








— Focus of the geodetic systems. The geodetic systems in both Australia and New
Zedland play an important role in the maintenance of their datum however there are
subsidiary focuses that often create conflict or competition amongst stakeholders. In
Australia there is a parallel focus for geodetic infrastructures to not only support the
scientific arena but to be an “enabling infrastructure” that can assist the development
of the Australian economy in key sectors. For example recent studies indicate the
effect that high precision positioning services can have on the GDP. Figures from

Allen (2008) state —
“The gross benefit flowing from existing uptake in the agricultural, mining and construction
sectors is estimated to range between $829 million and $1486 million per annum, depending on
the size of productivity gains assumed. This represents a contribution to national GDP of
between 0.08 per cent and 0.14 per cent.

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

Such potential benefits have been used to justify the roll out of geodetic infrastructure.
In New Zealand the rugged landscape and its tectonic setting have had an influence on
the design and implementation of the geodetic infrastructure, which has a focus on the
monitoring of regional deformation. The geodetic infrastructure has also been
influenced by its strong aim to support the cadastre in New Zealand.

— Management of the geodetic network: The geodetic infrastructure across Australia
is managed both at the national and State / Territory level. Co-operative workings to
date amongst jurisdictions in ICSM has resulted in the adoption of GDA and other
geodetic strategic achievements, however in the future a more collaborative attitude
will be required to ensure a unified approach to management of GNSS CORS, data
and downstream positioning infrastructure in Australia. In New Zealand the geodetic
and cadastral infrastructure is managed by one organisation, Land Information New
Zedand, at the national level. The management of the infrastructure is thus ssmplified
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 Zealand in its Landonline application.
This electronic system includes survey, title, and geodetic electronic data held in one
electronic database. Geodetic data is available through the web on the LINZ geodetic
database (www.linz.govt.nz). In Australia most jurisdictions manage geodetic data via
modern databases however to have a unified approach to managing GNSS CORS data
from different tiers will need standard protocols for management of geodetic GNSS
CORS data from an accessing, transferring and archiving perspective.

— Horizontal datum: Australia uses a static geocentric national 2 dimensional datum
while New Zealand has adopted a semi-dynamic geocentric national 3 dimensional
datum. The inclusion of a deformation model in NZGD2000 has meant that the
accuracy of the datum can be maintained over alonger time period and the effects of
crustal deformation managed.

— Vertical datum: Australia uses a national sea level datum (AHD) which ties to a
number of sealevel gauges while New Zealand uses 13 main sea level vertical datums
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across various areas, each connected to a separate sea level gauge asits origin. New
Zedland has adopted for its national vertical datum an ellipsoid based datum and a
geoid model (NZGeoid2009). This enables heights in terms of the national vertical
datum (NZVD2009) to be calculated and offsets between it and the separate sea level
datums have been calculated to allow transformations. Unlike the AHD, the definition
of NZVD2009 does not involve setting heights of any tide gauges to zero.

— Physical infrastructure - ground marks and beacons: Both countries maintain a
network of physical marks and beacons. The fact that New Zeadland is a dynamic
country experiencing the effects of crusta deformation means that there has been a
strong focus on maintaining a large network of ground marks to enable surveys to be
connected of geodetic control over short distances where the effects of deformation
can be minimized. In Australia with its vast area, geodetic control is very sparse
across a large portion of the country and thus there is a 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 country of about 100km and was initially
set up to monitor the dynamics of New Zealand. It is subsequently being upgraded to
support other applications including real time applications. This network is closely
aligned with a denser network of CORS stations established along the shear belt and
volcanic areas of the North Island for geologic hazard monitoring. In Australia CORS
networks (of varying “Tiers’ ’, types and uses) are owned / managed at the national,
state and in some cases regional level. The national network, which primarily is used
for reference frame and datum maintenance, is managed by GA. Similarly, the new
GRS CORS network spanning across Australia will be used predominantly for the
same purpose. This network is nominally spaced at 200km apart; at secure and stable
sites where there is supporting infrastructure such as power and communications;
along transit or infrastructure corridors, and at significant geoscience locations.
Conversely, GNSS CORS which are established mainly for positioning service
purposes, are to be managed by States/ Territories, commercial entities or other, and
will be placed at locations (i.e. on top of buildings) and near markets with the greatest
demand. For more information about GNSS CORS specifications in Australia refer to
Burns and Sarib (2010) “Standards and Practices for GNSS CORS Infrastructure,
Networks, Techniques and Applications’.

— Geodetic data and the cadastre: In New Zeaand the cadastral and geodetic systems
are connected. The cadastre in urban areas is survey accurate and tightly connected to
the geodetic control network. A programme is underway to increase the spatial
accuracy of the cadastre in non-survey accurate areas. In Australia, the relationship
between geodetic and cadastral systems is narrowing as there is a strong desire for
jurisdictions to spatially upgrade the accuracy of their DCDB’s. To achieve thisin a
cost effective way most States and Territories have turned to coordinating and
adjusting their cadastres using either an adhoc approach, incrementally or by
programmed campaign and legislation. The method used has largely depended on

"*Tiers isthe term espoused by Rizos (2008) to categorize the hierarchy of GNSS CORS infrastructure or
networks.
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inter-related factors such as resources, the number of parcels to co-ordinate, and the
cost per parcel.

5. JOINT GEODETIC STRATEGY

Australia and New Zealand maintain an Intergovernmental Committee on Surveying and
Mapping (ICSM). lItsroleisto provide leadership, coordination and standards for surveying,
mapping/charting and national datasets in Australia and New Zealand. 1CSM is made up of
senior representatives from New Zeadland and Australian (Commonwealth, States &
Territories) government surveying and mapping / charting agencies. Within ICSM a sub-
committee of technical specialists from each of its jurisdictions, the ICSM Geodesy Technical
Sub-committee, coordinates geodetic projects across Australasia and assists ICSM to meet its
objectives.

A recent project of the GTSC has been to develop ajoint geodetic strategy between Australia
and New Zeadland. While acknowledging the differences between the geodetic systems in
both countries, it also acknowledges there are common interest aims to strengthen the ties
between both countries and foster joint working groups on projects of mutual interest. A
schematic diagram of the geodetic reference system and its components is shown in Fig 5.
Note - a draft copy of this strategic planning document, which has yet to be endorsed by the
ICSM, can be provided upon written request to the authors 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) that is accessible, and enables
the efficient use of geospatial information to support economic growth, environmental
sustainability and social prosperity across Australia and New Zealand.

Mission: The provision of an accurate geospatial reference system or GRS that:
— ismathematically connected to and contributes to the global reference system such
asthe International Terrestrial Reference Frame (ITRF) ;
— enables spatial consistency between diverse geospatial datasets; and
— enables spatial consistency over time for datasets relating to physical environment

5.2 Proposed 5 Year Work Objectives

The proposed joint strategy identifies the following high level work objectives for the next 5
years:

— Provision of asemi —dynamic National 3 Dimensional datum

— Provision of aUnified Geodetic Data Model and XML schema

— Development of a National Geodetic Data Archive

— Ability to integrate al geodetic data sets within eGeodesy

— A Unified CORS network across Australasia

— AuScopeisthe primary scientific network underpinning geospatial activity

— Implementation of a modern automated web-based GNSS post processing system
(AUSPOS, PositioNZ PP)

— Development of a Geodetic GNSS Data Analysis or Central Bureau for the Asia
Pacific Region

— Implementation of systems that allow calibration and standardization of GNSS
measuring devices

— Development of National Geodetic Adjustment software package(s) (DynaNet,
SNAP)

— Development of internationally accepted geodetic standards across Australasia

— Establishment of a modernized Vertical Reference Frame for Australasia

— Development of a strategy to assist with monitoring and measurement of climate
change through activities such as for the geodetic component of sea level
monitoring

— Monitor the impact of Positioning Technology and Infrastructure

5.3 APREF

During the development of the joint strategy it was realised there were benefits and a tactical
need for both countries to operate on a single reference frame for the region. Upon
investigation it was found that the objectives and drivers of a regional project known as the
Asia Pacific Reference Frame (APREF) were aligned with ours and would thus significantly
assist both countries to achieve the joint vision. Subsequently it was agreed that the ICSM —
GTSC should take an active role in collaborating and supporting the APREF project.
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The following information about APREF has been taken from severa presentations by Dr.
John Dawson and Dr Hu Guorong (PCGIAP Representatives Regional Geodesy Working
Group ®) at the recent FIG Regional Conference in Hanoi. According to Dawson and
Guorong (2009) APREF is a regional project that will address issues associated with the
definition, realisation and maintenance of the Asia and the Pacific Reference Frame, focusing
on both the horizontal and the vertical components.

The broad objective of the Asia-Pacific Reference Frame (APREF) Project will be to create
and maintain an accurate and densely realised geodetic framework, based on continuous
observation and analysis of GNSS data that will support many geospatial applications across
the region. APREF will be a voluntary, collegial, non-commercial endeavour, and will
require wide participation from government agencies, research institutes and the private
sector, although there will be no central funding source and each participating organisation
will contribute their own resources.

In the short-term, the APREF will:
— Encourage the sharing of GNSS data from Continuously Operated Reference Stations
(CORYS) in the region; and
— Develop an authoritative source of coordinates and their respective velocities for
geodetic stations in the Asia-Pacific region.

In the longer term, the APREF will:

— Develop the APREF Permanent Network, in close cooperation with IGS for the
maintenance of the Asia-Pacific Reference Frame, as a contribution to the ITRF and as
infrastructure to support other relevant projects;

— Edstablish a dense velocity field model in Asia and the Pacific for scientific
applications and the long-term maintenance of the Asia-Pacific reference frame; and

— Organise regular symposia addressing activities carried out at national and regional
level related with the global work and objectives of APREF.

6. SUMMARY

Both Australia and New Zealand provide geodetic infrastructures that support a wide range of
uses and users. While there are many similarities between both systems, there are some
significant differences in the way that they have been developed and implemented. Despite
this, through the ICSM GTSC a joint geodetic strategy has been developed to enable both
countries to co-ordinate resources and to maximize the outcomes. A strong focus of the two
countries is to work together and foster the devel opment of APREF as this has been identified
as an integral component of the Australian and New Zealand vision for geodesy in this region.

8 Permanent Committee for GIS Infrastructure Asia-Pacific Refer to website
http://219.238.166.217/pcgiap/98wa/98wgl.htm
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Australia

New Zealand

Geography

biggest island continent

2 main islands
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Topography Predominately flat, desert Mountainous
Area 7,682,300 sq km (Aust 28x larger) 268,021 sq km
Population 22.1 m (Aust 5x larger) 4.3 million
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Geodetic Infrastructure
Overview — Australia

Horizontal datum — static — GDA (ITRF)

Vertical datum — AHD - ‘MSL zero’ at a
number of tide gauges

National projection - UTM

Australian geodetic network — (AUScope)
initiative - upgrading CORS networks,
VLBI, SLR, and gravity infrastructure.

e CORS - national 25 plus stations, state —
numerous networks

« Data management — managed by each
jurisdiction

» Survey control network — managed at
state/territory level
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Geodetic Infrastructure
Overview — New Zealand

e Horizontal datum — semi dynamic —
NZGD2000

» Vertical datum — NZVD2009 using
normal orthometric heights (geoid
based datum)

¢ New national mapping projection —
NZTM2000.

e Survey control network — strong
emphasis on geodetic marks 75,000

¢« CORS - PositioNZ — 36 stations,
GEONET

« Data management — electronic in LoL

« Geodetic system and the cadastre —
strong connection

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




CSM

Comparisons between
Australia and New Zealand
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Australia

New Zealand

Focus of Geodetic System -
influences

Large country - focus on being
an enabling infrastructure

Rugged landscape and tectonic
setting plus strong need to
support the cadastre

Management of geodetic
network

Managed at national and state
level

Managed centrally by LINZ

anagement of geodetic data

Managed at state level via
modern databases

Managed electronically with
Landonline

Horizontal datum

Static

Semi-dynamic

Vertical datum

National sea level datum

NZGeoid2009 adopted a vertical
datum reference surface based on
the geoid

Ground marks and beacons

Ground control is sparse due
to size of country

Maintain a large number of marks
to mitigate effects of crustal
deformation

GNSS CORS

Various networks managed at
national and state level. New
national network proposed
with spacing at 200km.

PositioNZ national network with
spacing of 100km. Denser
network to monitor crustal
deformation (GEONET)

Geodetic data and the
cadastre

Being more tightly connected

Tightly connected — geodetic
cadastre

Vision

~ Joint Geodetic Strategy

v S M
i Intergovernmental Committee on Surveying and
SURVEYING & MAPFING Mapping (ICSM) — provides leadership, coordination
and standards

Geodesy Technical Sub-Committee (GTSC) —
developing a joint geodetic strategy

= acknowledges differences
* many areas of common interest

= strengthen ties and fostering joint working
groups on areas of common interest

Proposed five year working plan

An accurate geospatial reference system (GRS) that is accessible,
and enables the efficient use of geospatial information to support
economic growth, environmental sustainability and social
prosperity across Australia and New Zealand.
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Asia Pacific Reference Frame (APREF) — create and maintain
an accurate and densely realized geodetic framework, based
on continuously observed GNSS that will support many
geospatial application across the Asia/Pacific region
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/ APREF

APREF will assist with the following joint strategy
objectives

= Provision of semi —dynamic National 3 dimensional datums
= Development of a National Geodetic Data Archive
= A Unified CORS network across Australasia

= Implementation of a modern automated web-based GNSS post
processing system (AUSPOS, PositioNZ PP)

= Development of a Geodetic GNSS Data Analysis or Central
Bureau for the Asia Pacific Region

= Development of internationally accepted geodetic standards
across Australasia

= Establishment of a modernized Vertical Reference Frame for
Australasia

= Development of a strategy to assist with monitoring and
measurement of global change (eg geodetic component of sea
level monitoring)
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wide range of uses and users.

* Many similarities between systems but
also some significant differences.

* Through ICSM GTSC developing a strategy
to coordinate resources and to maximise
outcomes.

» A strong focus will be to develop and foster
APREF
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