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SUMMARY

Australia and New Zealand are both island nationtheé southwest Asia Pacific. Geodetic
activities across both nations are coordinated utgjino the Australia / New Zealand
Intergovernmental Committee on Surveying and MagpiGeodesy Technical Sub-
committee. This committee has representatives ftben Australian Federal, State, and
Territory governments and the government of Newlateh Through this forum, cooperation
among jurisdictions and national geodetic interéstsoordinated. Both countries share a
common interest in developing an accurate geodpafierence system and there are many
similarities between both the land administratiod aadastral systems of both countries.

There are however some significant differences betwthe geodetic infrastructures that have
been driven by the different geographic and econofeatures of both countries. For
example, Australia is the largest island natiothenworld located solely within the Australian
tectonic plate and New Zealand is a small islarttbnastraddling the Pacific/Australian plate
boundary. Australia’s topography is relativelyt ftand the population is generally located on
the coast with large areas of uninhabited landutinothe centre while New Zealand has a
much more rugged and varied landscape with the lpbpn distributed over a greater
percentage of the land area. Australia also haxgmsive mining and large scale agriculture
and farming industry while New Zealand is more faEd on intensive farming. These
differences have led to significant variations e tdevelopment of the current geodetic
infrastructures of both countries. Australia hde@ed a static geodetic datum and a national
GNSS CORS network that to date has provided a spair®structure across Australia. New
Zealand uses a semi-dynamic datum and its CORSonetvas focused on monitoring crustal
deformation across the plate boundary that Newafebstraddles.

While there are significant differences there isrammeasing desire and reasons to adopt more
common reference systems. Australia is consideghagadoption of a dynamic datum and is
now extending the GNSS CORS network to monitor icental movement and crustal
deformation, and both countries are extending tiBEWSS CORS networks to meet the
broader and specific requirements of geospatialg@odcience users respectively.

This paper will contrast the geodetic infrastruetuin both countries and look towards the
future where a more common geospatial referenceemysnd infrastructure might exist
between both countries.
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The Geodetic Infrastructure in Australia and New Zaland: Differences and
Similarities

Graeme BLICK, New Zealand and Robert SARIB, Australa

1. INTRODUCTION

The purpose of this paper is to highlight the dédfeces and similarities of the Australian and
New Zealand geodetic infrastructures or geospedfarence systems. It will also emphasize
the fact that even though each country may haverdiit reasons or drivers to implement an
initiative to obtain their geospatial or geodetlgextives, there is a need for collaboration.
Such co-operation can be facilitated through at jggodetic strategy and the development of
a regional reference system and frame which willflmedamental to the success of both
countries’ geodetic future.

2. GEOGRAPHICS

2.1 Australia “The Sunburnt Country” *

Australia is the world’s biggest, oldest island woent and is the sixth largest country (Fig.
1). The total land area is 7,682,300%nThe land mass lies between the Indian and Racifi
oceans and is approximately 4,000 km from eastdast\and 3,200 km from north to south,
with a coastline 36,735 km long.

The Australian continent is part of the Indian-Aaban tectonic plate and is currently
moving north-east at a rate of 73 mm per year.h@lgh the continent experiences some
internal plate tectonic strain, it is generally lpgically stable, with limited significant
seismic activity.

The landscape of Australia is unique and variaadthé centre and west there are vast stony
and sandy deserts; in the east, sweeping platealiplains flanking narrow coastal slopes;
the coasts have sandy beaches with lush vegetationn some locations backed by steep
cliffs or eroded volcanic and flat plains. Desgitgng rich in biodiversity, the soils and seas
are among the most nutrient poor and unproductivineé world. The average elevation is
only 330 m and the highest point is 2228 m (Mt Kaszko).

Australia’s climate is temperate and it is onehd triest inhabited continents on earth with
only 6.5% of the landmass being arable. The natiaverage rainfall is 465 mm but can vary
greatly each year and be distributed unevenly atdbe continent. The Murray and Darling
rivers are the two longest river systems and forpasin that covers 14% of the mainland. In
the centre of Australia is a salt lake known ase_Blre which is 9000 kfrin area.

! Information and facts in this section have beempmited from ‘Department of Foreign Affairs and Tead
‘Australian Bureau of Statistics’ and ‘Our Counfystralia’ government websites.
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The multi-cultural population in June 2009 was jogér 22.1 million, with 80% Australians
living within 200km of the coast, and the majofityng in either Melbourne or Sydney.

Australia’s parliamentary democracy follows a Weasster system of government and law.
This constitutional monarchy model was inheriteahfrthe British who originally colonised
the country, hence Australia’s head of state isqmdy the Queen of the Commonwealth.
Australia is administered by a Federal or Commotiwegpovernment, as well as 6 State and 2
Territory parliaments.

Australia’s trade accounts for 1% of world traded amainly deals with markets from
countries in the Asia Pacific Region such as Chila@an, United States, Republic of Korea,
and New Zealand. Primary merchandise and serwperts are coal, iron ore, education
services, personal travel (tourism), gold, crudergbeum, aluminium ore, aluminium,
professional and technical services, natural gesf,land passenger transportation services.
Australia’s largest import items are crude petroleand passenger motor vehicles.

f Coprieyy

AUSTRALIA
E

Fig 1 - Map of Australia (source Geoscience Augral
https://www.ga.gov.au/products/serviet/controlleete=GEOCAT_ DETAILS&catno=4798y

2.2 New Zealand “The Land of the Long White Cloud”?

New Zealand lies across the obliquely convergerstralian and Pacific plate boundary. To
the northeast of New Zealand the Pacific platautlsdscted beneath the Australian plate and
to the southwest of New Zealand the Australianepiatsubducted beneath the Pacific plate.
Through central New Zealand the oblique collisidrih@ continental plates has resulted in a
combination of strike slip and uplift motion witlotizontal motions of 40-55mm/yr along the
plate boundary (Walcott 1984). In addition to fflate motions, New Zealand experiences

2 Compiled from Statistics New Zealand 2009
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the effects of other deformation events such agelaarthquakes, volcanic activity, and more
localised effects such as landslides.

New Zealand comprises two main islands, the Nanth$outh Islands, and numerous smaller
islands, notably Stewart Island/Rakiura and thetizdma Islands (Fig. 2). Its area of interest
extends to the Ross Dependency in Antarcticas ftatable for its isolation, being situated

2,000km from Australia, and its closest neighbdorthe north are New Caledonia, Fiji and

Tonga with Antarctica to the south.

New Zealand's total land area of 268,021 %kmakes it a litle more than the United

Kingdom; Australia is more than 28 times its siZEhe country extends more than 1600 km
along it main north-south axis with approximate;1134 km of coastline. Because of New
Zealand'’s location across the Australian and Ragifite boundary its landscape is youthful.
The North Island is volcanically active and the thotsland has the high snow-covered

Southern Alps, a range running almost 500km altveggland. New Zealand has an oceanic
temperate climate given its small land mass redativthe expansive ocean surrounding it.

New Zealand’s population is approximately 4.3 raillipeople and it is a predominantly
urban country with 72% of the population livingif main urban areas and 53% living in the
four largest cities, Auckland, Christchurch, Wadlion and Hamilton.

New Zealand is multi-party democracy and consbnal monarchy with one legislative
house. Unlike Australia, New Zealand is managedresentity with no State Governments.
Its principal export industries are agriculturestioulture, fishing and forestry. These make
up about half of the country's exports.

Fig 2 - New Zealand and Offshore Island (figurevided by LINZ)
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3. GEODETIC INFRASTRUCTURE OVERVIEW

3.1 Australia

The following is a brief historical précis of thechnical evolvement of Australia’s national
geodetic datums and framework or geospatial referegstem (GRS), and has been compiled
from publications NMC (1986) and ICSM (2009).

3.1.1 Reference Ellipsoids and Datums

Between 1858 and 1966, geodetic surveys in Auattabre computed on either a State or
regional basis using several different spheroid$ @ many as twenty co-ordinate origins.
During this period some of the larger States engioiwo or more origins simultaneously
and various values were adopted for the imperisiesy units of length then in use. Clarke
1858 was mostly used as the reference ellipsoidfamdustralian National Grid (ANG) was
the rectangular grid co-ordinate system.

In April 1965, the then National Mapping Council NIT), adopted the spheroid
recommended by the International Astronomical Urdad called this spheroid the Australian
National Spheroid (ANS). Following this decisiotine Division of National Mapping
(DNM) commenced the re-computation and adjustméatl @eodetic surveys to the ANS in
June 1965, and completed this task by March 1986e NMC gazetted the newly defined
Australian Geodetic Datum in April 1966 (AGD 66).The co-ordinates (latitude and
longitude) produced by the 1966 adjustment werewknas AGD 66 and the universal
transverse mercator (UTM) grid co-ordinates welkeeled as AMG66. The centre of the
ANS was called the Johnston Geodetic Station. cherdinates for this origin were derived
from astronomical observations at 275 stationgitigied over Australia; and the spheroidal
height adopted equaled the geoidal height thatdeteyrmined from trigonometrical levelling.
That is, the geodial separation (N) was assumée ero!

The implementation of AGD 66 allowed geodetic sysvéo be on a ‘unique system of co-
ordinates’ and removed the discontinuities causethé various State co-ordinate origins. It
also provided a ‘point reference system’ for loweter surveys and mapping.

In 1971, geodial profiles were observed using agéwdetic techniques. Combining this data
with gravimetrically computed data allowed the tiwma of N values and a subsequent
contour map of the geoid.

A readjustment of the national geodetic survey aeclin 1982. This adjustment known as
the Geodetic Model of Australia 1982 (GMA82) usgéaed based measurements such as
Doppler, satellite laser ranging (SLR) and very gobaseline interferometry (VLBI)
observations. It also included the 1971 geoid mauohel results of the national Australian
Height Datum (AHD) levelling adjustment. By 198%®tNMC recognised the need to convert
to a geocentric geodetic datum and resolved thaptazh of the GMA 82 adjustment would
be the first step in the conversion process. Cprsely, the co-ordinates resulting from
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GMAS82 were adopted by the NMC in 1984 and were kmag the Australian Geodetic
Datum 1984 (AGD 84) and the equivalent UTM gridardinates as AMG84.

In 1988, the Intergovernmental Committee on Sumngyiand Mapping (ICSM)
recommended that a geocentric datum be adoptedlagdary 2000. The primary drivers for
the Australian geodetic framework and infrastruetduo move to an earth centred or
geocentric datum, which was linked mathematicallthe ITRF, were —

* To ensure compatibility and consistency acrossouarigeographic information and

data systems / themes at the local, regional astahglevel
* To ensure compatibility with global navigation gkt systems (GNSS) such as GPS
* To allow users to use GPS navigation devices masiye

As part of a global campaign through the (thengrmational GPS service, continuous GPS
observations were performed at 8 locations acrogstralia in 1992. This network of
permanent GPS reference stations formed the Aisstrdtiducial Network (AFN). In
addition to these observations, numerous high acguGPS observing campaigns were
performed during 1993-94 at 70 sites across Auatedla nominal spacing of 500km. This
network was named the Australian National Netwd@N).

The AFN and ANN GPS observations were subsequeathgbined into a single regional

GPS solution in terms of the International TeriabiReference Frame 1992 (ITRF92) and the
resulting co-ordinates mapped to a common epoctO6#.0. The AFN co-ordinates were
then adopted to define the Geocentric Datum of raliat (GDA) and were gazetted on 6
September 1995.

Since 1995 States and Territories have progregsieehdjusted their local geodetic networks
onto GDA and have performed various geodetic swvigy maintain the integrity of the
datum. Both States and Territories have also askddtaset custodians to transform their co-
ordinate systems to the new datum. Consequentiyerous transformations parameters and
utilities to assist users to convert to GDA haverbdeveloped and made available by ICSM
and relevant jurisdictions.

3.1.2 Australian Height Datum (AHD)

Although Australia adopted GDA as its geodetic datmajority of the geodetic survey
control still use the Australian Height Datum (AHB3 its official height reference. The
origins of Australia’s vertical reference frame bagn 1945 when the DNM undertook a
project to create a levelling network that spantiedAustralia continent. This immense level
survey consisted of 97,230 kms of two way thirdeordevelling and was substantially
completed in 1970.

® The formation of ICSM to cover both surveying andpping issues occurred in 1988 after the cessafitire
NMC. Refer to Section 5 - Joint Geodetic Stratgya more detailed explanation of this governnizged
organisation.
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Prior to 1971, Australia had numerous levellingudad that were based on local tide gauges
or arbitrary points. State and local governmenthatities such as water boards, road
authorities, councils primarily used such datunrddoal or regional mapping or engineering
works. Thus in order to reduce confusion and thapiexity of integrating such information
the NMC in 1971 agreed to unify the multitude ofuhas by determining a vertical datum
surface from a national simultaneous level adjustnoé the 1945-70 levelling, and 30 tide
gauges on the coasts of Australia. Note in thjgstichent the mean sea level (MSL) of 1966-
68 was assigned a value of zero at the subjectgalses. This derived vertical datum
surface for survey control was adopted by the NM®ay 1971 and was referred to as the
AHD71 “surface which passes thorough MSL at the iduges and through points with zero
AHD height vertically below the other basic junctipoints in the levelling network”

AHD71 continued to serve the needs of users foers¢wears until the evolution of GPS.
With its popular uptake in remote / regional aread rapid use this increased the need to
provide better (and accurate) models for the vartielationship between the adopted national
geodetic datum and AHD. Consequently there hawn ls=veral national geoid models
derived to cater for this, such as AUSGeoid 1993,a8d 98. During this era ICSM
recognised this emerging need to improve these Imadel997/98 and endorsed a height
modernization project which involved GPS surveytigd gauges and most AHD71 junction
points and /or bench marks. The result of this qumibjs that a new national geoid model
combining gravimetric and geometric data will baitable in 2010. It is expected that this
model will enable GPS users to derive AHD heigbtdécimeter accuracy. Please refer to the
presentation by Brown et al (2010) ‘Ausgoeid09: iaying the Access to Australia’s
Vertical Datum’.

3.1.3 Status and future of the Australian Geodetic Netwdk or “GRS”

As previously described Australia is made up ofefat] state and territory government

agencies. The management of the national geodetwork or geospatial reference system
(GRS) of Australia is facilitated by the federakagy Geoscience Australia (GA). States and
Territories in Australia assist and support GA tanage and maintain this network but also
administer their local geodetic and cadastral fraorks.

Prior to 2000 the GRS of Australia consisted prityasf thousand’s of ground marks, 20
permanent GPS base stations (ARGNLS tide gauge sites with semi—permanent GPS
facilities, and a combination of VLBI / SLR faciés in Western Australia, South Australia,
Canberra, New South Wales and Tasmania. This gead&astructure at the time appeared
to meet most user needs. However the increaseng wf ubiquitous positioning and demand
for more accurate positioning (especially in reade) in both traditional and non-traditional
spatial sectors caused the geodetic community amae the integrity and reliability of the
existing geospatial / geodetic infrastructure tcetrfeiture needs. As a consequence it was
determined that for the next generation GRS (ah#imnal level) to -

* ARGN is the Australian Regional GPS Network. dhsists of a network of permanent geodetic quaiRs
receivers, on geologically stable marks, in Augrahd its Territories, with eight stations wittfastralia
known as the Australian Fiducial Network (AFN).
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e remain compatible;
* maintain integrity and reliability;
» satisfy modern and future requirements for appbcet
* leverage and utilise advancements in GNSS; and
« allow the spatial accuracy of datasets (especpallylic ones) to be equivalent to the
accuracy of available positioning services,
the present GRS needed to be upgradadlbecentimetr@accuracy or better by 2011.

To refine the GRS, measurement of precise basetna@secting the Australian continent
would be required and would involve establishingvarld class national infrastructure
network of complementary space-based measuringregssuch as VLBI, SLR and GNSS
observatories. Refer to Fig 3 for a diagram of @HSS network. By 2005 the GRS
infrastructure plan consisted of -
« Upgrading existing VLBI facilities and establishi@gnew VLBI — to determine the
earth’s orientation parameters and scale for thregtrial reference frame;
e Upgrading or purchasing a SLR — to refine the getre of the earth for the
terrestrial reference frame;
» Establishing approximately 100 GNSS Continuouslyei@png Reference Stations
(CORS) — to develop more accurate models of ththEsaectonics;
e Acquiring equipment for absolute and relative gnavimeasurements — as an
independent validation for height variations detddiy the space geodetic techniques;
* Developing a data management regime.

For a more detailed report of this national GR&ative, please refer to the technical paper
by Johnston & Morgan (2010) — “The Status of thdidtel Geospatial Reference System
and Its Contribution to Global Geodetic Initiatives

Like the ARGN GNSS network, these new GNSS COR&s sitill measure and monitor the
scale, motion and deformation of the Australianticeamt and provide three-dimensional
coordinates of a fundamental network of points &snation of time. The geodetic data will
then be used to determine a sub-centimetre refersgstem for Australia. This GNSS
network will also be used for other earth scienceesearch applications, such as climate
change, atmospheric modelling and sea level risg¢a from some base station sites within
this new GNSS CORS network may also contributdéolinternational GNSS Service (IGS)
and thus aid the realisation of the next ITRF.adilition, such infrastructure will act as the
backbone or framework for regional and local clisstef GNSS base stations operated
primarily by State / Territory Governments or evammercial entities in major cities or
regions demanding positioning services.

3.1.4 Other Aspects of Australian Geodetic Infrastructure

Both federal and jurisdictional (states and teng&s) governments manage their own geodetic
data. Most agencies have web based ‘on-line’ systs mechanisms to access geodetic data

® Refer to website http://igscb.jpl.nasa.gov/
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and records. Storage, archiving and integratiogeoidetic data however are still primarily via
‘static’ digital file systems / formats / applicatis. ICSM initiatives such aflanhowever
have instigated investigation ineiseodesyand the development of a geodetic data transfer /
exchange standard and subsequent archiving regiff@. more information about these
projects refer to technical papers Fraser and Dbn(8910) “Progress Towards a Consistent
Exchange Mechanism for Geodetic Data in Austrahd &lew Zealand” and Cumerford
(2010) “The ICSM ePlan Protocol, Its Developmentpldtion and Implementation”

- . 2 i

s, -

GNSS CORS T sltesepected

Fig 3 - National GNSS CORS Network (as at Nov 2009)

Most government agencies or jurisdictions in Aditrdave or are developing a GNSS
‘positioning’ infrastructure network (non geodetjuality) that allows a variety of traditional
and non spatial users to access network servicels as real time positioning or post
processing products. GA currently provides anioa positioning service called ‘AusPos’
and post processing products from the existing raliah national network of GNSS
permanent stations. As previously mentioned, iterssisaged that a combination or
unification of national, state and regional netvgorkould formulate the foundations for
positional infrastructure for high accuracy positig (centimetre) in real time across the
continent. It is expected that this will be ach@\®y streaming data from these sites to third
party ‘value add’ retailers. Various standards,iqeé and models for infrastructure,
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organisational, business, data, financial and prbdgues are being developed for this aspect
of national GNSS CORS infrastructure and activigythe AuScope GNSS Sub Commitfee

As previously mentioned, in Australia each Statd &erritory governs and manages their
cadastral infrastructure and systems. The commnérbetween them is that they all operate
under the Torrens title system, however from geodegrspective it appears unification of
these fundamental datasets is attributed to thdegeoreference frame or more specifically
GDA. In most States and Territories there is adr® upgrade the spatial accuracy of their
digital cadastral database (DCDB). To achieve &mid obtain a seamless dataset across the
continent most cadastral systems require connectmiisDA co-ordinates (geo-referencing)
on salient cadastral points as a means of adjusatitigsubsequently improving the integrity
and accuracy of their cadastral data. Currently tmpagsdictions in Australia have this
objective on their agenda but have implemented sydtems and processes (legal and
administrative) to various degrees, levels, an@fiames.

3.2 New Zealand

An overview of the New Zealand geodetic systemras/ioled by Blick (2009). The specific
features that have driven the development of tloelgic system have been:
* Its geographic isolation and location astride thastfalian New Zealand plate
boundary;
* The high dependence and interrelationship betweeigéodetic and cadastral systems
in New Zealand;
« The management of the geodetic and cadastral sydigrone agency, i.e. no separate
States as in Australia;
* No adjoining states/countries;
» Economic considerations with it being a small count

3.2.1 Horizontal and Vertical Datums

The national geodetic triangulation of New Zealamaonsidered to have commenced with
the measurement of the Wairarapa Baseline in 19G8vever it was not until 1949, with the
completion of the first order triangulation, thakete was a national geodetic datum, New
Zealand Geodetic Datum 1949 (NZGD1949) which ukedHayford (International) ellipsoid
[Lee 1978]. By the mid 1990s a number of issdestified with NZGD1949 were becoming
significant. Notably its accuracy was insufficidnt support surveying technology such as
high precision EDM and GPS, and because it did asaount for the effects of crustal
deformation it was no longer able to meet modequirements for a national datum.

A decision was subsequently made to implement a gewdetic datum, New Zealand
Geodetic Datum 2000 (NZGD2000). This new threeeatisional semi-dynamic datum had

® AuScope GNSS Sub Committee was formed by AuSampeanage the national GNSS CORS
implementation. AuScope is a hon-profit companyrfed to facilitate the implementation of a worldss
infrastructure system for earth science througtdierery of a range of technologies and capaéditn data
acquisition, management, modelling and simulaticnoss the geospatial and geoscience spectrum. Refer
website -http://www.auscope.org.au/index.php

TS 7C — Global Geodetic Observing System and Aagifie Reference Frame I 10/21
Graeme Blick and Robert Sarib

The Geodetic Infrastructure in Australia and NewalZad: Differences and Similarities

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



increased accuracy and used the GRS80 ellipsomtaldl it included a deformation model
(Fig. 3) to convert geodetic observations madeaftdrdnt times to a common reference epoch
of 1 January 2000 and accommodate the effect dadtalridynamics [Blick 2003]. The
technology used to carry out surveys for this datnoved from the more traditional
triangulation techniques to the use of Global Natign Satellite Systems (GNSS) such as
GPS, although many older triangulation observatisese readjusted and included.

NZGD1949 was a two dimensional datum. Normal-artetriic (approximate sea level)
heights were referenced to 13 separate levellingnas that were located across parts of the
country. Each of these levelling datums has iigim@at a tide gauge at which mean sea level
was determined. Precise levelling was used to dx¢éaxch network from its origin, primarily
following the major road networks. As with triangtibn, extensions to the levelling networks
increasing coverage across New Zealand were taoncenuntil the 1990s. NZGD2000 is a
three dimensional datum and uses ellipsoidal heightew Zealand has now adopted a new
national vertical datum (NZVD2009) that is basedetiipsoidal heights and uses a national
geoid model (NZGeo0id2009) (Amos and Feathersto®@9R0

3.2.2 Projections

In 1877 28 meridional circuits were establisheddadastral surveying. Nine were located in
the North Island and 19 in the South Island. Haetha physical initial station and they were
assumed to be on a plane. In 1949 these circiete wpgraded to transverse Mercator
projections.

Separate North and South Island transverse Mergatgections were implemented for
national 1 inch to 1 mile topographic mapping frtma 1940s. During the 1970s, and driven
by decimalisation, a decision was made to metricapping in New Zealand. In 1973 a new
national mapping projection unique to New Zealarak wnplemented and called the New
Zealand Map Grid (NZMG) [Lands and Survey 1973hisTwas a conformal projection with
a single national metric grid across New Zealandcwhvas adopted for the new national
1:50,000 topographic mapping series introducetatttime.

Following the move to NZGD2000 a decision was mam@dopt a new single transverse
Mercator projection for topographic mapping in N&&aland. Consequently, in 2001 the
New Zealand Transverse Mercator 2000 projection TMZ000) [LINZ 2007b] was
implemented for national mapping and is being dsedhe new 1:50,000 Topo50 map series
[Blick 2009].

3.2.3 Survey Control Networks

In New Zealand the traditional network of controanks consists of a hierarchy of marks
based on accuracy called orders. The most accooateol marks (order 0) are the CORS
stations. The least accurate control marks (oBjlere placed primarily to enable cadastral
surveys to connect to NZGD2000. There are curendre than 75,000 control marks and of
these about 4000 have beacons. The survey cordtabork is continually being upgraded
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and extended to meet the needs of a range of ub&ush of the focus over recent years has
been on extending the coverage and accuracy obrier 5 control marks, particularly to
enable the original NZGD1949 triangulation networksid control traverses to be
incorporated into NZGD2000.

3.2.4 PositioNZ Network

PositioNZ is a national network of 33 Continuousdperating GNSS Stations (CORS)
stations located across mainland New Zealand @jgwo on the Chatham Islands, and three
in the Ross Sea Region of Antarctica. The primagson for this network is to monitor
national-scale crustal deformation and to mainthendeformation model which is an integral
component of NZGD2000.

Several of the PositioNZ stations are also Intéonat GNSS Service (IGS) sites and it is
through these stations that New Zealand connecdts@miributes to global reference systems.
These connections ensure that New Zealand's geodststem is compatible with
international systems. Providing data from thesgions assists with the development of
accurate global reference frames.
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Fig 4 - PositioNZ stations on mainland New Zedlan
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3.2.5 Geodetic Data Management

During the late 1990s Land Information New Zealanglemented an automated survey and
title system called Landonline. When Landonlineswvganceived it was designed to cater for
the automation of not only the cadastral surveytaledsystems, but also the geodetic system.
Since the initial implementation of Landonline albntrol surveys have been made by
contractors and the electronic survey control ddsasupplied are loaded into Landonline.
Information on control marks, maintenance, coorisasurvey data, and accuracy are
retained and managed in Landonline. However mucthis information can be accessed
from the geodetic database on the LINZ websitee géodetic database is updated daily from
downloads of geodetic data held in Landonline. ar&@ng the database for control mark
information can be done textually or via a spagedrch using Google Maps.

3.2.6 The Geodetic System and the Cadastre

When Landonline was implemented the division betweantrol marks and cadastral marks,
including boundary marks, became blurred becaulsenatks are referenced to the same
geodetic datum (NZGD2000). The cadastre in Newlabehcan be considered a geodetic
cadastre. While New Zealand does not have a legatmate cadastre, accurate coordinates
for cadastral marks improve the efficiency of caddsurveys and enable the data to be used
for a wider range of purposes.

With the strong connection of the cadastre to suwantrol, issues for LINZ now include
managing the spatial alignment between the survemtral and cadastral systems.
Readjustment of control marks following resurvey, daformation event such as an
earthquake, or addition of new or more accurateesudata now flows through to the
cadastre requiring readjustment of the cadastoe deadjusting a relatively small number of
control marks can be a relatively trivial task, lewer subsequent readjustment of a large
number of cadastral marks connected to that comsr@ much more complex and time-
consuming task. There is also an increasing foousonnecting cadastral survey networks in
non-survey-accurate areas to survey control netsvtwkenable the spatial accuracy of the
cadastre in these areas to be improved.

4. COMPARISONS

Australia and New Zealand have developed moderdejeosystems that are relatively new

and support contemporary land information systerh&hvunderpin the Torrens system of

land administration and titles. Both geodetic asfructures also have a wide range of other
uses and users that range from the traditional aygose sectors to non-traditional sectors
such as tourism. Although both systems incorgonabdern horizontal and vertical datums

and modern ‘active and passive’ infrastructureat(th GNSS CORS networks and ground

marks and beacons respectively), there are alsdfisant differences between the Australian

and New Zealand systems. The previous précis ef shparate geodetic systems

demonstrated this and is characterised by thevigiig:

TS 7C — Global Geodetic Observing System and Aagifie Reference Frame I 13/21
Graeme Blick and Robert Sarib
The Geodetic Infrastructure in Australia and NewalZad: Differences and Similarities

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



* Focus of the geodetic systemsThe geodetic systems in both Australia and New
Zealand play an important role in the maintenarfcther datum however there are
subsidiary focuses that often create conflict anpetition amongst stakeholders. In
Australia there is a parallel focus for geodetifrastructures to not only support the
scientific arena but to be an “enabling infrastawet that can assist the development
of the Australian economy in key sectors. For eplamrecent studies indicate the
effect that high precision positioning services ¢ave on the GDP. Figures from
Allen (2008) state —

“The gross benefit flowing from existing uptaketlire agricultural, mining and construction
sectors is estimated to range between $829 milliwth $1486 million per annum, depending on
the size of productivity gains assumed. This repres a contribution to national GDP of
between 0.08 per cent and 0.14 per cent.

Application of precision GNSS to asset mapping filities and local government Australia-
wide is estimated to result in operating cost sgsinf $435 million to $870 million per annum
and capital cost savings of up to $2.3 billion panum.”

Such potential benefits have been used to justdéyoll out of geodetic infrastructure.
In New Zealand the rugged landscape and its tecsmiting have had an influence on
the design and implementation of the geodetic stfteture, which has a focus on the
monitoring of regional deformation. The geodetidrastructure has also been
influenced by its strong aim to support the cadaistNew Zealand.

* Management of the geodetic network The geodetic infrastructure across Australia
is managed both at the national and State / Teyrievel. Co-operative workings to
date amongst jurisdictions in ICSM has resultedhim adoption of GDA and other
geodetic strategic achievements, however in therédud more collaborative attitude
will be required to ensure a unified approach toagement of GNSS CORS, data
and downstream positioning infrastructure in Ausrdn New Zealand the geodetic
and cadastral infrastructure is managed by onenggton, Land Information New
Zealand, at the national level. The managemetiteoinfrastructure is thus simplified
and well coordinated across the country.

* Management of geodetic data:In New Zealand the management of geodetic data is
managed centrally by Land Information New Zealamdts Landonline application.
This electronic system includes survey, title, geddetic electronic data held in one
electronic database. Geodetic data is availabteigh the web on the LINZ geodetic
database (www.linz.govt.nz). In Australia mostgdictions manage geodetic data via
modern databases however to have a unified apptoacianaging GNSS CORS data
from different tiers will need standard protocots management of geodetic GNSS
CORS data from an accessing, transferring andanchperspective.

* Horizontal datum: Australia uses a static geocentric national 2edisional datum
while New Zealand has adopted a semi-dynamic géocemational 3 dimensional
datum. The inclusion of a deformation model in NZZ®00 has meant that the
accuracy of the datum can be maintained over aelotigne period and the effects of
crustal deformation managed.

* Vertical datum: Australia uses a national sea level datum (AHD)cl ties to a
number of sea level gauges while New Zealand u3esdin sea level vertical datums
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across various areas, each connected to a sepagatevel gauge as its origin. New
Zealand has adopted for its national vertical datbenNZGeoid2009 as the datums
reference surface. This enables heights in terfnth@® national vertical datum
(NZVvD2009) to be calculated and offsets betweend the separate sea level datums
have been calculated to allow transformations. ikénthe AHD, the definition of
NZVD2009 does not involve setting heights of amgtgauges to zero.

* Physical infrastructure - ground marks and beacons: Both countries maintain a
network of physical marks and beacons. The faat Mew Zealand is a dynamic
country experiencing the effects of crustal defdromlameans that there has been a
strong focus on maintaining a large network of gibmarks to enable surveys to be
connected of geodetic control over short distarveksre the effects of deformation
can be minimized. In Australia with its vast argeodetic control is very sparse
across a large portion of the country and thusetieera need for densification of both
passive and active physical infrastructure.

* Physical infrastructure - GNSS CORS: The New Zealand national CORS network
(PositioNZ) has a station spacing across the cpwitabout 100km and was initially
set up to monitor the dynamics of New Zealandis Bubsequently being upgraded to
support other applications including real time &agilons. This network is closely
aligned with a denser network of CORS stationsbéisteed along the shear belt and
volcanic areas of the North Island for geologicdrdzmonitoring. In Australia CORS
networks (of varying “Tiers”, types and uses) are owned / managed at the ahtion
state and in some cases regional level. The radtietwork, which primarily is used
for reference frame and datum maintenance, is nehbyg GA. Similarly, the new
GRS CORS network spanning across Australia willused predominantly for the
same purpose. This network is nominally spacetD@km apart; at secure and stable
sites where there is supporting infrastructure sashpower and communications;
along transit or infrastructure corridors, and &n#icant geoscience locations.
Conversely, GNSS CORS which are established madiaty positioning service
purposes, are to be managed by States / Territ@o@smercial entities or other, and
will be placed at locations (i.e. on top of builgg) and near markets with the greatest
demand. For more information about GNSS CORS dpatidns in Australia refer to
Burns and Sarib (2010) “Standards and PracticesGl6S CORS Infrastructure,
Networks, Techniques and Applications”.

» Geodetic data and the cadastre:In New Zealand the cadastral and geodetic systems
are connected. The cadastre in urban areas isysaocurate and tightly connected to
the geodetic control network. A programme is undgrwo increase the spatial
accuracy of the cadastre in non-survey accuratesarén Australia, the relationship
between geodetic and cadastral systems is narroasnipere is a strong desire for
jurisdictions to spatially upgrade the accuracythadir DCDB’s. To achieve this in a
cost effective way most States and Territories haweed to coordinating and
adjusting their cadastres using either an adhoaoaph, incrementally or by
programmed campaign and legislation. The methadl dews largely depended on

" “Tiers' is the term espoused by Rizos (2008) tegarize the hierarchy of GNSS CORS infrastructure
networks.
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inter-related factors such as resources, the numwibparcels to co-ordinate, and the
cost per parcel.

5. JOINT GEODETIC STRATEGY

Australia and New Zealand maintain an IntergovemaleCommittee on Surveying and
Mapping (ICSM). Its role is to provide leadershipordination and standards for surveying,
mapping/charting and national datasets in Austiatid New Zealand. ICSM is made up of
senior representatives from New Zealand and AuastralCommonwealth, States &
Territories) government surveying and mapping /riohg agencies. Within ICSM a sub-
committee of technical specialists from each ojutssdictions, the ICSM Geodesy Technical
Sub-committee, coordinates geodetic projects adkastralasia and assists ICSM to meet its
objectives.

A recent project of the GTSC has been to develmind geodetic strategy between Australia

and New Zealand. While acknowledging the diffeemnbetween the geodetic systems in
both countries, it also acknowledges there are comimterest aims to strengthen the ties
between both countries and foster joint workingug® on projects of mutual interest. A

schematic diagram of the geodetic reference systeanits components is shown in Fig 5.

Note - a draft copy of this strategic planning deo@nt, which has yet to be endorsed by the
ICSM, can be provided upon written request to thilmars of this paper.
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5.1 Strategy Vision and Mission
The Vision and Mission of the joint strategy are:

Vision: An accurate geospatial reference system (GRS)ishatcessible, and enables
the efficient use of geospatial information to suppgeconomic growth, environmental
sustainability and social prosperity across Ausaand New Zealand.

Mission: The provision of an accurate geospatial referenystesn or GRS that:
* is mathematically connected to and contributeséoglobal reference system such
as the International Terrestrial Reference FrameRF) ;
* enables spatial consistency between diverse geabpatasets; and
* enables spatial consistency over time for datasgtding to physical environment

5.2 Proposed 5 Year Work Objectives

The proposed joint strategy identifies the follogvimigh level work objectives for the next 5

years:

Provision of a semi —dynamic National 3 Dimensiatetium

Provision of a Unified Geodetic Data Model and Xgithema

Development of a National Geodetic Data Archive

Ability to integrate all geodetic data sets witkiGeodesy

A Unified CORS network across Australasia

AuScope is the primary scientific network undermngngeospatial activity

Implementation of a modern automated web-based GMSEprocessing system

(AUSPOS, PositioNZ PP)

» Development of a Geodetic GNSS Data Analysis ortt@eBureau for the Asia
Pacific Region

* Implementation of systems that allow calibratiord astandardization of GNSS
measuring devices

» Development of National Geodetic Adjustment sofevaackage(s) (DynaNet,
SNAP)

» Development of internationally accepted geodetodards across Australasia

» Establishment of a modernized Vertical Refereneerierfor Australasia

* Development of a strategy to assist with monitoramgl measurement of climate
change through activities such as for the geodetimponent of sea level
monitoring

* Monitor the impact of Positioning Technology anérastructure

5.3 APREF

During the development of the joint strategy it wealised there were benefits and a tactical
need for both countries to operate on a singlereatee frame for the region. Upon
investigation it was found that the objectives anders of a regional project known as the
Asia Pacific Reference Frame (APREF) were alignét wurs and would thus significantly
assist both countries to achieve the joint visi@ubsequently it was agreed that the ICSM —
GTSC should take an active role in collaboratind smpporting the APREF project.
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The following information about APREF has been mmk®m several presentations by Dr.
John Dawson and Dr Hu Guorong (PCGIAP RepreseetatiRegional Geodesy Working
Group ®) at the recent FIG Regional Conference in Handiccording to Dawson and
Guorong (2009) APREF is a regional project thatl wddress issues associated with the
definition, realisation and maintenance of the Aeid the Pacific Reference Frame, focusing
on both the horizontal and the vertical components.

The broad objective of the Asia-Pacific Referencante (APREF) Project will be to create

and maintain an accurate and densely realised geddamework, based on continuous

observation and analysis of GNSS data that wilbsupmany geospatial applications across
the region. APREF will be a voluntary, collegialpn-commercial endeavour, and will

require wide participation from government agenciesearch institutes and the private
sector, although there will be no central fundilgirse and each participating organisation
will contribute their own resources.

In the short-term, the APREF will:
* Encourage the sharing of GNSS data from ContinyoDglerated Reference Stations
(CORS) in the region; and
» Develop an authoritative source of coordinates Hredr respective velocities for
geodetic stations in the Asia-Pacific region.

In the longer term, the APREF will:

* Develop the APREF Permanent Network, in close cadmn with IGS for the
maintenance of the Asia-Pacific Reference Frame,@mtribution to the ITRF and as
infrastructure to support other relevant projects;

» Establish a dense velocity field model in Asia athe Pacific for scientific
applications and the long-term maintenance of thiaARacific reference frame; and

« Organise regular symposia addressing activitiedethiout at national and regional
level related with the global work and objectivé A& REF.

6. SUMMARY

Both Australia and New Zealand provide geodeticastiuctures that support a wide range of
uses and users. While there are many similariiefsveen both systems, there are some
significant differences in the way that they haeeib developed and implemented. Despite
this, through the ICSM GTSC a joint geodetic sgggithas been developed to enable both
countries to co-ordinate resources and to maxitfieeoutcomes. A strong focus of the two

countries is to work together and foster the dgualent of APREF as this has been identified
as an integral component of the Australian and Mewland vision for geodesy in this region.

8 permanent Committee for GIS Infrastructure AsiaifRaRefer to website
http://219.238.166.217/pcgiap/98wg/98wgl.htm

TS 7C — Global Geodetic Observing System and Aagifie Reference Frame I 18/21
Graeme Blick and Robert Sarib
The Geodetic Infrastructure in Australia and NewalZad: Differences and Similarities

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



7. REFERENCES

Allen Consulting Group (2008) Economic Benefits High Resolution Position Services,
Reportto the Victorian Department of Sustainability eagvironment, November.

Amos, M. J. and W. E. Featherstone (2009). Urificaof New Zealand'’s local vertical
datums: iterative gravimetric quasigeoid computetiaJournal of Geodesy, vol 83: 57-68

“Australian Bureau of Statistics — Population clockccessed website: 12 January 2010.
Website
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Web+Pagesl&tion+Clock?opendocument#
from-banner=LN

“Australia in Brief” Accessed website: 12 January 2010 Welbsife//www.dfat.gov.au/aib/

Blick, G.H. 2003: Implementation and DevelopmehNZGD2000. New Zealand Surveyor
No. 293.

Blick, G.H. 2009: A new national topographic mapgpiseries for New ZealandNew
Zealand Survey Quarterly Issue 59

Blick, G.H. 2009: The New Zealand Geodetic Syst@art 1 — Introduction and Overview.
New Zealand Survey Quarterly Issue 58

Burns, D and Sarib, R (2010) Standards and Practicoe GNSS CORS Infrastructure,
Networks, Techniques and Applicatiolom proceedings of XXIV FIG Congress 2010,
April, Sydney, Australia. Available http://www.fig.net/srl/

Brown, N et al (2010) Ausgoeid09: Improving the Ass to Australia’s Vertical Datum.
From proceedings of XXIV FIG Congress 2010, ApYdney, Australia. Available at
http://www.fig.net/srl/

Cumerford, N (2010) The ICSM ePlan Protocol, Itsv&epment, Evolution and
ImplementationFrom proceedings of XXIV FIG Congress 2010, A@Bydney, Australia.
Available athttp://www.fig.net/srl/

Dawson, J. and Guorong, H. (2009) An Asia-Pacifegidnal Reference Frame - Permanent
Committee on GIS Infrastructure, for Asia-PaciiROGIAP), AustraliaPCGIAP WG1 and
IAG WG 1.3. Presentation from proceedings of FI@iB®al Conference 2009, October,
Hanoi, Vietham.

Available athttp://www.fig.net/pub/viethnam/ppt/ts03b/tsO3b_danvgppt 3781.pdf

Dawson, J and Guorong, H. (2009) The Asia PaciideRence Frame Project (APREF).
Presentation from proceedings of FIG Regional Caafee 2009, October, Hanoi, Vietnam.
Available athttp://www.fig.net/pub/vietham/ppt/ts06b/tsO6b_danvgppt 3782.pdf

TS 7C — Global Geodetic Observing System and Aagifie Reference Frame I 19/21
Graeme Blick and Robert Sarib
The Geodetic Infrastructure in Australia and NewalZad: Differences and Similarities

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



Fraser, R and Donnelly, N (2010) Progress Towar@®msistent Exchange Mechanism for
Geodetic Data in Australia and New Zealakalom proceedings of XXIV FIG Congress
2010, April, Sydney, Australia. Availablehdtp://www.fig.net/srl/

ICSM (2009) Geocentric Datum of Australia Techniddlanual — Version 2.3 (1),
Intergovernmental Committee on Surveying and Mapdi€SM). July2009. Available at
http://www.icsm.gov.au/icsm/gda/gdatm/gdav2.3.pdf

Johnston, G and Morgan, L (2010) The Status of\thgonal Geospatial Reference System
and Its Contribution to Global Geodetic Initiativedsrom proceedings of XXIV FIG Congress
2010, April, Sydney, Australia. Availabletdtp://www.fig.net/srl/

Lands and Survey 1973: New Zealand Map Grid, Diepant of Lands and Survey Technical
Circular 1973/32 (available from the LINZ webes@ www.linz.govt.nz)

Lee, L. P. 1978: First-Order Geodetic Triangulatal New Zealand 1909-49 and 1973-74.
Published by the Department of Lands and Surveshriieal Series No. 1

NMC (1986) The Australian Geodetic Datum Techni®nual — Special Publication 10.
National Mapping Council (NMC). Commonwealth of #alga 1986.

“Our Country — Australia” Accessed website: 12uky 2010. Website
http://www.australia.gov.au/about-australia/our-atty

Rizos, C. (2008) Multi-Constellation GNSS/ RNSSnfrohe Perspective of High Accuracy
Users in AustraliaJournal of Spatial Sciences, Vol. 53, No.2, Decenype29-63.

Walcott, R.I. (1984). The major structural elemeoitfNew ZealandAn introduction to the
recent crustal movements of New Zealand, MisceS&ri Royal Society of New Zealand.

8. BIOGRAPHICAL NOTES

Graeme Blick, National Geodesist, Manager Geodesy in the Cumtd@ervices Group of
Land Information New Zealand, member of the Newl&@®ea Institute of Surveyors.

Graeme Blick obtained his Bachelor of Surveyingrfrdtago University in 1980. He worked

for the then New Zealand Geological Survey (now Ght&nce) in their Earth Deformation

Section using geodetic techniques to measure, oroaitd study crustal deformation across
New Zealand. In 1992-1993 he received a visiting&ist Award to work at the University

NAVSTAR Consortium in Boulder Colorado using GPSrteasure plate tectonics in Turkey,
the South Pacific, and in USA. In 1995 he moveddod Information New Zealand where

he worked for the Office of Surveyor-General beforeving to his current position 3 years
ago where he continues to work on the developmedtimplementation of the geodetic

system in New Zealand.

TS 7C — Global Geodetic Observing System and Aagifie Reference Frame I 20/21
Graeme Blick and Robert Sarib
The Geodetic Infrastructure in Australia and NewalZad: Differences and Similarities

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



Graeme is currently the New Zealand representé&tivihe FIG Commission 5 — Position and
Measurement and the New Zealand delegate on teedotzernmental Committee on Survey
and Mapping - Geodesy Technical Sub Committee.isHéso the Geodesy examiner for the
New Zealand Institute of Surveyors Admissions Panel

Robert Sarib, Manager, Survey Services in the Land Informafiovision of the Northern
Territory Government’s Department Lands and Plagnincensed Surveyor, member of the
newly formed Surveying and Spatial Sciences Ingtjtand Vice Chair of Administration for
FIG Commission 5 — Position and Measurement.

Robert Sarib obtained his degree in Bachelor AppBeience — Survey and Mapping from
Curtin University of Technology Western Australiali989. He was registered to practice as
a Licensed Surveyor in the Northern Territory, Aaka in 1991 and achieved this during his
employment with the Northern Territory Governme&ince then he has work in the private
sector as a cadastral surveyor, and was more hgcergmployed by the Northern Territory
Government to manage the Northern Territory GeaspReference System and administer
the Survey Services work unit of the Office of tBarveyor General. He also holds a
Graduate Certificate in Public Sector Managemec¢ived from the Flinders University of
South Australia.

Mr Sarib is currently a member of the FIG Commisstn2 Working Group — Reference
Frame in Practice, and the Northern Territory dategn the Inter-governmental Committee
on Survey and Mapping - Geodesy Technical Sub Cdimeni He is the Northern Territory
representative on Land Survey Commission of thev&Simg and Spatial Sciences Institute.
He is also a board member of the Surveyors BoarMasthern Territory for Licensed or
Registered surveyors.

9. CONTACTS

Mr Graeme BLICK Mr Robert SARIB

Land Information New Zealand Department of Lands and Planning
PO Box 5501 GPO Box 1680

Wellington 6145 Darwin NT

New Zealand AUSTRALIA

Tel. +64 4 498 3833 Tel. +61 8 8995 5360

Fax. +64 4 498 3837 Fax. +61 8 8995 5365

Email: gblick@linz.govt.nz Email: robert.sarib@nt.gov.au
Web site: www.linz.govt.nz Web site: www.dpi.nt.gov.au

TS 7C — Global Geodetic Observing System and Aagifie Reference Frame I 21/21

Graeme Blick and Robert Sarib
The Geodetic Infrastructure in Australia and NewalZad: Differences and Similarities

FIG Congress 2010
Facing the Challenges — Building the Capacity
Sydney, Australia, 11-16 April 2010



