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Abstract This study presents results from regional climate model (RCM) projections for the south-west Pacific
Ocean. The regional models used bias corrected sea surface temperatures. Six global climate models (GCMs) were
used to drive a global variable resolution model on a quasiuniform 60 km grid. One of these simulations was used to
drive three limited area regional models. Thus a four member ensemble was produced by different RCMs downscaling the same GCM (GFDL2.1), and a six member ensemble was produced by the same RCM (Conformal Cubic
Atmospheric Model—CCAM) downscaling six different
GCMs. Comparison of the model results with precipitation observations shows the differences to be dominated
by the choice of RCM, with all the CCAM simulations
performing similarly and generally having lower error
than the other RCMs. However, evaluating aspects of the
model representation of the South Pacific Convergence
Zone (SPCZ) does not show CCAM to perform better in
this regard. In terms of the future projections of the SPCZ
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for the December–January–February season, the ensemble
showed no consensus change in most characteristics though
a majority of the ensemble members project a decrease
in the SPCZ strength. Thus, similar to GCM based studies, there is large uncertainty concerning future changes in
the SPCZ and there is no evidence to suggest that future
changes will be outside the natural variability. These RCM
simulations do not support an increase in the frequency of
zonal SPCZ events.
Keywords Regional climate model · South Pacific
Convergence Zone · Precipitation · Tropical pacific

1 Introduction
The South Pacific Convergence Zone (SPCZ) is a persistent region of low-level convergence generally extending
from east of Papua New Guinea south-east into the Pacific,
and is readily seen as a contiguous zone of precipitation
maxima in the South Pacific (Vincent 1994). It is a vital
phenomenon for many South Pacific Island nations whose
fresh water resource is closely related to the intensity and
location of the SPCZ. Variations in the SPCZ location and
intensity can also have profound impacts on extreme climatic events experienced on islands in the region.
Studies have shown that the SPCZ orientation is at
least partially due to the presence of a relatively dry zone
to the east. The Andes Mountains in South America have
been implicated in forcing this dry zone, but the presence
of similar subsiding zones in other basins suggests that the
Andes are not essential (Takahashi and Battisti 2007). Variations in the strength of the trade winds impact this dry
zone and have been shown to be related to variations in the
eastern SPCZ margin (Lintner and Neelin 2008). Variation
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in the SPCZ has also been shown to be related to the slowly
varying sea surface temperature (SST) patterns that cause
the upper tropospheric wind fields to vary substantially in
longitude (Widlansky et al. 2011). This leads to a region
of atmospheric wave accumulation over the SPCZ and
accounts for its spatial orientation and long-term variability. More recently van der Wiel et al. (2015a, b) established
a dynamical framework for the origin of the diagonal structure of the SPCZ. In this framework eastward propagating
vorticity centres develop a northwest-southeast tilt due to
interactions with the zonally sheared environment on the
equatorward flank of the Southern Hemisphere subtropical jet. Within a non-divergent, barotropic Rossby wave
framework these diagonal vorticity structures propagate
equatorward. Atmospheric instability associated with these
vorticity structures leads to deep convection due to the high
sea surface temperatures in this region. van der Wiel et al.
(2015a, b) also identifies a zonally asymmetric component
of the SST as a necessary condition for the SPCZ to be
present.
Hierarchical classification of the SPCZ performed by
Vincent et al. (2011) identified four classes, with three of
them having variations around the usual northwest-southeast orientation related to the El Niño—Southern Oscillation (ENSO) phase, and the fourth being zonal in nature
around 5°S. Combined, these studies indicate the complicated nature of the SPCZ and highlight the difficulty
in establishing physical expectations of potential future
changes in a globally warmed world.
A number of studies investigated simulations of the
SPCZ based on the Coupled Model Intercomparison Project phase 3 (CMIP3) and phase 5 (CMIP5) experiments.
Brown et al. (2012) shows that the CMIP3 GCMs tend to
simulate a SPCZ that is too zonal in orientation, and some
models extend the convection too far to the east. CMIP5
GCMs simulated SPCZ remains too zonal compared to
observations (Brown et al. 2013b; Niznik et al. 2015),
though the CMIP5 models do capture some of the interannual variability in the SPCZ latitude. Niznik et al. (2015)
show that this precipitation variability is highest in models
with strong “storm graveyards” (regions of mean negative
zonal stretching deformation in the upper troposphere).
They also suggest that it is SST biases that force an overly
zonal tropical SPCZ.
Studies have also investigated future changes in the
SPCZ based on projections from CMIP3 and CMIP5
experiments. While some models had difficulty producing
a realistic SPCZ, partially due to cold SST biases on the
equator, other more realistic simulations in CMIP3 (Brown
et al. 2012) find no consistent shift in the mean SPCZ position. There is a tendency for an increase in precipitation
near the equator and in the western part of the SPCZ, and a
region of decreased precipitation on the eastern edge of the
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SPCZ. In addition to using some CMIP5 models Widlansky
et al. (2013) also used some simpler models to explore the
response of the SPCZ to future climate change. They found
a tendency for the SPCZ to become drier for moderate
levels of warming but to become wetter for large levels of
warming exceeding 3 °C. Cai et al. (2012) in a similar set
of CMIP3 and CMIP5 projections, found a large increase
in the frequency of zonal SPCZ events despite little change
in the long-term SPCZ position. This suggests that there
could be a large change in the frequency of extreme events
impacting South Pacific Island nations.
One issue facing most GCM climate simulations in the
Western Pacific is the well-known systematic SST “cold
tongue” bias along the equator. To overcome this bias
Nguyen et al. (2012) forced the global CSIRO Conformal
Cubic Atmospheric Model (CCAM) with bias corrected
SSTs from six CMIP3 GCMs. They found that this bias
correction, along with higher resolution, produced significant improvements in rainfall patterns over the host GCMs.
This improvement in precipitation was particularly important when investigating impacts for Pacific Island nations
whose topography can produce distinct precipitation zones
over relatively short distances. Here we extend this study
by producing an ensemble of Regional Climate Model
(RCM) simulations at approximately 50 km grid spacing,
similar to that used by CCAM (60 km), to investigate the
potential climate change impact on the SPCZ due both to
different SSTs and different regional models.

2 Experiment design
CCAM was used to downscale six CMIP3 GCMs to
approximately 0.5° grid spacing over the South Pacific.
This resolution allows most of the larger islands in the
region to be represented as land areas within the model.
CCAM is a variable resolution global model driven by the
SST and sea ice concentration fields from the host GCM. It
is known that many GCMs have a significant bias in their
western Pacific SSTs that may influence the location and
intensity of the SPCZ. To address this, the GCM SSTs are
first bias corrected with respect to the Reynolds (1988) climatology before being used to drive CCAM (Nguyen et al.
2012). To remove the biases, the monthly values for the
SSTs simulated by the GCMs for the current climate period
(1979–1999) are compared with the monthly values of the
standard observed set derived by the method of Reynolds
(1988) for the same period. These monthly biases are subtracted from the GCM SST field for all months before it
is used in the downscaled simulation. The resulting biascorrected SST fields retain the interannual variability on
all timescales of the parent GCM from which they were
derived including, for example, the unique sequence of
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El Nino Southern Oscillation events simulated by each
GCM in its own historical and future simulation. However,
the bias correction process removes any incorrect spatial
structures in SST that may be produced by the GCM for
the current climate. When applied to the future simulations this approach assumes that the bias correction applied
to each grid box is invariant. Our experiment is thus distinct from AMIP style runs using observed SSTs, or those
using SSTs taken directly from historical or future simulations of GCMs. The SST bias has been implicated in producing a tropical SPCZ that is overly zonal (Niznik et al.
2015), correcting these biases should allow the RCMs to
improve the orientation of the SPCZ compared to the driving GCMs. The GCMs considered are GFDL 2.1, GFDL
2.0, ECHAM5, HadCM3, MIROC 3.2 and CSIRO Mk3.5.
These simulations facilitate the estimation of uncertainty in
future changes as a result of the spread amongst GCMs.
In addition to the CCAM simulations, one GCM (GFDL
2.1) was downscaled by three limited area regional climate models (RCMs) to 0.5° horizontal resolution:
WRF; RegCM3; and PRECIS over a domain covering
145°E–170°W and 10°N–25°S. The boundary conditions
for these models came from the bias-corrected SST CCAM
simulation run at quasi-uniform global 60 km grid spacing.
The use of the RCMs along with CCAM facilitates an estimation of the uncertainty in future projections due to the
downscaling model. Thus there are two sets of downscaled
results: four regional models (CCAM, WRF, RegCM3,
PRECIS) driven by the same GCM SSTs (GFDL 2.1)
using the CCAM global 0.5° simulation as lateral boundary conditions, referred to as the GFDL2.1 ensemble; and
one regional model (CCAM) driven by six different GCMs,
referred to as the CCAM ensemble. Analysis is performed
on simulations covering two 20-year periods beginning on
the 1st January 1981 (present-day) and 1st January 2046.
Each analysis period is preceded by 6 months of simulation to allow model fields to “spin-up”. The SRES A2
high emission scenario (IPCC 2007) is used for the future
period. The model simulation domain is focused on the
south-west tropical Pacific and is shown in Fig. 1.
2.1 Model descriptions
2.1.1 CCAM
For the past decade the Conformal Cubic Atmospheric
Model (CCAM) has been the mainstay of CSIRO dynamical downscaling (McGregor 1996, 2005a, b; McGregor
and Dix 2001, 2008). CCAM is a full atmospheric GCM
formulated on the conformal-cubic grid. CCAM includes
a fairly comprehensive set of physical parameterizations. The GFDL parameterizations for long-wave and
shortwave radiation are employed, with an explicit cloud

scheme, determined by liquid and ice-water. The model
employs a stability-dependent boundary layer scheme
based on Monin–Obukhov similarity theory, together
with a nonlocal mixing scheme. A canopy land surface
scheme is included, having six layers for soil temperatures and moisture (solving the Richards equation). The
cumulus convection scheme uses mass-flux closure, as
described by McGregor (2003), and includes downdrafts,
entrainment and detrainment. CCAM was run here with
18 vertical levels in a quasi-uniform global mode. See
Nguyen et al (2012) for a more complete description of
the model, its set-up and some validation over the Pacific
region.
2.1.2 WRF
The Weather Research and Forecast (WRF) model is developed and maintained at the National Center for Atmospheric Research in the USA (Skamarock et al. 2008). The
model used the following physics schemes: WRF Single
Moment 5-class microphysics scheme; Rapid Radiative
Transfer Model longwave radiation scheme; Dudhia shortwave radiation scheme; Monin-Obukhov surface layer similarity; Noah land-surface scheme; Mellor-Yamada-Janjic
boundary layer scheme and Kain-Fritsch cumulus physics
scheme. The model simulation uses 0.5 degree horizontal resolution and 35 vertical levels. This configuration
of WRF has been found to perform well in the Australian
region (Evans and McCabe 2010; Evans and Westra 2012;
Evans and McCabe 2013).
2.1.3 RegCM3
The Abdus Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 3
(RegCM3, Pal et al. 2007) is a hydrostatic limited-area
regional climate model based on the MM5 dynamical
core (Grell et al. 1994) coupled to physical parameterizations appropriate for climate time scales. For this study the
model was run with 50 km grid spacing and 18 vertical levels. The simulations used the Emanuel convective parameterization (Emanuel 1991; Emanuel and Rothman 1999),
which was chosen by evaluating all convective parameterizations available in RegCM3 in tests that used NCEP-DOE
Reanalysis II (Kanamitsu et al. 2002) results as initial and
lateral boundary conditions (results not shown here). Other
parameterizations used here were the explicit moist physics
scheme of Pal et al. (2000), the ocean surface flux scheme
of Zeng et al. (1998), and the nonlocal boundary layer
scheme of Holtslag et al. (1990). RegCM3 has been used in
simulations over all the inhabited continents (Giorgi et al.
2006) as well as the western North Pacific Ocean (AuYeung and Chan 2012).
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Fig. 1  Mean annual precipitation (mm) over the period 1981–2000

2.1.4 PRECIS
The PRECIS system (Providing Regional Climates for Impact
Studies) is a modelling suite for producing high resolution climate change simulations built on a version of the UK
Met Office Unified Model, HadRM3P, and is described in
detail in Jones et al. (2004). This study only makes use of the
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HadRM3P model that is the core of the PRECIS suite, with
lateral boundary conditions provided by the CCAM model.
The model was run at 0.5 degree resolution with a total of 108
gridboxes in longitude and 82 in latitude and 19 vertical levels. In-depth discussion of the model dynamics and physical
parameterisations can be found in Gregory et al. (1994), Stratton (1999), Pope et al. (2000), Gordon et al. (2000) and Pope
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and Stratton (2002). Versions of the Hadley Centre Regional
Climate Model have been used in several other studies, for
other regions of the globe [see Hudson and Jones (2002), Frei
et al. (2003), Zhang et al. (2009) and Ackerley et al. (2012)].
2.2 SPCZ identification
A number of different physical quantities have been used
to identify the SPCZ in past studies, including mean sea
level pressure; convergence of low level wind; maximum
in observed precipitation; maximum in outgoing long-wave
radiation; maximum in upward vertical velocity (Vincent et al.
2011; Brown et al. 2012; Salinger et al. 2014). Here we use a
method based on the location of the maximum precipitation in
gridded datasets. This is a modification of the method used in
Brown et al. (2012), with a reduction in the domain of interest
to match the limited area of the regional climate models and to
exclude precipitation maxima that occur on the equator. Here
the SPCZ domain is defined as 7–25°S and 155°E–170°W,
with the northern limit of 7°S chosen to exclude equatorial
precipitation from being identified as part of the SPCZ. The
SPCZ mean latitude and orientation is then estimated using a
linear fit to the precipitation maximum latitude for each longitude in the gridded data. This domain provides a focus on the
western tropical component of the SPCZ. While it has been
found that GCMs have distinct regions of SPCZ bias (Niznik
et al. 2015), no evidence for this was found within the RCM
simulations in our domain of interest and a single line generally provided a good fit to the data.

where Oi are the observational estimates and M is the modelled value.
The bias, root mean square error (RMSE) and pattern
correlation are then calculated using the εORA rather than
the standard error as defined against a single observational
estimate. In this way the calculated statistics explicitly
account for the observational uncertainty.

3 Results
Results are presented in two parts. First, the downscaling
models’ ability to simulate the region’s climate, including
the SPCZ, is evaluated based on the present-day simulation
(1981–2000). Then the future changes in the region’s climate and the SPCZ location and intensity are examined.
3.1 Evaluation of present day simulations
The mean annual precipitation for the present day simulation of each model is shown in Fig. 1, along with the

2.3 Observations and statistics
Two observational precipitation datasets that cover the region
and time period are used to evaluate the models: the Global
Precipitation Climatology Project (GPCP) (Adler et al.
2003), and the Climate Prediction Centre Merged Analysis
of Precipitation (CMAP) (Xie and Arkin 1997). Both datasets merge information from multiple satellites to estimate
the total rainfall on a 2.5° grid. All evaluations are carried out
with models and observations remapped to a common 0.5°
grid. The range given by these datasets provides an estimate
of the observational uncertainty. Statistics presented within
this paper have been adjusted for this observational range.
That is, if a model estimate is between the two observational
estimates (or equal to either of them) then it is considered to
have zero error. If the model estimate is outside the observational range then the model error is the distance from the
model value to the nearest observational estimate.
The observation range adjusted error (εORA) is therefore

for min(Oi ) < M < max(Oi )
0
for M < min(Oi )
εORA = M − min(Oi )

(1)
M − max(Oi ) for M > max(Oi )

Fig. 2  Mean seasonal precipitation bias (mm), RMSE (mm) and pattern correlation adjusted for the observational range over the period
1981–2000
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CMAP and GPCP observational estimates. Several aspects
of the mean precipitation field are worth noting. The observational estimates have similar spatial patterns but their
magnitudes differ substantially, providing a range of uncertainty for the observations. There are strong similarities
between the CCAM simulations, and significant differences
between regional models. This latter result emphasises the
importance of local convective processes, which are parameterised differently in the different regional models, to the
production of precipitation in the region.
Figure 2 presents the bias, root mean square error and pattern correlation, each calculated with the observational range

between CMAP and GPCP taken into consideration. That
is, if a model estimate falls within the observational range
then it is considered a perfect match. Error is only accumulated when a model estimate falls outside this range and is
quantified relative to its distance outside this range. It can be
seen that the statistics are very similar for all CCAM simulations. This is due to CCAM using only the SST fields from
the GCMs, which after bias correction for the present day are
very similar to each other. In most cases the CCAM statistics
are also better than those obtained from the other regional
models. Note that all pattern correlations are statistically significant using a Student’s t test at the 5 % significance level.

Fig. 3  Present mean DJF precipitation (mm/month) (1981–2000).
The black dots indicate the location of the mean DJF precipitation
maximum at each model longitude. The black line indicates the cor-

responding least squares linear regression. The light purple lines indicate the same linear regression performed on each individual DJF
precipitation field
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3.1.1 Evaluation of the SPCZ
The modelled location and orientation of the SPCZ are
shown in Fig. 3, along with the mean precipitation field
for December, January and February (DJF), which is the
period during which the SPCZ is at its strongest. The black
dots and line indicate the mean DJF precipitation maximum
at each model longitude and the associated linear regression, indicating the SPCZ. The purple lines indicate the
same linear regression calculated independently for each
year. Comparable plots for the driving GCMs can be found
in Fig. 5 of Brown et al. (2011). In most cases, including
GFDL 2.1, the GCMs simulate a SPCZ that is too zonal in
orientation.
While significant interannual variability in the SPCZ
location and orientation is present in the observational
data, this interannual variability is larger within the models. Despite this increased variability the mean location and
orientation of the SPCZ are captured reasonably well by
the regional models. The higher resolution of the regional
models compared to the observations and GCMs produces
some differences between them. Many of the regional models have precipitation maxima on or next to islands such as
Fiji, Vanautu and New Caledonia, as they are able to capture the topographic enhancement of precipitation that is
missed by the GCMs. It can also be seen that some models, such as the CCAM-GFDL2.0, have a step change in the
latitude of the maximum precipitation at a particular longitude (often around 170°E), rather than the relatively smooth
transition that is present in the relatively coarse-resolution
observations. RegCM3 has a large region of spurious high
precipitation in the southeastern part of the domain that
leads to a strong northwest-southeast slope of the SPCZ.
In the observations and almost all models there are years
when the slope of the SPCZ is positive (from south-west to
north-east). These generally occur when no SPCZ can be
identified in the precipitation field in this domain. Two of
the 20 years investigated here can thus be identified as having no SPCZ in both observational datasets. The regional
models are able to capture the frequency of years where no
diagonal SPCZ could be identified within the domain with
occurrences ranging from 0 to 3 out of 20 years and an
ensemble average of ~2.1 years.
Figure 4 presents some SPCZ related statistics which
have been calculated using a linear regression fit to the
SPCZ location as described in Sect. 2.2. The observation
range adjusted error is used in all statistics. All the regional
models place the mean latitude of the SPCZ too far south.
Most of the models have the SPCZ oriented too far to the
south-east, except for WRF which has the SPCZ orientation slightly too zonal. All the models underestimate the

Fig. 4  Evaluation of SPCZ characteristics adjusted for the observational range over the period 1981–2000

magnitude of the precipitation along this regression line
estimate of the SPCZ location. In each case the range of
estimates from the CCAM ensemble is smaller than the
range within the GFDL2.1 ensemble. It is worth noting that
no single model produces the best (or worst) representation
of the SPCZ based on these characteristics and we consider
all of these models to produce plausible SPCZs.
3.2 Future changes
Future changes to the DJF precipitation field can be seen
in Fig. 5. While a range of changes is present, most models
indicate a general decrease in precipitation in the 5–15°S
range with possible increases to the north and south. The
projected changes in the mean SPCZ location are strongly
model dependent with no consensus between models.
Figure 6 shows the future mean and yearly locations of
the SPCZ. All models maintain a wide spread in annual
SPCZ locations and orientations. Almost all model projections include years when no diagonal SPCZ can be identified within the domain, with a slight projected decrease in
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Fig. 5  Mean DJF Precipitation difference (mm/month) (future
[2046–2065]—present [1981–2000]). Only changes greater than
10 mm/month are coloured. The grey (black) line indicates the loca-

tion of the present (future) SPCZ. Stippled regions indicate that the
precipitation change is significant at the 5 % significance level using
a Student’s t test

the ensemble average frequency to ~1.8 years per 20 years.
It is worth noting that there is no change in frequency of
zonal SPCZ events in the full ensemble, with models split
between small increases and decreases.
Future changes in SPCZ characteristics are presented in
Fig. 7. Across all the regional models no consensus exists
on the change in average SPCZ latitude, with CCAM simulations projecting a mix of northerly and southerly movement of the SPCZ, while all other regional models project
a southerly movement. There is also a wide spread in the
projected changes in slope of the SPCZ, with as many
models predicting a steepening as a flattening. Most models project a decrease in the magnitude of precipitation
along the SPCZ regression line. The CCAM ensemble is
quite consistent in this respect; however, the GFDL 2.1
ensemble models (i.e., CCAM-GFDL2.1 and the three
limited-area RCMs) are equally split between increases and
decreases, with a small increase in the ensemble mean. It

is worth noting that the spread in CCAM ensemble future
changes in SPCZ characteristics is smaller than that found
in the GFDL2.1 ensemble. Given that all the regional models produce a plausible future climate, these results suggest
that CCAM ensemble alone would potentially underestimate the uncertainty associated with future changes in the
SPCZ. Either using more GCMs to downscale and/or using
a multi-model regional model approach would capture this
larger range of possible futures.
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4 Discussion
A common feature of GCM simulations of the SPCZ is an
overly zonal orientation (Brown et al. 2012, 2013b; Niznik
et al. 2015). Some studies have suggested that SSTs play an
important role in producing the SPCZ (van der Wiel et al.
2015a) and hence biases in these SSTs may be responsible

Regional climate model projections of the South Pacific Convergence Zone

Fig. 6  Future mean DJF precipitation (mm/month) (2046–2065).
The black dots indicate the location of the mean DJF precipitation
maximum at each model longitude. The black line indicates the cor-

responding least squares linear regression. The light purple lines indicate the same linear regression performed on each individual DJF
precipitation field

for this zonal orientation in GCMs (Niznik et al. 2015).
The regional climate model simulations presented here do
not have the zonal bias present in the driving GCMs. This
is likely due to the use of bias corrected SSTs that allow
the regional models to more realistically capture the development of the SPCZ. The regional models also generally
improve the spatial correlation of precipitation with all
regional models obtaining pattern correlation above 0.65
in DJF, while almost half of CMIP3 GCMs and 25% of
CMIP5 GCMs have spatial correlations below 0.6 (Brown
et al. 2011, 2013b). In terms of the mean SPCZ latitude the
regional models have a tendency to place the SPCZ too far
south while both the CMIP3 and CMIP5 GCMs perform
better on average.
Largely in agreement with GCM based studies, these
RCM projections indicate a rather uncertain future for the
SPCZ in the DJF season, with the ensemble mean projection being little change in the mean SPCZ position. This

is in agreement with CMIP3 and CMIP5 results (Brown
et al. 2012, 2013b). The regional model ensemble mean
also projects little change in the SPCZ strength while
the CMIP3 and CMIP5 high emission scenarios tend to
project increases in SPCZ precipitation (Brown et al.
2012, 2013b). The regional ensemble projection does
fall within expectations from Widlansky et al. (2013)
who suggest a decrease in SPCZ precipitation for low
levels of warming and a switch to increased precipitation for higher levels of warming, with the future projections here close to the warming range where this switch
should occur. The results do not support an increase in
the frequency of zonal SPCZ events as found in Cai et al.
(2012). This may be related to the use of bias corrected
SSTs that eliminate the wide variety of locations for the
western Pacific warm pool and cold tongue simulated by
the GCMs, as well as differences in the GCM subsets
used.
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Fig. 7  Future change in SPCZ characteristics (future [2046–2065]—
present [1981–2000])

4.1 Projections for South Pacific Islands
Unlike the GCMs, the higher resolution of the RCMs
allows some representation of the South Pacific Islands.
Although not specifically addressed here, the use of bias
corrected SSTs significantly reduces some of the largest
model inadequacies for this region, such as the extension of low rainfall near the equator too far to the west,
related to the cold tongue bias in most GCMs. It should
be noted that while these RCMs at ~50 km resolution
have islands present that are missing from the GCM simulations, they are not able to resolve within island topography and hence the climate distribution across islands.
For some islands, such as Fiji, the topographic influence
on climate across the island is significant and simulations with much higher resolution are needed to capture
this (e.g. Chattopadhyay and Katzfey 2015). Changes
for Island countries based on the CMIP3 and CMIP5
GCMs were reported in Australian Bureau of Meteorology, CSIRO (2011, 2014). For each of the countries
investigated here, examining the change in wet season
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precipitation under a high emission scenario by ~2050
reveals that the range of uncertainty in the projected
change is twice as large (or more) than the projected
change itself and the projected changes are reported to
have low confidence. Here we examine the precipitation
changes projected for some island countries based on
the RCM simulations to determine if the higher resolution modelling changes either the projection or range of
uncertainty. In each case precipitation totals are taken
from the RCM grid box centred over the Island.
The impact of climate change on precipitation for
islands present in the RCMs can be examined directly,
rather than indirectly, as in Brown et al. (2013a), where
GCM projections were used to qualitatively assess the
future climate change impact on precipitation for Nauru
(0.5°S, 167°E). Part of their qualitative approach was to
correct for biases in GCM SSTs which have been explicitly corrected in these RCM simulations. Their results
suggest that annual rainfall totals for Nauru will either
increase or show little change in the future. Figure 8
shows the direct estimates of rainfall change for Nauru
from the RCM projections. These estimates agree with
the qualitative estimates of Brown et al. (2013a) but
allow this to be quantified. Based on the RCMs the
mean annual Nauru rainfall is projected to increase by
approximately 50 mm, though there is a large spread in
the ensemble spanning a small decrease to an increase
of ~170 mm. Note that the rainfall increase for Nauru is
more related to increases in equatorial precipitation than
the SPCZ.
RCM projected mean annual precipitation changes
for Vanuatu, Fiji and Samoa are also presented in Fig. 8.
Unlike Nauru, the ensemble mean change is close to zero
in each case, with the ensemble spread spanning similar increases and decreases. For Vanuatu (and partly for
Fiji), all CCAM projections show a decrease, while all
other RCMs project an increase in mean annual precipitation. This again suggests that if one were to use a single
regional model (in this case CCAM) one could be overly
confident in a projected decrease in rainfall. Inclusion of
multiple regional models increases the range of possible
projections, and as a result, there is less confidence in the
change of rainfall. In such cases it is important to keep
in mind that the small ensemble-mean change arises from
considerable inter-model variability and should not be
interpreted as a projection that there will be little change.
Samoa is a case where models project both increases and
decreases, most with changes less than 15 mm. Hence,
these results suggest that a projection of little change
for Samoa would have higher confidence than for other
islands examined.
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Fig. 8  Projected mean annual precipitation change (mm) for select Pacific Islands (future [2046–2065]—present [1981–2000])

5 Conclusions
This study presents results from two ensembles of regional
climate projections for the south-west Pacific Ocean. Both
ensembles used bias-correct GCM SST. The first ensemble used a high resolution global grid version of CCAM
using six GCMs from the CMIP3 ensemble. The second
ensemble uses output from one of the CCAM simulations
(GFDL2.1) to drive the lateral boundaries for three additional limited-area RCMs (WRF, RegCM3, PRECIS). Thus
a four member ensemble was produced by different RCMs
downscaling the same GCM (GFDL2.1), and a six member
ensemble was produced by the same RCM (CCAM) downscaling six different GCMs.
Comparison of the model results with precipitation
observations shows the differences to be dominated by

the choice of RCM, with all the CCAM simulations performing similarly and generally having lower error than
the other RCMs. However, evaluating aspects of the model
representation of the SPCZ does not show CCAM to perform better in this regard. All RCMs place the SPCZ too far
south and the precipitation along the SPCZ is weaker than
observed. The models show a mixture of responses in terms
of the slope of the SPCZ. The models also tend to overestimate the inter-annual variability in the location, strength
and orientation of the SPCZ, though this may be partly due
to the use of lower resolution observational datasets.
In terms of the future projections of the SPCZ for the
DJF season, the ensemble showed no consensus change
in most characteristics though a majority of the ensemble
members project a decrease in the SPCZ strength. Thus,
similar to GCM based studies, there is large uncertainty
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concerning future changes in the SPCZ and there is no evidence to suggest that future changes will be outside the natural variability. These RCM simulations do not support an
increase in the frequency of zonal SPCZ events. It is worth
noting that rainfall is projected to increase near the equator
but this region is excluded from our SPCZ domain.
Unlike the GCMs, the RCMs at least minimally resolve
many of the islands in the region and hence future precipitation changes for these islands can be examined directly. While
a projected future increase in mean annual precipitation
for Nauru is in agreement with previous qualitative assessments, most islands examined showed a wide spread of future
changes in the ensemble. Thus projections of little change in
mean annual precipitation, with relatively high uncertainty,
are found for most islands, which agrees with projected
changes in the SPCZ characteristics by mid-century.
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