Datum and Projection Standards for Digital Products

Datum types and Projections

The following section outlines how GIS data should be geocoded in GA products. These include specifications for datums and standard projections.

Standard Datum Applications:  GDA94 – WGS84- WGS84 (ITRF2000@2000)

The Geocentric Datum of Australia (GDA) is the standard datum used in GA, except for areas extending offshore of the Australian continent, for which World Geodetic System 1984 (WGS84) can be used in most cases. If the highest level of accuracy is required and it is possible to state or control what datum is to be used, than the International Terrestrial Reference Frame 2000 at epoch 1 January 2000 or the shorthand version: ITRF2000@2000 should be used. Australia and many South Pacific Islands have adopted this datum in preference to WGS84. The difference between most determinations of WGS84 and ITRF2000@2000 is 1 cm, so it would be possible to substitute WGS84 for ITRF2000@2000. This approach, although legitimate, may lead to confusion as WGS84 is well known and ITRF2000@2000 is not. To avoid any potential confusion, coordinates known to have used the ITRF2000@2000 datum should use WGS84 (ITRF2000@2000). This way GA can introduce the new datum for remote areas while stating the datums are comparable.   If ITRF2000@2000 was not used, as is the case for the vast majority of GA’s legacy data, than WGS84 should be used.

Datum Summary:

GDA94 – Onshore Australia  &  Australian Continental Shelf
WGS84 – Offshore areas beyond the Australian Continental Shelf
WGS84(ITRF2000@2000) - Offshore areas beyond the Australian Continental Shelf where the ITRF2000@2000 datum was used

GDA94

The GDA is a mathematical model of the shape of the Earth with improved localised representation for Australia. The model has its origin in the Earth's centre of mass and is based on GRS80 spheroid. The datum is used for georeferencing spatial features on the surface of the continent.

The Intergovernmental Committee on Surveying and Mapping (ICSM) resolved to adopt GDA in 1994 with a recommendation for nation-wide implementation by the year 2000. Largely, the decision was based on increased use of Global Positioning System (GPS) and the need for a common framework towards establishing the Australian Spatial Data Infrastructure (ASDI). As a result, mapping agencies at all levels of government, including GA, have been obliged to fully implement GDA by the year 2000.

A good reference for GDA is available from the ANZLIC web site at

http://www.anzlic.org.au/icsm/gda/
Use of GDA94 for the Australian Continent and Shelf Regions.

On the Australian Continent and Shelf GDA94 and WGS84 (post 1 January 1994) are comparable to less than 1 metre. Currently (2005) the separation is approximately 0.7m; increasing by a further 7cm every year as the Australian Continent moves north east due to continental drift.  If coordinates are on the Australian Continental or Shelf Areas and WGS84 has been used as the datum, then GDA94 should be substituted, unless the data have special accuracy requirements or the data are to be used by mariners or others relying upon Hydrographic charts. 

Commonly,  location data  should not be transformed between these two systems as any attempt at transformation will degrade the data - even the high accuracy transformation has about 10 cm estimated accuracy, and many software transformations would be 1 metre or more.

If integrating WGS84 and GDA94 data simply 'roll it together' and choose the most appropriate datum for your use.

WGS84 or WGS84 (ITRF2000 @ 2000.0)
WGS84 must be used for Australian Territories and marine areas that extend past Australia’s continental shelf. While WGS84 is the datum used on Hydrographic Charts, this term lacks clarity and rigor for adoption as a scientific standard datum by Geoscience Australia.  

Where accuracy is important, a worldwide datum, such as WGS84, needs to have a reference framework and an epoch, also known as a time stamp to be a true datum.  This is because there are different versions of the reference frameworks and because of the need to compensate over time for tectonic plate movement.  For example, GDA94 is based upon the International Terrestrial Reference Frame 1992 (ITRF1992 framework at epoch 1 January 1994).  The WGS84 reference frame however needs a date or version number if accuracy is important. 

For this reason, Australia has adopted ITRF2000 at epoch 1 January 2000 as the datum for remote external territories including Antarctica. The same datum has been adopted by most South Pacific countries.  

GDA94 has a fixed reference frame and epoch so GDA94 is unambiguous.  WGS84 can have many references frames, so its version and an epoch must be explicitly stated if a high level of accuracy is required and if the data needs to be accurately transformed in the future.

For example, maritime boundaries data, which include treaty boundaries, have a composite datum stated as WGS8 (ITRF2000 @ 2000.0).  The intention is to reassure users that the data are compatible with charts (WGS84),however for accurate transformations (eg on treaties) the theoretically unambiguous datum used was ITRF 2000 at epoch 1 January 2000.

ITRF 2000 positions are typically one centimetre different to the most recent WGS84 determination WGS84 (G1150) and so WGS84 can be used in most cases.

In the majority of cases WGS84 will suffice. If data are known to have been collected using the datum ITRF2000@2000.0 then use WGS84 (ITRF2000@2000.0) to reassure users that WGS84 is comparable to ITRF2000@2000.0.   

Standard Projections

Geographic

All digital vector data should be unprojected, that is in the geographic coordinate system where the coordinates are expressed as longitude and latitude.

ArcInfo projection files for projecting data from Universal Transverse Mercator (UTM) to geographic projection and vice versa, based on either Australian Geodetic Datum 1966 (AGD66) or WGS84 datums, are available from the applications area of the corporate data store at

http://www.ga.gov.au:88/d/geo/store/application/arcinfo/project/agd66/  

http://www.ga.gov.au:88/d/geo/store/application/arcinfo/project/wgs84/  

Many other GIS software applications have these projections embedded in the application and are easy to access.

Lambert Conformal Conic

The standard projection for small scale maps and images is the Lambert Conformal Conic projection. GA has adopted the Lambert Conformal Conic Projection for maps and images produced at 1:1 million scale and smaller. For national coverage maps and images two standard parallels, at 18 and 36 degrees south, and a central meridian at 134 degrees east, are also adopted as part of the standard. 

All small scale maps and images produced by GA should be based on this projection, unless there is a good reason to the contrary. A good reason to the contrary might be that the application for which the data is intended requires the maintenance of area, in which case an equal area projection should be chosen.

The standard does not apply to regions falling outside the Australian continent, for instance Antarctica where the use of the Lambert Conformal Conic Projection would be inappropriate. The arguments in favour of the Lambert Conformal Conic Projection over the Simple Conic Projection are fairly tenuous, and the difference between the two projections is minimal. Nevertheless it is important that GA adopt a standard and avoid using both projections simultaneously, as was previously the case. For maps of regions that do not cover the entire continent of Australia the standard parallels and the central meridian would not necessarily be 18 and 36 degrees south, and 134 degrees east respectively, but rather should be chosen to suit the region mapped. The standard doesn't apply to digital vector data, only to hard copy maps and digital raster data.

For small scale maps and images two projections were commonly used in GA, these being the Simple Conic Projection and the Lambert Conformal Conic Projection. There are small differences between these two projections, particularly in northing coordinates. The Simple Conic Projection is the favoured projection because it is easier to produce a map on the Simple Conic Projection when manual methods are used. Most small scale maps produced by GA have been, and remain on, the Simple Conic Projection. The Lambert Conformal Conic Projection is a mathematically complex projection and partly for this reason has  not been used. With the advent of software packages that quickly project data, the mathematical complexity of a projection is of less importance than it used to be.

Projecting features from a spheroid onto a flat piece of paper results in the distortion of shape, area, direction, and/or distance. Map projections are generally designed to minimise the distortion in one or two of these aspects to the detriment of the other aspects. For the Lambert Conformal Conic Projection local shape and direction are maintained to the detriment of scale and area. For the Simple Conic Projection none of these aspects are maintained, though none are wildly distorted.. Projections are generally chosen to suit the application to which the map or data will be put. For example, for an application that requires accurate areas, an equal area projection would be most suitable.

The use of two map projections in GA for small scale maps and images created problems for clients intent on using a range of GA's maps and images together. For this reason GA has adopted the Lambert Conformal Conic Projection as the standard projection. The Lambert Conformal Conic Projection maintains small shapes, and for maps and images the maintenance of shape is generally more important than the maintenance of area or distance.

Datum Transformations

In this section three methods of datum transformation are described.

Datum transformations produce degradation in positional accuracy of the data. While for most applications in GA, such as mapping, this would not represent a problem, there are cases where the introduced error should be minimised as much as possible.

Bursa-Wolf

The Bursa-Wolf (also called a seven parameter or 3-dimensional similarity) transformation is the most accurate, with an error generally in the range ( 1-2 metres. This transformation accounts for the shifts in the origin of the x, y, and z axes at the centre of the Earth, rotation about each of the three axes, and a difference in scale (hence 7-parameters). In ArcInfo, this transformation method can only be used with WGS72 and WGS84 datums.

Molodensky

The Molodensky (also called a three parameter) transformation is less accurate, with the error at best being between ( 4-5 metres. This transformation accounts only for the shifts in origin of the datum (hence 3-parameters). In ArcInfo, this transformation method is supported for all datums used within Australia.

ArcInfo projection files for transformations between AGD66, WGS84 and GDA94 datums are available from the applications area of the corporate data store at

http://www.ga.gov.au:88/d/geo/store/application/arcinfo/datum/ 

For additional information on datum transformations consult ArcInfo on-line documentation under 'Datum transformation' topic (select 'datum methods' in the index and then select the topic).

GDAit

Currently, most commercial GIS software packages, such as ArcInfo, enable only low accuracy transformations for GDA. In cases where high or medium accuracy is required, GDAit application should be used. 

GDAit will allow the transformation of coordinates from the current Australian Geodetic Datum (AGD66/84) to the new Geocentric Datum of Australia (GDA94) and vice versa. Users can work with either map grid (AMG or MGA) or geographical coordinates (latitude and longitude) in regard to both input to and output from the program. GDAit can operate in interactive mode, where coordinates are entered in the appropriate fields on the interface screen, or in file entry mode, where the coordinates to be transformed are read from a file in the required format. GDAit application is available from the applications area of the corporate data store at

http://www.ga.gov.au:88/d/geo/store/application/windows/utility/survey/   
Successful application of the GDAit software requires that a valid transformation grid be available for the user's area of interest. A transformation grid consists of the shift components in latitude and longitude required to move from AGD to GDA at each grid node. Grids have been loaded in a parallel directory to the software. Grids for the high accuracy applications now cover most of Australia.

For more information about GDA transformations see the GDA Technical Manual available from the ANZLIC web site at

http://www.anzlic.org.au/icsm/gdatm/index.html    

Projection Files

There are two sets of projection files for ArcInfo GIS - one for the projections based on AGD66 datum and one for the projections based on WGS84 (GDA94) datum. Both sets allow projections between geographic and Universal Transverse Mercator (UTM). Projection files are located in the applications area on the corporate data store at

http://www.ga.gov.au:88/d/geo/store/application/arcinfo/project/agd66/ 

http://www.ga.gov.au:88/d/geo/store/application/arcinfo/project/wgs84/ 

Datum Transformation Tools

Projection Files for Datum Shifts

In addition, there are specialised projection files that can perform a datum shift. These are located in the applications area on the corporate data store at

http://www.ga.gov.au:88/d/geo/store/application/arcinfo/datum/ 

GDAit

This is a program for Windows 98/NT/2000 that uses bi-linear interpolation to transform coordinates from AGD66/84 to GDA94 and vice versa, to the high-accuracy standard. The program, including transformation grids covering most of Australia, and documentation, is located in

http://www.ga.gov.au:88/d/geo/store/application/windows/utility/survey/gdait/ 
Coordinate and datum transformation spreadsheets

The spreadsheets are located in the applications area on the corporate data store at

http://www.ga.gov.au:88/d/geo/store/application/windows/utility/survey/spreadsheets/ 

AGD-GDA94.XLS

This Microsoft Excel spreadsheet does an average block shifts between AGD and GDA94, for each 1:250,000 map area.

DEFLECTS.XLS

This spreadsheet calculates deflections of the vertical.

DISTRED.XLS

This spreadsheet reduces observed distances to ellipsoidal distances.

GRIDCALC.XLS

This spreadsheet calculates grid coordinates bearing and distance, point scale factor.

MOLODENS.XLS

This spreadsheet does a datum transformation using Molodensky's formulae.

REDFEARN.XLS

This spreadsheet converts latitude and longitude to UTM grid coordinates and vice versa using Redfearn's formula

TRANSXYZ.XLS

This spreadsheet does a datum Transformation using the similarity method (includes conversion between latitude, longitude and ellipsoidal height and Earth-centred Cartesian coordinates).

VINCENTY.XLS

This spreadsheet calculates azimuth and distance from latitude and longitude, and vice versa.

