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• Global change

• Mean sea level rise 3 mm/year

• Accelerated melting of ice sheets

• Geodetic metrological reference

• GGOS – Global Geodetic Observing System

• Required reference frame accuracy and 

stability of 1 mm and 0.1 mm/year

• Consistent combination of space geodetic 

techniques
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• Space geodetic techniques

• Geodetic observatories
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• Space missions

• Gravity field, altimetry, SAR, …
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United Nations
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• Resolution 26. Feb. 2015

• Sustained development 

of geodetic infrastructure
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Content

• Grand questions in space geodesy

• Time and frequency in space geodesy

• Local ties

• Common clock in space geodesy 

• Local – regional – global

• Time as observable

• Conclusions
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GGOS – Global Geodetic Observing System
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Geodetic Observatory Wettzell – a Fundamental Station
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BKG
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Clocks in Space Geodesy
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SLR

GNSS

DORIS

VLBI
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• optical two-way system

• light travel-time measurement

• absolute measurement system

• ps-time interval counter

• high short-term clock stability 

required

• time tagging to 0.1 µsec

• evolution to one-way system
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SLR

Clocks in Space Geodesy
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Clocks in Space Geodesy
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GNSS

• MW one-way system

• light travel time measurement

• relative measurement system

• clock synchronization required

• concept allows for epoch-wise 

clock synchronization: 

each receiver observes 

simultaneously 'four' satellites

each satellite observes 

simultaneously 'four' receivers

• no stable clocks required in 

receivers

• time tagging to 0.1 µsec
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Clocks in Space Geodesy
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DORIS

• MW one-way system

• light travel time measurement

• clock synchronization required

• no epoch-wise clock 

synchronization possible

• stable clocks required in 

beacons and satellites

• chopping of phase 

measurements into Doppler

• time tagging to 0.1 µsec
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Clocks in Space Geodesy
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VLBI

• MW one-way system

• light travel time difference 

measurement

• relative measurement system

• clock synchronization required

• no epoch-wise clock 

synchronization possible

• very stable clocks required at 

observatories

• time tagging to 1 µsec
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Clocks in Space Geodesy
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SLR

GNSS

DORIS

VLBI
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Content
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Local Ties in Space
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Bar-Sever et al., 2012
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Local Ties

Geodetic observatories (on ground and in space)

• geometric ties between reference points through engineering surveying

• no access to electrical phase centers

Complementing ties:

• Troposphere parameters for different techniques at same site

• Clock parameters for different instruments connected to same clock

→   Common clock
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Time Transfer GNSS vs VLBI
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Time Transfer GNSS vs VLBI

ACES Meeting, Munich, 22. October 2018 19

ΔtVLBI

ΔtGNSS
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Loss-less Distribution of Time and Frequency
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Closure Measurements
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Common Clock for GNSS and VLBI

• Stable connection of VLBI 

H-Maser with GNSS receiver 

clock

• Use same clock in the analysis 

of GNSS and VLBI data

→ Combination at observation 

level
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VLBIGNSS
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Common Clock for GNSS and DORIS

• Connection of GNSS receiver 

clock with DORIS beacon USO

• Allows to synchronize DORIS 

beacons

• Allows to process DORIS 

phase observations

• Use same clock in the analysis 

of GNSS and DORIS data

→ Combination at observation 

level
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GNSS

DORIS
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Common Clock for SLRT and GNSS

• Consistent time and frequency 

synchronization with SLRT and 

GNSS

• Use same clock in the analysis 

of GNSS and SLRT data

→ Combination at observation 

level
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GNSSSLRT
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Common Clock for all Space Geodetic Techniques
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SLRT
GNSS

DORIS

VLBI
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Optical Fibres
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PTB
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Content
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• Common clock over continents

NASA
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ACES – ELT

ACES Meeting, Munich, 22. October 2018 28

ESA
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Time as Geodetic Observable
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ΔtVLBI

ΔtGNSS
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Goal: Globally Distributed Common Clock
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Conclusions

• Space geodesy provides the metrological basis for measuring and 

interpreting processes of high societal relevance in the system Earth

• Requirements are accuracy 1 mm and stability 0.1 mm/year globally

• Consistent combination of space techniques is mandatory

• Loss-less time distribution at observatories allows to use time as local tie

information and for identify technique specific biases

• Time distribution over continents allows to realize a global common clock

and makes time available as geodetic observable

• Eventually globally distributed accurate frequency allows to measure

physical heights with clocks

→ Time is a geodetic quantity
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Many thanks 

for your attention!


