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Executive Summary 

The CSIRO Climate Innovation Hub (CIH), on behalf of the Australian Climate Service (ACS), has 

developed coastal inundation layers covering all coastal capital cities and many regional cities 

around Australia. This method provides a nationally consistent dataset on the hazard of future 

coastal extreme sea levels and flooding. 

While the methods outlined in this report have certain assumptions and limitations, they offer 

valuable insights into plausible future climate conditions across Australia. These hazard layers can 

be combined with detailed local information about exposure and vulnerability to assess climate 

risks on a regional scale. 

One limitation of using inundation layers for evaluating impacts on individual properties is the 

dependence on the accuracy and resolution of the underlying data and models. These potential 

inaccuracies can lead to overestimations or underestimations of impact. However, when 

considering the number of affected properties at a larger, aggregated scale, the estimates become 

more reliable and robust for regional planning and risk assessment. For precise impact 

assessments at the individual property level, additional data and localised analysis should be 

employed. 

Additionally, ACS is finalising complementary application-ready data using more detailed coastal 

climate modelling. 
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1 Background 

Coastal communities face an uncertain future when considering the threat of ocean flooding from 

potentially catastrophic storms coinciding with high tides and rising mean sea levels. Even with 

ambitious global Green House Gas (GHG) mitigation targets, we are confident sea levels will 

continue to rise in excess of 0.28m from 2005 to 2100 (IPCC, Fox-Kemper et al., 2021), which will 

cause an exponential increase in coastal flooding. However, uncertainties remain in IPCC sea level 

projections and in the estimation of design storm characteristics, e.g., a 1 in 100 year event, 

associated with extreme model fits to limited (<100 years) observation records. There are also 

assumptions that the stochastic properties of the extreme sea level storm driven events are 

stationary and won’t undergo a future “tipping point” step change in weather regimes. These 

future uncertainties and assumptions in flooding levels should be considered in an assessment 

of hazard and risk to our coastal assets.  

This report, and the accompanying data, provides estimates of the likely range (uncertainty) of 

how high future design storms will reach using tide gauge observations and numerical simulations 

of historic extreme water levels with future mean sea level projections from the sixth IPCC 

assessment report (AR6). Also provided are details on the input data and methods used to map 

probabilistic flood zones for individual local government areas (LGA) using spatial model 

techniques that account for wave action, local beach geomorphology, and ocean hydrological 

conductivity of flooded areas. The provided LGA probabilistic flood zone maps allow users to 

identify which low lying land is most likely to be affected and which land is less likely to be affected 

for a future year, global GHG Shared Socioeconomic Pathway (SSP) and Average Recurrence 

Interval (ARI) design storm. When selecting a future year and ARI the user should consider their 

risk appetite for failure, the design life of the assets, asset depreciation, planning horizon and the 

probability of the asset being impacted (Engineers Australia 2015). Users should also consider 

more than one GHG SSP to explore the impact of future GHG mitigation pathways. 

Users of the data generated in this work should be aware of the difference between ARI and AEP 

(Annual Exceedance Probability) and how to communicate the difference between ARI and AEP in 

a changing climate, mainly driven by global sea level rise (SLR) (see new ARR Probability 

Terminology, Ball et. al. 2019). Considerations should also be made to other sources of uncertainty 

and bias in coastal flood risk studies, such as accounting for local adaptation (Hinkel et. al. 2021). 

The remainder of the report details the data and methodology for generating the inundation 

layers. The final section details the output layers and data and then identifies limitations of the 

analysis.  

 

 

https://arr.ga.gov.au/__data/assets/pdf_file/0003/40548/ARR_Project_20_Stage3_Report.pdf
https://arr.ga.gov.au/__data/assets/pdf_file/0006/40398/New-ARR-Probability-Terminology_final.pdf
https://arr.ga.gov.au/__data/assets/pdf_file/0006/40398/New-ARR-Probability-Terminology_final.pdf
https://doi.org/10.1029/2020EF001882
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2 National coverage and input datasets  

The coast of Australia was broken up into 4029 tiles, each tile is ~5km wide and extends ~5km 

inland. Tiles overlapping the user selected 2023 LGA shapefile (Australian Bureau of Statistics) 

were used in this report. The three main sources of data to compute inundation extents were 

gridded land elevations, tide gauge water levels and ocean modelled waves. The availability of 

these datasets across the nation is shown in Figure 1, noting the ocean modelled wave are 

available everywhere. Importantly, the red area includes all data required to undertake inundation 

modelling, covering all major cities and many regional cities, within 164 LGAs. Further coverage 

could be provided in the future with the inclusion of hydrodynamic water level simulations where 

there is no tide gauge, future government funded LiDAR DEM surveys, and increasingly accurate 

satellite remote sensing mission data.  

 

 

Figure 1  Availability the of input data to provide inundation coverage. The red area includes all data required to 

undertake inundation modelling. The blue area indicates tide gauge only data and the green area indicates DEM 

only data. The ocean modelled wave are available everywhere. 

 

2.1 Gridded elevations (DEM) 

For each tile an underpinning DEM was sourced from either the Digital Elevation Model (DEM) of 

Australia derived from LiDAR 5 Metre Grid, or downloaded from the online ELVIS platform for 

South Australia, Lord Howe Island, Cocos Keeling Island and Christmas Island. The grid derived 

from LiDAR surveys was cross checked with the source’s LiDAR DEMS to confirm the vertical 

datum was the Australian Height Datum (AHD). The DEM files used in this report are presented in 

Figure 2. 

https://www.abs.gov.au/book/export/25822/print
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/89644
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/89644
https://elevation.fsdf.org.au/
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Figure 2  DEM tile coverage. Tiles can include missing data. Figure 1 shows the non-missing data in the red and 

green areas.   

 

2.2 Tide gauge water levels 

Tide gauge water levels were sourced online from GESLA3 and requested from Manly Hydraulics 

Lab (MHL). A previous national assessment used statewide estimates of extreme water levels to 

assess coastal inundation (DCC 2009). Here, water levels from 98 tide gauges were mapped to 

neighbouring inundation tiles using expert judgement on how representative the gauge was. The 

selected tide gauges for each inundation tile are shown in Figure 3 (zoomed in images can be 

found in the appendix Figure S 1).  

 

 

https://gesla787883612.wordpress.com/downloads/
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Figure 3 Tide gauge coverage. Polygons are based on expert judgement of tide gauge’s region of representation of 

the local water levels. Zoomed in images can be found in the appendix Figure S 1 

 

2.3 Wave setup. 

Input wave heights were sourced from the nearest grid point (deeper than 20m) from the ERA5-

WAM spectral wave model which has global coverage (Hersbach et. al. 2020). A representative 

beach slope was calculated from the mean slope for all beaches within the LGA from Vos et. al. 

2021. 

 

 

https://doi.org/10.1002/qj.3803
https://doi.org/10.5194/essd-14-1345-2022
https://doi.org/10.5194/essd-14-1345-2022
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3 Probabilistic inundation layer 

Probabilistic layers were previously developed for the Port Philip Bay Coastal Hazard Assessment 

(McInnes et. al. 2022). Inundation layers are provided here as four zones (Zone 1,  Zone 2,  Zone 

3 and Zone 4) representing high to low probability land will be affected (greater than 

95%, between 95% and 50%, between 50% and 5% and less than 5%). The upper (most inland) 

bound of the zones are equivalent to quantile estimates (5th, 50th, 95th and 95th plus a freeboard to 

include ocean wave effects). The landward bound of the blue Zone 2 is equivalent to a more 

commonly used deterministic “one value” estimate of inundation. These probabilistic ranges are 

consistent with the IPCC Global Climate Model (GCM) ensemble estimates, and cover the likely 

range, representing 90% uncertainty, i.e. the 5th to 95th quantile, (see Appendix Table 2). Figure 4 

illustrates how land closest to the sea under the Zone 1 purple areas are most likely to be flooded, 

followed by the blue Zone 2, with the light blue Zone 3 less likely to be impacted. Inundation 

landward of Zone 3 is possible, but less likely and is represented by the grey Zone 4 using an 

additional freeboard to account for unresolved processes, notably the inundation effect of waves 

and damaging surf (wave setup). 

 

Figure 4 Idealised map of the probabilistic flood hazard zones. The coastal flooding consideration terminology does 

not suggest or indicate any legal definitions of likelihood. 

 

https://www.marineandcoasts.vic.gov.au/__data/assets/pdf_file/0033/693645/Attachment-1-PPBCHA-Final-report-inundation-and-groundwater-May2022.pdf
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4  Extreme Sea Level Components 

How high the sea can reach up the coast depends on the co-occurrence of future mean sea levels 

(seasonal, interannual and with climate change), tides and atmospheric driven storm surge (storm-

tide). A vertical datum is also required to align water heights with surveyed land levels from a 

digital elevation model (DEM). All these components have uncertainty in their estimates as 

illustrated in Figure 5.  

 

 

Figure 5 Idealised cross section of the contributors to probabilistic extreme sea levels corresponding to those listed 

in Table 1. 

 

The total water level return level (TWLRL) is the combination of sea level rise from the Australian 

Height datum (AHD) to the AR6 baseline (AHD2AR6), local mean sea level variability (MSLV), future 

AR6 sea level rise (SLR), storm tide ARI return level (STRL) and the freeboard representing wave 

setup (WSRL). The processing of these components is presented in section 6. Three other levels 

are presented in Figure 5 to elaborate the mean sea level (MSL), still water level (SWL) and 

freeboard level (FBL). A further summary of the components in Figure 5 are presented in Table 2 

and provided in detail for your LGA in the report subheadings below. Zone 1, 3 and 4 TWLRL 

estimates were made using error propagation, by looking at the uncertainty from the maximum 

likely estimate (Zone 2), represent as ∆ in the equations below, where the overall uncertainty is 

calculating the Euclidean distance of the components listed in Table 1. 

 

∆𝑇𝑊𝐿𝑅𝐿= √∆𝐴𝐻𝐷2𝐴𝑅6
2 + ∆𝑀𝑆𝐿𝑉

2 + ∆𝑆𝐿𝑅
2 + ∆𝑆𝑇𝑅𝐿

2 + ∆𝑊𝑆𝑅𝐿
2  

 

𝑇𝑊𝐿𝑅𝐿𝑍𝑜𝑛𝑒2 = 𝐴𝐻𝐷2𝐴𝑅6 + 𝑆𝐿𝑅 + 𝑆𝑇𝑅𝐿 

𝑇𝑊𝐿𝑅𝐿𝒁𝒐𝒏𝒆𝟏 = 𝑇𝑊𝐿𝑅𝐿𝑍𝒐𝒏𝒆𝟐 −  ∆𝑇𝑊𝐿𝑅𝐿(∆𝑊𝑆𝑅𝐿= 0) 

𝑇𝑊𝐿𝑅𝐿𝒁𝒐𝒏𝒆𝟑 = 𝑇𝑊𝐿𝑅𝐿𝑍𝑜𝑛𝑒2 + ∆𝑇𝑊𝐿𝑅𝐿(∆𝑊𝑆𝑅𝐿= 0) 

𝑇𝑊𝐿𝑅𝐿𝒁𝒐𝒏𝒆𝟒 = 𝑇𝑊𝐿𝑅𝐿𝑍𝑜𝑛𝑒2 +  ∆𝑇𝑊𝐿𝑅𝐿 

 

http://science.clemson.edu/physics/labs/tutorials/errorp/index.html
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Table 1 Summary of sea level contributors to probabilistic extreme sea levels. MLE is the maximum likelihood 

estimate, or mean value, of the fitted extreme value distribution. 

Sea level 

component 

Output 

shapefile 

attribute 

Zone 1 Zone 2 Zone 3 Zone 4 Method 

Probability land 

will be affected 

 
greater than 

95% 

between 95% 

and 50% 

between 50% 

and 5% 

Less than 5% 
 

Quantile 
 

5th  50th  95th  beyond 95th  
 

Total water level TWLRL sum(Zone 2) – 

sum(∆𝑍𝑜𝑛𝑒1)  

sum(Zone_2) sum(Zone_2) + 

sum(∆𝑍𝑜𝑛𝑒3)  

sum(Zone 2) + 

sum(∆𝑍𝑜𝑛𝑒4)  

See equation above for ∆ the 

Euclidean distance function for 

uncertainty propagation of the 

column of sea level components 

Wave Setup 

Return Level 

WSRL N/A N/A N/A ∆=MLE  Bootstrapping EVD parameters 

Storm Tide 

Return Level 

STRL ∆=MLE - 5th  MLE ∆=95th - MLE ∆=95th - MLE Bootstrapping EVD parameters 

Sea level rise SLR ∆=Mid - low mid ∆=High - mid ∆=High - mid Fox-Kemper et al 2021 IPCC AR6 

table 9.9 

Mean sea level 

variability 

MSLV ∆=1.645σ 0 ∆=1.645σ ∆=1.645σ Year to year variation in annual 

mean, assume normal 

distribution 

Sea level rise 

from vertical 

datum year to 

2005 

AHD2AR6 ∆= mid - lower 

method 

mid method ∆=upper – mid 

method 

∆=upper - mid 

method  

Choice of three methods O’Grady 

et al 2022b 
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5 Bathtub flood method 

A ‘bathtub’ or ‘bucket fill’ model is a common method for identifying areas potentially at risk from 

coastal flooding (e.g. ESA). This is a simple method that identifies any DEM land below a certain 

water level elevation as being at risk of flooding, like pouring water into a bathtub or bucket. 

Bathtub flood modelling is a relatively quick and effective method of identifying potential risk at a 

large or regional scale. 

Bathtub flood fill is a simplified method for identifying land subject to the hazard of ocean 

flooding, which does not consider the effectiveness of coastal protection (dykes and seawalls) and 

flood adaptation measures (drainage and retention reservoirs) to prevent flooding of low lying 

land from the sea. Bathtub also represents instantaneous flooding, where in reality the hydraulic 

connectivity, and water flowing over and around land obstacles (vegetation, buildings) attenuates 

the flooding, preventing it from reaching inland bathtub flood extents at the ocean water level. In 

addition, inundation from hazardous surf conditions (wave setup and runup) typically only extends 

to backshore regions, tens of metres from the shoreline.  

The factors that should be considered when interpreting the resulting bathtub inundation layer 
include: 

1. Where there is 100% effective coastal protection (e.g. dykes, sea walls) represented in the 

DEM, bathtub will unrealistically map large parts of land behind coastal protection as 

currently flooded with sea water, and will exaggerate the inland flood extent, where in 

reality the coastal protection, typically dykes and seawalls, will prevent this flooding from 

occurring. 

2. However, where there is ineffective coastal protection (untested by huge storms or in an 

aging state) represented in the DEM, bathtub mapped inundation locations behind 

structures are still hazardous considering that the coastal defence (dyke wall) could fail 

(break). 

3. The unintended impact of coastal protection is that it can trap water from heavy rains or 

bulging rivers being released during coincident rainfall and high sea level events, and the 

water can’t be easily released out to sea. 

4. Having noted this, a freeboard is often considered in hazard assessments for unexpected 

factors, such as damaging surf effects (wave setup), failed adaptation measures (drainage 

blockages), sedimentation in waterways. 

5. Simple spatial processing can also identify if flood areas are connected (intersects) with the 

sea or not, to aid in identifying the source of flooding. 

For further consideration, an example comparison of the bathtub and dynamical inundation 
method is provided in Didier et al. 2019. 

 

https://data.environment.sa.gov.au/Coast-and-Marine/Data-Systems/Coastal-Flood-Mapping-Viewer/Pages/default.aspx
https://onlinelibrary.wiley.com/doi/full/10.1111/jfr3.12505
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6 Processing 

The software automatically generated a html document which summarises the technical details 

and inputs to map the hazard of sea level rise (SLR) for individual local government authorities 

(LGA). The input of data and generation of layers is described in five steps: 

1. User input parameters (LGA, future year, SSP, design storm ARI)   

2. Software reads in corresponding 5m DEMS, tide gauges water levels and wave setup 

estimates.  

3. Software calculates water levels for historic SLR from AHD to the AR6 baseline (AHD2AR6), 

local mean sea level variability (MSLV), future SLR, storm average recurrence interval (ARI) 

return level (RL) and wave setup. 

4. Software combines probabilistic water levels and maps bathtub inundation for each tile.  

5. Output data and report in vector “geoJSON” and “shp” shape file formats.  

Hazard overlays can represent the future time up to 2150, for SSPs 1-2.6, 2-4.5, 3-7.0, 5-8.5 and 5-

8.5 low confidence (Fox-Kemper et al 2021) and for any design ARI. Note, Table 9.10 in Fox-

Kemper et. al. (2021) indicates the closest SSP to global degrees warming of 1.5, 2, 3, 4 degrees 

Celsius is SSP 1-2.6, 1-2.6/2-4.5, 2-4.5/3-7.0, 3-7.0, 5-8.5 respectively. 

6.1 Sea level rise from AHD to AR6 baseline periods (AHD2AR6) 

Sea levels around Australia have changed since the Australian Height Datum (AHD) was developed 
in the late 1960s and early 1970s. IPCC AR6 future sea level rise (SLR) projections are relative to a 
baseline period centred on 2005 (1995 to 2014), so the amount of SLR from AHD to 2005 must be 
accounted for. Sea level rise from AHD to the AR6 baseline were sourced from (O’Grady et al., 
2022b). The uncertainty is derived from three different methods computing the amount of sea 
level rise: 

1. Mean sea level (1995 to 2014) less (minus) the AHD survey value. 

2. Mean sea level (1995 to 2014) less (minus) mean sea level (1967-1969) for mainland 

Australia and (1971) for Tasmania. 

3. The linear trend in tide gauge sea level per year (1976 to 2014) multiplied by the number of 

years (2005-1967).  

The quality of all three methods was dependant on how complete the tide gauge record was over 
the analysis period. This was determined as 90% of the record period for method 1, 80% for 
method 2 and 65% for method 3. The estimates were mapped onto a string of coastal points 
around Australia separated by 5km using the nearest neighbour method in the R package “terra”. 
This was preferred over linear interpolation which would interpolate across the continent (not just 
capes and peninsulas) and extrapolate to remote islands (Haigh et al. 2014). At each coastal point, 
the model representing the median (middle) value was considered to represent a best estimate. 
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6.2 Mean sea level variability (MSLV) 

The year to year variability in sea level around the IPCC 20-year mean global sea levels was 

considered in the extreme water levels. Interannual mean sea level variability (∆ MSLV) quantile 

uncertainty contributors to total water level were estimated from ±1.645 time the root mean 

square error (RMSE) from a linear fit to annual mean sea level for all years in the tide gauge 

record.  

6.3 Sea level rise (SLR) 

Sea level rise data was sourced from the IPCC AR6 report (Fox-Kemper et al., 2021) and is 

presented in the Appendix at the end of this report (Table 2). The range of values for each SSP and 

year were used to estimate the quantile uncertainty contributors to total water level. 

Representation of processes in which there is low confidence; in particular, the SSP5 8.5 low 

confidence represents the 17th–83rd percentile range from a p-box based on structured expert 

judgement (SEJ) and marine ice cliff instability (MICI) based projections rather than an assessed 

likely range (Fox-Kemper et. al. 2021). 

6.4 Storm tide return level (STRL) 

Storm tide was defined as the annual maximum water level minus (less) the annual mean water 

level. Storm tide therefore represents the observed coincidence of high tides with storm surge due 

to wind setup and the inverse barometer effect.  

Storm tide return levels (STRL) were computed using a Gumbel extreme value distribution fit using 

R’s evd package . Here, a uniform approach was desired, where the Gumbel EVD was previously 

identified to represent extreme water levels around Australia (Haigh et al., 2014). Uncertainty 

bounds were computed from the quantiles of 100 Monte Carlo simulations of n sampled Gumbel 

fitted model values, where n is the number of years in the tide gauge record (O’Grady et al., 

2022a). 

6.5 Wave setup return level (WSRL) 

Wave setup is defined as the increase in the mean water level across the surf zone due to the 

presence of waves and can be a major contributor to inundation for coastlines exposed to large 

waves. Wave setup provides the mean contribution of waves to the shoreline water level. Detailed 

information and guidance including information on the equations are provided in O’Grady et. al. 

2019 . Wave setup typically occurs (and has been studied) in the surf zone and on the beach face. 

However, when considering potentially catastrophic storms, wave setup is commonly applied as 

an additional freeboard to the storm tide level to account for additional wave driven inundation 

for inland bathtub flood extents. 

The ’rule of thumb’ basic understanding of the contribution of waves to increases in water levels is 

that wave setup is a percentage of the offshore significant wave height (Ho), wave setup = 0.31 Ho. 

This equation has also been calibrated to account for beach slope (Beta), wave setup = 3.71 Beta 

Ho. Wave setup estimates are provided for the rule of thumb method considering a beach slope. 

https://cran.r-project.org/web/packages/evd/index.html
https://doi.org/10.1029/2018JC014871
https://doi.org/10.1029/2018JC014871
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Input wave heights were sourced from the nearest grid point (deeper than 20m) from the ERA5-

WAM wave model Hersbach et. al. 2020. A representative beach slope was calculated from the 

mean slope for all beaches within the LGA from Vos et. al. 2021 

6.6 Total water level return level (TWLRL) 

The total water level return level (TWLRL) represents the combined contribution of all ocean 

processes to extreme sea level (with or without wave setup freeboard). The components were 

combined using the equations in Section 4. 

6.7 DEM inundation layer processing 

For each 5 km DEM tile within a Local Government Area (LGA), raster cells were classified based 

on their depth relative to the TWLRL for each zone (Zone 1 to 4). These classified raster cells were 

then converted into vector polygons and merged into the LGA zone extents. A 50m buffer around 

the LGA coastline was applied to identify and label flooded areas connected to the sea. Any flood 

zones touching a zone identified as connected to the sea were also labelled accordingly, although, 

neighbouring LGA connection to the sea flooding was not considered in the analysis. Attributes 

such as zone number, colour, and transparency were assigned to each zone. 

 

https://doi.org/10.1002/qj.3803
https://doi.org/10.5194/essd-14-1345-2022
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7 Summary of resulting output and report limitations 

A shapefile called “vc_voi.shp” is provided which details the input data and calculated water levels (i.e. the 

metadata). Shape and geoJSON files ending in “HazardLayers” are produced for the resulting hazard layers. 

An automated report, ending in “report.html”, is also generated, which details the values used to create 

the hazard layers. This report includes tables of extreme water levels, plots showing return levels and 

future water level predictions, as well as low-resolution plots of the input domains and the resulting hazard 

layers. The geoJSON files for the hazard layers include graphical attributes that can be displayed when 

uploaded into web mapping software (e.g. National Map).  

The results from the automatically generated technical report can be used as the basis for a more detailed 

coastal inundation hazard assessment. The methods used here to map coastal inundation hazards from sea 

level rise and potentially catastrophic events for a single LGA have been developed to align with a 

repeatable nationally consistent framework/approach. Therefore, local scale effects and knowledge of 

historic events through expert consultation should be further considered when providing a more detailed 

hazard assessment to users. 

The hazard layers provided do not include the processes of terrestrial flooding from rainfall runoff (flash or 

catchment flooding), nor does it consider urban adaptation infrastructure such as drainage and retention or 

time dependant flooding or dynamic hydraulic flow restrictions. However, the layers provided do identify if 

a flooded area is directly connected to the sea or not (50m from the LGA coastline). The processes of 

transient swash wave runup and overtopping are not directly captured. However, a freeboard is included to 

represent inundation from dangerous surf (wave setup), and when used with the liberal bathtub filling 

method, the freeboard is expected to accommodate some of the wave runup and overtopping impacts. The 

underlying DEM to predict future inundation does not change, i.e. there is no consideration of future 

coastal erosion or changes to the coastal protection of assets. The tide gauge observations used to estimate 

extreme water levels only captures a few Tropical cyclones (TCs), therefore does not provide a robust 

estimate of the TC hazard. Consideration must be made to identify at which AEP TCs emerge as the 

dominant influence on extreme water levels, which can be beyond the 100 year ARI for much of the QLD 

coast (Haigh et al. 2014). The Gumbel extreme value distribution was used as the uniform method to 

predict extreme water levels, future analysis should consider the suitability of other distributions, such as 

the generalised and mixed climate extreme value distributions (O’Grady et. al. 2022a). The sea level rise 

projections are based on current day AR6 analysis which will be very likely updated with future global 

assessments reports of SLR. It is planned that this automated and nationally consistent report will be 

updated in the future as new data and modelling techniques becomes available. Therefore, we encourage 

the users to plan for future iterations of coastal hazard assessments to provide regular updates to the risk 

assessment.  

The modelled results and observations have been validated to yield data which is of the best quality that is 

practically achievable at this time, although some unresolved errors may remain. Each tide gauge has its 

own record length, it is recommended not to extrapolate ARIs beyond three to four times the record length 

of the tide gauge datasets (Pugh & Woodworth 2014).  

The probabilistic hazard layers provided could be used to intersect with exposure and vulnerability datasets 

to inform a probabilistic risk assessment. This probabilistic risk assessment would provide a range, or upper 

and lower bound, rather than a single deterministic value, of plausible risk to coastal assets.  

 

https://nationalmap.gov.au/
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9 Appendix 1 

Table 2 Fox-Kemper et al., 2021) Table 9.9 | Global mean sea level projections for five Shared Socio-economic 

Pathway (SSP) scenarios, relative to a baseline of 1995–2014, in metres. Individual contributions are shown for the 

year 2100. Median values (likely ranges) are shown. Average rates for total sea level change are shown in mm yr –1. 

Note the SSP58.5 low confidence column shows the 17th–83rd percentile range from a p-box including SEJ- and 

MICI-based projections rather than an assessed likely range. Methods are described in 9.6.3.2. 

Part SSP 1-1.9 

 

SSP 1-2.6 

 

SSP 2-4.5 

 

SSP3-7.0 SSP 5-8.5 

 

SSP5-8.5 Low Confidence 

 median range median range median range median range median range median range 

Thermal expansion 
(2100) 

0.12 (0.09–0.15) 0.14 (0.11–0.18) 0.20 (0.16–0.24) 0.25 (0.21–0.30) 0.30 (0.24–0.36) 0.30 (0.24–0.36) 

Greenland (2100) 0.05 (0.00–0.09) 0.06 (0.01–0.10) 0.08 (0.04–0.13) 0.11 (0.07–0.16) 0.13 (0.09–0.18) 0.18 (0.09–0.59) 

Antarctica (2100) 0.10 (0.03–0.25) 0.11 (0.03–0.27) 0.11 (0.03–0.29) 0.11 (0.03–0.31) 0.12 (0.03–0.34) 0.19 (0.02–0.56) 

Glaciers (2100) 0.08 (0.06–0.10) 0.09 (0.07–0.11) 0.12 (0.10–0.15) 0.16 (0.13–0.18) 0.18 (0.15–0.21) 0.17 (0.11–0.21) 

Land-water storage 
(2100) 

0.03 (0.01–0.04) 0.03 (0.01–0.04) 0.03 (0.01–0.04) 0.03 (0.02–0.04) 0.03 (0.01–0.04) 0.03 (0.01–0.04) 

Total (2030) 0.09 (0.08–0.12) 0.09 (0.08–0.12) 0.09 (0.08–0.12) 0.10 (0.08–0.12) 0.10 (0.09–0.12) 0.10 (0.09–0.15) 

Total (2050) 0.18 (0.15–0.23) 0.19 (0.16–0.25) 0.20 (0.17–0.26) 0.22 (0.18–0.27) 0.23 (0.20–0.29) 0.24 (0.20–0.40) 

Total (2090) 0.35 (0.26–0.49) 0.39 (0.30–0.54) 0.48 (0.38–0.65) 0.56 (0.46–0.74) 0.63 (0.52–0.83) 0.71 (0.52–1.30) 

Total (2100) 0.38 (0.28–0.55) 0.44 (0.32–0.62) 0.56 (0.44–0.76) 0.68 (0.55–0.90) 0.77 (0.63–1.01) 0.88 (0.63–1.60) 

Total (2150) 0.57 (0.37–0.86) 0.68 (0.46–0.99) 0.92 (0.66–1.33) 1.19 (0.89–1.65) 1.32 (0.98–1.88) 1.98 (0.98–4.82) 

Rate (2040–2060) 4.1 (2.8–6.0) 4.8 (3.5–6.8) 5.8 (4.4–8.0) 6.4 (5.0–8.7) 7.2 (5.6–9.7) 7.9 (5.6–16.1) 

Rate (2080–2100) 4.2 (2.4–6.6) 5.2 (3.2–8.0) 7.7 (5.2–11.6) 10.4 (7.4–14.8) 12.1 (8.6–17.6) 15.8 (8.6–30.1) 
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Figure S 1 Zoomed in areas of Figure 3 showing tide gauge  coverage. Polygons are based on expert judgement of 

tide gauge’s region of representation of the local water levels. 
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Figure S 1 Continued. 
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