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Foreword

Since the implementation of&centricDatum of Australia 194 (GDA94) many advances
have occurred in the fields of space geodeskiich have resulted in thimprovementof
the International Terrestrial Referencgystem(ITR$to better define the shape of the
Earth Furthermore, high performance computing allows for the rigorous adjustnoént
jurisdictional archives of IGbal Navigation Satellite Syste(@®NSSypata and terrestrial
data.

Recognising the need to align the Australian datum lih reference frame of GNS®&
which many current users and futl users will access the daturthe Intergovernmental
Committee on Surveying and Mapping requestdthtt the Permanent Committee on
Geodesy commence work on developinghe Geocentric Datum of Australia 2020
(GDA202palong with the required technical tools, services and documentation

The Permanent Committee on Geodesy was assistedasitiributions froma number of
GCommonwealth, state and territory representatives and from institutions engaged in the
teaching of surveying and geodesy. Many useful suggestions received from these sources
have been incorporated into this manual.

The Intergovernmental Comttée on Surveying and Mapping thanks those who have
contributed to this manual and hope it assists those seeking a defiretipganation of
GDA2020

Permanent Committee on Geodesy
Intergovernmental Committee on Surveying and Mapping

25 July 2017
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Document h  istory

DATE VERSION AMENDMENTS

24 August 2018 1.2 1 Introduced Grid Reference information in Appendix D
9 Corrections to remove duplicate Terms and Definitions
1 Corrections to grammar

8 January 2018 1.1.1 | Fixed typographical error on Page/8K | y 3 StR @
MmaInnnIaann YS{iNBAEmniz2n nonts

13 December 2017 1.1
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Amendments to reflect the signing of the GDA2020
determination

Minor changes to wording to improve clarity

Inclusions to Table 3.4 for South Australi@tia

Corrections to grammar, table numbers, equation numbe
Added links to datum transformation tools
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25 July 2017 1.0 1 New document for the release of GDA2020

T © Commonwealth of Australia (Geoscience Australia) 2017
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product is provided under a Creative Commons Attribution 4.0 International Licence.
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Terms and definitions
Symbol Definition Equation/ Comment

@ Ellipsoidsemimajor axis

@ Ellipsoid semiminor axis ® Gp Q

Q Flattening of the reference ellipsoid Q ——

p¥'Q Inverse flattening oreciprocal flattening prQ

=
(o2

€ Third flattening

f.l

€
€

€
(O8]

- First eccentricity of the referenagllipsoid

- Second eccentricity of the referenedlipsoid =

Theradius of curvaturet a point on an ellipsoid with respect to
the meridianthrough that point.

The radius of curvature at a point on an ellipsoid with respect to
the prime verticalthrough that point.

Geodetic latitude; this inegative south of the equator

Theanglethat the normalto the ellipsoid at a point makes with the

% equatorial plane of the ellipsoid.
00

A geodetidatitude differs from the correspondingstronomic
latitude by the amount of the meridional component of the
localdeflection of the vertical.

Geodetidongitude positivemeasuredeastwards from the
Greenwich meridian

Theanglebetween the plane bthe local geodetic meridian and the
Greenwich meridian

A geodetidongitudediffers from the correspondingstronomic
longitudeby the amount of theprime verticalcomponent of the
localdeflection of the vertical.

Geodetic longitude of theentral meridian

Geocentric Datum of Austral2020Technical Manual 7
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Geodetic longitude difference meared from the central meridian;
positivemeasuredeastwards = =

Azimuth;the horizontal angle measudefrom the meridian
measuredclockwise fronmtrue north.

Ellipsoidal distancehe distance on the ellipsoi&pheroidal
distance is the same as an ellipsoidal distance.

(0] Easting positive measured eastwards from a central meridian
: - 'O + 500,000 metres
[ Easting measured from the false origin ’
© < 8 for MGA2020
0 Northing negativemeasuredsouthwardsfrom the equator
Northing measured from the false origin R 10’,000’000
5 metres in the
southern hemisphere
for MGA2020
Grid convergencehe angular quantity to be added algebraically t
an azimuth to obtain a gridearing. In the southern hemisphere,
r grid convergence is positive for points east of the central meridie (I
(grid north is west of true north) and negative for points west of t
central meridian (gd north is east of true north)
Grid bearingthe angle between grid north and the tangent to the
1 arc at the point. It is measured fromigmorth clockwise through
360°
1 Arcto-chord correctionthe angular quantity to be added — 9
algebraically to a grid bearing to obtain a plane begrin |7 7
Plane bearing; the angle measured clockwise throB@or,
— between grid north and the straight line on the grid between the
ends of the arc formed by the projection of the ellipsoidal distanc
Plane distance is the straighhe distanceon the grid between the 0 Oi
ends of the arc of the projected ellipsoidal distance. The differen . .~ 30
0 in length between the plane distancg)(and the grid distanceY is O A+ 30
nearly always negligible. Using plane bearings and plane distanc 30 0 OE+
the formulae of plangrigonometry hold rigorously: 30 0AI1-©
0 Central scale factgrthe scale factor on the central meridian 0.9996 for MGA2020
and UTM
Geocentric Datum of Austral2020Technical Manual 8
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0 Point scale factorthe ratio of an infinitesimal distance at a point o o Qb QY
the grid to the corrsponding distance on the ellipsoid QY Qi
Line scale factarthe ratio of a plane distancéto the 5oty

0 corresponding ellipsoidal distante The point scale factor will in o - -
general vary from point tpoint along a line otthe grid !

Hlipsoidal heightthe distance of a pointneasured along the
Q normalfrom the ellipsoid Spheroidal height is the same as an
ellipsoidal height

Orthometric heightthe height of a point above the geoid measurt

© along theplumbline
O Height of a point above AHD
0 Hlipsoid toquasgeoid separation
- Hlipsoid to AHD separation
~=~~ A three dimensional coordinate systei@artesianyvhich has its
hoh .
origin at (or near) the centre of the Earth.
Meridian convergencehe change in the azimuth of a geodesic Ilzeverss :z.lmut:::
3y between two points on the ellipsoid orwar Zimut
Meridian
Convergence + 180°
Line curvaturethe change in grid bearinbetween two points on REEEE gndb_earmg
= Forward grid
3 the arc : ;
bearing + Line
curvature = 180°
a Meridian distance is thgeodesic distance from the equatalong
the meridian, negative southwards
O Mean length of an arc of one degree of the meridian
" Meridian distance expressed as uni » G70
Y Grid distancethe length measured on the grid, along the arc of tt
projected ellipsoid distance.
Y Geometric mean radius of curvature z h
Geocentric Datum of Austral2020Technical Manual 9
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Y Radius of curvature at a point in a given azimuth

n o1
i i at the mean latitudeso &t %o

0 Rectifying radius
%0 Foot point latitude; thdatitude for which the meridian distance
G 071Q

Y Reduced latitude
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1 Introduction

1.1 Purpose of the Technical Manual
The purpose of theGeocentric Datum of Austral2020(GDA020 Technical Manual i®:

1 define GDA2020

1 provide descriptions, transformation parameters and examples to assist with
datum transformations between GDA2020ealisations of the International
Terrestrial Reference Frame (ITRF) histbric Australian datums;

1 provide descriptions and examples to iaswith coordinate conversions between
EarthcentredCartesiangeodeticand map projected coordinates

1 provide descriptions and examples of coordinate computations; and

1 define the Australian Height Datum (AHIYW AUSGeoid2028nd describe how to
convet between ellipsoidal heightsnd AHD heights

1.2 The Geocentric Datum of Australia 2020

Prior to the release of the GDA2020, the Geocentric Datum of Australia 1994 (GDA94) was
the only Australian datum that used the acronym GDA. As a consequence, the acronym
GDA was often used interchangeably with GDA94. When referring to any documents or
software developed prior to the release of GDA2020, the reader can assume GDA refers to
GDA94.

1.2.1 Terminology

Tablel.1: GDAR020terminology.

Datum GeodeticCoordinate Set Grid Coordinates
GDAR020 GDA2020 MGA2020

1.2.2 Definition

Tablel.2: GDA020definition.

Reference fame Epoch  Ellipsoid Semimajor axis (m) Inverse fattening
ITRR014 20200 GRS80 6378137 298.257222101

1.2.3 Legalt raceability of position and Australian Fiducial Network

The Mtional Measurement Institute (NMI) administers the National Measurement Act
1960 and has the authority to appoint legal metrology authorities to verify reference
standards of measuremenGeoscience Australia appointed as a Verifying Authority for

Postion. As a Verifying Authoritfor Position, Geoscience Australia can issue certificates of

Geocentric Datum of Austral2020Technical Manual 11
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verification under Regulation 13 of the National Measurement Regulations 1999. These are
commonly referred to as Regulation 13 Certificates.

Regulation 13 Certifitas provide coordinates and their uncertainty with respect to the
Recognizedialue standard of measurement of positigRVS)n Australia, which is the
Australian Fiducial Network (AFN). The Aradupdated inOctober2017and includesl09
stations fromthe AustraliarnGlobal Navigation Satellite Systemtwork which:

1 areoperated by Geoscience Australia or similar agency

{ arelocated on the Australian TectanO t £ | (0 SZ ¢ Arisdictioff andl dz&  NJ f
on a high quality survey monument; and

1 haveresiduals less than 1 mm/yr relative to the Australidat@ motionmodel
(Section 3.3).

To define GDA2020pternational Terrestrial Reference Frame 2014 (ITRF2014) coordinates
and velocitiesof the 109 AFNstationswere mappedforward to the epobt of Jawuary 1,

2020 using the plate otion model (SectiorB8.3). GDA2020s determined with respect to

the RVSwith crustalvelocitiesand their uncertainties. Thesgelocities enable coordinates

to be mapped to any epoch.he list of 109 AFN stations including their coordinates and
velocities andthe equation for coordinateonversions shown in Appendix A.

More information on Regulation 13 Certificates including the application process can be
found on the Geoscience Awmwglia website http://www.ga.gov.au/scientifie
topics/positioningnavigation/geodesy/requlatior 3-certificates.

Tablel.3: Verifying Authorityfor Position scope of accreditation and least uncertainty

Physical Quantity Range of Measurement Least Uncertainty(95%CI)
Position Australia and its Territories 7 mmhorizontal
(horizontal & vertical) 15 mmvertical
Note: fiLeast uncertaintyod is synonymous with fbest

uncertainty of measurement that can realistically be expected under ideal conditions.

1.2.4 GDA2020 extent

The extent of theGDA2020iy Of dzRS& Fff GKS | NBFa O2yial AySH
jurisdiction (within 200 nautical miles of Austrajiand its external territories, and the

FNBlFa 2F !'dzaAa0INIfAlFQa O2ylAySyildlf &aKSt{FT o0Seéez2y
Nations Commison on the Limits of the Continental Shelf. The areas include Cocos
(Keeling) Islarg] Christmas lIsland, Norfolk Island and Macquarie Island but excludes
HeardMcDonald Islansland the Australian Antarctic Territory (AAT) as showirigure

1.1. The extent of GDA2020 is the same as the extent of GDA94.

Geocentric Datum of Austral2020Technical Manual 12
Version 1.2


http://www.ga.gov.au/scientific-topics/positioning-navigation/geodesy/regulation-13-certificates
http://www.ga.gov.au/scientific-topics/positioning-navigation/geodesy/regulation-13-certificates

Intergovernmental Committee on Surveying and Mapping

WHARTON
BASIN

AUSTRALIA

SOUTHERN AUSTRALIAN
ABYSSAL PLAN

TASMAN

AUSTRALIAN-ANTARCTIC BASIN

Figurel.1l: The area shown in dark blue is the @D20extent. The colours of the lines represent
different types of jurisdictional boundaries or proposed jurisdictional boundaries. For more information
on the type of boundary, please refer hitp://www.ga.gov.au/metadag-

gateway/metadata/record/gcat 70362

1.3 Geodetic Parameter Registries

Internationally there are a number of geodetic registribat arerelied upon as the source

of information for defining geodetic datums and thieansformationsbetween them. A
registry is a database of coordinate reference system information including ellipsoids,
units, datums, projections and transformations. Each database element is assigned a code
to identify it uniquely. The registry name, code number and type of regmsigynent
provide a shorthand method for defining the relevant coordinate reference system
information.

C2NJ SEI YLYXWMMCc yd9DgDRSGAO RIGdzyé NBFSNEBR G2 G
Geocentric Datum of Australia GDA2020 held in the EPSG registry.

1.3.1 EPSG Registry
The EPSG registrigtip://www.epsg-reqistry.org) is a reliable, freely available registry of

3S2RSUAO0O YR GNIYAT2NNIGAZ2Y AYF2NXIOGA2Yy® L
Geomatics Commite of the International Association of Oil and Gas Produd€&R;
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previously known as the European Petroleum Survey Group or EPSG). It is updated on a
needs basis, which generally equates to two full release amendments per year.

Datum elements in this mmaual are identified by EPSG codes and registry element type
where they exist at the time of publication and the manual will be revised when additional
codes are available.

A number of organisations reproduce content from the EPSG registry but the IQGP sit
http://www.epsg-registry.org/is the only official EPSG dataset.

1.3.2 1SO Registry

The International Standards Organisation Technical Committee 211 Geographic
information / Geomatics (ISO/TC 211) is responsibtethe 1ISO geographic information
series of standardslSO/TC 211 is developing an ISO Geodetic Red@8@y19127hat will
ultimately replace the functions of the EPSG regisbnice 1SO Registry codes are available
they will be referenced ifuture updates tothis manual.

1.4 History of Australiand  atums

1.4.1 Early history

Between 1858 and 1966, geodetic surveys in Aslistrwere computed on either a
jurisdiction (state or territory)or regional basis usingnore than four different spheroids
and as many as twenty coordinate origins.

The National Mapping CoundiNMC) at its 23 meeting in April 1965, adopted the
Geodetic Reference System 1967 (GRS 1967) ellipserdrecommended for general use
by the Interrational Union of Geodesy and Geophysiasth the flattening termtakento
two decimal placesTheNMCdecided to call this spheroid the Aualian National Spheroid
(ANS; see Table 1. MC, 1965k

1.4.2 Australian Geodetic Datum 1966

Recomputation and adjushent of all geodetic surveys in Australia @xNS were
commenced by the Division of National Mapping in June 18358 March 1966, all
geodetic surveys in Australia were-cemputed and adjusted othe Australian Geodetic
Datum (AGD) This datum was subsegntly adopted by theNMCon 21 April 1966, during
its 24" meeting in Melbourne, anevas proclaimed in th€ommonwealth Gazettdlo. 84
of 6 October 1966.

In 1966, the minor axis of the spheroid wadided as being parallel to theaBh's mean

axis of roation at the start of 1962. In 1970 tHéMCdecided to adopt the Quentional
International Origin(CIO) previously known as the mean pole 190Q906.0, for the
direction of the minor axis. ThMCdecided that no change in the 1966 coordinates was
necesary. TheAGD66reference meridian plane of zero longitudeas defined as being
parallel to the Bureau International de I'Heure (BIH) mean meridian plane near Greenwich.
Thisgavea valueof 149° 00' 188% Eastfor the plane contained by the vertical through
the Mount Stromlo photo zenith tube and the CIO. The position of the centre oAlTEs
defined by the following coordinates of Johnston Geodetic Station:

Geocentric Datum of Austral2020Technical Manual 14
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Tablel.4: JohnstonGeodetic Statiorcoordinates

Geodetic Latitude 25°56'54.5515¢ South
Geodetic Longitude 133 12 30.0771¢ East
Spheroidal Height 571.2 metres

The size, shape, position and orientation ANSwere thus completely defined, and
together with the coordinates of the Johnston Geodetic Statidefined AGO56. The
coordinates for Johnston Geodetic Station were derived from astronomical observations at
275 stations on the geodetic survey distributed all over Australia. Spieroidal height

was adoped to be 571.2 metres, which wasjual to the height of the station abowbe

geoid as computed by trigonometrical levelling in 1965.

Due to the almost complete lack of geoidal profiles at the time of the 1966 national
adjustment, it waghen assumed thathe geoidspheroid separation was zero not only at
Johnston Geodetic Station but alab all other geodetic stations listed in this adjustment.
This assumption implied that every distance usethe 1966 adjustmentvas a geoidal or
sea éveldistance(assumed spheroidal distance)

A Universal Transverse Mercator (UTM) projection was associated with AGD66 and was
referred to as the Australian Map Grid (AMG66). The AGD66 and UTM projection, AMG66,
were adopted by all the States and Terrigw in Australia, particularly in support of the
national mapping program.

1.4.3 Australian Geodetic Datum 1984

Since 1966, therewere several readjustments of the national geodetic survey. Each
readjustmentwasreferred to as a GeodetiModel of Australia (GMPAandwas identified

by the year in whiclthe data set used in the readjustment was compiled. The adjustment,
GMAB82 includedsatellite TransitDoppler,Satellite Laser Ranging (SLRgctronic Distance
Measurement (EDM) tellurometerand Very Long BasedinInterferometry (VLBI)
observations.

Recognising the need for Australia to eventually convert to a geocentric geodetic datum,
the NMG at its42™ meeting in October 1984, resolved that the GMA82 adjustnvenld

be adopted as the first step in the congen process. However, the Council also resolved
that members could use their discretion in the timing of the conversion process.

The GMA82 adjustment maintaine&iGDas originally defined by the combinatiai the

1966 coordinate set for Johnston GeodeS8tation and the defining parameters for the
ANS This led to the development of the Australian Geodetic Datum 1984 (AGD84)
coordinate set and associated UTM projection, known as the Australian Map Grid 1984
(AMGB84).

In order to preventany confusion arisop with regard to the terminology to be used in
conjunction with the 1966 and GMA82 adjustments, tN&C adopted the following
definitions for general usage:

Tablel.5: Terminology used to differentiate between AGD66 and AGD84.

Datum Australian Geodetic Datum
Spheroid Australian National Spheroid
1966 Coordinate Set Australian Geodetic Datum 196€
Geocentric Datum of Austral2020Technical Manual 15
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Australian Map Grid 1966

1982 Adjustment GMAS82

1984 AdoptedCoordinate Set Australian Geodetic Datum 1984
Australian Map Grid 1984

Unlike the 1966 adjustment, the GMAS82 adjustment is a truly spheroidal adjustment.
Therefore, any observations used in conjunction with the AGD84 coordinate set should first
be reduced to theANSusing the appropriate geotdpheroid separation values inrtas of

N = +4.9 metres at Johnston Geodetic Station.

NOTE:Not all jurisdictions adopted AGD84&Northern Territory, New South Wales,
Australian Capital Territory, Victoria and Tasmariaseto stayon AGD66.

1.4.4 Geocentric Datum of Australia 1994

To alignthe Australian datum to aglobal reference rme, Australia adoptedthe
Geocentric Datum of Australt994(GDA4) and UTM projection the Map Grid of Australia
1994 (MGA94)At this time the recommendedeference ellipsoid was also changed from
ANS to theGeodetic Reference System 1980 (GRS80) ellipdmidit was adopted at the

XVII General Assembly of the International Union of Geodesy and Geophi€i3 in
Canberra, Australia, 1978s the recommended bestit ellipsoid for the Earth (Moritz,
2000). GRS80 has its geometric centre coincident with the centre of the mass of the Earth
whereasthe centre of theANSlay about 200 m from theentre. Hence, the GDA94
coordinates of a pointdiffer by about 200 metres (nortteas) compared to AGD
coordinates.

In 1992, as parof an International Global Navigation Satellite Syste8ervice (IGS)
campaign (previously known as the International GPS Se)yviamntinuous GPS
observations were undertaken on eight geologicaligble marks at sites across Australia,
which formed the Australian Fiducial Network (AFN). During this campaign, GPS
observations were also carried out at a number of existing geodetiegistations across
Australia. These were supplemented by further observations in 1993 and 1994, producing
a network of about 70vell-determined Global Navigation Satellite Syste@NS¥sites,

with nominal 500 km spacing across Australia. These sieesdlectively known as the
Australian National Network (ANN).

The GPS observations at both the AFN and ANN sites were combined in a single regional
GPS solution in termsf the International Terrestrial Reference Frarh892 (ITRF92) and
the resulting cordinates were mapped to a common epoch of 1994.0.

The positions for the AFN siteere estimated to have an absolute accuracy of about 2 cm
at 95% confidencéevelin the horizontal componentMorgan et al. 1996) while the ANN
positions are estimatedo have an absolute accuracy of about 5 e@mthe horizontal
component. The positions of the AFN sites were useddietermine GDA4 and were
published in the Commonwealth of Australia Government Gazette on 6 September 1995.

On 4 April2012, the AFN was updated to include 21 sites. The purpose of the update was
to improve its consistency with the most recent realisationlmtiernational Terrestrial
Reference System (ITR&) the time (ITRF2008)rhe updated AFN coordinatesere
adoptedfrom ITRF200&nd subsequently transformed to GDA94 (i.e. ITRF1992path
19940) using the Dawson andlVoods (2010) transformation parameters. For those
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stations with multipe coordinate estimates in ITRBO8 the most recent coordinate
estimatewasadopted.

1.4.5 Geocentric Datum of Australia 2020

Since the realisation c6DA94 there have been significant developments in technology
that provide ready access to accurate positioning systemsthe near futureit is
anticipated thatGNSSwill be capable of prading positioning servicewith centimetre
accuracy in redime to the mass market on mobile devicésiventhat data from GNSS is
referencedto a global referencdrame, it is appropriate that the Australian datum be
closelyaligned to ITRF2014

GDA2020Gs based on aealisation of thelTRR014 (ITRF2014Altamimi et al., 2016 at
epoch 202M. The Geocentric Datum of Australia 1994 was based on the realisation of
ITRF1992 at epoch 1994 %ince then

1 due to plate tectonic motionGDA94 coordinates hawntinued to diverge from
ITRB2 coordinates. By 2020, the differea will be approximately 1.8 m;

1 there have been many improvements and realisations of the W& better
define the shape of the Earthror exampledifferencesbetween ITRF1992 and
ITRF20140n which GDA2020 is basedjusesa ~9 cm change in ellipsoidal heights
in Australiag(GDA2020 heights ar@em less than GDA94 ellipsoidal heigh&s)d

9 parts of the Australia crust have deformed (e.g. subsidence).

Theserefinements to the reference frame and local scale distortions have not been
reflected in changes to the Australiglatum; some of whiclwill begin to be noticeable to
some users of positioning services.

1.4.5.1 Computation of GDA202Goordinates

GDA2020 coordinates wereompued using a rigorous, 3D networkadjustment of all
available GNSS and terrestrial data fr&dmmmonwealthstate and territoryjurisdictional
archives Ths adjustmentenables the determination of GDA2020 coordinates and supports
the computation of positional uncertainty and relative uncertainty between any survey
control marks in Australia. The national GDA2020 adjustme&at undertaken by
Geoscience Australia withnput from geodetic specialist representatives from all
jurisdictional survey organisations

The national GDA2020 network adjustment involeatjorous least squares adjustment of
all data.In the pastadjustments were undertakewith higher order data beingeld fixed
in lower order adjustments. This resulted in distortionsthe datumthat have become
more apparentwhen compared with high accuracy GNSS data observed i2QU&Ier
ITRF2014nd transformed back to 1994sing a #parameter similarity transfonation. By
performing a singl@ational rigorousadjustment these distortionsave beerreducedand
relative uncertaintycan becomputed for any given pointsn the datum.

The national GDA2020 network adjustmemtiudesall available GNSS and terrestrial data
from the jurisdictional archives, constrained using thAeiaPacific Reference Frame
(APRER)me series combination solution. This solution is calculated weekly by Geoscience
Australia for approximately 450 APREF ations within ! dz&  Njurisdictio® &nd it
provides a link between ITR&L4 and GDA2020. The development of GDA2020 hss al
seen the creation of the &tional GNSS Campaign Archétered at Geoscience Australia
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This archive contains all GNSS obseovatprovided by state and territory jurisdictions
greaterthan six hoursduration. The datawas processedand will continue to beas new
data is availabley Geoscience Australia toeate a nationahigh qualityGNSS network.

1.4.6 Summary of Australian horizontal datums

A summary of the Australian datums is provided Table 1.6. In some previous
documentation, GDA and AGD have been documented as the name of tha dail the

epoch has been appended to describe the coordinate set (e.g. AGD66). To avoid confusion,
it is recommended that the epoch be appended when describing the name of the datum so
users can differentiate betweetinem (e.g. GDA94 and GDA2020he EPSGodes for the
datumsare shown in Table 1.7.

Tablel.6: Summary ofthe parameters of Australian datums

Geogrgphlc Grid Reference Ellipsoid/ Semimajor Inverse
Datum Coordinate . . . .
Set Coordinates Frame Spheroid axis(m) Flattening
GDAR020 GDA2020 MGA2020 ITRR014  GRS80 6378137.0 298.257222101
GDA4 GDA94 MGA94 ITRE992 GRS80 6378137.0 298.257222101
AGD3B4 AGD84 AMGB84 ANS 6378160.0 298.25
AGBH6 AGD66 AMG66 ANS 6378160.0 298.25

Tablel.7: EPSG codes of Australian datums

Geographic EPSG Cod EPSG Code EPSG Code EPSG Code
Datum Coordinate  Geodetic Geodetic CRS  Geodetic CRS Geodetic CRS
Set Datum (Geocentric)  (Geographic 3D) (Geographic 2D)
GDAR020 GDA2020 1168 7842 7843 7844
GDA4 GDA94 6283 4938 4939 4283
AGDB4 AGD84 6203 - - 4203
AGD56 AGD66 6202 - - 4202

1.5 Overview of the differences among GDA 2020 ,
ITRF2014 and GNSS reference f rames

1.5.1 GDA2020 and ITRF 2014

GDA2020s aligned withITRF2014Altamimi et al, 2019 at epoch202000. ITRF2014s
the most recent realisation ofh global network of accurate coordinates (and their
velocities) maintained by the International Earth Rotateomd Reference Systen®ervice
(IERS) and derived from geodetic observations (VLBI, SLR, GPS &){Se€ty1993)

On January 2020, ITRF2014 at epoch 202Will coincidewith GDA2020. From January 1
2017 until January 2020, the difference between ITRF20dd@brdinates(at the observed
epoch)and GDA202@&oordinateswill continuallyconvergeas the Australian tectonic plate
moves7 cm per year in a norteasterly directionUntil 2020, there will be amcreasing
convergencen the coordinates of GDA2020 and ITRF2Gidm January 2020, there will
be anincreasinglivergencen the coordindes ofthe GDA2020 and ITRE14
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1.5.2 World Geodetic System 1984

The World Geodetic System, of which the latest revision is W@SBA62) is the datum

used by the GPS operated by the U.S. Department of Defense. The datum is defined and
maintained by the Unéd States National Geospatialtelligence Agency (NGA). WGS84
has been revised several times since its conception and is at present aligned at the
centimetre level to ITRF2014NGA, 2014). The WGS84 coordinates of tracking stations
used to compute the GF broadcast orbit are adjusted annually for plate tectonic motion

to an epoch at the half year mark, e.g. WGS84 as used in the GPS braabdadtring
calendar year 20l14vas ITRF2008 aR014.5 Consequently, differences between the
ITRRO14and WGS84 arnegligible for most users.

For information on the reference systems @&LObal NAvigation Satellite System
(GLONASSGalileo, BeiDoundian Regional Navigation Satellite SystéRNSHand Quasi
Zenith Satellite SystenQEZS}% please refer to the UnitedNations Office of Outer Space
Affairs (UNOOSA, 2016).

1.6 Map Grid of Australia 2020 (MGA2020)

Geodetic coordinates (latitude and longitude) are represented on a map or dmart,
mathematically projectinghem onto atwo-dimensional planeThe TransverseMercator

(TM) projection is a conformal mapping geodetic coordinatesrom the ellipsoidonto a

plane where the equator and central meridian remain as straight lines and the scale along
the central meridian is constarwhile meridians and parallels arggpected as complex
curves Figure 1.2

equator
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The TM projection is useful to mapregions with large extents of latitude; however,
distortions increase rapidly away from the central meridian.

The UTM system (Table 1.8)uses the TM projection and attempts to overcome this
limitation by dividing the Earth into 60 zones, each with a width of 6° of longitude
central meridian is placed ithe middle of each longitudinal zone. As a result, within a
zone nothing is more than 3° from the central meridian and therefore locations, shapes
and sizes ashdirections between all features aweryaccurate.

The true origin for each zone is the intersection of the equator @uedcentral meridian
but a false origin is often used to avoid negative coordinétggure 1.3)

true origin equator
@
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Figure 1.3: Relationship betwegeographic coordinates and projected coordinates.

Tablel.8: UTM system parameters

Parameter

Longitude of initial central meridian (Zone 1)
Zone width

Central scale factor

FalseEasting

False Mrthing (in the southern hemisphere)

Geocentric Datum of Austral2020Technical Manual
Version 1.2
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177 degrees west longitude
6 degrees

0.9996

500,000 m
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The UTM systemhas beenused with the GRS80 ellipsoid and GDA2020 latitudes and
longitudes todefine Map Grid of Australia 2020 (MGA2020)

The Kruegen-series or Krueger-seriesformulae are used to convert between UTKdr
MGA2020xoordinatesand geographicoordinatesand vice verséSectiord.1).
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2 Reference f rame and coordinate s ystem
fundamentals

2.1 Coordinate s ystems

2.1.1 Cartesian

The Cartesian coordinate system itheee-dimensionakystemwith positionsn referenced

to orthogonal axegv® with the origin at the centre of the reference ellipsaifligure
2.1). Theaxis is in the direction of the rotational axis of the ellipsoid of revolution, the
@ @plane is, byconvention, the Greenwich meridiangsle (the origin of longitudes) and
the @ @plane is the equatorial plane of the ellipsoid (the origin of latitudes) (Gerdan and
Deakin, 1999).

2.1.2 Geographic

The gegraphic coordinate system is an ellipsoidal coordinsgstem. A specific type of
geographic coordinate system is a geodetic coordinate syste¢hrpa-dimensional system
with positionsn referenced usingieodeticlatitude %¢ geodeticlongitude_ and ellipsoidal

height'Q (Figure 2.1) Geodetic latitude and longitudare, by convention, measured
relative to theequator andprime meridian planeespectively.

Equationsl-3 can be used to conveftom Cartesiarcoordinatesto geodeticcoordinates.

OAl - (1)
O Ao (2)
0 NATHR OOBdh & p - OE%o (3)
where
n o o (4)
OAdl - p M - - (5)
i n o (6)
- ¢QQ (7)
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Figure2.1: Relationship between Cartesian and geograoicrdinatesystems.

The following formulae can be used to convert frgaodetic coordinatesto Cartesian
coordinates.

® ° QATHAT_O (8)

® ° QAT%DEID (9)

®» p -7 Q0B& (10)
where

’ — (11)

- ¢Q Q (12)

0 0 (13)

Further reading on geographic to Cartesian conversion techniques including some well
suited for efficient use in software can be foundderdan and Deakin (1999).
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2.1.3 Local

The local referenceystemis a hree-dimensionalsystemwith positions referenced tisg
orthogonal axef) 6 rwith the origin on or above a point on the ellipsoid, and orientation
with respect to a locajeodetic meridianKraser, Leahy and Collier, 2QFrgure 2.2)

Vectors in theCartesiarreference frame can be represented in the local reference frame
asw

3Q
o 3t (14)
301N
A vectorw in the local reference frame is related to tartesiarreference frame by
W No (15)

wheren is the rotation matrix with origin at latitudgo.and longitude_

OEl OBGAT_OAT%AT_O

AT O OB4OEIT AT%DEI (16)
) Al % O Bob
— \
~
N
Ty |
|
/
- "-”-’ l,.";ll
/
x\n -
Figure2.2: The locatoordinatereferencesystem
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2.2 Transformations between reference frames

A similarity transformation(also known as a conformal transformatiocan be used to
transform coordinategor vectors)from one geodetic reference fram@)to another (B)
At the computational level this transformation is performed on tBartesian®@®
coordinates.The 14parameter similarity transformatiofEquation17) is the #parameter
transformation (3 translations 0 0, 3 rotationsi i 1 andscalei ) with an additional
7 parameters used to describe the rates of change of the translaiian 0, rotation
1 1 1 andscalé intimeand eliminating the negligible terms (Altamimi et al., 2002). This
allows for transformatiorbetween datums with data sets at any given epackhere o is
the reference epoch. The translations and their rates a&xpressed in m and v,
respectively. The rotation and their rates arexpeessed in radians and radiags/
respectively. The scals unitless and the scale rate is expressed ih farametersy @
® are the transformedy W coordinates.

® 0O 00 O
W 0 00 0 p i 1 0 0o
® 60 00 0O
p i 1 0 0 i 1 0 O A
i 1 0 0 p i 1 0 0 ® (17)
i 1 0 O i 1 0 0o p W

2.2.1 Rotation matrix sign convention

There are two different ways of applying the sign conventions for the rotations. In both
casesa positive rotation is an antilockwise rotation, when viewed along the positive axis
towards the origin but:

1. ThelERSassumes the rotations to be of theoints around theCartesianaxes
while;

2. The method historically used in Australia assuries rotations to be of the
Cartesiaraxesaround the points

Although these two conventions exist, to enforce the property that all rotations describe
anticlockwise rotation as positive when viewed along the axis towards the origin, the
rotation of the ordinate axes around the points should be a stsginmetric matrix with

the opposite sign to the rotation of the point/s around the coordinate axis.

The transformation parameters in the GDA2020 Technical Manual adhere to the Australian
convention. Due to he potential for confusion, it is advisable to ensure that the
conventions used in software are well understood and tested against the sample data
supplied inSection 3 othis manual

Geocentric Datum of Austral2020Technical Manual 25
Version 1.2



Intergovernmental Committee on Surveying and Mapping

3 Coordinate  transformation

Coordinate transformatioris the processof changing coordinates from one reference
frame to another.Options for the tansformation of coordinateso, and from,GDA2020,
aretransformation parameterand transformation grid

Table 31: Quick reference guide for assistaneéth transformations

From To Section
GDA9%4 GDA2020 3.1,3.2
ITRF2014 GDA2020 33
AGD66/84 GDA2020 34
ITRF (historic) GDA2020 35
MGA94 MGA2020 36

3.1 GDA94 to GDA2020 transformation parameters

The 7parametersimilarity transformation(Equation (19 is also known as a conformal
transformation and accounts for the difference in scale, rotation and translation between
two reference frames. In this section, the parameters are shéevtransform between
GDA94 and5DA2020. The official GDA94 to GDA2020 7 transformaaoametersand
associated uncertaintie§lable 32) were computed usingl8 GNSS CORSmmon to both

the GDA94 RVS and the GDA2020. R¥Yi& GDA94 RVS (from 2011) had 21 AFN stations
GNSS CORS locatdCocos Island (COCO), Christmas Island (XMIS) and Macquarie Island
(MAC1) wereexcludedfrom the computation due to earthquake deformation.

A o) p i i N
® 0 p i iop i &) (18)
1) 0 i i p @

Table3.2: Transformaton parameters forGDA94 to GDA2020 along with thene-sigma uncertainties
oM 0@ ! yhatigsfor theNdBnslatigh, partsper-million for scale, and arseconds for rotatiors.

1 1 4 \ 1 >, > >,

0.06155 -0.01B7 -0.04019 -0.009994 -0.03%4924 -0.03Z7221 -0.0328979
uncertainty 0.0007 0.0006 0.0007 0.00010 0.000011 0.000010 0.000011

The parameters to transform from GDA2020GDA94 can be computed byuitiplying the
values in Table.2 by-1.

3.1.1 Example: GDA94 to GDA2020 (7 I parameter
transformation)

GDA94 coordinates of Alice Springs (ALIC)

Latitude (DMS) Longitude (DMS) Ellipsoidal Height (m)
-23Jn n12.44601¢@ 133Jp c0R dy n T ! 603.3466
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Latitude (DD) Longitude (DD) Ellipsoidal Height (m)
-23.6701239 133.885513 603.3466
X Y 4
-4052051.7643 4212836.2017 -2545106.0245

GDA2020 coordinates of Alice Springs (ALIC)

X Y Z
-4052052.7379 4212835.9897 -2545104.5898
Latitude (DMS) Longitude (DMS) Ellipsoidal Height (m)

-23Jn n1R.3965@ 133Jp o0N8777% 603.2489
Latitude (DD) Longitude (DD) Ellipsoidal Height (m)
-23.6701101 133.8855216 603.2489

Difference (GDA202§ GDA94)

Latitude Longitude Height (m)
Alice Springs (ALIC 0.04952" 0.02995" -0.0977
N (m) E (m) U (m)
Alice Springs (ALIC 1.5236 0.8487 -0.0977

3.2 Transformation Grids

3.2.1 Overview

Transformation grids provide users of spatial data with a simple and nationally consistent
method to transform databetween datums The transformation grids are National
Transformation version 2 (NTv2) files of binary grid shift (.gsb) format and are the
preferred method for transforming between Australian datums. The transformation grids
Table 3.5 and 3.6) are available from the ICSM GitHub repositidpg:(/github.com/icsm
au/transformation grid9

NOTE: The NTv2 format does not steligpsoidalheightinformation and therefore cannot
be used to transform the heights of data from odatum to the other. To transform
heights it is recommended that you convert your data from latitude, longitude, h&ight'O
to earth-centred Cartesian coordinatas @ @wsing equations 40, apply the Fparameter
transformation from GDA94 to GDA2020 (Tahi®) &nd then convert back t6 0 '@sing
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equations 13. This step is shown in the similarity transformation spreadsheet (Section
3.7.2).

3.2.2  Types of transformationg  rids
Twotypes of GDA94 GDA2020 transformation grids have been developed:

1 Conformal predominantly plate tectonic motion (~1.81 NNE)
1 Conformal + Distortionincludes regional distortion

The difference between GDA94 and GDA2020 coordinates is comprised of a conformal
transformation component primarily due to plate tectonic motion (Fig@#), and an
irregular (nonconformal) distortion component. The distortion component is attributable

to several secondrder effects, such as an improved realisation of the global reference
frame over time; irregular ground movement since GDA94 was estadolj and a lack of
rigour in the computation of GDA94. These effects vary in magnitude and direction around
the country and can be as large as ~0.5 m.

The combined conformal and distortion grids model both the conformal transformation
(i.e. translation, otation and scale) and distortion components of the differences in the
datums. In the case of GDA94 to GDA2020, the distortion component is caugbd by
different strategies used by state and territories to propagate GDA94 coordinates onto
ground survey entrol mark networks from the AFBInd surface movement gdarts of the
Australian crust. The magnitude of the distortiearies between jurisdictions and can be in
the order of decimetres.

The GDA94 GDA2020 conformal only transformation grid delivers siaene result as the
7-parameter similarity transformation (Sectionl}. It has been developed at the request

of some software providers who are moving towards the use of grids as the preferred
method of geodetic transformation in selected software platis. A particular example of

its application would be for users who may be using GDA94 coordinates which were
observed in ITRF2008/2014 and transformed back to GDA94 (e.g. CORS network operators)
using a #parameter similarity transformation. These coordias are not impacted by
distortion in the realisation of the GDA94 datum and the use of the conformal and
distortion transformation grid would actually introduce distortion, not remove it.

The appropriate NTv2 transformation grid to use differs betw@ensdictiors and the
Positional Uncertainty (or accuracy) of the dataset being transformed. Please refer to Table
3.4 for recommendations.
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Figure3.1: The difference between GDA94 and GDA2020 coordinates is primarily due tteptatec
motion.
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3.2.3  Development of transformation grids

The GDA94; GDA202@rids were developed using over 170,000 points at which both GDA94
and GDA2020 coordinates were available. The differences that remain after the conformal
component is removed, ishé distortion component. In some regions the distortion
component is regularRigure 3.2) with a similar magnitude and direction, while in other
cases it is irregulaF{gure 3.B) with a different magnitude and / or direction. In regions with

an irregula distortion component, the transformation grid will be less reliable.

74
a. — Conformal and distortion b. — Distortion
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Figure 3.2: a) conformal (green) and distortion (red; high reliability) components of the transformation
grids; b) low reliability; c) the grid has a latitude component and logittomponent.

After removing the conformal component,l@ast squares predictiowas used to compute

the distortion in latitude ¥3 and longitude Y1 2y | NB 3 deiglird&N3.2y The 3 NA R
conformal component is then added back to each grid pointdmplete the conformal +
distortion grid.For further information on the development of transformation grids, refer

to Collier (2002)

3.3 Plate motion m odel (ITRF2014 to GDA2020)

The plate motion model enables theansformation of coordinates(or vectors)from

ITRF2014 to GDA2020 and vice versa. The model was derived using 109 ARGN and AuScope

GNSS CORMich were used talefinethe RVS.
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The station coordinates andelocitieswere used to compute a conventional Euler plate
model. This Jarameter model can be expressed as aphdfameter transformation with
only rates of changeotation components Table 3.3. Again, & the computational level
this transformation is performedrothe Cartesiani ®@coordinates.

Table3.3: Transformation parameters for ITRF2014 to GDA2020 along with their one sigma
dzy OSNIi I A y G A S & melews (nd) éndm/ yf forth@ trandieBon angl theirates, respectively,
parts-per-million (ppm) and ppniyr for scale andts rate, respectively, and aseconds and
arcsecondsyr for rotations and their rates, respectivelyl he reference epocha is 2020.0.

+he e <hiq  whu ».f», » o, »,F,

0.00 0.00 0.00 0.00 0.00 0.00 0.00

uncertainty  0.00 0.00 0.00 0.00 0.00 0.00 0.00
rates 000 0.00 000 0.00 0.00550379 0.00118346 0.00120716

uncertainty 0.00 0.00 0.00 0.00 0.00000417 0.00000401 0.00000370

3.3.1 Example: ITRF2014 to GDA2020 (3 1 parameter
transformation)

ITRF2014 at 2018.0 coordinates of Alice Springs (ALIC)

X(m) Y(m) Z(m)
-4052052.6588 4212835.9938 -2545104.6946

GDA2020 coordinates of Alice Springs (ALIC)

X (m) Y (m) Z(m)
-4052052.7373 4212835.9835 -2545104.5867
Difference(GDA202@; ITRF2014 at 2018)

X (m) Y(m) Z(m)
Alice Springs (ALIC)  -0.0785 -0.0103 0.1079

3.4 Transformation from / to AGD66 and AGD84

ICSM has not defined a set of parameters that directly transform betwsstorical
Australian geodetic datusi(AGD66 and AGD84) and GDA202& recommendedo first
transform to GDA94 and then to GDA2020

For transforming AGD66 or AGD84 coordinates to @Die grid transformation process
using the appropriate ICSMansformation gridsAppendix Bis the mostaccurateand
preferred transformation method.
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3.5 Transformation from / to ITRF (historic)

Transformations between older ITRF realisations (i.e. ITRF2008 and older) and GDA2020
should be performed by first transforming to GDA94 as described in Dawson andsWoo
(2010)and then transforming to GDA2020 usiihg ICSM transformation grids (Sectio2)3.

3.6 Transformation from / to MGA2020

To transform datgdrom one map grid (AMG66, AMGa8MGA94 MGA2020})0 a different
map grid, the projected coordinates need to &t be converted into geographical
coordinates In the case of transforming coordinates from MGA94 to MGA2020, the
suggested approach is:

9 Grid to Geographic conversion (MGA94 to GDA94)
1 Datum transformation (GDA94 to GDA2020)
1 Geographic to Grid conversig&DA2020 to MGA2020)

Options for converting coordinates are presented in Section 4.

3.7 Transformation tools and services

3.7.1  Transformation grid s

If GDA94 coordinates were observed using Global Navigation Satellite System (GNSS)
technology, with corrections comg from a network of reference stations (e.g. GPSnet,
CORSNelSW), it is likely that the coordinates are unaffected by localised distortions and
the conformal only grid would be most suitable. However, if survey ground marks were
used for referencing / autrol, localised distortions will likely need to beaunted for and

G§KS O02Y0AYySR dist@tbyQFia shdild be usegSBme recommendations are
shown in Table 3.4, butin doubt, contact your state / territory land survey authority.

Table 34: Advice on the use of NTv2ansformation grid files across jurisdictions

Jurisdiction NTv2 transformation grid Comments
Recommended for users transforming
ACT GDA94_GDA2020_conformal from GDA94 coordinates derivéicbm
CORS
Recommended for users transforming
ACT GDA94 _GDA2020_conformal_and_distortic from GDA94 coordinates derived from
survey control marks within ACTmapi
NSW GDA94_GDA2020_conformal Appropriate foruserstransforming

GDA94 coordinates derived from
unlocalisedCORS or AUSPOS control.

NSW GDA94 GDA2020_conformal_and_distortic Appropriate foruserstransforming
GDA94 coordinates derived from SCIM
(Survey Control Information
Management System) or SCI\t8alised
CORS control.

Appropriate for users transforming from
NT GDA94 GDA2020_conformal GDA94 coordinates determined from
CORS.
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NT

Qd

Qd

SA

SA

Tas

Tas

Vic

Vic

WA

WA

WAC
Christmas
and Cocos
Island

Intergovernmental Committee on Surveying and Mapping

GDA94 GDA2020_conformal_and_distortit

GDA94_GDA2020_conformal

GDA94_GDA2020_conformal_and_distortit

GDA94_GDA2020_conformal

GDA94_GDA2020_conformal_and_distortit

GDA94_GDA2020_comfoal

GDA94_GDA2020_conformal_and_distortit

GDA94_GDA2020_conformal

GDA94 _GDA2020_conformal_and_distortit

GDA94_GDA2020_conformal

GDA94_GDA2020_conformal_and_distortit

GDA94 _GDA2020_conformal

Recommended for users transforming
from GDA94 coordinates determined
from the survey ground control network

Recommended fotransformingall
GDA94data sets in Queensland.

Not recommended fouse on
Queensland data sets due to distortion:
at the state borders.

Appropriate for users transforming from
GDA94 coordinates determined from
CORS.

Recommended for users transforming
from GDA94 coordinates determined
from the survey ground control network

Appropriate for users transforming from
GDA94 coordinates determined solely
from unlocalised CORS or AUSPOS
observations.

Recommended for users transforming
from GDA94 coordinates determined
from the survey ground control network
and where the origin of survey control i
unknown or mixed (e.g. aggregated
datasets available from LISTdata.)

Recommended for users transforming
from GDA94 coordinates derived direct
from GNSS CORS.

Recommended for users transforming

from GDA94 coordinates derived from

survey control marks within the Survey
Marks Enquiy Service (SMES).

Appropriate for users transforming from
GDA94 coordinates determined from
CORS.

Recommended for users transforming
from GDA94 coordinates determined
from the localgeodetic network (GOLA),

Recommendedor Christmas and Cocos
Islandwhenthey becomeavailable.

The transformation grids cover the regions shown in Fi@use Note that this does notet
include Christmas Island, Cocos Islantlich will be coming soonn regions that are not
covered by the grids, but are within the GDA2020 extent (Section 1.2.4) -pleameter
similarity transformation is recommended to transform between GDA94 and GDA2020.
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Intergovernmental Committee on Surveying and Mapping

Figure 3.3: Extent of the GDA®EDA2020 conformal, and conformal and distortion grids.

Table 35: NTv2transformationsgrid files

Transformation
AGD66 to GDA94
AGD84 to GDA94
GDA94 to GDA202C
GDA94 to GDA202(

GDA94 to GDA2020C
Christmas Island

GDA94 to GDA202C
Cocos Island

Grid File type
conformal and distortion
conformal and distortion
conformal

conformal and distortion

conformal

conformal

NTv2 Transformation file

A66 National (13.09.01).gsb

National 84(02.07.01).gsb
GDA94_GDA2020_conforngdb

GDA94 GDA2020 conformaind distortion.gsb

GDA94_GDA2020_conformal_christmas_islgsial

GDA94_ GDAZ2020_conforinaocos_islangsb

Table 36: EPSG codes for NTtransformation grid files

EPSG

NTv2 Transformation file Transformation SIS e Comments
Name
Code
A66 National (13.09.01).gsb 1803 AGD66 to GDAY4 (11 S°€ Appendix A for
coverage information
National 84(02.07.01).gsb 1804 AGDS84 to GDAY4 (5) € APPendix A for
coverage information
GDA94_GDA2026onformalgsb To be )
i To be confirmed
confirmed

GDA94 GDA2020_conformal_a To be

d_distortiongsb confirmed
GDA94 GDA2020_conformal_ To be
christmas_islangjsb confirmed
GDA94_GDA2020_conformal To be
cocos_islandjsb confirmed
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