ACs.

- Scale irregularities: further investigations of the sessions and
the network configuration, and other influences (e.g. drought).

« EOP parameterization: offsets vs. offset + drift — ongoing
subject of investigation and discussion.

. [..]
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Summary

« 5796 combined sessions submitted to IERS ITRS Center
(ITRF2008: 4539)

+ 9 ACs (ITRF2008: 7)

* Time span: 1979.0 - 2015.0 (ITRF2008: 1979.0 — 2009.0)
« Improved models and analysis methods

« More VLBI stations, especially in the southern hemisphere

 |ITRF2014 released
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Thank you for your
kind attention!

Contact:

Federal Agency for Cartography and Geodesy
Section G1

Richard-Strauss-Allee 11

60598 Frankfurt, Germany

contact person

Sabine Bachmann
sabine.bachmann@bkg.bund.de
www.bkg.bund.de
ccivs.bkg.bund.de

Tel. +49 (0) 69 6333-314
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