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Southwest Pacific Island nations are highly vulnerable to climate change impacts, however,
our understanding of how future ocean and atmospheric conditions will affect individual
nations and islands within archipelagos is limited. Regional sea level rise in the SW Pacific is
above global average (as indicated in Fig 1). As a consequence island nations throughout the
region wish to understand how sea level rise will affect their communities. Given the wide
range of island environments (continental, coral, volcanic), decisions regarding management
of remote island nation coastal communities requires more detail than is presently available
from global and regional studies. This study attempts to explore the ocean processes
influencing sea level variations in the Vanuatu region. By improving understanding of present
conditions, our ability to understand impacts associated with future ocean conditions will be
enhanced. This study is part of the EcoAdapt project, whose overall objective is to test the
viability of applying ecosystem-based adaptation approaches to improving resilience to
climate change impacts. Given their heavily reliance on local terrestrial and marine
ecosystems, Vanuatu was selected as a case study for the EcoAdapt project.

Introduction

• Use presently available observations to from satellite data to investigate temporal and
spatial variations in sea surface height anomalies, geostrophic currents and sea surface
temperature over different timescales across the Vanuatu region.

• From these data attempt to identify relationships between ocean conditions and ENSO,
Pacific Decadal Oscillation (PDO) Indexes to better understand processes influencing sea
levels throughout the Vanuatu region.

• Compare the Bluelink Global model to satellite observations to assess its ability to
replicate ocean processes across the Vanuatu region.

• Given the requirement to provide detailed data describing sea levels at the island and sub-
island scale, construct a flexible mesh FVCOM (Chen et al., 2006) model covering the
region.

• Begin verification of the ability of the FVCOM model to replicate circulation in the Vanuatu
region and identify where the model requires improvement.

Having previously identified flaws in the Global HYCOM models ability to replicate conditions
in the Vanuatu region, we investigated agreement between satellite observations of ocean
circulation and the Bluelink Global model which was constructed to best replicate conditions
in the SW Pacific Ocean. This model has been applied previously used in the region to supply
boundary conditions for a nested ROMS model (Ganachaud, et al., 2008).

From sea surface height anomaly (SSHa) maps generated for Austral summer months (Fig 3),
no clear trends emerged between SSHa, ENSO 3.4 or PDO Indexes in the Vanuatu region. This
may be due to the fact that Vanuatu is located below the latitudes typically associated with
strong ENSO characteristics. Additionally meso-scale eddies may in some cases obscure
trends associated with ENSO or PDO cycles. Similar comparisons were made between SSHa,
Warm Pool, and IPO indexes however no clear trend was identified.

Results	and	Discussion
Observations	of	SSHa from	Satellite	Altimetry	Data

Conclusions

• The lack of clear relationships between SSH anomalies, SST, and the different climate
indices demonstrates a need to take a broader look at conditions across the wider South
Pacific Ocean. By correlating these parameters across a larger domain we may gain
improved understanding of their influence on ocean processes within the Vanuatu
archipelago.

• The Bluelink model performed sufficiently for the purpose forcing the finer resolution
FVCOM model of the Vanuatu region. While daily velocity error up to 50 cm/s were
observed typically differences were < 20 cm/s. Monthly and Annual conditions appear to
be well replicated with differences typically <15 cm/s.

• Model experiments thus far reproduce tidal characteristics across the region based on the
limited data available from tidal gauges and from comparison of the main tidal constituent
tidal amplitudes and phases across the region. At present the resolution of the
bathymetry data applied to the model is insufficient to replicate complex circulation in
some nearshore areas of the model domain.

• Further work is required to ensure the FVCOM model replicates circulation through this
complex region. In the coming year, with the opportunity of improved computational
capacity, simulations over longer timeframes will be undertaken in order to verify the
models ability to replicate flow associated with the Southern Equatorial Current and the
different Jets, and currents/counter currents.

• Following verification simulations will be undertaken applying initial and boundary
condition from recent climate models to determine how future conditions are likely to
alter circulation throughout the region, and consequently how these changes will alter
local sea levels in the coastal zone and sea surface temperatures at island and sub-island
scales.
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Investigating	Circulation	in	the	Vanuatu	Archipelago	to	Improve	
Understanding	of	the	Impacts	of	Climate	Change

The Vanuatu archipelago includes 83 islands of volcanic origin, situated between latitudes
13.00 S – 20.20 S, and longitudes 163.30 E – 170.00 E. The total land area is ~12,300 km2,
spread over 1,300 km from north to south. Approximately 80% of the population live in
remote rural communities, on the 12 largest islands.
Islands	in	the	Southwest	Pacific	region,	including	Vanuatu,	are	particularly	sensitive	to	the	
the	oceanic	environment.	Ocean	conditions	control,	local	temperature	and	air-sea	fluxes,	
tropical	cyclone	intensity	and	trajectories,	transports	of	fish	larvae,	and	steric	sea	level.
Thus ocean processes must be considered when evaluating the viability, of climate change
adaptation measures. However the signal associated with climate change is difficult to
discern since there exists significant variation in ENSO over centennial timescales (Cobb et
al., 2003) as well as decadal and inter-decadal variation linked to the Pacific Decadal
Oscillation (Callaghan and Power, 2011). Such variability hampers the detection and
simulation of climate change.

Fig 3. SSH anomalies across the Vanuatu/New Caledonia region, from satellite altimetry data (Panels a, b, c, e, f, g)
over austral summer periods. Black arrows indicate geostrophic current directions. SSHa maps correspond to peaks
and troughs in the ElNino3.4 or PDO Indexes graphed in Panel d. Circled time periods shown in Panel D correspond
to mapped times. Purple ovals = peaks and aqua ovals = troughs. Note that strong El Nino conditions are associated
with ENSO Indexes > 1.5, while strong La Nina conditions are associated with Indexes <-1.5.
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Fig	2.	Site	map	showing	Vanuatu’s	location	in	the	SW	Pacific	Ocean.	The	archipelago	is	located	in	the	region	within	
the	white	box.	
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Preliminary	Study	Objectives
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Fig 1. RCP 4.5 sea level change from CMIP5 for RCP scenario 4.5 for the 2081-2100 period relative to 1986-2005. The
region encompassing the Vanuatu Archipelago is shown circled in white. Source ( Church et al., 2013).
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Comparison	between	Global	Bluelink	Model	Predicted	Surface	Currents	and		
Geostrophic	Currents	estimated	from	Satellite	Altimetry	Data

Fig 4. Geostrophic currents based on
satellite altimetry (a) and pictured beside
Surface currents (layer 1) from the Bluelink
model outputs for the same day (b).
Agreement between daily, monthly, and
annual geostrophic currents and model
predicted currents (c, d, e) where the daily
comparison depicts the 1/1/2012, monthly
depicts January 2012, and annual depicts
2012.
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Preliminary	FVCOM	model	runs
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Fig 5. FVCOM Vanuatu grid. Top inset shows a zoomed in view of a
section of the upper island chain. Bottom inset shows the grid in
the vicinity of Tanna Island to New Caledonia.

Fig 6. Tidal analysis results for a 40-day simulation.

Tidal analysis of FVCOM results
compare well with previously
mapped constituent amplitude
and phase data in the region.
Time series comparisons with
data from 3 fixed tidal gauges
within the model domain
achieved RMSEs of between 5
and 7 cm.

While overall the
preliminary results are
promising, it was
noticed some nearshore
areas are not well
represented. In order to
improve modelled
circulation in nearshore
areas, higher resolution
bathymetry is required
between ~ 0-100 m.
Preliminary nested runs
appear to show realistic
results, however longer
runs are necessary
before a comprehensive
assessment can be
undertaken.
The migration from a
local cluster to the
Australian National
Computing Facility (NCI)
will facilitate these
future studies.


