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dUT1 - IVS analysis
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Impact of errors in nutation on dUT1 from INT

Impact of a priori gradients on dUT1 from INT

Comparison of geodetic and atmospheric excitation 

with sub-diurnal periods

Tidal effects on dUT1: treated in the previous talk by 

Sigrid Englich et al.
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General statements and considerationsGeneral statements and considerations

VLBI is the only space geodetic technique which 
allows mid- and long-term determination of UT1 
(different to all satellite techniques)

Sensitivity of VLBI baseline / network to UT1 is 
proportional to East-West extent

VLBI accuracy of UT1 today: 
- 6-7� s from 24h

- 10-15� s from 1h

Session 2 – Universal Time Introduction



Regular monitoring of UT1 (+all other EOP) Regular monitoring of UT1 (+all other EOP) 
in 24h sessions (R1, R4)in 24h sessions (R1, R4)

examples

for

R1 

and 

R4 

network

configurations

24h sessions SETUP



dUT1 provided by the IVSdUT1 provided by the IVS

Residuals of UT1-TAI  results of IVS Analysis Centers w.r.t. IVS 
Combined Solution, WRMS = 2.4� s (Böckmann et al.,  2009)

dUT1 CONSISTENCY



VLBI Intensive sessions (1h) VLBI Intensive sessions (1h) 
carried out every daycarried out every day

Tsukuba

Kokee Park

Ny Alesund

Wettzell

– INT1    – INT2 – INT3

IVS Intensive Networks INT1
- Mo-Fr ~18:30

- Kokee - Wettzell

INT2
- Sa-Su ~7:30

- Tsukuba - Wettzell

INT3
- Mo ~6:00

- Tsukuba - Wettzell -
Ny Alesund

- Operational since 
August 2007

Intensive Sessions SETUP



UltraUltra --rapid dUT1 erapid dUT1 e --VLBI sessions (1h)VLBI sessions (1h)

April | May 2007

dU
T

1 
–

lin
ea

r 
tr

en
d 

(m
se

c)

-10

4 IERS EOP C04 data
Prediction of dUT1 (Bulletin-A) April 19
e-VLBI measurement

e-INT: near real time dUT1
- Two almost parallel baselines: 

Onsala - Tsukuba

Metsähovi - Kashima

- Real time data transfer, quasi real 
time correlation

- Correlation by software

Results from Kashima - Onsala 
pilot experiment
- Time delay of < 30min!!

SETUPIntensive Sessions 



Impact of errors in nutation on dUT1 Impact of errors in nutation on dUT1 
from Intensive sessionsfrom Intensive sessions

The adjustment procedure of Intensive sessions 
requires that polar motion and nutation , as well 
as the terrestrial and the celestial reference 
frame be introduced as known quantities.

Due to the derivation of UT1 from Greenwich 
mean sidereal time (GMST) a change or 
insufficiency of the used nutation model directly 
influences the determination of UT1.

0cosey ×D-= GASTGMST

Intensive Sessions IMPACT of errors in NUTATION



Differences in dUT1 induced by an enforced 1 mas Differences in dUT1 induced by an enforced 1 mas 
error in the nutation in longitudeerror in the nutation in longitude

Solid lines from theoretical considerations  
(Nothnagel and Schnell, 2008)

Intensive Sessions IMPACT of errors in NUTATION



Differences in dUT1 induced by an enforced 1 mas Differences in dUT1 induced by an enforced 1 mas 
error in the nutation in obliquityerror in the nutation in obliquity

Solid lines from theoretical considerations  
(Nothnagel and Schnell, 2008)

Intensive Sessions IMPACT of errors in NUTATION



Conclusion: impact of nutation errorsConclusion: impact of nutation errors

UT1 determinations from VLBI 1h Intensive 
sessions need better nutation models and 
observations.

The IAU2000A nutation model, with an accuracy 
of ~0.2mas would still induce an error component 
in the UT1 results of about 7� s for �� and 3� s for 
���

In order to reduce the UT1 uncertainty to about 
1� s the introduced a priori nutation should be 
accurate to ~0.03mas

IMPACT of errors in NUTATIONIntensive Sessions 



Impact of a priori troposphere gradients Impact of a priori troposphere gradients 
on UT1 from INT sessions on UT1 from INT sessions 

Troposphere gradients describe the azimuthal 
asymmetry of troposphere delays around a station

Un-modeled positive east gradients move stations 
towards west or decrease UT1 if the station is fixed

EastWest

Intensive Sessions IMPACT of a priori GRADIENTS



A priori gradients and UT1 from INT2A priori gradients and UT1 from INT2

Analysis of Intensive sessions: state-of-the-art
- one offset and one rate between the two clocks

- one zenith wet delay offset per station

- one UT1 offset

- i.e. 5 unknowns

- no estimation of gradients

Intensive Sessions IMPACT of a priori GRADIENTS



Rule of thumbRule of thumb

UT1 is changed by 15� s per 1mm sum of east 
gradients at the two stations

In network sessions the average over all east 
gradients tends to be zero

On single baseline INT-sessions the impact of 
gradients on UT1 can be large

IMPACT of a priori GRADIENTSIntensive Sessions 



A priori gradientsA priori gradients

KARAT : Kashima Ray-tracing tools (Hobiger et 
al., 2008)
- from JMA  (Japan Meteorological Agency)

- grid size 10km

LHG: Linear Horizontal Gradients (Boehm et al., 
2007)
- from ECMWF (European Centre for Medium-Range 

Weather Forecasts)

- grid size 25km 

IMPACT of a priori GRADIENTSIntensive Sessions 



East gradients at Tsukuba (Japan)East gradients at Tsukuba (Japan)

KARAT
LHG

IMPACT of a priori GRADIENTSIntensive Sessions 



UT1 w.r.t. stateUT1 w.r.t. state --ofof --thethe --art VLBI solutionart VLBI solution

KARAT
LHG

IMPACT of a priori GRADIENTSIntensive Sessions 



Periodogram for deviations from Periodogram for deviations from 
IERS 05 C04IERS 05 C04

IMPACT of a priori GRADIENTSIntensive Sessions 



Conclusions: a priori gradientsConclusions: a priori gradients

No significant improvement compared to IERS 05 
C04

Reduction of semi-annual and annual UT1 
deviations from IERS 05 C04 with KARAT (but 
increase of short period deviations)

IMPACT of a priori GRADIENTSIntensive Sessions 



““ GeodeticGeodetic ”” excitation (observed UT1/LOD) vs. excitation (observed UT1/LOD) vs. 
atmospheric excitation (numerical weather model dat a) atmospheric excitation (numerical weather model dat a) 
at at subsub --diurnaldiurnal periodsperiods

CONT08

Continuous VLBI 
campaign

14 days in August 2008 
(because of higher sub-
diurnal variability)

11 stations

CONT08 1h ERP & AAMF

Hourly Earth rotation parameters and 
atmospheric angular momentum functions for 
CONT08 (Boehm et al., 2009)



Atmospheric excitationAtmospheric excitation

Motion terms 
- wind fields

Mass terms
- surface pressure

- vertical density distribution
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CONT08 1h ERP & AAMF



AAMF AAMF -- axial component (effect on LOD)axial component (effect on LOD)
(from ECMWF 6h analysis data)(from ECMWF 6h analysis data)

�s

Matter 1h
Matter 6h
Motion 1h
Motion 6h

CONT08 1h ERP & AAMF



Comparison with observed LODComparison with observed LOD

GPS solution
- Reprocessed CODE series, Bernese Software

- retrograde PM diurnal terms blocked

VLBI solution
- Goddard Space Flight Center, Calc/Solve

- retrograde PM diurnal terms removed

CONT08 1h ERP & AAMF



CONT08: hourly LODCONT08: hourly LOD

GPS
VLBI

CONT08 1h ERP & AAMF
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CONT08: hourly LODCONT08: hourly LOD

GPS
VLBI
AAM Mass
AAM Motion

CONT08 1h ERP & AAMF
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Conclusion: 1h LOD & AAMF, CONT08Conclusion: 1h LOD & AAMF, CONT08

Atmosphere can only explain a small fraction of 
diurnal and sub-diurnal variability

Residual diurnal and sub-diurnal terms are 
probably due to insufficient ocean tidal model and 
due to resonances with 12h orbital period (GPS)

CONT08 1h ERP & AAMF



General conclusionsGeneral conclusions

VLBI provides a unique capability to directly 
access the rotation phase of the Earth. 

As VLBI is the only technique to determine UT1 
with high precision it is difficult to judge the 
accuracy of the obtained results.

Session 2 – Universal Time Determination of UT1 by VLBI
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Orange: standard analysis with outliers at session borders due to 
missing observations. Black: Modified analysis with stacking of 
normal equations (Artz et al.,  2007)


