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Activities 

 

The objectives and planned activities of the GGOS-FA “Unified Height System” are described 

in the Geodesist’s Handbook 2016 (Drewes, H., et al., 2016, J Geod 90(10): 1091, 

doi:10.1007/s00190-016-0948-z). The main goal at present is the implementation of the 

International Height Reference System (IHRS) defined by the IAG 2015 Resolution No. 1 (ibid. 

page 981). The progress is summarized as follows:  

 

• In December 2015, the joint working group (JWG) Strategy for the Realization of the 

IHRS was installed with the objective of developing an appropriate scheme for the 

realization of the IHRS; i.e., the establishment of the International Height Reference 

Frame (IHRF). This JWG is supported by the International Gravity Field Service 

(IGFS), the IAG Commissions 1 and 2 (Reference Frames and Gravity field), the Inter-

commission Committee on Theory (ICCT), the regional sub-commissions for reference 

frames and geoid modelling, and both GGOS Bureaus (Networks and Observations and 

Products and Standards).  

• A brainstorming and definition of action items took place at a JWG meeting carried out 

during the International Symposium on Gravity, Geoid and Height Systems 2016 

(GGHS2016) in Thessaloniki (Greece) in September 2016. This JWG meeting was 

attended by 70 colleagues and allowed us to identify the activities to be faced 

immediately. A main output of this meeting are the criteria for the selection of IHRF 

reference stations: 

- collocation with fundamental geodetic observatories to ensure a consistent 

connection between geometric coordinates, potential and gravity values, and 

reference clocks (to support the implementation of the GGRF); 

- continuously operating reference stations to detect deformations of the reference 

frame; 

- preference of stations belonging to the ITRF and the regional reference frames (like 

SIRGAS, EPN, APREF, etc.); 

- collocation of GNSS stations with reference tide gauges and connection to the 

national levelling networks to facilitate the vertical datum unification; 

- availability of terrestrial gravity data around the IHRS reference stations as main 

requirement for high-resolution gravity field modelling (i.e., precise estimation of 

potential values). 
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• During the GGOS Days 2016 (Boston (MA), USA, October 2016), a preliminary station 

selection for the IHRF was performed. This selection is based on a global network with 

worldwide distribution, including a core network (to ensure sustainability and long-term 

stability of the reference frame) and regional/national densifications (to provide local 

accessibility to the global frame).  

• Based on the conclusions of the meetings in Thessaloniki and Boston, regional and 

national experts were asked  

­ to evaluate whether the preliminary selected sites are suitable to be included in the 

IHRF (availability of gravity data or possibilities to survey them), and 

­ to propose additional geodetic sites to improve the density and distribution of the 

IHRF stations in their regions/countries. 

• After the feedback from the regional/national experts, the first approximation to the 

IHRF is based on about 170 reference stations (Fig. 1). 

• With this preliminary selection, next efforts concentrate on the computation of the 

station potential values and the assessment of their accuracy. Different approaches are 

being evaluated: 

- As national/regional experts provided the JWG with terrestrial gravity data around 

some IHRF sites, a direct computation of potential values (and their accuracy) is 

being performed. In this case, following experiments are being conducted: 

- simulations about the distribution and quantity of gravity points needed 

around the IHRF stations, 

- simulations about the variation of potential values with time, 

- comparison of different mathematical formulations (least-squares 

collocation, FFT, radial basis functions, etc.). 

- Computation of potential values (and their accuracy) by national/regional experts 

responsible for the geoid modelling using their own data and. 

- Computation of potential values (and their accuracy) based on global gravity models 

of high-degree (like XGM2016, EIGEN-6C, EGM2008, etc.). 

- Recovering potential values from existing local quasi-geoid models. 

• The comparison of the results obtained from these different approaches will provide a 

basis to outline further steps; especially, the identification of detailed standards and 

conventions for the IHRS realization and the implementation of a roadmap based on the 

available geodetic data. 

• A web site summarizing the main characteristics of the GGOS-FA “Unified Height 

System” has been prepared and is now available at http://ihrs.dgfi.tum.de/. This 

information is also mirrored at http://www.ggosdays.com/en/focus-areas/unified-

height-system/. 

  

 
Fig. 1. Proposed IHRF stations as of April 2017. 

http://ihrs.dgfi.tum.de/


 Global Geodetic Observing System (GGOS) 3 

 

The activities reported in this document were (and are) possible thanks to the support of many 

colleagues. Their contribution is deeply acknowledged: M. Véronneau, J. Huang, D. Roman, 

M. Amos, I. Oshchepkov, S.R.C. Freitas. R.T. Luz, M. Pearlman, C. Estrella, C. Brunini, U. 

Marti, D. Piñon, D. Avalos, S.M.A. Costa, H. Denker, D. Blitzkow, J. Ågren, A.C.O.C. Matos, 

R. Pail, J. Ihde, R. Barzaghi, M. Sideris, J. Chire, A. Álvarez, C. Iturriaga, I. Liepiņš, N. Suárez, 

J. Krynski, R. Forsberg, G. Vergos, R. Ruddick, ... 

 

Publications 

 

Ihde J., Sánchez L., Barzaghi R., Drewes H., Foerste Ch., Gruber Th., Liebsch G., Marti U., 

Pail R., Sideris M.: Definition and proposed realization of the International Height 

Reference System (IHRS). Surveys in Geophysics, 10.1007/s10712-017-9409-3, 2017. 

Sánchez L., Sideris M.G.: Vertical datum unification for the International Height Reference 

System (IHRS). Geophysical Journal International 209(2), 570-586, 10.1093/gji/ggx025, 

2017. 

Sánchez L., Martí U., Ihde J.: Le chemin vers un système de référence altimétrique global et 

unifié. Association Française de Topographie, Revue XYZ 150: 61-67, 2017. 

Sánchez L., Čunderlík R., Dayoub N., Mikula K., Minarechová Z., Šíma Z., Vatrt V., 

Vojtíšková M.: A conventional value for the geoid reference potential W0. Journal of 

Geodesy 90(9), 815-835, 10.1007/s00190-016-0913-x, 2016. 

Gerlach C., Gruber Th., Rummel R.: Höhensysteme der nächsten Generation; in: Freeden, W.; 

Rummel, R. (eds.) Handbuch der Geodäsie, Vol. 2016, Springer, ISBN (Online) 978-3-

662-46900-2, DOI: 10.1007/978-3-662-46900-2_7-1, 2016. 

Véronneau, M. and J. Huang (2016) The Canadian Geodetic Vertical Datum of 2013 

(CGVD2013), Geomatica, Vol. 70, No.1, 9-19, dx.doi.org/10.5623/cig2016-101. 

Lin, H., K. R. Thompson, J. Huang, and M. Véronneau (2016) Tilt of mean sea level along the 

Pacific coasts of North America and Japan, J. Geophys. Res. Oceans, 120, 

doi:10.1002/2015JC010920. 

 

Presentations 

 

Sánchez L., Ihde J., Pail R., Gruber Th., Barzaghi R., Marti U., Ågren J., Sideris M., Novák P.: 

Towards a first realization of the International Height Reference System (IHRS). European 

Geosciences Union General Assembly 2017, Vienna, Austria, 2017-04-25. 

 Sánchez L., Sideris M.G.: Vertical datum unification for the International Height Reference 

System (IHRS). European Geosciences Union General Assembly 2017, Vienna, Austria, 

2017-04-27. 

Gruber Th.: Geodetic space sensors for height system unification and absolute sea level 

determination. Fourth Swarm Science Meeting & Geodetic Missions Workshop, Banff, 

Canada, 2017-03-22. 

Willberg M., Gruber Th., Pail R.: Geoid Requirements for Height Systems and their 

Unification; Fourth Swarm Science Meeting & Geodetic Missions Workshop, Banff, 

Canada, 2017-03-22. 

Marti U., Sánchez L.: Le système de référence altimétrique global. Commission 

Géopositionnement, Conseil national de l’information géographique, Paris, France, 2017-

03-15. 

Sánchez L., Ihde J., Pail R., Barzaghi R., Marti U., Ågren J., Sideris M., Novák P.: Strategy for 

the Realization of the International Height Reference System (IHRS). Symposium SIRGAS 

2016, Quito, Ecuador, 2016-11-18. 



 Report of the IAG Vol. 40 ─ Travaux de l’AIG 2015-2017 4 

Sánchez L.: Invitación a la realización del Sistema de Referencia Internacional de Alturas 

(IHRS) en la Región SIRGAS (in Spanish). Meeting of the SIRGAS Directing Council, 

Quito, Ecuador, 2016-11-17. 

Sánchez, L. International Height Reference System (IHRS): Required measurements and 

expected products. GGOS Days 2016, Cambridge (MA), USA, 2016-10-26. 

Sánchez L., Ihde J., Pail R., Barzaghi R., Marti U., Ågren J., Sideris M., Novák P.: Strategy for 

the Realization of the International Height Reference System (IHRS). GGHS2016: 

International Symposium on Gravity, Geoid and Height Systems 2016, Thessaloniki, 

Greece, 2016-09-22. 

Andritsanos V., Vergos G., Gruber Th., Fecher T.: GOCE variance and covariance contribution 

to height system unification. GGHS2016: International Symposium on Gravity, Geoid and 

Height Systems 2016, Thessaloniki, Greece, 2016-09-22. 

Willberg M., Gruber Th., Vergos G.: Height systems in Greece and its islands - some 

experimental results. GGHS2016: International Symposium on Gravity, Geoid and Height 

Systems 2016, Thessaloniki, Greece, 2016-09-21. 

Sánchez L.: Working Group on the Strategy for the Realization of the International Height 

Reference System (IHRS): Brainstorming and definition of action items. Splinter meeting 

at the International Symposium on Gravity, Geoid and Height Systems 2016, 2016-09-21. 

Gruber Th.: GOCE and Heights - How does the 3rd Coordinate benefit from it? ESA Living 

Planet Symposium 2016, Prag, Czech Republic, 2016-05-11. 

Sánchez L.: GGOS Focus Area 1: Unified Height System: Present activities, GGOS 

Coordinating Board Meeting, TU Vienna, Vienna, Austria, 2016-04-16. 

Sánchez L., Ihde J., Barzaghi R., Drewes H., Foerste Ch., Liebsch G., Marti U., Sideris M.: 

Establishment of an International Height Reference System in the frame of GGOS. 

Symposium SIRGAS 2015, Santo Domingo, Dominican Republic, 2015-11-19. 

Ihde J., Sánchez L.: Physical Height and the GGRF, Earth Gravity Field and the GGRF, GGRF 

an Integrated Approach. GGOS Days 2015, Frankfurt a.M., Germany, 2015-10-22. 


