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Geodetic framework links networks & points...  

Datum is the key to ensuring interoperability 

of spatial information... linking data in space & 

time increases value of past, current & future 

geospatial data & precise positioning... 
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ñ A middle-aged rocky planet, Earth offers a wondrous 

combination of interconnected systems. From its molten core 

below to the ionosphere above, planetary layers interact 

dynamically, moving constantly, affecting climate and 

environment, and impacting life of all forms on the planet. 

Quantifying these changes is essential to understanding the 

underlying processes well enough to identify their root 

causes and to anticipate and respond to future changes. 

Precise global geodesy is an essential tool to capture 

these changes. ñ (my emphasis) 

Committee on the National Requirements for Precision Geodetic 
Infrastructure; Committee on Seismology and Geodynamics; National 

Research Council; ISBN 978-0-309-15811-4, 156 pages (2010) 



ÅGeodesy is the foundation for the representation of 
horizontal & vertical position (& its variation) in global 
or national reference frames, primarily to support 
societal needs for Geospatial information. 

ÅGeodesy is also a fundamental Geoscience that 
uses a wide range of Earth observation & space 
technologies (satellite, aerial, vehicle, terrestrial 
platforms) that contribute to our understanding of the 
ñSystem Earthò, and in particular its dynamics (4-D) 
and geometry/gravity interactions. 

Dual Function of Geodesy... 

Despite differences in mission 

requirements of Geodetic Science & 

Geodetic Practice, the geodetic 

infrastructure, datums, GNSS technology 

& methodology can now support both ... 
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Global Geodesy 

 



IAG Structure since 2003  

Commission 4 
Positioning & 
Applications 

Commission 1 
 

Reference Frames 

Commission 2 
 

Gravity Field 

Commission 3 
Earth Rotation & 

Geodynamics 

International Union of Geodesy and Geophysics (IUGG) 

International Association of Geodesy (IAG) 

Executive Committee Office Council COB 

BIPM 

IVS PSMSL 

IGS 

Global Geodetic Observing System (GGOS) 

Services: 

IGeS IDS ILRS IDEMS ICGEM 

BGI IGFS IERS ICET 

Inter-Commission Committee on Theory (ICCT) 

Bureau 
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Abs.Grav. 

GNSS VLBI 

DORIS 
SLR/LLR 

 

Significant ground-based infrastructure for geometrical 

servicesé 



IERS:  International Earth Rotation and Reference Systems Service 

(ILS in 1899, BIH in 1912, IPMS in 1962, IERS in 1987) 

IGS:  International GNSS Service (1994) 

IVS:  International VLBI Service (1999) 

ILRS:  International Laser Ranging Service (1998) 

IDS:  International DORIS Service (2003) 

IGFS:  International Gravity Field Service (2004) 

BGI:  Bureau Gravimetrique International (1951) 

IGeS:  International Geoid Service (1992) 

ICET:  International Centre for Earth Tides (1956) 

ICGEM: International Centre for Global Earth Models (2003) 

IDEMS: International Digital Elevation Models Service (1999) 

 

PSMSL: Permanent Service for Mean Sea Level (1933) 

 

BIPM:  Bureau International des Poids et Mesures (Time 1875) 
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IAG Services http://www.iag-aig.org 
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Modern Geodesyôs Capabilities 
Geodesy now defined in terms of the following capabilities:  

1. Determination of precise global, regional & local 3-D 

(static or kinematic) positions on or above the Earthôs 

surface. 

2. Mapping of land, sea & ice surface geometry.  

3. Determination of the Earthôs (time & spatially) variable 

gravity field. 

4. Measurement of dynamical (4-D) phenomena:  

 - Solid Earth (incl. cryosphere): surface deformation, crustal motion, GIA, 

polar motion, earth rotation, tides, water cycle, mass transport, etc. 

- Atmosphere: refractive index, T/P/H profiles, TEC, circulation, etc. 

- Ocean: sea level, sea state, circulation, etc.  
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The Value of Reference Frames to Society (1) 

Å Fundamental geoscienceé solid earth geophysics, atmospheric, 

cryospheric & oceanographic processes, hydrology 

Å Global Change studiesé climate change (causes & effects), water cycle & 

mass transport changes, sea level rise, mesoscale circulation, GIA, polar 

studies 

ü Need continuity of ITRF to very high accuracyé to be provided by 
the full ensemble of space geodetic techniques 

ü Primary signals are derived from (small) changes or trends in 
geodetic parameters 

ü Use GNSS to connect to the ITRF 

ü Extensive use of IGS productsé but careful data processing 
strategies are necessary 
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Å Geohazard researché seismic, volcanic, landslip, storms, sea state, 

flooding, tsunami, space weather  

Å Geodetic reference framesé ITRF, national datums & SDI, gravity, timing 

Å Engineeringé precise positioning/navigation, atmospheric sounding, geo-

referencing platforms, operational geodesy, radar & laser imaging/scanning, 

engineering geodesy, surveying 

ü ITRF traceabilityé ñfit for purposeò conditions apply 

ü Long-term stability not necessarily important for many applications 

ü Use GNSS to connect to the national or local datum, and used for 
densification 

ü Extensive use of IGS & national/local CORS dataé simplified data 
processing tools are often adequate 

The Value of Reference Frames to Society (2) 
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Monitoring Geometric & Gravimetric Signatures  

The goal of modern geodesy can be 

summarised: improve the accuracy, resolution, 

reliability & timeliness of geodetic products by 

an order of magnitude  

-- 1mm accuracy reference frame & stability of 

0.1mm/yré 

in order to monitor faint ñSystem Earthò effects. 



ÅTodayôs geodetic technologies, infrastructure, services & 

methodologies are so powerful that motion of every point on the 

Earthôs surface is measurable 

ÅGNSS both defines ITRF & allows easy connection to ITRF/datum 

ÅGlobal Change studies demand monitoring of geodetic time-series 

against the highest accuracy/stability ITRF 

Å Time-varying coordinates are the ñsignalò for the geosciences, 

however they are ñnoiseò (or nuisance) for the geospatial community 

and positioning/navigation users in general 

Å Datums based on ITRF by defining a Ref Epoch and (traceable) 

connection provided via (mainly) GNSS CORS or groundmarks 

Å Recognition by UN-GGIM of the importance of the GGRF, 

geodetic infrastructure & open data policies 

ITRF: Implications for Geodetic 

Science & Geodetic Practice 
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Global Reference Systems & Frames 



A Modern GGRF... such as the ITRF  

Å ECEF RF: allows determination of station position wrt 
stable continuously maintained GGRF 

Å All geocentric datums directly or indirectly aligned with 
ITRF, now maintained by the IAG Services 

Å All points, objects, geodetic control marks, GNSS CORS 
or geodetic observatories on the surface of the Earth 
move (i.e. 4D coordinates): 

ï Crustal motion 

ï Local deformation 

ï Ground subsidence or uplift 

é etc 

Å It is now easy to connect to the ITRF... 
several GNSS techniques give ITRF 
coordinates directly 

Å It has never been easier to build  
an ITRF-based national datum 
 

Origin, Scale & Orientation 

http://www.iers.org http:// itrf.ign.fr 

 



GPS/GNSS Global Satellite Datums 

ÅSatellite orbits are naturally related to the Geocentre, and 

computed in a Cartesian system oriented by the Earth's 

rotational motion... this is the class of Earth Centred Earth 

Fixed (ECEF) terrestrial datums... 

ÅDatum defined by the coordinates of CORS:  

ïofficial GPS* ground tracking/monitoring stns (ñControl Segmentò ï CS) 

ïother ground network (e.g. IGS CORS) 

ÅRealised by the GNSS ephemerides: 

ïbroadcast... (<1m accuracy) computed by the CS 

ïprecise... (few cms accuracy) computed by non-CS (e.g. IGS, or 

commercial services) 

ÅAccessed by either: 

ïRelative positioning... connecting to terrestrial points (e.g. CORS) 

ïPoint positioning... PPP almost same accuracy as DGNSS 

* GLONASS, Galileo, BeiDou have different GNSS datums defined also by their own CS 



Å The official GPS* datum is the ECEF World Geodetic System 1984 

(WGS84) -- datum for satellite coordinates transmitted in Navigation 

Message... GPS SPP results are expressed in WGS84 only at few 

metre level of accuracy 

ÅMost accurate & stable ECEF reference system is the ITRS -- 

realised by coordinates in ITRFyy frame (e.g. ITRF2014) and IGS 

precise ephemeris, hence geodetic GNSS is related to ITRFyy, & 

provides basis of modern geodetic datums, but is not a ñplate-fixedò 

datum... also used in PPP techniques  

ÅMany national datums such as the Geocentric Datum of Australia 

(GDA94) are ECEF-type datums (at an epoch date) determined 

using GNSS (& other) techniques, hence all relative positioning in 

Australia using GDA94 geodetic control points result in coordinates 

in this datum... typically do NOT incorporate station velocities, as 

such datums are ñplate-fixedò 

WGS84, ITRF2014, GDA94 

* GLONASS, Galileo, BeiDou have different GNSS datums defined also by their own CS 



mm/yr 

Earth-Fixed or Plate-Fixed? 



The WGS84 Datum (1) 

ECEF Cartesian system defined by a global set of U.S. 

National Geospatial-Intelligence Agency (NGA) (formerly 

NIMA, formerly the Defense Mapping Agency) satellite 

tracking stations 

http:// en.wikipedia.org/wiki/WGS84 

Å Maintained by the assigned Cartesian coordinates of the tracking 

stations in the GPS Control Segment 

Å Transferred to the satellite ephemerides during the orbit determination 

process carried out by the Master Control Station 

Å Uploaded to the satellites and broadcast to users in the Navigation 

Message  

Å Ultimately realised anywhere on Earth by the GPS single point 

positioning (SPP) coordinates, but accuracy is only few metres 
 



The WGS84 Datum (2) 

Å In mid-1994 WGS84 was re(de)fined to align it with ITRF91 (at decimetre 

level) -- WGS84(G730), at the beginning of 1997 WGS84 was again 

re(de)fined to align it with ITRF94 (sub-decimetre level) ï WGS84(G873), 

at the beginning of 2002 realigned to ITRF2000 (cm level) ï 

WGS84(G1150), in Feb 2012 realigned to ITRF2008 (cm level) ï 

WGS(G1674), in Oct 2013 realigned again ï WGS(G1762) 

Å WGS84 datum changes station coordinates each year to account for 

tectonic motion, hence epoch is ñyyyy.5ò, e.g. for 2015 it is ñ2015.5ò 

Å Nowadays an ITRF coord (easy to determine) can be used as a surrogate 

for a WGS84 coord (impossible to determine with high accuracy) 

The general user often accepts GPS coordinates ñin the WGS84 

datumò... not aware of the issues or relationships with other, 

more precise datums 

http:// www.unoosa.org/pdf/ icg/2012/template/WGS_84.pdf 

http:// www.ga.gov.au/earth-monitoring/geodesy/geodetic-datums/other/wgs84.html 



The WGS84 Datum (3) 


