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The actors 
of the IVS

Credit Map: https://ivscc.gsfc.nasa.gov/

https://ivscc.gsfc.nasa.gov/


IVS products
Terrestrial Reference Frame
Celestial Reference Frame
Earth Orientation Parameters

Soja, 2019 IUGG General Assembly



IVS products
Terrestrial Reference Frame IVS-T2, RDV
Celestial Reference Frame
Earth Orientation Parameters



Terrestrial Reference Frame
Factors that affect Earth’s shape

Credit Image: Rüdiger Haas



International Terrestrial 
Reference Frame
ITRF2014

• Positions and velocities 
1499 stations located at 
975 sites (158 VLBI sites           
204 VLBI stations)

Altamimi et al. 2016, JGR-SE 

• Contributions from VLBI,                   
GPS, SLR/LLR, and DORIS
• VLBI: scale of TRF,            

nutation, UT1-UTC;
• GPS: polar motion, densification;
• SLR/LLR: center of mass, scale of 

TRF;
• DORIS: global coverage.



ITRF2014
Post-seismic 
deformation 
models

Altamimi et al. 2016, JGR-SE 

GPS VLBI
Tsukuba example



ITRF2014 vertical site velocities with 
formal error less than 0.2 mm/yr

ITRF2014
Vertical displacements

Altamimi et al. 2016, JGR-SE 



Analysis
Impact of missing meteorological data 
IVS station Zelenchukskaya during CONT08
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Conclusions:
!The pressure at a VLBI site is used to calculate the a priori hydrostatic delay. Errors in the pressure will lead

to errors in the hydrostatic delay, which in turn leads to changes in the estimates of local Up.

!For schedules with good sky coverage, such as those in CONT08, errors in pressure at a site have little effect

on horizontal coordinates of the site, or any of the coordinates at the other sites.

!Use of ECMWF reduces baseline scatter, indicating it is a viable alternative to local site-sensors. However,

you need to take care not to introduce biases in the pressure data.

!Using a default value for the pressure can lead to errors in local Up of up to 2 mm.

Future Work:
This note looked at the case when the met-data was missing. Another problem is when the met-data is bad, for

example, due to a faulty sensor. We plan on comparing met data in the VLBI database with ECMWF data to

search for instances of bad data.Depending on the site, the amount of missing met data ranges from 0% to 100%. With the exception of

Fortaleza (98.6%), Zelenchukskaya (93%), and Westford (20.6%), most frequently observed sites have met-

data for almost all of the sessions.

The above figure only indicates that there is met-data in the database. It does not address the issue of whether

the data is good or not.

Data from numerical weather forecasting models, such as NCEP or ECMWF, is a possible source to replace

bad or missing met-data. An advantage is that the data is always available. A disadvantage is that it is only

available on discrete lattice points at 6 hour intervals. To use the data in VLBI processing, you need to

interpolate it spatially and temporally. We studied the use of this data during CONT08 and for the year 2008.

We started with publicly available temperature and pressure data at 6 hour intervals derived from ECMWF

and spatially interpolated to the location of VLBI sites by the Technical University of Vienna. We used

cubic splining to interpolate in time. The figures below compare this data with that from local met-sensors

for 4 of the 11 sites that participated in CONT08. Zelenchukskaya had no met data during this period.
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1. The pressure is used to calculate the a priori atmospheric delay along the line of site using the Saastamoinen

=$%.3&*+=$%+#>"+?"4(#>+1"&*;@+*41+*+=34)#($4+:>()>+-.*92/+#>"+?"4(#>+1"&*;+#$+#>"+&(4"-of -sight.

2. More recently, temperature measurements are used to calibrate the thermal deformation of the antennas.

Most VLBI stations have meteorological sensors that record the  pressure, temperature and relative humidity.  
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bad or missing met data.  A few VLBI stations have little or no met data.

In the absence of met data, the VLBI analysis package solve uses default values for the met data which depend 

only on the site latitude. These have no seasonal dependence. 

In our study we wanted to address the following goals:

1. How often is the met data bad or missing?

2. Are there viable alternatives to using met-data from met-sensors on the site?

3. What is the effect of missing met data on VLBI estimates?

In this poster we present partial answers to all of these questions. 
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Fortaleza has no met data for 98.6% of the 2008 VLBI sessions. As mentioned previously, in cases where

there is no met data, solve uses a default constant value. We did a solution with the R1 and R4 sessions using

ECMF derived met-data for Fortaleza, and compared it with a solution using default values.
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On average the ECMWF met data tracks the data from local site sensors. However, the time resolution of the

ECMWF is too coarse to follow short term variations in pressure and temperature, for example, the semi-

diurnal variation in pressure seen at Kokee, or the diurnal temperature variations seen at many stations.

For most sites, with the notable exception of Svetloe, there is no bias between the two pressure series.

Based on the above, it looks like ECMWF data may be a reasonable source for met data in VLBI analysis.

There is, however, the problem of the offset in pressure data at Svetloe. An offset in pressure leads to a change

in the a priori zenith hydrostatic delay. Naively, this change would all be absorbed into the estimate of the

tropospheric delay. We ran a series of solutions to investigate the effect on other parameters:

1. Reference solution with pressure from VLBI database.

2. Solutions using pressure from ECMWF.

3. Solutions where the pressure in the database was offset by 2, 5 and 10 mbar.

The alternative solutions in 2 and 3 were compared against the reference solution.
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Changing the pressure at Svetloe leads to changes in DE"#&$"/2 Up coordinate. The East and North coordinates

of Svetloe are barely affected, as are the coordinates of the other stations. The change in Up is a linear function

of the change in the pressure, with slope 8.9 mbar/mm.

We mention in passing that the slope is strongly dependent on the minimum elevation. The lower the angle, the

larger the effect.

Zelenchukskaya, which had no met-data during CONT08 is a good candidate to see the affect of using ECMF

to replace missing met-data. Using ECMWF data improved the day-to-day consistency of the VLBI estimates

of station position, as shown by reduction in baseline scatter on 6 of the 8 baselines to Zelenchukskaya. This

also had the affect of changing the estimate of local Up at Zelenchukskya by 0.3 mm. The affect on the other

coordinates of Zelenchukskaya, and the coordinates of other stations was negligible.
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Compared to using default met-data, using ECMWF

met-data reduces baseline scatter on baselines to

Fortaleza. The dominant effect on geodetic parameters

is to change the estimate of Fortaleza Up by up to 2

millimeters. The change in East and North (not shown)

is much less, typically well under 0.1 mm.

The change in Fortaleza Up is strongly correlated with

the difference in pressure between the default and

ECMF values.
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We wish to thank the VLBI group at the Technical University of Vienna, in particular, Johannes Böhm and

Harald Schuh, for making their time series of met-data available to us.

Effect of Using ECMWF met data at Zelenchukskaya
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The IVS contribution to ITRF2020 in numbers

• 11 institutions
• 8 countries
Italy, Germany, USA, Russia, Norway, France, 
Sweden, Austria

• 7 software packages
Calc/Solve, DOGS-RI, PORT, QUASAR, Where, 
ASCOT, VieVS

• More than 6,500 S/X 24-hr sessions
August 1979 to December 2020

• Up to 38 VGOS sessions
December 2017 to October 2020

Credit: https://ivscc.gsfc.nasa.gov/IVS_AC/IVS-AC_ITRF2020.htm



IVS products
Terrestrial Reference Frame
Celestial Reference Frame IVS-CRF, IVS-CRDS, RDV
Earth Orientation Parameters



International Celestial Reference Frames ICRFs

Parameter ICRF1 (1997)
Replace FK5 

optical frame

ICRF2 (Jan 1, 2010) ICRF3 (January 1, 2019)

Observation 
Dates

08/1979 – 07/1995 
(16 years)

08/1979 – 03/2009 
(29.5 years)

08/1979 – 03/2018 
(38.5 years)

05/2002-05/2018 07/2005-01/2018

# Observations 1.6M S/X group 
delays

6.5M S/X group 
delays

~15M S/X group 
delays

# Defining 
Sources

212 295 303 193 176

Total Sources 608 3,414 4,536 824 678

Noise Floor ~250 μas ~40 μas ~30 μas 30-50 μas ~30 μas

S/X-band K-band X/Ka-band



International Celestial 
Reference Frame
ICRF3

Charlot et al., A&A, 2020



Celestial Reference Frames – Radio vs. optical
Link between the
VLBI CRF (ICRF3) and Gaia CRF (GCRF)

Credit Image: https://sci.esa.int/web/gaia

Beginning of the dedicated 
Gaia transfer R&D sessions

and introduction of the sources in the 
Goddard monitoring program

Credit image: Paris Observatory Geodetic VLBI Center

https://sci.esa.int/web/gaia


VLBI in the news
The Event Horizon Telescope (EHT) and the black hole in M87

2019

Credit Image: MIT Haystack Observatory website
https://www.haystack.mit.edu/astronomy/astronomy-projects/event-horizon-telescope/



VLBI
IVS observations of M87 (1228+126)

Credit image: Paris Observatory Geodetic VLBI Center Credit image: The Bordeaux VLBI Image Database



Source structure 
effect in broadband 
observations

Bolotin et al., 2019 EVGA

Other sources
0552+398

Residuals for baselines of the stations GGAO12M, ISHIOKA and KOKEE12M

Other sources
0552+398

Other sources
0552+398

Other sources
0552+398

Other sources
0552+398

Other sources
0552+398



IVS products
Terrestrial Reference Frame
Celestial Reference Frame
Earth Orientation Parameters: precession-nutation, polar motion, d(UT1-UTC) 

IVS-R1, IVS-R4, RDV, IVS-INT1, IVS-INT2, IVS-INT3



Celestial Pole Offsets
Precession and 
nutation

Source: https://eos.org/ adapted from J. Huart, European Space Agency

https://eos.org/


Source: https://hpiers.obspm.fr/eop-pc/earthor/

Coordinates of the
Celestial Ephemeris Pole (CEP) 



UT1
Length Of Day (LOD)

Source: https://hpiers.obspm.fr/eop-pc/earthor/



Pedro Elosegui, 2021 Virtual TOW
“Climate change is the defining challenge of our time.”

Swollen with the rains of the 1983 El Niño, the Santa Cruz
River roils near Tucson, Arizona. (Photograph courtesy of
Peter L. Kresan, University of Arizona/U.S. Geological
Survey.)

In April 2016, nearly 8,000 tons of sardines died and
washed up along the coast of Chile, likely the result of El
Niño related changes in the ocean. (Photographs
courtesy of Armada de Chile.)Credit: https://earthobservatory.nasa.gov/features/ElNino



El Niño-Southern Oscillation (ENSO)
Strong El Niño event in November/December of 2015



El Niño-Southern Oscillation (ENSO) and the
Multivariate ENSO Index (MEI)

Sea Surface Temperature (SST) 
over the tropical Pacific

Source: https://psl.noaa.gov/enso/



Comparison of the 
Length Of Day 
measured by VLBI 
and the El Niño-
Southern Oscillation
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Credit: Rüdiger Haas



Summary

Better understanding of our planet
VLBI as a reference

Future
VGOS ICRF, source structure, source flux density monitoring,…

Tack så mycket!
More videos?

SGP @GSFC/NASA
https://space-

geodesy.nasa.gov/multimedia/videos/vlbi_quasars/VLBIQuasarsVideo.html
Quest for the Exact Position

https://vimeo.com/324592652

This presentation uses contents from previous Science Overview talks.Credit Image: Onsala Space Observatory 
Roger Hammargren

https://space-geodesy.nasa.gov/multimedia/videos/vlbi_quasars/VLBIQuasarsVideo.html
https://vimeo.com/324592652

