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Abstract Sea level rise exhibits significant regional differences. Based on Coupled Model Intercomparison
Project Phase 5 (CMIP5) models, sea level projections have been produced for the Australian region by
taking account of regional dynamic changes, ocean thermal expansion, mass loss of glaciers, changes in
Greenland and Antarctic ice sheets and land water storage, and glacial isostatic adjustment. However, these
regional projections have a coarse resolution (~100 km), while coastal adaptation planners demand finer
scale information at the coast. To address this need, a 1/10° near-global ocean model driven by ensemble
average forcings from 17 CMIP5 models is used to downscale future climate. We produce high-resolution sea
level projections by combining downscaled dynamic sea level with other contributions. Off the southeast
coast, dynamic downscaling provides better representation of high sea level projections associated with gyre
circulation and boundary current changes. The high-resolution sea level projection should be a valuable
product for detailed coastal adaptation planning.

1. Introduction

Contemporary sea level rise is an important indicator and measure of anthropogenic climate change. Global
mean sea level (GMSL) has been rising according to tide gauge and satellite altimetry measurements and is
projected to continue to rise in the future [e.g.,Meehl et al., 2007; Church et al., 2013a; Lyu et al., 2014]. Several
physical processes can affect GMSL, including ocean thermal expansion, mass loss of glaciers and ice caps
(GIC), changes in the Antarctic ice sheet (AIS) and the Greenland ice sheet (GIS), and changes in land
water storage.

Sea level changes are not expected to be spatially uniform as several physical processes, such as ocean den-
sity and circulation change, loss of mass from land ice (GIC, AIS, and GIS), and glacial isostatic adjustment
(GIA), all cause regional variations [e.g., Slangen et al., 2012; Church et al., 2013a]. The regional sea level dis-
tribution associated with contemporary loss of land ice (called sea level fingerprints) has been estimated
by solving the sea level equation, in which effects of gravitation, solid-earth deformation, and rotation are
all considered [Farrel and Clark, 1976; Milne and Mitrovica, 1996; Mitrovica et al., 2011]. The melting of land
ice (GIC, AIS, and GIS) generally induces a nonuniform sea level redistribution, with a sea level fall in the near
fields and a greater than global average sea level rise in the far field [e.g.,Mitrovica et al., 2011]. In addition to
regional sea level distribution associated with contemporary changes in land ice mass, there are also ongoing
sea level changes associated with changes in surface loading over the last glacial cycle, the GIA [e.g., Tamisiea
and Mitrovica, 2011]. Ocean density and circulation changes can also cause significant regional sea level
distribution features. Dynamic sea level (DSL), the sea surface height relative to the Geoid, is determined
by the dynamical balance associated with ocean density distribution and circulation. Global climate models
provide useful information about the spatial patterns of DSL changes, though significant intermodel regional
differences remain [e.g., Yin, 2012; Slangen et al., 2015].

CMIP-type global climate models, with a relatively coarse spatial resolution (typical 1° resolution in the
ocean), are primarily designed to study large-scale climate change and variability globally over decades to
centuries. However, for local applications including climate adaption and mitigation planning, practitioners
require much finer resolution at the coast—at least tens rather than 100 km [Intergovernmental Panel for
Climate Change (IPCC), 2014]. Therefore, there are significant gaps in spatial resolution and reliability of
climate information between what the state-of-the-art climate models provide and what the end users wish
to obtain. How to fill such significant gaps is not only a cutting-edge research direction for regional climate
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studies [e.g., Xie et al., 2015] but also is urgently required for the development of localized adaptation and
mitigation strategies [IPCC, 2014].

The CSIRO Ocean Downscaling Strategic Project (CODSP) is as an attempt to address these scale gaps using a
near-global eddy-resolving (1/10°) ocean general circulation model (OGCM) to downscale ocean states for
both the historical period and the 21st century projections of the ensemble average of 17 CMIP5 models
under a high-emission scenario—Representative Concentration Pathways (RCP) 8.5 [Zhang et al., 2016].

Australia is a large island nation, with about half of its population living within 7 km of the coast [Chen and
McAneney, 2006]. Over the 21st century, sea levels around Australia are projected to rise [McInnes et al.,
2015]. The mean sea level rise will likely be felt through extreme sea level events, which lead to coastal flood-
ing, inundation, and erosion [Church et al., 2006; McInnes et al., 2015]. Hence, careful planning, based on reli-
able projection of sea level rise, is critical for building resilience to sea level rise and adapting to its impacts.

To address the above need, we first produce projections of mean sea level around Australia based on the Fifth
Assessment Report (AR5) of the IPCC [Church et al., 2013a] and CMIP5 climate models [Taylor et al., 2012]. We
further examine how different sea level processes combine with each other to generate the total sea level
projection with some interesting regional features around Australia. We then produce a unique high-
resolution (1/10°) total sea level projection product, by combining the DSL derived from the downscaling
with all other sea level contributions. Distinctive differences between coarse- and high-resolution projections
and underlying dynamic processes are also examined.

2. Data Processing and Methodology
2.1. CMIP5 DSL Processing

We use sea surface height relative to the Geoid, the “ZOS” variable from CMIP5 models. The DSL, defined as
regional sea level deviation from the global mean, is derived from “ZOS” with its time-dependent global
mean removed [Yin, 2012; Church et al., 2013a]. Projections of future climate change are defined
with reference to the “present-day” mean state over 1986–2005. The artificial drift (i.e., spurious long-term
changes) in historical and future experiments is estimated with a cubic polynomial fit to the corresponding
control experiments of each individual climate model under constant preindustrial forcing, and is then
removed [e.g., Sen Gupta et al., 2013]. For this study, all four RCPs, i.e., 2.6, 4.5, 6.0, and 8.5, are considered
to represent the low- to high-emission scenario range [Edmonds et al., 2010]. Information about CMIP5 mod-
els, with slightly different ensemble sizes for four RCPs due to data availability, can be found in Table S1 in the
supporting information. CMIP5 models have different horizontal grids, thus, regridding and ensemble aver-
aging can lead to missing values in the coastal regions. To better preserve information from individual mod-
els and provide ensemble averages as close to the coastline as possible, each model is regridded to a
common global 0.5° × 0.5° grid first, then any missing values close to the coastline are iteratively filled with
values from the adjacent grid cells (left, right, upper and lower). Finally, multimodel ensemble averages are
derived and used in the regional sea level projections (Figure S1 in the supporting information). Similar to
the strategy of filling with nearest neighbor points used in the IPCC AR5 [Church et al., 2013b], this mathema-
tical in-filling technique provides a reasonable DSL distribution around Australia, although it is fundamentally
different from the physics-based in-filling technique, used in the dynamical downscaling (section 2.3).

2.2. Regional Sea Level Projection

Only in recent years have total sea level projections at the regional scale been attempted [e.g., Slangen et al.,
2012, 2014; Church et al., 2011, 2013a], with the basic idea that various sea level contributing processes can be
linearly summed.

Our projections of regional sea level generally follow Church et al. [2011], by combining published GMSL con-
tributions by the IPCC, and regional sea level contributions which include DSL processed by the CSIRO sea
level group and various sea level fingerprints based on Mitrovica et al. [2011] (details of the projection meth-
odology can be found in Text S1 in the supporting information [Kendall et al., 2005]). One minor caveat is that
the global mean contribution from land water storage change is included in our projection, but its regional
contribution (deviation from the global mean) is not, since it is small (less than 1 cm) and quite uniform
around Australia [Slangen et al., 2014]. Overall our regional sea level projections under all RCPs are very similar
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(but not identical) to those reported in the IPCC AR5 [Church et al., 2013a] and provide data closer to the
coastline, mainly because of our tailored DSL processing (section 2.1).

2.3. High-Resolution Regional Sea Level Projections

Global high-resolution (sometimes referred to as “eddy resolving”) ocean models are highly desired for
climate studies, since they can simulate boundary currents and mesoscale eddies much better than
coarse-resolution climate models, which play significant roles in heat transport and exchange [Griffies et al.,
2015], the ocean kinetic energy budget [Ferrari and Wunch, 2009; Schiller et al., 2008]. However, global
eddy-resolving oceanmodels are challenging to run, because they require careful configuration and substan-
tial computational resources. In the CODSP, several strategies were developed so that a near-global high-
resolution OGCM could be implemented for climate studies [Zhang et al., 2016]. The OGCM used by the
CODSP is affiliated with the Ocean Forecasting Australia Model Version 3 (OFAM3) [Oke et al., 2013], which
is based on version 4p1 of the GFDL Modular Ocean Model [Griffies, 2009] and configured to have 1/10° grid
spacing for all longitudes between 75°S and 75°N, and 51 vertical layers.

After a 20 year spin-up with repeating year 1979 forcing, OFAM3 is integrated over 1979–2014 driven by JRA-
55 reanalysis [Kobayashi et al., 2015] through bulk formulas. Details about model setup, spin-up and historical
experiments, and comprehensive validation with observations can be found in Zhang et al. [2016], and more
information and regional validation plots can be found in Text S2 [Danabasoglu et al., 1996; Dee and Uppala,
2009; Kobayashi et al., 2015; Maximenko et al., 2009; Maltrud and McClean, 2005; Ridgway and Dunn, 2003; Yu
et al., 2012] and Figures S5 and S6 in the supporting information [Lumpkin and Johnson, 2013]. These results
demonstrate improved performance and greater details in the downscaled product. OFAM3 is further inte-
grated to 2101, driven by merged atmospheric forcing fields which include the high-frequency (daily to

Figure 1. Total sea level projections (unit: cm) for the Australian region over 2080–2099 relative to 1986–2005 under four
emission scenarios - RCP (a) 2.6, (b) 4.5, (c) 6.0, and (d) 8.5, with uncertainty indicated by contours.
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interannual) component from present-day JRA-55 reanalysis and long-term climate change signals from the
ensemble of 17 CMIP5 models under RCP8.5 (details can be found in Text S2 in the supporting information).
The consistently designed model runs (historical + future) from 1979 to 2101 provide high-resolution climate
change projections for all ocean state variables, including sea level. Additionally, a control experiment with
repeating 1979 year forcing that is run in parallel with the historical plus future experiments (1979 to 2101)
is used to quantify artificial drifts, which we find are much smaller than the climate change signals and are
removed from the corresponding historical and future experiments (see Figure S7 showing small drifts of
sea level). Dedrifted high-resolution model results are thus used to estimate the “downscaled” changes in
the ocean by comparing ocean states from the future experiment with reference to those in the historical
experiment, similar to the CMIP5 model analysis.

The high-resolution DSL derived from the dynamical downscaling is then summed with all other sea level
contributing processes to produce a high-resolution (1/10°) total sea level projection. This combination is
based on the understanding that sea level fingerprints associated with the GIA and land ice mass loss (GIC,
AIS, and GIS) induce large-scale responses, which for the “far-field” regions like Australia can be safely
regridded to finer resolution [Mitrovica et al., 2011]. The key difference between the high- and low-resolution
total sea level projections is the DSL component, with the former coming from dynamical downscaling and
the latter directly from CMIP5 models.

3. Regional Sea Level Projection Around Australia

Regional low-resolution sea level projections, derived from the ensemble of CMIP5 models around Australia
over 2080–2099 relative to 1986–2005 under 4 RCP scenarios, are shown in Figure 1. Sea level rises are stron-
gest under the business-as-usual scenario—RCP8.5 (Figure 1d), and weakest under the strong-mitigation
scenario—RCP2.6 (Figure 1a), with intermediate values under the other two scenarios—RCPs 4.5 and 6.0
(Figures 1b and 1c). Projected sea level rise under RCP2.6 is about 40% of RCP8.5 as found through spatial
regression analysis over the study region (105–165°E, 0–50°S), while the percentage is 58% and 74% under
RCP4.5 and RCP6.0 relative to RCP8.5, respectively. The regional distribution of projected sea level rise is simi-
lar among RCPs 4.5, 6.0, and 8.5, with spatial correlation between any two scenarios higher than 0.95 over the
study region. However, the regional distribution under RCP2.6 is slightly different to the other scenarios, with
a lower spatial correlation of 0.78 between RCPs 2.6 and 8.5 (Figures 1a and 1d). Themain reason for this is the
higher sea levels off the southeast coast that are evident under all RCPs except RCP2.6. The spatial differences
in total sea level projection are mainly due to differences in the DSL projection (see Figure S1 in the
supporting information).

Using RCP8.5 as an example, we examine different regional sea level contributions in detail to provide a clear
understanding how different sea level processes combine to produce the regional distribution of total sea
level projections (Figure 2; also refer to Figures S2–S4 in the supporting information for other RCPs). Such
examination was not done by previous studies [e.g., Church et al., 2013a; McInnes et al., 2015]. The DSL has
high sea levels of 6–12 cm off the southeast coast of Australia, extending from ~30°S to 45°S (Figure 2a).
There is a strong north-south contrast of DSL changes off the east coast, with smaller (higher) rise in the north
(south). However, the north-south contrast of DSL mainly shows up offshore from the east coast, not along
the coastline where there is a quite uniform DSL change of 3–4 cm (refer to Figure S8a in the supporting infor-
mation). Along and off the Australian south coast, there are 2–4 cm negative DSL changes (negative deviation
from the global average), with the maximum located just west of the Bass Strait. More negative DSL changes
also extend to the southwest coast, implying a possible common underlying process (e.g., ocean gyre circu-
lation as discussed in section 4). Along the Australian northwest and north coasts, the DSL changes are close
to zero, although there is a zonal band of high DSL of 2 cm off the northwest coast, along 14°S from 105°E
to 115°E.

Because Australia is in the far fields of the various fingerprints associated with loss of mass from the GIC, GIS,
and AIS, the combined contributions from land ice mass change (Figure 2c) under RCP8.5 have quite smooth
regional patterns around Australia. Along the Australian coastline, these contributions altogether cause 3 cm
sea level rise (relative to their combined global means) except a slightly higher value (4 cm) along the south-
west coast and slightly lower value (2 cm) in the Gulf of Carpentaria. A weak cross-shelf gradient with less
than 1 cm higher sea level rise offshore than onshore mainly comes from the contribution from GIC
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Figure 2. Left column shows projected regional sea level change (unit: cm) for the Australian region over 2080–2099 rela-
tive to 1986–2005 under RCP8.5 for (a) dynamic sea level (DSL), (c) sum of various regional sea level contributions due to
land ice mass change (FP), (e) region sea level due to GIA, and (g) the sum of the previous three, i.e., DSL + FP + GIA.
Right column shows several combinations of all global sea level contributions but with different regional sea level contri-
butions: (b) GMSL + DSL, (d) GMSL + DSL + FP, (f) GMSL + DSL + FP + GIA, and (g) GMSL + FP + GIA. Uncertainty (unit: cm) is
indicated by contours except (Figure 2e) for GIA where the uncertainty level is quite uniform ~2.5 cm. Detailed definitions
of DSL, FP, and GIA and associated uncertainty can be found in the supporting information Text S1, in particular, the full
expression of FP (termed as ΔF(x,y,t)) is given there.
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melting. The higher values in the southwest corner than the rest of the study region results from the com-
bined contributions of surface mass balance (SMB) and rapid dynamical change of the AIS, with the former
being projected to gain mass over the whole Antarctica, while the latter being projected to loss mass over
the West Antarctica only [Church et al., 2013a].

GIA not only induces a quite uniform local sea level fall of 3–4 cm along the Australian coastline, with a stron-
ger fall (7 cm) in the Gulf of Carpentaria (Figure 2e), but also a stronger cross-shelf sea level gradient than the
various sea level fingerprints combined (Figures 2c and 2e), with regional sea level varying from �3–4 cm
onshore to near zero offshore.

By combing the above regional sea levels and all GMSL contributions, we get the total regional sea level pro-
jection under RCP8.5 (Figure 2f), which resembles the following intermediate sea level projections: GMSL con-
tributions combined with DSL only (Figure 2b), and GMSL contributions combined with both DSL and various
contributions of land ice (GIC, AIS, and GIS) (Figure 2d). The resemblance among them (Figures 2f, 2b, and 2d)
indicates that the DSL contribution, common to all three, is the source of the regional variations. To first order,
the regional distribution of total sea level is determined by the DSL under RCP8.5, as evidenced by a signifi-
cant spatial correlation of 0.86 between Figures 2a and 2f. If the DSL contribution is excluded, the total sea
level projection looks quite different, without significant regional differences around Australia, except in
the Gulf of Carpentaria (Figure 2h).

Positive regional sea level contributions due to land ice mass changes (Figure 2c) tend to cancel out negative
GIA-induced sea levels (Figure 2e), though the stronger cross-shelf gradient in GIA-induced sea level gener-
ally remains in the total sea level projection (Figures 2f and 2g).

The uncertainty of regional sea level projection, slightly larger for higher RCPs, is about 20 cm around
Australia for all four RCPs, which is close to the uncertainty of GMSL projection (Figure 1) [Church et al.,
2013a]. Under RCP8.5, DSL leads to larger (~6–10 cm in Figure 2a) regional sea level projection uncer-
tainty than land ice mass change (3–4 cm in Figure 2c) and GIA (~2.5 cm in Figure 2e) (see Text S1 for
uncertainty definition).

The dominance of DSL determining regional distribution of total sea level projection as found under RCP8.5 is
less obvious for the other RCPs, since the scenario-independent GIA contribution becomes comparable or
even larger than the scenario-dependent DSL contribution under weaker RCPs, especially under the weakest
RCP2.6 (Figure S2 in the supporting information). In summary, the total sea level projection around Australia
is the result of a complex combination of various regional and global sea level processes, which have some
scenario dependence.

4. High-Resolution Sea Level Projection Around Australia Based On
Downscaled DSL

As discussed above, the DSL is the main process determining the regional distribution of sea level projection
around Australia under moderate to high scenarios. Because CMIP climate models do not have sufficient
spatial resolution, tailored data-processing procedures, in particular, the mathematical in-filling technique,
have to be carefully designed to provide information up to the coast (section 2.1). Dynamic downscaling
directly addresses this problem and provides a dynamic (and physically consistent) method based on the
high-resolution model physics.

The large-scale DSL distribution over 2080–2099 has similar patterns between coarse- and high-resolution
products under RCP8.5 (Figures 3a and 3b), but the high-resolution downscaled DSL reveals detailed regional
features, which are absent in the coarse-resolution DSL. In particular, there is a narrow meridional band of
high sea levels of 20–30 cm immediately off the southeast coast, extending from ~30°S to 45°S. This regional
distribution barely shows up in the coarse-resolution product, although smooth high sea levels with a max-
imum slightly above 10 cm can be found further offshore (see maps in Figures 3a and 3b and also the zonal
distribution along 36°S off the southeast coast in Figure S9 in the supporting information).

Despite large differences off the coast, the differences between the coarse- and high-resolution DSL changes
along the Australian coastline are quite small (1–3 cm), with the high-resolution product showing a stronger
asymmetry between positive DSL changes along the east and negative DSL changes along the southwest
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and south coasts (see Figure S8 in the supporting information). Smaller DSL changes along the coastline
can be roughly understood by considering zero norm-flow requirement on the coastline and geostrophic
balance, which implies a weak alongshore (i.e., tangential) sea level gradient, although a detailed
momentum balance analysis is necessary to get an in-depth understanding of sea level and ocean
currents along the Australian coast, which is to be carried out in a follow-up study.

Figure 3. Dynamical sea level (DSL) change (unit: cm) under RCP8.5 over 2080–2099 relative to 1986–2005, for the
Australian region (a) from coarse-resolution CMIP5 ensemble and (b) the high-resolution downscaled product. DSL
change (unit: cm) associated with barotropic circulation (equation (1)) based on stream function change (c) directly inte-
grated from ocean velocity and (d) indirectly calculated from wind stress based on the Sverdrup Balance and the Island
Rule. Total sea level change (unit: cm) under RCP8.5 over 2080–2099 relative to 1986–2005, including all global and regional
contributions with (e) Coarse-resolution (0.5°) DSL and (f) high-resolution (0.1°) DSL. Figures 3a, 3b, 3e, and 3f are inten-
tionally plotted to show its natural grids, i.e., 0.5° in Figures 3a and 3e and 0.1° in Figures 3b and 3f without interpolation.
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Compared to other coasts around the world, the DSL change signals are relatively small (within ±6 cm) along
the Australian coastline. The differences between high-resolution and low-resolution projections along the
Australian coastline are even smaller (within ±3 cm), since the high-resolution projections come from dyna-
mical downscaling, which by its design is meant to get detailed climate information constrained by large-
scale input from parent climate models [Flato et al., 2013]. However, the above situation of small sea level
changes and small differences does not apply everywhere around the world. For example, there are much
larger differences (>10 cm) between high- and coarse-resolution results elsewhere (to be reported in a
follow-up global study).

Without the DSL contribution, the total sea level projections have a much smoother spatial distribution, with
quite uniform value along the coastline, as well as only a weak cross-shelf gradient (Figure 2h). Including the
DSL contribution dramatically increases regional diversity in both low- and high-resolutions (Figures 3e and
3f). The contrast between low- and high-resolution DSL is well demonstrated in the contrast between two
total sea level projections (see Figures 3a, 3b, 3e, and 3f). The mixing of low-resolution fingerprints with
high-resolution DSL should be treated as an intermediate step toward high-resolution total sea level pro-
jections, but as we have shown here, it is an appropriate and straightforward solution to get high-
resolution total sea level projections especially for “far-field” regions (i.e., far away from the sources of land
ice mass loss).

The regional distribution of DSL with relatively high (low) sea levels off the southeast coast (south and south-
west coast) of Australia in both high- and low-resolution models is closely related to ocean circulation
changes in the future (Figure 3). The dominant feature is that the subtropical gyres in the Southern
Hemisphere are projected to strengthen and shift poleward, the so-called “supergyre spin-up” [Ridgway
and Dunn, 2007; Cai et al., 2010], which occurs in response to the poleward expansion of subtropical highs
of sea level pressure and associated strong and consistent anticyclonic wind stress curl forcing changes
between 35° and 50°S in the South Pacific [Zhang et al., 2014].

For ease of understanding, assume there is a barotropic circulation in the ocean basin. DSL is connected to
the stream function through the following relationship:

ηbc ¼
f
gH

ψ (1)

where ηbc is DSL associated with barotropic circulation, f the Coriolis parameter, g acceleration of gravity, H
the mean water depth (assumed as 4000 m), and ψ the stream function, which can be either directly inte-
grated from ocean velocity or indirectly calculated from wind stress based on the Sverdrup Balance and
the Island Rule [Sverdrup, 1947; Godfrey, 1989].

In the South Pacific, ηbc (Figures 3c and 3d) tends to intensify westward from the South American continent.
Such westward intensification, a well-known feature in ocean gyre circulation, can be understood by zonal
integration of wind stress curl forcing across the South Pacific basin. So the DSL changes around Australia,
such as high (low) sea levels off the southeast coast (south and southwest coast) are not just regional distri-
butional features but rather part of basin-scale oceanic changes in response to changes of atmospheric for-
cing (especially wind forcing).

The ηbc tends to have higher (smaller) values in higher (lower) latitudes (Figures 3c and 3d) because of the
latitude-dependence of the Coriolis parameter (equation (1)). The ηbc can explain the DSL quite well south
of 30°S, with very good spatial correspondence but smaller magnitudes. Larger ηbc of several centimeters
can be found immediately off the southeast coast of Australia, where larger DSLs are located. The discrepancy
of magnitudes between DSL and ηbc simply reflects that the assumption of barotropic circulation is only a
crude approximation. In fact, although consistent circulation patterns tend to penetrate from the surface
to middepth around 2000 m in the South Pacific subtropical gyre, ocean circulation is surface intensified
rather than vertically uniform [Roemmich et al., 2007; Zhang et al., 2014]. Nonetheless, equation (1) adequately
explains the associated changes of sea level and ocean gyre circulation.

The different representation of the high DSL changes off the southeast coast between high and low resolu-
tion can also be understood by the different representation of the western boundary current (WBC), which is
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an essential element of ocean gyre circulation. The cross-shelf slope of sea level in the WBC regions is gen-
erally in geostrophic balance with WBC transport [e.g., Thompson and Mitchum, 2014; Ezer et al., 2013].
With 1/10° horizontal resolution, OFAM3 can represent the WBC systems realistically, as validated with satel-
lite and drifter observations [Oke et al., 2013; Zhang et al., 2016; Feng et al., 2016]. On the contrary, climate
models cannot adequately simulate the observed narrow WBCs, nor represent mesoscale eddies and the
associated high eddy kinetic energy. The sharp and narrow DSL changes off the southeast coast from the
high-resolution simulation are closely related to the stronger EAC Extension in the future climate [Sun
et al., 2012] (Figure 3b, also refer to Figure S9 in the supporting information).

5. Summary and Discussion

In this study, we presented total sea level projections around Australia by the end of the 21st century and
examined how different contributing processes combine together to determine regional sea levels. We
found that among several regional processes, the dynamic sea level is the dominant term under moderate
to strong scenarios leading to high sea level deviations, on the order of 20–30 cm in the high-resolution pro-
jection compared to approximately 10 cm in the low-resolution projection offshore from the southeast coast
of Australia under RCP8.5. The combination of the scenario-independent contribution from GIA and
scenario-dependent contribution from dynamic sea level and sea level contributions due to land ice mass
loss leads to a complicated regional distribution of sea level rise around Australia, with some dependence
on emission scenarios.

The high-resolution sea level projection is based on the technique of dynamical downscaling [e.g., Giorgi
et al., 2001; Flato et al., 2013], which uses global climate model as an input to a finer resolution model to
obtain improved regional climate information. Our dynamic downscaling with a 1/10° OGCM can provide
consistent projections of many ocean state variables (including sea level, ocean temperature, and currents)
and underlying physical processes, at a much finer scale (<10 km) and closer to the coastline than the global
climate models. The better representation of ocean gyre circulation and western boundary currents and their
impacts on sea level projections around Australia as reported here is a clear demonstration of the benefit of
dynamic downscaling.

As reported in White et al. [2014], GIA is not the only process to cause vertical land motion around Australia.
Local factors, such as ground water extraction, can induce nontrivial vertical land motions, which are not
included in our current study, though they should be included in local studies.

As a large island country with most of the population living near the coast, Australia will be significantly
impacted by sea level rise. Hence, careful consideration, based on reliable projections of regional sea level rise
such as this study, is critical for informing coastal adaptation and mitigation. We are working to extend this
Australia-focused analysis to a global study, in particular, for those low-lying regions of the Earth.
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