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INFRASTRUCTURE
Observations infrastructure and data support

PRODUCTS & SERVICES
Data management and Climate and Ocean 
Products and Services

COMMUNICATIONS
Communications with and between key 
stakeholders and diverse communities

CAPACITY DEVELOPMENT
Capacity development & training support

GOVERNANCE
Governance, transition and support services

COSPPac3 Five Key Deliverables
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COSPPac Donors, Delivery Partners, 
and Key Stakeholders



• Cook Islands

• FSM

• Fiji

• Kiribati

• Marshall Islands

• Niue

• Nauru

• PNG

• Palau

• Samoa

• Solomon Islands

• Tokelau

• Tonga

• Tuvalu 

• Vanuatu 

15 Partner Pacific Island Countries & Territories
Began in 1991 as an Australian response to 

concerns raised by the member countries of the 

South Pacific Forum over the potential impacts of 

global warming on climate and sea levels in the 

Pacific.

Australia has been supporting 15 Pacific Island 

countries (PICs) to measure, record and analyse 

long-term sea level and land motion for over 25 

years. This is known as the Pacific Sea Level 

and Geodetic Monitoring (PSLGM) component 

funded by Australian Aid under the Climate and 

Oceans Support Program in the Pacific 

(COSPPac). 

The sea level data is collected continuously at 

one or two tide gauges and land motion data is 

collected continuously at one or two Global 

Navigation Satellite System (GNSS) stations in 

each of the 15 PICs.

Primary goal “to generate an accurate record of 

variance in long-term sea level for the Pacific and 

to establish methods to make [these] data readily 

available and usable by Pacific Island Countries

Tokelau

Manus Island



PSLGM Team Leader
Jeff Aquilina
jeff.aquilina@bom.gov.au
+61 439 895 514
Australia - Adelaide

OTIS RICHARDSON
Manager

BRIAN WILLIAMS
Manager

OTIS RICHARDSON
Manager

BRIAN WILLIAMS
Manager

PSLGM LEADS
P a c i f i c  Se a  L e v e l  a n d  Ge od e t i c  M on i tor i n g  

todor.iolovski@bom.gov.au
+61438973550
Australia - Adelaide

Bureau Technical Officer
James Blocki

Australia - Adelaide

saleshk@spc.int
+679 9426385
Fiji - Suva

Technical Officer
Maleli Turagabeci

malelit@spc.int
+679 9142 669
Fiji - Suva

Technical Officer
Poate Degei

poated@spc.int
+679 870 6492
Fiji – Suva

SPC Senior Geodetic
Surveyor
Andrick Lal

andrickl@spc.int
+679 9944144
Fiji – Suva

Geodetic Surveyor
Veenil Rattan

veenilr@spc.int
+679 9948 350
Fiji - Suva

Geodetic Surveyor
Marika Kalouniviti

marikak@spc.int
+679 9129 260
Fiji - Suva

Technical Officer
Ross Udemans

ross.udemans@ga.gov.au
+61 2 6249 9964
Australia – Canberra

emma.allen@ga.gov.au
+61 2 6249 9750
Australia – Canberra

Eric.Hay@ga.gov.au
+61 459 996 419
Australia – Canberra

Operations Officer
Emma Allen

Technical Officer
Eric Hay

SPC Technical
Assessment  Lead
Salesh Kumar

Bureau Sea Level 
Technical Lead
Brendan Collopy

brendan.collopy@bom.gov.au
+61429545756
Australia - Adelaide

Technical Officer
Shane Nancarrow

shane.nancarrow@ga.gov.au
+61 407 913 915
Australia – Canberra

Bureau Technical Officer
Tod Iolovski

ryan.ruddick@ga.gov.au
+61 429 771 069
Australia – Canberra

GA Director
GNSS Infrastructure
and Informatics
Ryan Ruddick

amy.peterson@ga.gov.au
+61 2 6249 9126
Australia – Darwin

Team Lead
GNSS Infrastructure
Amy Peterson
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14 sites across the pacific

• 1 x permanent  tide gauge at each, measuring local sea level

• 1 x Constant GNSS COR station at each, measuring local earth movement in an absolute 

coordinate system

• Regular levelling survey between the tide gauge and GNSS COR stations allow absolute 

determination of the vertical height of the tide gauges that measure sea level

Pacific Sea Level & Geodetic Monitoring 

Vertical motion of Pacific Island tide gauges: combined analysis from GNSS and levelling (GA Record 2020/03) 
(d28rz98at9flks.cloudfront.net)

https://d28rz98at9flks.cloudfront.net/134521/134521_00_0.pdf
https://d28rz98at9flks.cloudfront.net/134521/134521_00_0.pdf


GNSS CORS – Land Monitoring Stations

Continuously Operating Reference Station (GNSS) in Lautoka, Fiji.



SEAFRAME – Sea Level Monitoring Stations

Tide Gauge Station in Majuro, Marshall Islands. Tide Gauge Station in Nuku’alofa, Tonga.



Levelling is undertaken every 18 months to compute the difference in height between the GNSS 

Site and the Tide Gauge. The orange triangles represent the stable survey marks in the ground. 

Observations are made between each of the survey marks and added together to compute the 

difference in height between the GNSS Site and the Tide Gauge

Pacific Sea Level & Geodetic Monitoring 



[i] land subsiding at a rate of 5 mm/yr with no change to absolute sea level; 

[ii] absolute sea level rising by 5 mm/yr and no movement of the land. 

A tide gauge alone cannot 

differentiate between changes 

in the sea level height and 

movement of the land or wharf 

the tide gauge is attached to. 

If a tide gauge is observing 5 

mm/yr rise in sea level, we are 

unable to distinguish whether 

the land to which the tide 

gauge is connected is 

subsiding by 5 mm/yr (Figure 

i), the sea level is rising by 5 

mm/yr (Figure ii), or some 

combination of both.

Pacific Sea Level & Geodetic Monitoring 



GNSS heights can be measured with 

respect to the centre of the Earth.

To distinguish between relative and 

absolute sea level variation from tide 

gauge data, it is necessary to know the 

movement of the tide gauge in an 

absolute frame of reference. 

The absolute frame of reference we use 

is the centre of the Earth. 

In the Pacific Island countries described 

in this report, a GNSS site is located 

within 1-5 km of the tide gauge. At these 

GNSS sites, it is possible to determine 

the absolute height of the GNSS site.



Change in the height of the Apia GNSS site with respect to the centre of the Earth. The black dots are the height of the 

GNSS site every week with respect to the centre of the Earth. The dark blue line is a smoothed representation of the weekly 

data and the light blue error bars show the 95% Confidence Interval.



Change in the absolute height of the Apia tide gauge. The error bars show the 95% Confidence Interval.

• Tide gauge movement for absolute sea level analysis between 2002 and 2008 should be assumed to be 0 mm/yr.
• Samoa experienced a magnitude 8.1 earthquake on 29 September 2009. 95
• Tide gauge movement for absolute sea level analysis is -8.0 ± 2.8 mm/yr at 95% Confidence Interval between 2010 and 2018.



Absolute vertical rate of movement of the tide gauge in Pacific Island countries. For example, in Kiribati, -2.1 mm/yr represents the rate of movement 

of the tide gauge and ±1.5 mm/yr represents the uncertainty in the rate of movement. Grey circles represent sites which have an absolute vertical 

rate of movement that is not greater than the uncertainty of the data. In these cases, either the absolute vertical rate of movement of the tide gauge is 

close to zero, or a longer time series of data is needed to better understand the absolute vertical rate of movement of the tide gauge.



Pacific Sea Level & Geodetic Monitoring Surveys
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/146976 

https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/146976


Geodetic Survey Benchmarks



Looking back – Levelling

Digital Level NA 3003 with Invar Starves



Looking now – Levelling

Total Station with Survey Poles



Looking back and now – GNSS CORS
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Collaboration

Maintenance and levelling 
of the Sea Level and GNSS network

The pandemic caused delays to our normal Performance Checks and Upgrades of the sea level 
network, as well as the Geodetic Levelling from the GNSS pillar to the tide gauge. 

The positive outcome is that the project gained great support from the NMS's and LSD's staff with the 
6 Monthly Infrastructure Maintenance to both networks to complete over 100 site visits since 2019. The  
work with LSD staff has been managed by the SPC survey team to maintain these sites and to be our 
eyes and ears in your country.

This has increased the local technical and surveyor's capability and built a stronger project 
partnership. 

Also, large part of collaboration between Geoscience Australia and the LSD offices in the last 5 years 
is the Return To Service assistance with the GA technical desk, which has provided the continued 
collections of GNSS data.
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Collaboration
Maintenance of the Sea Level and GNSS network



Collaboration
GNSS Refresh Station Upgrades
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Capability

First Regional Tides Training

• Training completed in Nadi, Fiji in March 2023

• 41 Participants from 12 countries.

• Field training to demonstrate the installation and 
commissioning of a portable tide station, which included the 
recording of manual tide readings every 6 minutes.

• Field training on the use of the survey equipment to record 
and establish survey benchmarks. 

• Visited the Lautoka Sea Level and GNSS COR Station

• Learnt the principles of tidal predictions
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Capability
First Regional Tides Training



Initiatives
• Portable tide gauge project to increase tidal predictions for each 

country over the next 4 years.

• SPC to manage the equipment and siting requirements with NMS's 
and LSD's.



Achievements

• The Absolute sea level in the Pacific: data and methodology report 
has been completed. BRR085

• Absolute sea level in the Pacific: data and methodology (bom.gov.au)

• Vertical motion of Pacific Island tide gauges: combined analysis from GNSS and levelling (GA 
Record 2020/03) (d28rz98at9flks.cloudfront.net)
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http://www.bom.gov.au/research/publications/researchreports/BRR-085.pdf
https://d28rz98at9flks.cloudfront.net/134521/134521_00_0.pdf
https://d28rz98at9flks.cloudfront.net/134521/134521_00_0.pdf


Thank You - Initiatives

• Tidal Calendars Pacific Ocean Portal (spc.int)

• COSPPac Pacific Tide App.

https://oceanportal.spc.int/portal/library/
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