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Globally there has been an increasing trend in urban growth with cities expanding rapidly,
indicating a requirement for more sustainable development of cities to minimize human
impacts on the environment. In Australia, urban development continues to target areas
adjacent to the coastal capital and regional cities such as the Greater Geelong region in
Victoria, experiencing the fastest rates of growth in the country in the last decade. This
project demonstrates the ability of modelling techniques to model current and future
directions in urban development across two adjacent coastal towns, Anglesea and
Torquay, in Victoria. The analysis utilized Geographic Information Systems (GIS) and
the CommunityViz decision support tool using a variety of assets, environmental and
climatic data. The models indicated an increase in greenhouse gas emissions, energy
usage and population growth, and the area was found to be highly vulnerable to the
impacts of environmental changes including the potential loss of biodiversity, soil
erosion, and sea level rise. The modelling approach described here can aid planners and
decision makers in the future coastal urban development as well as to mitigate climate

change impacts.

1. INTRODUCTION

Over the past few decades, coastal cities around the world
have grown at an incredible rate, which has been associated
with major challenges relating to land use planning,
biodiversity and the degradation of the ecological footprint [1-
3]. In addition, coastal cities have long been susceptible to
processes of change, induced by climate and land use changes,
and different cities have taken different approaches to mitigate
such challenges [4-7]. In this respect, developing urban
resilience action for protecting native flora and reforestation in
Melbourne [8], developing landuse transport models in
European cities [9], creating adaptation strategies to mitigate
flooding and storm surge in New York [10], and improving
urban structures as well as using renewable energies to reduce
urban heat island in Sydney [11] have been among the coping
approaches taken into account by such large coastal cities to
increase their resilience to climate and land use changes. It has
further been mentioned that the weight of economic activity in
coastal cities has shifted from production to finance and highly
specialized services since the 1980s [4, 12-13]. The 20th
century, however, shows drivers for coastal city regeneration
due to the reduction in many industrial activities and a
subsequent need to adapt to the changing use of an area, a need
to utilize derelict buildings as high-quality residential zones [7,
14-15].

The use of multidimensional and multilevel approaches
such as sustainability development and assessment tools [16-
18] has been of a great attention in recent times for sustainable
development of cities to better address environmental, social
and economic issues as well as to create a future-oriented way
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of living that balances human activity and wildlife processes
over long term time frames [19-20]. This is of importance
given that disturbances such as extreme weather are becoming
more frequent, indicating the importance of sustainability as
living within the limits of what the environment can provide,
the equal distribution of resources and opportunities [21-24].
Today’s land systems are however complex natural, social-
ecological systems consisting of several factors such as water,
cropland, forest and urban systems, each having subsystems of
lower levels, with multiple interactions occurring between
ecosystem services [25]. Hence, land systems are widely
deemed as typical complex systems given that they have most
of the key sources of complexity such as heterogenous
components and dynamic interactions which may also be
associated with negative impacts, such as biodiversity loss, in
cases where urban development is not appropriate [26, 27].
Previous investigations have looked at the effect urban
patterns have had on the concept of sustainability and
sustainable environmental development [28-34].
Environmental planners may develop scenarios with the
purpose of combining a large number of variables, such as
climatic and environmental criteria, into smaller sets of
alternatives where each can result in a major different outcome
[35], and the use of scenarios in land use planning is well
documented [36-42].

The question facing today’s town planner is how to better
understand the complexities and variables that comprise the
land use planning discipline. In this regard, modelling
techniques provide a method to better understand the
complexities and variables to gain a greater insight into how
the various factors are interrelated. Many forms of land use
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planning models have recently been developed including
Geographic Information Systems (GIS)-based models and
environmental planning models [43-47]. Environmental and
land-use models can represent a range of topics, and the
development of GIS has added to the development of these
models and opened new horizons for the management and
manipulation of spatial data sets [43, 48, 49].

GIS-based planning approaches such as map overlay
analysis has widely been investigated in environmental
planning contexts [43, 50, 51]. Previous research indicated the
advantages of GIS in wurban development such as
transportation analysis, waste management, biodiversity
conservation, regional planning, and emergency management
[52], however, such GIS-based applications may still be
limited in terms of analysis tools. Hence, by applying more
developed GIS-based extension tools, such as CommunityViz
tool, with additional analysis features, users will be able to
create multiple scenarios using custom formulas and indicators
which can further be updated dynamically in real time, for

example, when changes are needed to be made on the map [53].

This will also enable users to assess the impacts of urban
development in terms of energy use, greenhouse gas emission,
and other ecological, economic, and social aspects as well as
to display the results in a variety of visual forms such as colour
changing maps and dynamically changing charts. Moreover,
GIS-based visualization and mapping has been given a
particular attention to communicate information clearly and
effectively through graphical means [54-57]. The role of
landscape modelling and visualisation and its impact on land
use planning has been studied in various parts of the world,
with cities utilizing GIS and its urban design capabilities for
determining the capability to accommodate additional growth
by taking into account environmental impacts [58-61].

In addition, global warming is a serious contemporary issue,
and land surface temperature has raised since the early 19th
century in Australia with further increases being projected by
2100 [62], which has already been associated with
environmental impacts especially in coastal areas. Given the
impact of climate change on coastal urban areas through
processes such as flooding and sea level rise, the application
of advanced modelling techniques is now the centrepiece of
environmental planning. Moreover, coastal regions in
Australia such as regional towns in the state of Victoria have
experienced significant growth from the 1980s onward
associated with environmental issues relating to this growth,
specifically urban sprawl and increased degradation of the
environment.

Therefore, the aim of this study was to develop GIS-based
coastal planning models using a variety of assets,
environmental and climatic data across two coastal cities in
Australia, and to identify opportunities, issues and risks for
informing the design and decision making as well as assessing
future environmental impacts due to physical environmental
changes of the coastline across these fast-growing urban
coastal landscapes.

2. MATERIALS AND METHODOLOGY
2.1 Study area
Anglesea and Torquay are two adjacent coastal cities

located in southwest Victoria, Australia (Figure 1). The
opening of the Great Ocean Road in the 1920s provided easier
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access to communities in these areas by enabling these towns
to become tourist centres with significant urban growth. This
area has also been of interest to young families and retirees,
with urban development is being expected to increase
significantly through time.
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Figure 1. Map of the study areas showing the location of
Anglesea and Torquay in the state of Victoria, Australia
(yellow dot on the top map), zoomed on satellite image
overlaid over the hill shade of land further illustrating the
boundaries of the study areas

2.2 Data and models

A coastal planning model was developed encompassing
Great Ocean Road Coast Committee (GORCC) management
area in Torquay (Figure 1). In doing so, a GIS-based
geodatabase was created for Torquay area, and two models
were developed. A scenario that includes both current
conditions, assets, and vegetation; and the proposed
opportunities impacted by the six main categories of bushfire
risk, soil erosion, coastal erosion (shoreline retreat), flood risk,
sea-level rise, and storm surge over the time scales from 2019
to 2040, 2019 to 2070, and 2019 to 2100.

The environmental deterministic methodological approach
was used to study how the physical environment
accommodates human activities to particular development
scenarios [63], as well as how changes in the physical
environment will have an impact on human activities. Using a
combination of GIS and CommunityViz tool as a planning and
simulation software package, the potential environmental
impacts, such as flooding and erosion, that may affect the
existing and proposed infrastructure of the built and natural
environment was assessed. CommunityViz was utilised to
define indicators that can inform potential measurable
decisions about the changes and impacts. This model was
developed to represent the currently existing conditions (2019),
and future conditions for 2040, 2070, and 2100. Having
identified the indicators, the impact model was examined to
illustrate the high-risk areas and assets at risk. Indicators were
categorized into site specific and most relevant, and where
needed new custom indicators were developed. Various other
standard indicators of the CommunityViz 360 scenario tool
were considered and used for analysis purposes of the broader
study area but deemed not applicable for the management area,
and thus, the list of the site-specific custom indicators is
provided in Table 1.



Table 1. Coastal scenario planning model indicators developed for the Torquay area

Indicator Attributes Description
Vegetation and Trees Vegetation and tree areas % of vegetation and tree areas of the GORCC Management Area
Bushfire Bushfire prone area Total bushfire prone area and % of the GORCC Management Area

Pedestrian and subsidiary paths—
number
Avrea of soil erosion (moderate
erosion)
Per cent impacted by soil erosion
(moderate erosion)
Area of coastal erosion
(Shoreline retreat)
Area inundated due to sea-level

Access to Amenities
Soil Erosion

Soil Erosion Percent

Coastal Erosion
(Shoreline Retreat)
Sea Level Rise -

Inundation rise
Sea Level Rise — Per cent inundated due to sea-
Inundation Percent level rise

Area inundated due to sea-level
rise and storm surge
Per cent inundated due to sea-
level rise and storm surge
Flood prone area subject to
flooding
Per cent of flood prone area
Area of sensitive cultural
heritage sites

Sea Level Rise —
Storm Surge
Sea Level Rise —
Storm Surge Percent

Flood Prone Area
Flood Prone Percent
Cultural Heritage

Car Parking Parking
Public Transport Bus stops
Accessibility P

Walking Track Length
Beach Access

Walking track
Access path

Number of pedestrian and subsidiary paths to the amenities (public toilets,

BBQ, picnic facilities, etc.)

Area (m3 of soil erosion of the GORCC Management Area

% of soil erosion of the GORCC Management Area

Area (m?) of coastal erosion of the GORCC Management Area

Area (mFinundation of overlap of the sea level rise layer of the GORCC

Management Area

% inundation of overlap of the sea level rise layer of the GORCC Management

Area

Area (m3storm surge of overlap of the sea level rise layer of the GORCC

Management Area

% storm surge of overlap of the sea level rise layer of the GORCC

Management Area

Area (m3 subject to flooding of the GORCC Management area

% of the area subject to flooding of the GORCC Management Area
Area (m3 of sensitive cultural heritage sites per total area of the GORCC

Management Area

Area (m3 of car parking areas per total area of the GORCC Management Area
Number of bus stops within 500m of the points of interest (Toilets, BBQ and

other buildings) within the GORCC Management Area

Total length of walking tracks along the coastline within the GORCC

Management Area

Number of access paths to the beach within the GORCC Management Area

In addition, three GIS-based models have been developed
for the Anglesea area: A low scenario equating to ninety
percent of the Victorian government predicted population and
housing growth forecast to 2050. A base scenario which is the
actual Victorian government forecast. A high scenario which
is one hundred and ten percent of the Victorian government
population and housing forecast to 2050. The use of indicators
is crucial in planning because they represent a measure of
comparable success of each scenario that is developed, and the
primary goal of scenario planning is to correctly rank scenarios
by each indicator score as illustrated in a conceptual model in
Figure 2.

Indicators

1
Scenario 1

2

Data Present Desired

Collection day

ho 3
Choice of Assessment
Options Future

Scenario 3

Scenario 4

Figure 2. Conceptual framework of scenario planning in the
decision-making process

The method applied for the Anglesea area consisted of four
procedures of buildout wizard, suitability wizard, allocate
wizard and common/custom impact wizard within ArcGIS
CommunityViz 360 tool, to develop economic, demographic
and planning scenarios. The tool performs four functions
including (i) the estimation, amount and location of new
development allowed in an area according to current or
proposed zoning regulations, (ii) the suitability of the new
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development to an area, (iii) the allocation of where growth is
most likely to occur over a specific period, (iv) and finally the
development of a series of environmental indicators showing
the impact of the new development on the landscape
environment. The buildout analysis and the suitability analysis
were performed on the respective buildout results for the city
of Anglesea with criteria used in the suitability analysis
including proximity to the city centre, sewer access, proximity
to hazardous areas and shoreline access.

The next analysis was the allocate procedure which takes
the results from the buildout and sustainable analysis and
allocates the demand for buildings across the available supply
of potential building locations. Through the impact function in
CommunityViz, several indicators were developed showing
the impact of development over time on the urban landscape.
Distance functions from new developments (i.e. to amenities,
parks, schools) were considered to develop the indicators.
Environmental impacts from new development such as CO;
emissions, floodplain percentage, residential water and energy
usage, wastewater generation were also considered. Land use
characteristics such as agricultural, commercial, industrial,
open spaces, type of residential density were also used as the
model indicators. Moreover, transportation and recreation
characteristics such as jobs, new transport, street density,
bicycle coverage, park and recreation percentage and housing
near schools were also among the indicators applied in the
models. Furthermore, a wide range of tabular and geospatial
data was also used including current and historic census
information, current and historic building information,
projected demographic forecast, projected housing forecasts,
cadastre, coastlines, roads, land use, digital-physical
impediments (i.e. sinkholes, flood plains), current zoning,
local government data and strategies and vegetation, soils and
habitat databases.



3. RESULTS AND DISCUSSION
3.1 Torquay area

Using the coastal planning models, the impacts by the six
main categories of bushfire risk, soil erosion, coastal erosion
(shoreline retreat), flood risk, sea-level rise, and storm surge
were assessed over the time scales from 2019 to 2100, and the
number of current and proposed assets impacted by these
categories are represented in Table 2.

Table 2. Current number of assets at risk within the
Torquay’s GORCC management area to scenarios of 2019,
2040, 2070 and 2100

Risk Exposure Current Assets
Year Year Year Year
2019 2040 2070 2100
Bushfire 202 202 202 202
Soil Erosion 592 592 592 592
Coastal Erosion ) 5 19 41
(shoreline retreat)
Flood Prone 30 30 30 30
Sea Level Rise - 16 19 25
Storm Surge - 37 47 63

The majority of the study area in Torquay within the
GORCC management area is prone to bushfire risk. Bushfire
risk is the same for all assets over the timeline up to the year
2100, the only difference is that the likelihood of and more
frequent events of bushfire will potentially increase over time.
The approximate total area susceptible to bushfire risk is
estimated around 1,926,614 sqm, and it covers a total
percentage area of 68% of the management area. Bushfire risk
is one of the key considerations in the planning and
management in Australia. The Victoria State Government’s
regional climate projections indicate that bushfire risk will
increase due to an expectation of more hot days, more intense
droughts, and more prolonged heat waves [64]. Southern parts
of Victoria across surf coast regions are therefore considered to
be exposed to a very high risk of bushfire as previous hot and
windy conditions led to bushfire event in the Otway Ranges
National Park in the proximity of Torquay area. This fire event
continued for several weeks destructing the steep and heavily
vegetated terrain across the region with substantial
socioeconomic impacts on local communities with the total
estimated damage cost of $60-70 million as a result of this
disaster [65-67]. In another incidence, on the 2009 ‘Black
Saturday’ bushfire, proclaimed as the worst fire danger day in
Victoria, 173 civilians lost their lives and costs were estimated at
over $3.5 billion [68, 69]. These events indicate the high
vulnerability of terrestrial ecosystems in this area, emphasizing
the importance of clever land use planning and urban design in
reducing the risks of natural disasters especially bushfire.

Vegetation and tree percent cover per Torquay’s GORCC
management area is a total of 48.9%, made up of 37.3% of
trees and shrubs, and 11.6% of other vegetation such as grasses
and ground covers. The total area in square metres of
vegetation cover is approximately 868,200 sqm. Vegetation
and trees are impacted by the six main categories of risk
exposure in various degrees. Recognising that nearly 50% of
the total management area is covered by trees and vegetation,
any risk exposure to the area will ultimately have an impact on
the trees and vegetation.
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Much of the coastline and the headlands in the study area
are associated with rock platforms and comprised of a high
dune ridge consisting of acolian sands. It must be noted that a
large area is acceptable to soil erosion (moderate), and 246
buildings are located within the moderate soil erosion areas.
These assets are therefore receptive to impacts of soil erosion,
due to soil decomposition, overland flooding and erosion. Soil
erosion risk is the same for all assets over the timeline up to
the year 2100. The only difference is that the likelihood of and
more intensity of soil erosion can potentially increase over
time. The percentage of the management area exposure to
moderate erosion is around 55%. A total area of 1,496,296 sqm
is at risk of moderate soil erosion. Some areas such as Point
Danger, Torquay Front Beach and Point Impossible are more
susceptible to soil erosion due to the high dune ridge
consisting of aeolian sands stretching along this area (Figure
3). The creek areas are also vulnerable, and these include
Spring Creek, Deep Creek and Thompsons Creek. However, it
must be noted that the rate of erosion and predicted increase of
erosion risk was not calculated due to the complexity of this
topic, being outside the scope of this project. For the purposes
of the scenario modelling, only the spatial context was
calculated to identify areas and assets at risk. The entire area
is highly receptive to coastal erosion (shoreline retreat), further
increased by environmental changes such as sea-level rise and
storm surges (Figure 3). The indicator developed for coastal
erosion was the land surface area (sqm) of the GORCC
management area lost/change due to shoreline retreat. The
methodology followed for coastal erosion was based on the
Aqua Monitor method [70, 71], providing plausible results for
a first pass assessment for coastal shoreline retreat. The
estimated loss of land area due to coastal erosion (shoreline
retreat) are 127,478 sqm by 2040,267,655 sqm by 2070 and
401,203 sqm by 2100. The estimated assets impacted by
coastal erosion are 5 assets by 2040, 19 assets by 2070, and 41
assets by 2100.

Torquay

Figure 3. Map of coastal soil erosion modelled for the year
2100 across Torquay’s GORCC (Great Ocean Road Coast
Committee) management area

The majority of the northeast of the study area in Torquay
will be affected by sea-level rise. The results show that no
buildings will be affected by sea-level rise, however, assets
impacted will include emergency markers, sealed walkways,
stairs, beach access trails, boardwalks, beach areas, coastal
walking paths and vehicle access paths. The percentage of the
GORCC management area impacted, increased from 2040 to
2100 (Figure 4). On its own, sea-level rise impacts only a small
area, excluding storm surge and flooding. However, sea-level



rise impacts all the beaches of the coastline, and all will be
inundated. Two other areas highly susceptible to inundation
include the low-lying areas and wetlands as part of
Thompson’s Creek and the low-lying areas of Spring Creek
and its Estuary (Figure 5). Sea-level rise is a global
environmental challenge as sea level monitoring at a global
scale indicated around 1.7 millimetres annual rise since the
early 1900s, though the rate has not been steady and this has
climbed to 3.1 millimetres a year since 1993 which has largely
been attributed to recent increases in ocean warming,
expansion and the melting of land-based ice [72]. Australian
sea levels are projected to rise through the 21st century parallel
to global mean sea level as our case study model indicated.
Regional trends in sea level changes around Australia is also
observed due to factors including winds and ocean currents. In
an example, since 1991, rise of 2.8 and 2.4 mm per year have
been respectively recorded at monitoring stations at Lorne and
Stony Point in southwest Victoria, in the proximity of our
study locations, which is predicted to continue accelerating
slightly every year. Based on the IPCC RCP 8.5 scenario, sea
level projections for the coastline of Australia by 2090 are
comparable or slightly greater than the global mean sea level
projections, although the levels could reach tenths of meter
higher under the likely collapse of Antarctic ice sheet by the late
21st century [62].

12 4

10

o

Percent (%) of impacted area

2040 2070 2100

Year

Figure 4. Percentage (%) of the area impacted by sea level
rise from 2040 to 2100

Torquay

Figure 5. Map of sea level rise modelled for the period 2019-
2100, across Torquay’s GORCC (Great Ocean Road Coast
Committee) management area

To better understand changes in storm surge over the years,
storm tide calculations were used in the scenario modelling for
the years 2019 to 2100. ‘Storm surge’ is the abnormal rise in
seawater level during a storm, measured as the height of the
water above the normal predicted astronomical tide, whereas
‘Storm tide’ is the total observed seawater level during a storm,
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resulting from the combination of storm surge and the
astronomical tide [73, 74]. Similar to sea-level rise, the
northeast side of the study area is highly prone to storm surges
(Figure 6). The area around Spring Creek is also highly
acceptable to storm surge. Storm tide will also affect the
Torquay Foreshore Caravan Park and the RACV Torquay Golf
Club. All of the coastline will be affected by the storm tide.
Assets at risk of storm surge include emergency markers,
sealed walkways, stairs, beach access, boardwalks, beaches,
secondary pathways, and vehicle access.

Torquay

Figure 6. Map of storm surge modelled for the period 2019-
2100, across Torquay’s GORCC (Great Ocean Road Coast
Committee) management area

There was an increase in the percentage of the GORCC
management area impacted by storm surge from 2040 to 2100
(Figure 7). Adding the effects of storm surge to sea level rise,
many assets and amenities in the study area are at risk, even as
early as 2040. Highly vulnerable areas include the low-lying
areas and wetlands as part of Thompsons Creek, including
access roads and paths at Point Impossible, and the low-lying
areas of Spring Creek and its Estuary that includes roads,
access paths, boardwalks, and amenities at the Torquay
Common, Torquay Life Saving Club, and Torquay Foreshore
Caravan Park area. The Torquay Front Beach is also highly
vulnerable, with water levels predicted to inundate the beach
right up to, and in some areas spilling over the existing stone
retaining wall.

18 4
16
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Percent (%) of impacted area
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Figure 7. Percentage (%) of the area impacted by storm
surge from 2040 to 2100

The flood assessment projected that approximately 3.67%
of the GORCC management area is at risk of flooding. A total
of 30 assets are located in a flood prone area. The area highest
at risk to flooding is close to Spring Creek and the estuary, and
that flooding in this area will impact various assets including



a bench, bin, carpark, boardwalk, beach area, grassed areas
and vegetation. The flood prone areas mostly include the low-
lying areas and wetlands as part of Thompsons Creek,
resulting in access roads and walking paths at Point Impossible
at risk of flooding (Figure 8). The low-lying areas surrounding
Spring Creek and its Estuary results in a risk of flooding
including assets such as roads, access paths, and the open
grassed areas at Torquay Common.

Torquay

Figure 8. Map of flood prone areas across Torquay’s
GORCC (Great Ocean Road Coast Committee) management
area

Flooding is the most frequent global disaster, and it has been
estimated that it contributes to approximately one-third of all
natural disasters impacting economies, societies and human life
[75, 76]. In Australia, flooding is the costliest natural disaster,
estimated to be over $300 million losses annually [77]. This issue
can expose the land to both short and long term changes with
implications for infrastructure and biodiversity [78]. In addition,
in Australian coastal cities, it has been estimated that about 35%
of residential places across the coastal zones are at risk of
inundation based on plausible sea level rise projected by the end
of this century [79]. As our models indicated, this is of concern
given that urban development continues to target such areas.
Thus, urban flooding mitigation and adaptation strategies need to
be developed to reduce and avoid exposing infrastructure and
people to risks. By identifying the areas and assets at risk,
through the modelling approaches applied here, local authorities
could be informed for implementing any changes on these assets,
for instance by relocation to a safer area or by developing
physical protection measures. This could further be achieved by
improving emergency equipment for urgent actions in more
vulnerable areas as well as by increasing awareness among local
communities about the risks associated with such disasters.

In terms of cultural heritage sites, the entire study area in
Torquay is enveloped by cultural heritage sensitivity.
According to a previous report, a total number of 27 cultural
heritage sites were registered within the area [80]. However,
the whole area within the GORCC management area is seen as
a highly sensitive cultural heritage area, and any proposal
relating to development or change in land uses in this area
needs formative consultation with the Wadawurrung
(Wathaurung Aboriginal Corporation) and the Wadawurrung
community, as to identify and consider any impacts that may
result thereof.

The total area of car parks in the GORCC management area
is approximately 6,453 sqm. Even though the figure seems
insignificant in relation to the overall management area, car
parks facilitate both a high risk of negative impacts to the
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environment, as well as providing easy human access to
amenities within the coastal area. An escalation in population
and visitors to the area correspondingly increases the use of
the beach and amenities, and thereupon increases damage to
soils from compaction, and grassed areas and native vegetation
from use and damage occur. Increases in visitation and
population growth have a direct relationship to available car
park spaces, and a suitable mitigation measure needs to be
implemented to manage unnecessary damage to the
environment arising from this relationship pattern.

The public transport accessibility indicator provides
information on the total amount of amenities within a walking
distance of 500m to a bus stop, which includes 6 showers, 10
toilets, and 2 barbeques. The importance of this indicator is
twofold. In the first instance the indicator provides clarity on
accessibility by the public to the amenities, without the need
of using a car; secondly provides information on the potential
of increased use of the amenities due to increased visitation
and easy accessibility to the facilities within the management
area. In addition, one of the main recreational uses in the
management area is the surf coast walk, and other secondary
walking tracks that link to the beach and points of interest. The
approximate total length of walking trails/tracks is 18.2 km,
comprising 7 sealed coastal walking paths, and 17 unsealed
coastal walking paths. This indicator provides clarity on
accessibility to the entire management area, and it indicates the
potential of increased use and easy accessibility to the study
area. Due to the topography and vegetation characteristics,
various access paths to the beach are needed to provide easy
access to the beach and also to facilitate controlled access.
Currently, beach access paths are calculated to a total length
of 2.5 km, and the count of access stairs to the beach is 32,
with the area of access stairs calculated at approximate 586.3
sqm. This indicator provides information on the accessibility
to the beach, as well as quantitative information that is
valuable for identifying the availability of access.

Considering the recreational requirements and uses of the
beach area, the available access to amenities such as toilets,
barbeque areas, parks and grassed areas, playgrounds, benches
and viewpoints, needs to be considered. These indicators look
at the informal tracks and subsidiary paths only, as the
indicators walking track length and beach access paths both
has a direct relationship to access to amenities. All these
indicators thus need to be considered when assessments are
done in relation to the requirements for access to amenities.

High-risk areas for the purpose of this study are defined as
the areas within the Torquay’s GORCC management area that
will be impacted by physical changes to the environment due
to the main categories of risk exposure and impacts including
bushfire prone, coastal soil erosion, flood prone, sea level rise
inundation, and storm surge. However, other impacts to the
landscape, such as human intensity and uses, increased
numbers in visitors and population, and built infrastructure
changes are also considered. Because this study was based on
the environmental deterministic method [63], the deliberations
of all layers of land use and attributes of the area are
considered. For example, increased visitor use of beaches and
amenities within this area will have a major impact upon this
natural environment and the available infrastructure in the
nearby future. It is not possible to spatially represent this in the
scenario model, but the calculation of the future day and
overnight stay visitors’ numbers of 1,203,815 by 2036 specific
to the GORCC management area, clearly raises a matter of
concern of the existing landscape’s carrying capacity to



sustain this future use intensity, as indicated in Table 3. Thus,
when deliberating land uses for the area, the human impacts of
these high visitation statistics on the area’s natural
environments needs to be considered. Indicated in Table 4, the

following high-risk areas were identified in the categories of
risk exposure and impacts including bushfire prone, coastal
soil erosion, flood prone, sea level rise inundation, and storm
surge.

Table 3. Predicted increased visitors to the GORCC management area in Torquay

- . . Activity (go to Potential 52% visits to Potential visitors
Visitors classification Total beach %) visitors Torquay 2036
Domestic Day Visitors 1,601,000 43 682,026 354,653 627,736

Domestic Overnight 1,100,000 57 625,900 325,468 576,078
Visitors
Total 2,701,000 100 1,307,926 680,121 1,203,814
Table 4. High-risk areas to risk exposure across the GORCC management area in Torquay
Risk Exposure Torquay’s GORCC management areas at high risk
Bushfire Precinct 1, Precinct 2, Precinct 3 up to Deep Creek, Taylor Park, and Precinct 6 including Jan Juc coastal area

Soil erosion
Coastal erosion
(shoreline retreat)
Flood prone
Sea level rise
Storm surge

Most of the area is susceptible to moderate soil erosion
The entire coastline of the GORCC management area is susceptible to coastal erosion (shoreline retreat), with
more vulnerable areas from Point Danger to Thompsons Creek
Precinct 1, and Precinct 5 including areas around Thompsons Creek and Spring Creek
Beaches along the entire coastline area, with highly vulnerable areas of Precinct 1, and Precinct 5
The entire coastline of the GORCC management area, with highly vulnerable areas of Precinct 1, and Precinct 5

3.2 Anglesea area

Map of new developments (new houses) within Anglesea
area from 2016- 2050 are illustrated in Figure 9. In addition,
existing developments (houses and commercial structures),
flooding patterns for normal flooding and storm surge flooding
as well as the forest cover with trees are also shown. The map
highlights the physical constraints including flooding and
storm surge which restrict development in Anglesea. Given
that Anglesea is in a bush fire zone, it will not be able to
expand or exceed the scenarios contained in this research as
also mentioned by the Victorian government controlling the
development in bushfire areas.

Legend
© New developments
@ Existing developments

[ Normal flooding

[ storm surge flooding

B Forest cover

Figure 9. Map of existing and proposed developments,
flooding and forest cover in Anglesea

The growth in population and development to 2050 has
some impacts on the landscape of Anglesea, representing
information from the 2016 simulation and further indicative of
the impacts likely to occur in Anglesea. For every five-year
period, each low, base and high scenario with a corresponding
indicator shows how it impacts the Anglesea environment and
landscape and each five-year period records an increase. In
terms of greenhouse gas emission, it was found that there will
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be an increase in carbon dioxide and nitrous oxide emissions
especially under the high scenario modelling (Figure 10). In
terms of energy usage, residential energy and water use will
also increase. In addition, modelling scenarios indicated an
increase in the number of dwellings, vehicle trips and labour
force population from low to high scenarios (Figure 10). This
indicates a requirement for smart city planning as ineffective
urban design and governance may have many social, economic
and ecological costs including urban warming, water and air
pollution as well as health problems. For instance, the
environmental impacts of rapid and unbalanced urban expansion
in China revealed serious air and water pollution as well as
environmental degradation with China being found the world’s
largest greenhouse gas emitter which continues to contribute to
an increased levels of CO, emissions [81-83]. It has been
estimated that China emitted 10.25 billion tones CO; in 2013,
about two time greater than the emission rate reported in the USA
[84]. Cities are affecting greenhouse gasses especially in the
context of global warming, and cities have been found as the
major source of anthropogenic carbon emissions [85]. In another
example, Mexico City as one of the largest capital cities in the
world, has seen a rapid urban expansion and population growth
which has been associated with environmental damages
including the loss of forest areas mainly due to the lack of
effective urban governance and land use policy [86, 87]. This
further indicates a requirement for understanding key driving
forces for mitigating these challenges.

The study area faces several challenges including the
impacts of both normal flooding and storm surge flooding.
Normal flooding can be defined an overflow of water onto
normally dry land. The inundation of a normally dry area is
caused by rising water in an existing waterway, such as a river,
stream, or drainage ditch or ponding of water at or near the
point where the rain fell. Flooding is a longer-term event than
flash flooding which may last days or weeks. Storm surge as
an abnormal rise of water generated by a storm over and above
the predicted astronomical tide can also be a cause of serios
damage to several structures in this area. It is the change in the
water level that is due to the presence of the storm since storm
surge is a difference between water levels, and storm surge



does not have a reference level. In addition, Anglesea faces the
problems of limited development area with great demand
pressures for land. Anglesea is less than 30 kilometres from
Victoria’s second-largest city of Geelong and has reliable
transport to and from that city, and it will continue to face
pressure as it develops into a bedroom community of Geelong.
Geelong is expected to nearly double its population by 2050
thus putting more pressure on outlying areas like Anglesea.
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Figure 10. Results of Base, Low and High scenario
modellings showing changes in dwellings, CO» auto
emissions, labour force, NOy auto emissions, residential
energy use, residential water use and vehicle trips per pay for
Anglesea area

4. CONCLUSION

Overall, this study indicated that the study areas are
vulnerable to the impacts of environmental change as well as
the amplified pressures of human uses due to high current and
projected increased numbers of visitation, population growth
and development. These impacts and changes result in
significant challenges in the management of the area due to the
potential loss of biodiversity values, coastal erosion (shoreline
retreat) and soil erosion impacts on vegetation and beaches,
loss of cultural heritage areas, impacts to amenities and
services, and the demand for improved access and other
facilities and assets especially in Torquay area. Impacts of
climate change such as increases in temperatures, wave energy
activity and sea-level rises are likely to have ramifications for
coastal habitats. Increased visitation is likely to increase
disturbance through increased trampling. In addition, high-risk
areas have also been identified, and climate change will
continue to occur in these regional areas and will have major
consequences upon GORCC'’s extant and proposed assets and
infrastructure irrespective of what mitigation measures are set
in train.
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