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Abstract: Understanding urban wetland ecosystem services structure allows managers to base restoration efforts on multiple user 
end-benefits. Ary Creek can provide the coupled function of improving water quality and mitigating floods through delayed stormwater 
flow. It is fundamental to identify areas surrounded by water for the safety of individual should in case the water level raise beyond a 
reasonable doubt and might cause a flood. For many years, the Ary Creek catchment in Inverloch has been flooding and causing great 
problems for the inhabitants as well as the environment. The procedure is to develop models of the area around the catchment or 
watershed using Victorian Coastal LiDAR and other input data from the GIS (geographic information system). This study uses the 
real-time simulation in ArcSWAT—ArcGIS 10.3 and 3D in ArcScene 10.3, and the variables obtained from the soil and water 
assessment tool ArcSWAT such as the land use, soil and slope are the parameters measured to induce the flood. When certain portions 
of the Hydrologic response unit HRU, land use, soil or slope is changed due to temporal adjustment and climate change, then the model 
can predict zones of low, moderate and high flood risk. The 3D simulations appear to produce a visual model for decision-making, 
planning, management, and mitigation. The simulation helps in determining the extent of the flood by using animation. 
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1. Introduction  

According to Lin et al. [1], flood can be defined as a 
high water flow naturally or artificially from the river 
bank that dominates the surrounding area to cause 
overflow. The high flow of the water may extend over 
the floodplain and generally become a hazard to the 
society. Flood is one of the devastating hazard or 
disasters that Victoria had been experiencing over the 
decades. There is a problem of flash flood in the Ary 
creek watershed particularly during monsoon period 
(November to February) every year, but more severe in 
2011, 2012 and 2013 (Tables 1 and 2). 

According to Zhang et al. [2], SWAT is increasingly 
being used in the watershed hydrological processes 
widely accepted and understood for evaluation of 
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modelling application. Javier et al. [3] have explored 
the degree of complexity on spatial variables in the 
watershed on examination of parameters. This is 
because input data are not only affected by parameters 
but also modify the inbuilt model structure.  

The DELWP (Department of Environment, Land, 
Water and Planning), is responsible for providing flood 
forecast and warning services to the public [4]. Land 
use affects land cover and vice-versa, but changes in 
land cover by land use do not explain the reason for 
degradation of land (Fig. 1). However, it denotes 
shifting land use pattern by various factors of social 
changes also result in land cover changes that affect 
ecosystem and biodiversity. Radiation budget and 
water trace gas emission and other processes which 
directly affect climate and biosphere [5].  

The application of SWAT and the 3D environment 
has contributed greatly in identifying areas or zones  
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Table 1  Total area of the watershed. 

Watershed-Number of Sub-basins Area [ha] Area [acres] Number of HRUs 
8 132.50 13,250.06 14 
 

Table 2  Total area of the watershed, building, sub-basin, runoff and precipitation.  

Watershed building_Area subbasin_Area runoff2011 sumPRECIPmm2011 avePRECIPmm 
1 52,634.91 215,995.80 111.454 1,601.8 133.48 
2 49,970.39 371,605.66 155.372 1,601.8 133.48 
3 26,357.46 128,900.71 264.094 1,601.8 133.48 
4 27,634.52 145,739.08 215.417 1,601.8 133.48 
5 17,178.77 90,578.87 264.017 1,601.8 133.48 
6 38,890.68 225,866.59 143.596 1,601.8 133.48 
7 17,296.50 92,320.78 240.69 1,601.8 133.48 
8 7,569.51 53,998.95 68.807 1,601.8 133.48 
Grand total 237,532.74 1,325,006.44 1,463.447 12,814.4 133.48 
 

affected by flood in each sub basin parameter within 
the Terengganu watershed. The 3D modelling and 
simulation using the 0.5 m resolution from the Future 
Cost liDAR Data DEM (digital elevation model) were 
converted into ArcScene using ArcGIS-3D software. 
During the ancient times, people developed ways of 
monitoring flood level, this enables them to predict the 
water flow, and the risk or hazard involved. The 3D 
visualization techniques include the remote sensing, 
such as satellite imageries, aerial photogrammetric, 
GIS (geographic information system) and LiDAR 
modelling. The recent application of 3D GIS had 
provided clear presentation and visualization of flood 
hazard event than the previously used of 2D maps [6]. 

Geographic modelling and simulation are now 
considered to be fundamental in process and mining as 
well as dam-break flood. The dam is of benefit to 
people but there is a tendency to be broken due to flood 
hazard event [7]. The 3D model display information 
uses in Google Earth. The KML files will be read in 
ArcGIS. Google Earth Pro is more advanced than the 
standard version, which allows high image resolution 
to be overlaid with other information included in GIS 
data. It is necessary to analyse water flow direction 
within two meters that can allow flood monitoring and 
change it from 2D to 3D [8]. The DEM was used to 
develop mesh in the system and the water mask was 
generated for simulation of flood and produce flood 

models. This can be successfully visualized in the 
realistic 3D environment [8]. 

Flood has been affecting human habitat and creating 
the unsustainable environment. The current study 
about the event in many cities, towns or villages can 
never be overemphasized because climatic conditions 
are not static. The land covers as well as the 
geographical settings. The GIS will be applied in 
acquiring spatial and non-spatial data. The river flows 
are quite high during the monsoon, and the water level 
becomes high, therefore we create the DEM to simulate 
the flow direction at regular interval to avoid the flood. 
We need to get informed or be informed about the 
aftermath of flood event that is the hazard and damages 
as quickly as possible, to assess the magnitude of losses 
and plan for the relief operation.  

The 2012 flood resulted from a severe weather event 
with heavy rainfall and widespread flooding across a 
number of municipalities. Its impact was made worse 
by the degree of rainfall and flooding experienced a 
few weeks earlier that had saturated catchments. 
Emergency services were also challenged by 
concurrent windstorms. The report 2012 Gippsland 
Flood Event—Review of Flood Warnings and 
Information Systems [9] states that: “For a rapidly 
escalating event in Gippsland, local resourcing 
provided very limited capacity and minimal 
contingency  for a protracted  event”. In the  later stages 
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Fig. 2  Coast
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citizen science approach to help find the balance 
between the environmental values and amenity issues. 
This project will include the responsibility of caring for 
the lagoon and minimising odour issues. Bass Coast 
Manager Sustainable Environment, Deirdre Griepsma, 
explained that Anderson Inlet is one of the most 
dynamic inlets in Victoria with vast natural sand 
movements and changing currents. These movements 
form a part of how the lagoon is formed, and how it 
naturally opens. 

“Both the open and closed occurrences are natural 
and an important part of the estuary cycle; we know 
that nature will run its course to open the lagoon, 
unfortunately, we cannot predict when it will happen,” 
Ms. Griepsma said. 

Micro-organisms in the lagoon produce nutrients for 
plants and help to maintain the vital habitat for 
macroinvertebrates, fish and birds. These 
micro-organisms breathe in sulphate from salt water, 
eat organic matter and turn these into nutrients that 
benefit the environment. A by-product of this process 
is the hydrogen sulphide odour which is not harmful to 
humans or animals in the open air but does produce an 
unpleasant odour.  

“The estuary is a habitat to several threatened bird 
species. Artificially opening the lagoon can result in 
poor water quality, fish deaths and changes in 
vegetation and therefore negatively impact the amenity 
and landscape of the estuary,” Mrs. Griepsma said. 
“For these reasons, we need to be very meticulous in 
considering how we manage the lagoon.” While the 
lagoon is not unsafe or harmful, Council advises that 
people should not swim in Ayr Creek or the connected 
lagoon [12]. 

2.2 Flood Prevention Works in Inverloch 

Bass Coast Shire Council is undertaking urgent 
works to prevent flooding and clear blockages in Ayr 
Creek drainage reserve in Inverloch. Council will be 
engaging a number of contractors to help with the 
works, which are scheduled to start by Monday, 4 May, 

take up to three weeks depending on weather, and 
ground conditions. Council’s General Manager 
Infrastructure, Felicity Sist, said the works would 
include general channel maintenance and flow 
improvements, urgent waterway maintenance to 
protect properties in Diane Place from flooding and 
construction of a permanent levee bank on Diane Place. 
“These works will protect both private and Council 
assets from flooding,” Ms. Sist said. “We also have 
permits from the West Gippsland Catchment 
Management Authority to allow some vegetation 
clearance in the waterway to allow free flow of 
drainage water; however any vegetation removal will 
be kept to a minimum” [12]. 

2.3 Methods 

The SWAT data sources are obtained from: 
 DID (Department of Irrigation and Drainage); 
 Data forflood event in the study area (previously); 
 DEM (digital elevation model) data; 
 Stream flows data; 
 Land cover/land uses data; 
 Soil types. 

These are obtainable bases on a different location of 
the stations: 

(1) Weather data downloaded from weather 
observations and climate data from the ADAM 
(Australian data archive for meteorology) 
(http://www.bom.gov.au/climate/cdo/about/about-wea
ther-data.shtml). 

(2) Land covers images from Land use of Australia 
2010-11 (https://data.gov.au). 

(3) Australian soil map was obtainable from an 
online source, Digital Atlas of Australian Soils 
(https://data.gov.au). 

2.4 Required Spatial Datasets and Optional Spatial 
Datasets 

Required spatial datasets and optional spatial 
datasets are: 

 DEM; 
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Fig. 5  SWA
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Fig. 7  Ary C
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subsurface soil at about 20 cm. Below the bleached 
zone, the subsoils are quite variable. The largest 
sub-basins found in the catchment area of Ary Creek 
are the sub-basins number 2 and 6. The total area in 
subbasin 2 is 37.16 hectares with SWAT area of 
28.04%; the land covers include the 192 building and 
total building area 53,989.66 sqm (Table 3). 

The below explains the different pattern of the land 
cover which includes forest, water, urban land use, 
rubber paddy orchard oil palm, and grassland. The soils 
classification was based on the United States 
Geological Survey (USGS) with default SWAT soil 
database. The local soils in the study area are edited 
base on the SWAT update from the existing soils of the 
world. Table 4 shows the result of the slop 
classification with total areas in hectares, acres as  
well as the total per cent obtained during the analysis 
(Fig. 7).  

The soils have the ability to absorb moisture and get 
cooler and hotter quickly. Depending on the 
temperature, the water retention capacity varies from 
equatorial wet climate to monsoon as well as arid and 
semi-arid environment. The steep land has the highest 
percentage of 61.23%. However, it is most likely to 
have less water retention capacity. 

The slope data derived from the SWAT database was 
an inbuilt developed from the threshold of 10/10/10 
percent from the HRU. Table 4 shows the result of total 

area from each category of slope in hectares and acres 
while taking cognizance of slope percent from 0-10 up 
to 40 meters above. 

The elevation or slope map of the Ary Creek 
catchment shows dark grey colour depicts the lowest 
elevation that is 0-10 meters. The green colour pattern 
is 10-20 meter slope, the blue colour is between 20-30 
and lastly, the light grey colour in the map represents 
the highest slope. 

Flood risk and mitigation model was developed as 
shown in Fig. 8. The yardstick is to measure the 
magnitude of the flood risk in the catchment area of 
Ary Creek. Here we arrived at the categories of flood 
risk from the highest risk to moderate and no risk zones 
within the watershed. The flood risk map represents the 
risk zones which can be used for mitigation, planning, 
and a warning to the public. 

The removal of major land cover such as previous 
land cover in Ary Creek will significantly affect the 
zones which are predominantly occupied by the creek. 
While both zones are at flood risk, the presence or 
absence of more land covers will ultimately change the 
water flow. The aftermath of flood event usually is 
associated with pollution. Dirty water with refuse and 
garbages, as well as blocked drainages, might cause an 
outbreak of epidermal disease, the risk of lives through 
broken cables can easily electrocute humans and live 
animals. 

 

Table 3  Total pervious and impervious.  

Years 2012 % 
Basin 1,325,006.43   
Building 237,532.74 17.92 
Road 113,088.64 8.53 
Total impervious (building, road) 350,621.38 26.45 
Total pervious area 623,763.67 73.55 

 

Table 4  Slope result. 

GRIDCODE Area (SQ) Area (ha) %wat. area 
0 268,404.64 26.84 20.39 
1 800,183.64 80.2 61.23 
2 189,022.49 18.2 13.83 
3 50,650.26 5.07 3.58 
4 11,592.61 1.16 0.88 
5 1,161.27 0.12 0.09 
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Fig. 8  High 
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