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Abstract
A recent trend of sea level shows constant rising. Sea level rise has caused a
significant risk to seaside areas. This study examines the potential effect of
climate change and rising sea levels on coastal regions and evaluates the susceptibility of coastal areas in Inverloch, Melbourne Australia. A model of
Hypothetically Flooded Zones, based on LiDAR data was built, processed and
manipulated in ArcGIS. Through applying this model, the effect of rising sea
level on the infrastructures such as buildings, dwellings, roads, land use and
the population was assessed. Elevation data sets of varying resolution and accuracy have been processed to show the improved quality of LiDAR data
contributes to a more precise delineation of flood-prone coastal lands. After
the susceptible areas to sea level rise were delineated, the worst-case scenario
was calculated (based on the increase in sea level projected for 2100) and it
would impacts about 0.86% of roads, 221 of different building infrastructures.
This method can be used in other areas to protect the coasts due to rapid
changes caused by climate change.
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1. Introduction
Globally, mean sea level has increased by 200 mm since the late 19th century at a
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rate of 2.8 mm/year [1]. Rising sea levels have accelerated to 3.2 mm/year over
the last three decades [2] at a rate near the upper end of the Intergovernmental
Panel on Climate Change projections [3]. Sea levels have increased around the
Australian region, consistent with global trends [1] [2]. Rising sea levels have
enhanced the frequency and intensity of extreme sea wave events in Australia
and overseas [3]. The rate of extreme sea wave events has become three times
more frequent in the latter half of the 20th century compared to the former half
[1]. Most experts suggest that by 2100 a rise of sea level within the range of 500
mm to 1000 mm is highly likely [4].
The increase in the sea level rise (SLR) due to climate change potentially affects many coastal areas and inundates low-lying regions [5]. Many researchers
have studied the SLR and its impacts on the coastal areas and their infrastructures such as buildings and road networks. Such studies are exceptional importance to build informed in general, policymaking relating to climate change and
the seal level increase [6]. [7] established GIS methods to evaluate and visualize
the regional impacts of future floods, based on a 1 - 6 m rise in global sea level.
GIS was used to assess the impacts of sea level changes on the Nile Delta. Their
analyses concerned primarily land loss and the alteration of soil characteristics
on the delta. The analyses were focused heavily on the fieldwork which created
the actual coastline [8], examined the impacts of Fiji’s sea level rise and storm
surge, and eventually [6], established an urban-based sea level rise assessment
for the Turkish Coastal Region.
In this paper, the effect of the increase in sea level on the Inverloch coastal
areas was analysed using GIS and geospatial analysis toolbox [9] [10]. The key
objective of the research is to investigate and evaluate the regional impact of
climate change and SLR in Inverloch area. To achieve this objective, the framework should include, firstly, examining the use of GIS methodologies in SLR
scenarios and checking data, analysis requirements for SLR modelling. Secondly,
the creation of a GIS simulation model to study SLR impacts along the coastal
zone [11].

2. Study Area
Inverloch is a seaside town located in Victoria, Australia. It is located 143 kilometres south east of Melbourne via the South Gippsland Highway on the Bass
Highway at the mouth of Anderson Inlet, in the Bass Coast Shire of Gippsland,
Victoria, Australia (Figure 1). Originally known for Anderson Inlet’s calm waters, it is now also known for finding Australia’s first dinosaur fossil and had a
population of 5437 at the 2016 census. Inverloch is a popular tourist destination,
particularly for swimming, kitesurfing and windsurfing at the calm waters of
Anderson Inlet [9]. Surfing and fishing are also common. The town center of
Inverloch contains a range of retail, community, commercial, and recreational
structures. Near the foreshore reserve, the built form is generally low rise, and
the town center creates a sense of place for residents and visitors. Creating
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Figure 1. Inverloch sample site in bass coast shire council (Source: BCSC).

pedestrian links and landscaping in the public realm improves the look and enjoyment of the town center. There is also the potential for mixed-use retail with
housing above, and creation of infills at the edge of the town centre, with signs
of this growth appearing in recent years.

3. Methods and Data
The flood models in this research were developed to predict the Inverloch coastal areas that are vulnerable to flooding during a storm if the way the coastal
landscape is represented by a DEM will not be altered during the event. The
flood models in this research were developed to predict the Inverloch coastal
areas that are vulnerable to flooding during a storm if the way the coastal landscape is represented by a DEM will not be altered during the event. Three versions of the flood assessment tool for identifying infrastructure and buildings at
risk are available: 1) the first allowing for adding a dam represented by a digitized polyline having a constant level defined by the maximum elevation. The
elevation is detected in the DEM underneath the digitized line segments, 2) the
second does not include this polyline feature and 3) the third helps to identify
infrastructure at risk from SLR flooding. The models are designed for ArcGIS
Desktop 10. X with the Spatial Analyst extension [12]. The only data required is
a projected DEM, buildings, roads and other assets.
This research aims to demonstrate coastal flood management using a LiDAR-based DEM to distinguish inland regions that are not hydrologically associated with the sea (Figure 2). Using an accurate elevation model, these inland
regions can be identified for exclusion from areas of inundation since they are
not hydrologically associated with seawater. This approach to identifying hydrological availability using a LiDAR DEM isn’t new [13]. In this study, LiDAR
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Figure 2. Flood delineation (light blue) representing LiDAR elevation values of less than
1 m overlaid on a high-resolution LiDAR shaded relief.

data is used for improved hydrological modelling. Coastal inundation mapping,
and identification of locations where seawater and inland water meet or connect.
This research evaluated each inland region to identify the parts that could be affected by coastal inundation.

3.1. The iFlood Model
As illustrated in Figure 3, the main iFlood model requires a point at sea and a
dam and the specification of the initial sea level, the sea level incremental values
and the number of sea level iterations. Two feature class schemas have been
prepared for the digitized point at sea (Ocean Point) and the digitized dam.
This iFlood model illustrated in Figure 3 simulates the impact of flooding
caused by temporary water stowage or a constant SLR due to climate change.
This version creates a dike by digitization and afterwards, the iFlood model is
created. The dike’s upper level is set at coastal Z-level (ground) based on the
maximum elevation. Also, the ocean floor elevation must be digitized in the
flood model.

3.2. Execution of the iFlood Model without the Digitized Dam
To simulate an increasing flood caused by temporary sea stowage or a steady
SLR due to climate changes, a point located at sea must be digitized to initiate
the flood. The flood’s initial base level, the incremental SLR and the number of
iterations (sea levels modelled) must also be defined, and the resulting rasters are
saved in the outputs file geodatabase. The model builder process is illustrated in
(Figure 4 and Figure 5).
The three images below show the modelled flood levels and illustrate the impact of the established dam (if present), see Figure 5. Red line is Dam and blue
colour water level.
When the model in Figure 6 is completed, it is important to refresh the geodatabase created by ArcGIS (Output.gdb). All modelled sea level outputs are
named “Level xxxCm”, where xxx is the sea level value in centimetres. The next
step is to drag and drop all outputs from the geodatabase into ArcGIS, and then
organize the layers so the 250 cm output is positioned right above the loaded
DEM, insert the 250 cm output on top of that one. The last step is to create the
DOI: 10.4236/eng.2021.131004
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Figure 3 . The iFlood model (Adapted from [14]).

Figure 4. Part of the iFlood model that creates a digitized dam in the initial DEM. The
“no dam” version of the iFlood model is executed in the same way as the full iFlood model.

Figure 5. Workflow for digitizing a damwall or embankment as a polyline and burning
the polyline onto a DEM. The dam’s level is assigned as the maximum. DEM value along
the digitized damwall.
DOI: 10.4236/eng.2021.131004
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Figure 6. DEM with a 0.9 m high dam wall added (a), which is flooded with modelled
SLR of either 1.0 m (b) or 2.5 m (c) above sea level.

digitized dam as the top layer (if present), Figure 6(b) convert 100 centimetres
to 1 m.

3.3. Execution of the Sea Level Rise Flood Mode
To model coastal areas that would be inundated based on a mean SLR using raster dataset and Map Algebra, flooded cells are identified, classified, grouped, and
converted into polygons. The elevation raster is essentially a grid of cells, each
cell containing an elevation above mean sea level. If the SLR is 2.5 meters, this
must be subtracted from the current elevations that are in the raster assuming
that anything below zero is negative. The area of the coast that will be flooded
can be estimated by a below water scenario from a non-breaking space (nbsp)
[14]. Figure 7 shows a workflow to calculate the areas affected by a rise in sea
levels. Ocean point raster must be present before the model is executed.

4. Results and Discussion
To calculate the percentage of road length of the town that falls within the flood
prone areas, an attribute for the road layer is required. The column called “shape
length” only appears in a geodatabase feature class which automatically appends
a shape length or shape area, depending on the geometry, to the attribute table
so it can then be updated. This provides the real-time data and the units of the
coordinate system in metre by using the statistical tool, “r” the total length of
streets that fall within the flood area. In the Inverloch area, the total road shape
area is 63.70 hectares (ha). Based on the increase in sea level projected for 2100,
DOI: 10.4236/eng.2021.131004
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Figure 7. Model to calculate the land area inundated due to SLR.

Figure 8. Using LiDAR data to predict sea level rise (blue as watercolour).

the SLR identification of the flood risk to road infrastructure is 1.35 hectares
(ha) and 0.86% of roads. The percentage of the town’s roads that fall within
flood risk that can be calculated by examining roads lengths within the town
looking at the sum for all the roads (approximately 1.35 hectares lengths). The
area that was in the flood area was divided by the total area of roads, resulting in
0.9% of all roads at risk of flooding in the worst-case scenario. Similarly, 6165
buildings were identified as the total number of buildings in the Inverloch area,
and of these, for the 2100 SLR scenario 221 building infrastructure was identified
as at-risk i.e. 3.6% buildings will be flooded (Figure 8 and Figure 9).
As illustrated in Figure 10, the Inverloch area land use layer identifies all the
different kinds of land use within each neighbourhood. This layer is used
throughout Australia and can be complicated, depending on the size and the activity that goes on in a neighbourhood. For the land use description field, six
separate colours were applied to each category to distinguish the variety. The
DOI: 10.4236/eng.2021.131004

51

Engineering

S. N. Baby et al.

Figure 9. Buildings at risk from 2 m SLR flooding (highlighted in red).

Figure 10. Commeand residential land use at risk of sea-level rise flooding 4.1.

reason for this is to identify the different types of land use that would be affected
by each flood type and identify by number and percentage the proportion and
area of each land use that falls within the flood zone. This works in a very similar
fashion to that of the roads, by supplying the select location to find land use polygons that intersect with the flood areas. By using the geoprocessing clip tool to
make the land use polygon clip from the flood polygons the land use affected by
floods in Inverloch is shown. There are two main areas of concern, the foreshore
in front of the Inverloch Surf Lifesaving Club (SLSC) and the foreshore in front
of Bunurong Road where erosion threatens to affect public assets.

GIS-Based Scenario Modelling
This research also discusses total road area in Inverloch is 63.70 Hectares (ha).
By 2100 SLR Identifying Road Infrastructure at Risk will be 1.35 Hectares (ha)
and 0.86% of roads will be flooded. In 2040, 0.95 sq∙km, 8.75%. In 2070, 1.09
sq∙km, 10.03% and in 2100 1.16 sq∙km, 10.67%.
In Figure 11 the roads are shown as a dark olive-green shade, with the most
DOI: 10.4236/eng.2021.131004

52

Engineering

S. N. Baby et al.

Figure 11. Inverloch climate-adapted settlement in 2100 SLR identifying assets at risk.

exposed roads shown as dark pink. The buildings are shaded yellow, with the
most exposed shaded as dark red. When overlayed on the buildings’ footprints
buildings were identified as being highly vulnerable as those in the highest level
(red colour here) and the lowest vulnerability in yellow and it is evident that
most buildings are exposed. The most highly exposed roads (143 kilometres) and
buildings (6100) were in the Inverloch holiday park area, with 65 buildings were
exposed in the Screw Creek area. These are most evident at the eastern end of
the image.

5. Conclusions
The model results clearly show that the town of Inverloch will experience a shift
due to climate change, and most likely for the worse. A constructive action or an
early intervention would certainly cost less in the end than leaving it too late for
the future. Research tools provide a practical approach to address current and
future climate risk on coastal infrastructure assets and operations. While a broad
range of potential resilience and adaptation measures have been identified, it
should be noted that climate risk management is a “long game” issue and there
is no single approach or tool that can effectively eliminate climate risk in the
short term.
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