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The Promise of GGOS  

Technology Performance 

Habits 
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And Our Challenges 

Technology 
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 The Global Geodetic Observing System 

Doppler Orbit Determination 

 and Radiopositioning 

 Integrated on Satellite 

 (IDS) 

Very Long Baseline 

Interferometry 

(IVS) 

Satellite Laser 

Ranging 

 (ILRS) 

Global Navigation   

Satellite Systems 

 (IGS) 

, 
 

Precision GPS Orbits and Clocks, Earth Rotation Parameters, Station Positions 

International Earth Rotation Service 

(IERS) 

, 

 International Terrestrial Reference Frame (ITRF)  
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14,700 Known and Publically Accessible Continuous GNSS sites 

GNSS utilization is nearly universal 
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Global Navigation Satellite Systems (GNSS)  

Global Navigation Satellite Systems (GNSS)  
provide  essential inputs to the ITRF  

(e.g. time transfer, polar motion, relative sensor positioning, 
tectonic motion……) 

 

and 
 

GNSS are the means by which the world 
utilizes the ITRF 
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GNSS provide accurate high rate positioning 
within the ITRF 

Topography 

Surface Change 

Gravity 

Bathymetry 
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Atmospheric and Ionospheric 
Dynamics 

GNSS occultation samples the occulting signal at up to 100 samples/sec 
Data must be downloaded processed rapidly to meet 3 hr weather model schedules 
Ground networks provide satellite navigation, navigation message and system biases 
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Atmospheric and Ionospheric Dynamics 

The current importance of GPS Occultation to ECMWF Weather Forecasting : 
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COSMIC 2: 12,000 Daily Global GPS and GLONASS 
Occultations  

•Red Dots are Radiosonde launches 
•Multi-GNSS Occultation density could quadruple after 2020  
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The GGOS 2020: Ground Co-location to remove 
positioning biases  

The GGOS Core Station Concept                      The Ny Alesund Geodetic Observatory  
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GGOS 2020: Co-location in  Space further removes biases 

•Inter-technique biases and drifts are obstacles to achieving the required TRF stability 
 
•GRASP/e-GRASP satellite concepts offer a common target for all techniques to identify 
technique-specific systematic errors 

GRASP 
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GPS  
(31 MEO) 

Galileo 
(30 MEO) 

GLONASS  
(24 MEO) 

Beidou 

(3-GSO, 

5 GEO,  

30 MEO) 
 

NAVIC 
 (4-GSO,3-GEO) 

QZSS 
 (6-GSO, 1-GEO) 

Coming in 2022… 
115-MEO, 9-GEO,13-GSO GNSS Satellites 
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 The GGOS 2020 Global Geodetic Observing System 

Doppler Orbit Determination 

 and Radiopositioning 

 Integrated on Satellite 

 (IDS) 

Very Long Baseline 

Interferometry 

(IVS) 

Satellite Laser 

Ranging 

 (ILRS) 

Global Navigation   

Satellite Systems 

 (IGS) 

, 
 

Real Time Geodetic Observations 

GNSS Orbits and Clocks, e-VGOS, Khz Laser Ranging, Multi-GNSS Monitoring 

Mass Transport Obs.  

   

International Earth Rotation Service 

(IERS) 

, 

 

 Dynamic Terrestrial Reference Frame  

mm accuracy 
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Political, Commercial and Communications limitations are 
Primary Causes for Restricted Access 

Real Time  GNSS will bring significant  new 
Benefits to society and science e.g. 
 Exploration,  
 Weather Prediction.  
 Geohazards Mitigation,   
 Commerce etc 
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Li et al., IGS2016 

Precision Real Time GNSS relies 
upon differential corrections either 
through Real Time Kinematic (RTK) 
Corrections or via Precise Point 
Positioning (PPP). PPP can provide 
global solutions but convergence 
time is a challenge for rapid access. 
  
Multi-GNSS presents new 
challenges but may generating 
improve convergence time and 
stability. 
 
These are results or kinematic 
positioning of one receiver. 
 
       Li et al., IGS2016 
 
 

   

Multi-GNSS Real Time operations may present 
challenges to solution accuracy 
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Li et al., IGS2016 

Recent works indicate overall improvement with 
Mult-GNSS solutions 
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Earthquake and Tsunami Early Warning 

 
Most tsunami deaths occur 

within first hour of an earthquake 

 

Early Warning requires  

accuracy and speed (~ 5 min) 

Phuket Island, Thailand 
December 26, 2004 
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Seismology 

Geodesy 

• Near Field: Accurate inversions for earthquake 
moment magnitude, displacement, and 
predictive tsunami models  within 5 minutes 
of major earthquakes. 
 

• Far Field: GNSS provides validation and 
tracking of ionospheric gravity waves coupled 
to propagating tsunamis. 
 

• Significant Infrastructure Development:  
• GNSS constellations, 
• Real time networks   
• Analysis capabilities 
 

Seismo-Geodesy provides accurate, early 
warning of Earthquake Magnitude 

Global Tsunami Magnitude (on Soloviev-Imamura scale) vs Earthquake 
Moment Magnitude since 1900 (from-Gusiakov, 2015)  
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GSI’s GEONET GPS Network Demonstrated the 
Capture of both Static and Dynamic Deformation 
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Scaling GNSS Peak Ground Displacement (PGD)  
 yields rapid accurate earthquake magnitude 

 

-GNSS directly measures ground displacement without clipping 
-Magnitude is determined by using regression parameters and range 
(Melgar et al.,2015) 
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GNSS surface displacement used for earthquake 
and  tsunami estimate in less than 5 minutes  

 

From: Melgar, D., R. M. Allen, S. Riquelme, J. Geng, F. Bravo, J. Carlos Baez, H. Parra, S. Barrientos, P. Fang, Y. 
Bock, M. Bevis, D. J. Caccamise, C. Vigny, M. Moreno and R. Smalley Jr., Local Tsunami Warnings: Perspectives 
from Recent Large Events, Geophys. Res. Lett., 2016. 
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Ionospheric Response to Mw9.0 Tohoku Earthquake and Tsunami in Japan on March 11, 2011, A.Komjathy, D.A.Galvan, M.P Hickey, 

P.Stephens, Mark Butala, and A.Mannucci, (http://visibleearth.nasa.gov/view.php?id=77377) 

GSI’s GPS Network GEONET Provided the first  
Images of  Tsunami Generation and Propagation 
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GNSS Over the Horizon Tsunami Tracking 
with Existing Network 

Red zone is only circum-Pacific gap in coverage 
assuming all stations are upgraded to real time 
operation.  
 

William Hammond, 2010 

Yellow zones indicate region of ionospheric piercing 
point detection from existing GNSS receiver network. 
Assumes 10 degree elevation and the Ionospheric 
shell at 350 km yields about 1 hr advance tsunami 
detection 

Physics of GNSS imaged Ionospheric 
gravity waves  
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Real Time Detection of Tsunami Ionospheric 
Disturbances (Savastano et al.,  2017) 
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Hindcast detection of a 5 cm tsunami approaching 
the Hawaiian Islands from the Northeast Pacific 
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GTEWS 2017 Workshop on 
GNSS Tsunami Early Warning Systems 

Chile 

Colombia 

Mexico 

US 

New Zealand 

Australia 

Sri Lanka 

France 
Germany 

Italy 

China 

US 

GTEWS 2017 
Sendai Workshop 

July 25-27 

11 Nations 
16 member Agencies and Institutions 
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The Promise: Emerging real time multi-GNSS capability will 
improve the effectiveness and efficiency of Environmental and 
Geohazards Monitoring.  
 
Challenge of Policy : Increase access and data sharing to real time 
GNSS network data. 
 
Challenge of Habit : Integration of Geodesy within Environmental 
and Geohazards Montoring Programs. 
 

Thank you!!! 

Conclusion: 
Promise vs. Challenges 

 



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 30 

Reference Frame in Practice 
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS  
Technical Seminar 

Sponsors:  

Join the Global Geodetic 
Observing System of the 
IAG in strengthening the 
Global Tsunami Warning 

Systems through 
International Cooperation 

 
Thank –you!!  


